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DISCLAIMER 

This  document has been reviewed by the  Environmental Mon i to r ing  Systems 
Laboratory-Cinc innat i  (EMSL-Cincinnati) , U.S. Environmental P ro tec t i on  Agency 
(USEPA) and approved f o r  p u b l i c a t i o n .  The mention o f  t r ade  names o r  
commercial products does no t  c o n s t i t u t e  endorsement o r  recommendation f o r  use. 
The r e s u l t s  o f  da ta  analyses by computer programs descr ibed i n  t h e  sec t ion  on 
da ta  ana l ys i s  were v e r i f i e d  us ing data. commonly obta ined from e f f l uen t  
t o x i c i t y  t es t s .  However, these computer programs may no t  be app l i cab le  t o  a l l  
data, and the  USEPA assumes no r e s p o n s i b i l i t y  f o r  t h e i r  use. 



FOREWORD 

Environmental measurements are requ i red  t o  determine the  q u a l i t y  o f  ambient 
waters and t h e  character  o f  waste e f f l u e n t s .  The Environmental Mon i to r ing  
Systems Laboratory-Cinc innat i  (EMSL-Cincinnati) conducts research to :  

Develop and evaluate a n a l y t i c a l  methods t o  i d e n t i f y  and measure the  
concentrat ion o f  chemical p o l l u t a n t s  i n  d r i n k i n g  waters, sur face waters, 
groundwaters, wastewaters, sediments, sludges, and s o l i d  wastes. 

I nves t i ga te  methods f o r  t h e  i d e n t i f i c a t i o n  and measurement o f  v i ruses,  
bac te r i a  and o ther  m ic rob io log i ca l  organisms i n  aqueous samples and t o  
determine t h e  response o f  aquat ic  organisms t o  water q u a l i t y .  

Develop and operate a q u a l i t y  assurance program t o  support the  
achievement o f  data q u a l i t y  ob jec t i ves  i n  measurements o f  p o l l u t a n t s  i n  
d r i n k i n g  water, sur face water, groundwater, wastewater, sediment and 
sol  i d  waste. 

Develop methods and models t o  de tec t  and q u a n t i f y  responses i n  aquat ic  
and t e r r e s t r i a l  organisms exposed t o  environmental s t ressors  and t o  
c o r r e l a t e  the  exposure w i t h  e f f e c t s  on chemical and b i o l o g i c a l  
i nd i ca to rs .  

The Federal Water P o l l u t i o n  Contro l  Act Amendments o f  1972 (PL 92-500), the  
Clean Water Act (CWA) o f  1977 (PL 95-217), and t h e  Water Qua1i t y  Act o f  1987 
(PL 100-4) e x p l i c i t l y  s t a t e  t h a t  i t  i s  the  na t i ona l  p o l i c y  t h a t  the  discharge 
o f  t o x i c  substances i n  t o x i c  amounts be p roh ib i t ed .  The de tec t i on  o f  
c h r o n i c a l l y  t o x i c  e f fec ts ,  therefore,  p lays  an important  r o l e  i n  i d e n t i f y i n g  
and c o n t r o l l i n g  t o x i c  discharges t o  sur face waters. This  manual i s  a t h i r d  
e d i t i o n  o f  t h e  freshwater chron ic  t o x i c i t y  t e s t  manual f o r  e f f l u e n t s  f i r s t  
publ ished (EPA/600/4-85/014) by EMSL-Cincinnati i n  December 1985 and rev ised 
(EPA/600/4-89/001) i n  March, 1989. I t  provides updated methods f o r  es t imat ing  
the chron ic  t o x i c i t y  o f  e f f l u e n t s  and rece i v ing  waters t o  freshwater organisms 
f o r  use by t h e  U.S. Environmental P ro tec t i on  Agency (USEPA) reg iona l  and s t a t e  
programs, and Nat ional  P o l l u t a n t  Discharge E l im ina t i on  System (NPDES) 
permit tees. 

Thomas A. Clark,  D i r e c t o r  
Environmental Mon i to r ing  Systems 
Laboratory-Cinc innat i  



PREFACE 


This  manual represents t h e  t h i r d  e d i t i o n  o f  t h e  Agency's methods manual f o r  
es t imat ing  t h e  chron ic  t o x i c i t y  o f  e f f l u e n t s  and r e c e i v i n g  waters t o  
f reshwater  organisms i n i t i a l l y  pub1 ished by USEPA's O f f i c e  o f  Research and 
Development, Environmental Mon i to r i ng  and Support Laboratory (EMSL- 
C i n c i n n a t i )  i n  December 1985. Th i s  e d i t i o n  r e f l e c t s  changes recommended by 
the  T o x i c i t y  Assessment Subcommittee o f  t h e  B i o l o g i c a l  Advisory Committee, 
USEPA headquarters, program o f f i c e s ,  and reg iona l  s t a f f ,  o the r  Federal 
agencies, s t a t e  and i n t e r s t a t e  water p o l l u t i o n  c o n t r o l  programs, environmental 
p r o t e c t i o n  groups, t r ade  associat ions,  major i n d u s t r i e s ,  consu l t i ng  f i r m s ,  
academic i n s t i t u t i o n s  engaged i n  aquat ic  t ox i co logy  research, and o the r  
i n te res ted  p a r t i e s  i n  t he  p r i v a t e  sector .  

The membership o f  t he  T o x i c i t y  Assessment Subcommittee, USEPA's B i o l o g i c a l  
Advisory Committee i s  as f o l l ows :  

W i l l i am P e l t i e r ,  Subcommittee Chairman, 
Environmental Services D iv i s i on ,  Region 4 

Peter No1 an, Environmental Services D iv i s i on ,  Region 1 
Jim F e r r e t t i ,  Environmental Services D i v i s i o n ,  Region 2 
Ronald Preston, Environmental Services D i v i s i o n ,  Region 3 
Charles S te iner ,  Environmental Services D iv i s i on ,  Region 5 
Evan Hornig, Environmental Services D i v i s i o n ,  Region 6 
Teyry H o l l  i s t e r ,  Environmental Services D iv i s i on ,  Region 6 
Michael Tucker, Environmental Services D i v i s i o n ,  Region 7 
Loys Par r ish ,  Environmental Services D iv i s i on ,  Region 8 
Peter Husby, Environmental Services D iv i s i on ,  Region 9 
Joseph Cummins, Environmental Services D iv i s i on ,  Region 10 
Gretchen Haysl ip ,  Water Mon i to r i ng  and Ana lys is  Sect ion, Region 10 
Bruce Bink ley,  Nat ional  Enforcement I nves t i ga t i ons  Center, Denver 
Wesley Kinney, Environmental Mon i to r i ng  Systems Laboratory-Las Vegas 
James Lazorchak, Environmental Mon i to r i ng  Systems Labora tory -C inc innat i  
George Morr ison, Environmental Research Laboratory-Narragansett  
Douglas Middaugh, Environmental Research Laboratory-Gul f  Breeze 
Teresa Norberg-King, Environmental Research Laboratory-Duluth 
Donald K l  emm, Environmental Mon i to r ing  Systems Laboratory-Cinc innat  i 
P h i l i p  Lewis, Environmental Mon i to r ing  Systems Labora tory -C inc innat i  
Cornel ius I.Weber, Environmental Mon i to r ing  Systems Laboratory-  

C inc inna t i  

Richard Swartz, Environmental Research Laboratory-Newport 

Margarete Heber, Human Heal th and Ecologica l  C r i t e r i a  D i v i s i on ,  


O f f i c e  o f  Science and Technology (OST), O f f i c e  o f  Water (OW) 
Bruce Newton, Assessment and Watershed P ro tec t i on  D iv i s i on ,  O f f i c e  o f  

Wetlands, Oceans, and Watersheds, OW 
Chr is topher  Zarba, Human Hea l th  and Ecologica l  C r i t e r i a  D i v i s i on ,  O f f i c e  

o f  Science and Technology, OW 
Daniel  Rieder, Hazard Eva lua t ion  D i v i s i o n ,  O f f i c e  o f  Pes t ic ides  Programs 
Jer ry  Smrchek, Heal th  and Environmental Review D iv i s i on ,  O f f i c e  o f  

Toxic  Substances 



Gail  Hansen, O f f i c e  o f  Sol id  Waste 
Royal Nadeau, Emergency Response Team, Edison 

Teresa J. Norberg-King 
Chairman, Biological  Advisory Committee 
Regulatory Ecotoxicology Branch, ERL-Dul uth 



This manual describes f o u r  shor t - te rm ( f o u r -  t o  seven-day) methods f o r  
es t imat ing  t h e  chron ic  t o x i c i t y  o f  e f f l u e n t s  and r e c e i v i n g  waters t o  th ree  
freshwater species: t h e  fathead minnow, Pimephales promelas, a daphnid, 
Ceriodaphnia dubia, and a green alga, Selenastrum capricornutum. The methods 
inc lude s i n g l e  and m u l t i p l e  concent ra t ion  s t a t i c  renewal and non-renewal 
t o x i c i t y  t e s t s  f o r  e f f l u e n t s  and r e c e i v i n g  waters. Also inc luded are 
guide1 ines on l abo ra to ry  safety,  qua1 i t y  assurance, f a c i l i t i e s ,  equipment and 
suppl ies; d i l u t i o n  water; e f f l u e n t  and rece i v ing  water sample c o l l e c t i o n ,  
preservat ion,  shipping, and hold ing;  t e s t  condi t ions;  t o x i c i t y  t e s t  data 
analys is ;  r e p o r t  preparat ion;  and organism c u l t u r i n g ,  hold ing,  and hand1 ing.  
Examples o f  computer i npu t  and output  f o r  Dunnett 's Procedure, P r o b i t  
Analysis,  Trimmed Spearman-Karber Method and t h e  L inear  I n t e r p o l a t i o n  Method 
are prov ided i n  t h e  Appendices. 
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SECTION 1 

INTRODUCTION 

1.1 This manual describes chron ic  t o x i c i t y  t e s t s  f o r  use i n  t h e  Nat ional  
P o l l u t a n t  Discharge E l im ina t i on  System (NPDES) Permits Program t o  i d e n t i f y  
e f f l u e n t s  and rece i v ing  waters conta in ing  t o x i c  ma te r i a l s  i n  c h r o n i c a l l y  t o x i c  
concentrat ions.  The methods inc luded i n  t h i s  manual are referenced i n  
Table I A ,  40 CFR Part  136 regu la t i ons  and, there fore ,  c o n s t i t u t e  approved 
methods f o r  chronic  t o x i c i t y  t e s t s .  They are a l so  s u i t a b l e  f o r  determining 
the  t o x i c i t y  o f  s p e c i f i c  compounds contained i n  discharges. The t e s t s  may be 
conducted i n  a  cen t ra l  l abo ra to ry  o r  on-s i te ,  by the  regu la to ry  agency o r  the  
permi t tee.  

1.2 The data are used f o r  NPDES permi ts  development and t o  determine 
compliance w i t h  permi t  t o x i c i t y  l i m i t s .  Data can a lso  be used t o  p r e d i c t  
p o t e n t i a l  acute and chronic  t o x i c i t y  i n  t h e  rece i v ing  water, based on the  
LC50, NOEC, IC50 o r  IC25 (see Sect ion 9, Chronic T o x i c i t y  Endpoints and Data 
Analys is)  and appropr iate d i l u t i o n ,  app l i ca t i on ,  and pers is tence f a c t o r s .  The 
t e s t s  are performed as a  p a r t  o f  se l f -mon i to r i ng  permi t  requirements, 
compliance b iomoni tor ing inspect ions, t o x i c s  sampling inspect ions,  and specia l  
i nves t i ga t i ons .  Data from chronic t o x i c i t y  t e s t s  performed as p a r t  o f  permi t  
requirements are evaluated dur ing  compliance eva lua t ion  inspect ions and 
performance aud i t  inspect ions.  

1.3 Mod i f i ca t i ons  o f  these t e s t s  a re  a lso  used i n  t o x i c i t y  reduc t ion  
evaluat ions and t o x i c i t y  i d e n t i f i c a t i o n  evaluat ions t o  i d e n t i f y  the  t o x i c  
components o f  an e f f l u e n t ,  t o  a i d  i n  the  development and implementation o f  
t o x i c i t y  reduc t ion  plans, and t o  compare and con t ro l  the  e f fec t iveness  o f  
var ious treatment technologies f o r  a  g iven type o f  indus t ry ,  i r r e s p e c t i v e  o f  
the rece i v ing  water (USEPA, 1988c; USEPA, 1989b; USEPA 1 9 8 9 ~ ;USEPA, 1989d; 
USEPA, 1989e; USEPA, 1991a; USEPA, 1991b; and USEPA, 1992). 

1.4 This methods manual serves as a  companion t o  the  acute t o x i c i t y  t e s t  
methods f o r  freshwater and marine organisms (USEPA, 1993b), the  shor t - term 
chronic t o x i c i t y  t e s t  methods f o r  marine and es tuar ine  organisms (USEPA, 
1993a), and the  manual f o r  eva lua t ion  o f  l a b o r a t o r i e s  performing aquat ic  
t o x i c i t y  t e s t s  (USEPA, 1 9 9 1 ~ ) .  

1.5 Guidance f o r  the  imolementation- o f  t o x i c i t v  t e s t s  i n  the  NPDES oroaram i s  
provided i n  the  ~ e c h n i c a i  Support Document f o r  water Qua l i t y -based ~ b x i c s  
Control  (USEPA, 1991a). 

1.6 These freshwater shor t - te rm t o x i c i t y  t e s t s  are s i m i l a r  t o  those developed 
f o r  marine and es tuar ine  organisms t o  evaluate the  t o x i c i t y  o f  e f f l u e n t s  
discharged t o  marine and es tuar ine  waters under the  NPDES permi t  program. 
Methods are presented i n  t h i s  manual f o r  t h ree  species o f  freshwater organisms 
from three phylogenet ic  groups. The methods are a l l  s t a t i c  renewal type 
seven-day t e s t s  except the  green alga, Selenastrum capricornutum, t e s t  which 
l a s t s  f o u r  days. 



1.7 The th ree  species f o r  which t e s t  methods are prov ided are the  fathead 
minnow, Pimephales promelas; t he  daphnid, Ceriodaphnia dubia; and the  green 
alga, Selenastrum capricornutum. 

1.7.1 The t e s t s  inc luded i n  t h i s  document are based on the  f o l l o w i n g  methods: 

1. 	 "A new fathead minnow (Pimephales promelas) subchronic t o x i c i t y  t es t , "  
by Teresa J. Norberg and Donald I.Mount, 1985, Environmental Toxicology 
and Chemistry (Norberg and Mount, 1985). 

2. 	 " I n - s i t u  acute/chronic t b x i c o l o g i c a l  mon i to r ing  o f  i n d u s t r i a l  e f f l u e n t s  
f o r  t h e  NPDES biomoni t o r i n g  program us ing  f i s h  and amphibian 
embryo/larval stages as a t e s t  organism," by Wesley J. B i rge  and J e f f r e y  
A.  Black, 1981, OWEP-82-001, O f f i c e  o f  Water Enforcement and Permits, 
U .S. Environmental P ro tec t i on  Agency, Washington, DC (USEPA, 1981). 

3. 	 "A seven-day l i f e - c y c l e  cladoceran tes t , " ,  by Donald I.Mount and 
Teresa Norberg, 1984, Environmental Toxico logy and Chemistry (Mount and 
Norberg, 1984). 

4. 	 "The Selenastrum capricornutum P r i n t z  a lga l  assay b o t t l e  t e s t , "  by 
W i l l i am E .  M i l l e r ,  Joseph C .  Greene and Tamotsu Shiroyama, 1978, 
Environmental research Laboratory,  U.S. Environmental P ro tec t i on  
Agency, C o r v a l l i s ,  OR. EPA/600/9-78/018 (USEPA, 1978a). 

1.7.2 Two o f  t he  methods incorpora te  t h e  chron ic  endpoint o f  growth i n  
a d d i t i o n  t o  l e t h a l  it y  and one incorpora tes  reproduct ion.  The fathead minnow, 
Pimephales promelas, embryo-larval  s u r v i v a l  and t e r a t o g e n i c i t y  t e s t  
incorporates te ra togen ic  e f f e c t s  i n  a d d i t i o n  t o  l e t h a l i t y .  The green alga, 
Selenastrum capricornutum, growth t e s t  has t h e  advantage o f  a r e l a t i v e l y  sho r t  
exposure pe r i od  (96 h).  

1.8 The v a l i d i t y  o f  t he  freshwater chron ic  methods i n  p r e d i c t i n g  adverse 
eco log ica l  impacts o f  t o x i c  discharges was demonstrated i n  f i e l d  s tud ies  
(USEPA, 1984; USEPA, 1985b; USEPA, 1985c; USEPA, 1985d; USEPA, 1986a; USEPA, 
1986b; USEPA, 1986c; USEPA, 1986d; B i rge  e t  a l . ,  1989; and Eagleson e t  a l . ,  
1990) . 
1.9 The use o f  any t e s t  species o r  t e s t  cond i t i ons  o the r  than those descr ibed 
i n  t he  methods summary tab les  i n  t h i s  manual s h a l l  be sub jec t  t o  a p p l i c a t i o n  
and approval o f  a l t e r n a t e  t e s t  procedures under 40 CFR 136.4 and 40 CFR 136.5. 

1.10 These methods are r e s t r i c t e d  t o  use by, o r  under t he  superv is ion  o f ,  
analysts  experienced i n  t he  use o r  conduct o f  aquat ic  t o x i c i t y  t e s t s  and the  
i n t e r p r e t a t i o n  o f  da ta  from aquat ic  t o x i c i t y  t e s t i n g .  Each ana lys t  must 
demonstrate t h e  a b i l i t y  t o  generate acceptable t e s t  r e s u l t s  w i t h  these methods 
us ing the  procedures descr ibed i n  t h i s  methods manual. 

1.11 This  manual was prepared i n  t h e  es tab l i shed EMSL-Cincinnati format 
(USEPA, 1983). 



SECTION 2 


SHORT-TERM METHODS FOR ESTIMATING CHRONIC TOXICITY 


2.1 INTRODUCTION 

2.1.1 The o b j e c t i v e  o f  aquat ic  t o x i c i t y  t e s t s  w i t h  e f f l u e n t s  o r  pure 
compounds i s  t o  est imate t h e  "safe"  o r  "no e f f e c t "  concentrat ion o f  these 
substances, which i s  de f ined as the  concent ra t ion  which w i l l  permi t  normal 
propagation o f  f i s h  and o the r  aquat ic  l i f e  i n  the  r e c e i v i n g  waters. The 
endpoints t h a t  have been considered i n  t e s t s  t o  determine t h e  adverse e f f e c t s  
of t ox i can ts  inc lude death and s u r v i v a l ,  decreased reproduct ion and growth, 
locomotor a c t i v i t y ,  g i l l  v e n t i l a t i o n  r a t e ,  hea r t  r a t e ,  blood chemistry, 
h i s t o p a t h o l ~ g y ,  enzyme a c t i v i t y ,  o l f a c t o r y  func t ion ,  and t e r a t a .  Since i t  i s  
no t  f e a s i b l e  t o  de tec t  and/or measure a l l  o f  these (and o ther  poss ib le )  
ef fects o f  t o x i c  substances on a r o u t i n e  basis ,  observat ions i n  t o x i c i t y  t e s t s  
genera l l y  have been l i m i t e d  t o  on ly  a few e f f e c t s ,  such as m o r t a l i t y ,  growth, 
and reproduct ion.  

2.1.2 Acute l e t h a l i t y  i s  an obvious and e a s i l y  observed e f f e c t  which accounts 
fo r  i t s  wide use i n  t h e  e a r l y  per iod  o f  eva lua t ion  o f  the  t o x i c i t y  o f  pure 
compounds and complex e f f l u e n t s .  The r e s u l t s  o f  these t e s t s  were usua l l y  
expressed as the  concentrat ion l e t h a l  t o  50% o f  the  t e s t  organisms (LC50) over 
r e l a t i v e l y  shor t  exposure per iods (one- to - four  days). 

2.1.3 As exposure per iods o f  acute t e s t s  were lengthened, the  LC50 and l e t h a l  
th resho ld  concentrat ion were observed t o  dec l i ne  f o r  many compounds. By
lengthening t h e  t e s t s  t o  inc lude one o r  more complete l i f e  cyc les  and 
observing t h e  more s u b t l e  e f f e c t s  o f  the  tox i can ts ,  such as a reduct ion  i n  
growth and reproduct ion,  more accurate, d i r e c t ,  est imates o f  the  th resho ld  o r  
safe concentrat ion o f  the  t o x i c a n t  cou ld  be obtained. However, l abo ra to ry  
l i f e - c y c l e  t e s t s  may n o t  accura te ly  est imate t h e  "safe" concentrat ion o f  
t ox i can ts  because they are conducted w i t h  a l i m i t e d  number o f  species under 
h i g h l y  con t ro l l ed ,  s teady-s ta te  condi t ions,  and the  r e s u l t s  do not  inc lude t h e  
e f f e c t s  o f  the  st resses t o  which the  organisms would o r d i n a r i l y  be exposed i n  
the  na tu ra l  environment. 

2.1.4 An e a r l y  publ ished account o f  a f u l l  l i f e - c y c l e ,  f i s h  t o x i c i t y  t e s t  was 
t h a t  o f  Mount and Stephan (1967). I n  t h i s  study, fathead minnows, Pimephales 
promelas, were exposed t o  a graded se r ies  o f  p e s t i c i d e  concentrat ions 
throughout t h e i r  l i f e  cyc le,  and the  e f f e c t s  o f  t h e  tox i can t  on su rv i va l ,  
growth, and reproduct ion were measured and evaluated. This  work was soon 
fo l lowed by f u l l  l i f e - c y c l e  t e s t s  us ing o the r  t ox i can ts  and f i s h  species. 

2.1.5 McKim (1977) evaluated the  da ta  from 56 f u l l  1  i f e - c y c l e  tes ts ,  32, o f  
which used the  fathead minnow, Pimephales promelas, and concluded t h a t  t h e  
embryo-1 arva l  and e a r l y  j u v e n i l e  1 i f e -s tages  were the  most s e n s i t i v e  stages. 
He proposed t h e  use o f  p a r t i a l  l i f e - c y c l e  t o x i c i t y  t e s t s  w i t h  the  e a r l y  
1 i f e -s tages  (ELS) o f  f i s h  t o  e s t a b l i s h  water qua1 i t y  c r i t e r i a .  



2.1.6 Macek and S l e i g h t  (1977) found t h a t  exposure o f  c r i t i c a l  l i f e - s t a g e s  o f  
f i s h  t o  tox i can ts  provides est imates o f  c h r o n i c a l l y  safe concentrat ions 
remarkably s i m i l a r  t o  those der ived from f u l l  1  i f e - c y c l e  t o x i c i t y  t e s t s .  They 
repor ted t h a t  " f o r  a  g reat  m a j o r i t y  o f  tox icants ,  t h e  concentrat ion which w i l l  
not  be acute ly  t o x i c  t o  t h e  most s e n s i t i v e  l i f e  stages i s  t h e  c h r o n i c a l l y  safe 
concentrat ion f o r  f i s h ,  and t h a t  t h e  most s e n s i t i v e  l i f e  stages are t h e  
embryos and f r y " .  C r i t i c a l  l i f e - s t a g e  exposure was considered t o  be exposure 
o f  the  embryos dur ing  most, p re fe rab l y  a l l ,  o f  t h e  embryogenic ( incubat ion)  
period, and exposure o f  t h e  f r y  f o r  30 days post-hatch f o r  warm water f i s h  
w i t h  embryogenic per iods ranging from one-to- four teen days, and f o r  60 days 
post-hatch f o r  f i s h  w i t h  longer  embryogenic periods. They concluded t h a t  i n  
the  m a j o r i t y  o f  cases, t h e  maximum acceptable t o x i c a n t  concentrat ion (MATC) 
could be est imated from t h e  r e s u l t s  o f  exposure o f  t h e  embryos du r ing  
incubat ion,  and the  l a rvae  f o r  30 days post-hatch. 

2.1.7 Because o f  t h e  h igh  cos t  o f  f u l l  l i f e - c y c l e  f i s h  t o x i c i t y  t e s t s  and the  
emerging consensus t h a t  the  ELS t e s t  data usua l l y  would be adequate f o r  
es t imat ing  c h r o n i c a l l y  safe concentrat ions, there  was a  r a p i d  s h i f t  by aquat ic  
t o x i c o l o g i s t s  t o  30 - 90-day ELS t o x i c i t y  t e s t s  f o r  es t imat ing  c h r o n i c a l l y  
safe concentrat ions i n  the  l a t e  1970s. I n  1980, USEPA adopted the  p o l i c y  t h a t  
ELS t e s t  data could be used i n  e s t a b l i s h i n g  water q u a l i t y  c r i t e r i a  i f  data 
from f u l l  l i f e - c y c l e  t e s t s  were n o t  a v a i l a b l e  (USEPA, 1980a). 

2.1.8 Published repo r t s  o f  the  r e s u l t s  o f  ELS t e s t s  i n d i c a t e  t h a t  the  
r e l a t i v e  s e n s i t i v i t y  o f  growth and s u r v i v a l  as endpoints may be species 
dependent, t ox i can t  dependent, o r  both. Ward and Par r i sh  (1.980) examined the  
l i t e r a t u r e  on ELS t e s t s  t h a t  used embryos and j uven i l es  o f  the  sheepshead 
minnow, Cyprinodon var iegatus,  and found t h a t  growth was no t  a  s t a t i s t i c a l l y  
s e n s i t i v e  i n d i c a t o r  o f  t o x i c i t y  i n  16 o f  18 t e s t s .  They suggested t h a t  t h e  
ELS t e s t s  be shortened t o  14 days posthatch and t h a t  growth be e l im ina ted as 
an i n d i c a t o r  o f  t o x i c  e f f e c t s .  

2.1.9 I n  a  review o f  the  l i t e r a t u r e  on 173 f i s h  f u l l  l i f e - c y c l e  and ELS t e s t s  
performed t o  determine t h e  c h r o n i c a l l y  safe concentrat ions o f  a  wide v a r i e t y  
of tox icants ,  such as metals, pes t ic ides ,  organics, inorganics, detergents, 
and complex e f f l u e n t s ,  Wol ter ing (1984) found t h a t  a t  the  lowest e f f e c t  
concentrat ion, s i g n i f i c a n t  reduc t ions  were observed i n  f r y  su rv i va l  i n  57%, 
f r y  growth i n  36%, and egg h a t c h a b i l i t y  i n  19% o f  the  t e s t s .  He a lso  found 
t h a t  f r y  s u r v i v a l  and growth were very o f t e n  equa l ly  sens i t i ve ,  and concluded 
t h a t  the  growth response could be de le ted  from r o u t i n e  a p p l i c a t i o n  o f  the  ELS 
tes ts .  The ne t  r e s u l t  would be a  s i g n i f i c a n t  reduc t ion  i n  the  du ra t i on  and 
cost  o f  screening t e s t s  w i t h  no appreciable impact on es t imat ing  MATCs f o r  
chemical hazard assessments. Benoit  e t  a l .  (1982), however, found l a r v a l  
growth t o  be the  most s i g n i f i c a n t  measure o f  e f f e c t ,  and su rv i va l  t o  be 
equa l ly  o r  l e s s  s e n s i t i v e  than growth i n  e a r l y  l i f e - s t a g e  t e s t s  w i t h  f o u r  
organic chemicals. 

2.1.10 E f f o r t s  t o  f u r t h e r  reduce t h e  l eng th  o f  p a r t i a l  l i f e - c y c l e  t o x i c i t y  
t e s t s  f o r  f i s h  w i thout  compromising t h e i r  p r e d i c t i v e  value have resu l ted  i n  
the  development o f  an e ight-day,  embryo-larval s u r v i v a l  and t e r a t o g e n i c i t y  
t e s t  f o r  f i s h  and o the r  aquat ic  ver tebra tes  (USEPA, 1981; B i rge  e t  a l . ,  1985), 
and a  seven-day l a r v a l  su rv i va l  and growth t e s t  (Norberg and Mount, 1985). 



2.1.11 The s i m i l a r i t y  o f  est imates o f  c h r o n i c a l l y  safe concentrat ions o f  
t ox i can ts  der ived from short- term, embryo-larval su rv i va l  and t e r a t o g e n i c i t y  
t e s t s  t o  those der ived from f u l l  l i f e - c y c l e  t e s t s  has been demonstrated by 
B i rge  e t  a l .  (1981), B i rge  and Cassidy (1983), and B i rge  e t  a l .  (1985). 

2.1.12 Use o f  a  seven-day, fathead minnow, Pimephales promelas, l a r v a l  
su rv i va l  and growth t e s t  was f i r s t  proposed by Norberg and Mount a t  the  1983 
annual meeting o f  the  Society  f o r  Environmental Toxicology and Chemistry 
(Norberg and Mount, 1983). This t e s t  was subsequently used by Mount and 
associates i n  f i e l d  demonstrations a t  Lima, OH (USEPA, 1984), and a t  many 
o the r  loca t ions .  Growth was f requen t l y  found t o  be more s e n s i t i v e  than 
su rv i va l  i n  determining the  e f f e c t s  o f  complex e f f l u e n t s .  

2.1.13 Norberg and Mount (1985) performed th ree  s i n g l e  t o x i c a n t  fathead 
minnow l a r v a l  growth t e s t s  w i t h  z inc,  copper, and DURSBANO, us ing d i l u t i o n  
water from Lake Superior.  The r e s u l t s  were comparable to ,  and had confidence 
i n t e r v a l s  t h a t  overlapped w i th ,  chron ic  values repor ted i n  t h e  1  it e r a t u r e  f o r  
both ELS and f u l l  l i f e - c y c l e  t e s t s .  

2.1.14 Mount and Norberg (1984) developed a  seven-day c l  adoceran p a r t i  a1 
l i f e - c y c l e  t e s t  and experimented w i t h  a  number o f  d i e t s  f o r  use i n  c u l t u r i n g  
and t e s t i n g  t h e  daphnid, Ceriodaphnia r e t i c u l a t a  (Norberg and Mount, 1985). 
As d i f f e r e n t  l a b o r a t o r i e s  began t o  use t h i s  cladoceran t e s t ,  i t  was discovered 
t h a t  apparent ly  more than one species was invo lved i n  the  t e s t s  conducted by 
the  same labora tory .  Berner (1986) s tud ied  t h e  problem and determined t h a t  
perhaps as many as th ree  v a r i a n t  forms were invo lved and i t  was decided t o  
recommend the  use o f  the  more common Ceriodaphnia dubia r a t h e r  than the  
o r i g i n a l l y  repor ted Ceriodaphnia r e t i c u l a t a .  The method was adopted f o r  use 
i n  the  f i r s t  e d i t i o n  o f  the  freshwater shor t - te rm chronic methods (USEPA, 
1985e). 

2.1.15 The green alga, Selenastrum capricornutum, b o t t l e  t e s t  was developed, 
a f t e r  extensive design, evaluat ion,  and app l i ca t i on ,  f o r  the  Nat ional  
Eut roph ica t ion  Research Program (USEPA, 1971). The t e s t  was l a t e r  mod i f ied  
f o r  use i n  the  assessment o f  r e c e i v i n g  waters and t h e  e f f e c t s  o f  wastes 
o r i g i n a t i n g  from i n d u s t r i a l ,  munic ipal ,  and a g r i c u l t u r a l  p o i n t  and non-point  
sources (USEPA, 1978a). 

2.1.16 The use o f  shor t - term t o x i c i t y  t e s t s  i nc lud ing  subchronic and chronic  
t e s t s  i n  the  NPDES Program i s  espec ia l l y  a t t r a c t i v e  because they prov ide a  
more d i r e c t  est imate o f  the  safe concentrat ions o f  e f f l u e n t s  i n  rece i v ing  
waters than was prov ided by acute t o x i c i t y  t es t s ,  a t  an on l y  s l i g h t l y  
increased l e v e l  o f  e f f o r t ,  compared t o  t h e  f i s h  f u l l  l i f e - c y c l e  chron ic  and 
28-day ELS t e s t s  and the  21-day daphnid, Daphnia magna, l i f e - c y c l e  t e s t .  

2.2 TYPES OF TESTS 

2.2.1 The se lec t i on  o f  t h e  t e s t  type w i l l  depend on the  NPDES permi t  
requirements, the  ob jec t i ves  o f  the  t e s t ,  the  ava i l ab le  resources, the  
requirements o f  the t e s t  organisms, and e f f l u e n t  c h a r a c t e r i s t i c s  such as 
f l u c t u a t i o n s  i n  e f f l u e n t  t o x i c i t y .  



2.2.2 E f f l u e n t  chron ic  t o x i c i t y  i s  genera l l y  measured us ing  a m u l t i -  
concentrat ion, o r  d e f i n i t i v e  t e s t ,  cons i s t i ng  o f  a c o n t r o l  and a minimum o f  
f i v e  e f f l u e n t  concentrat ions.  The t e s t s  are designed t o  prov ide dose-response 
in format ion,  expressed as the  percent e f f l u e n t  concentrat ion t h a t  a f f e c t s  the  
h a t c h a b i l i t y ,  gross morphological abnormal i t ies,  su rv i va l ,  growth, and/or 
reproduct ion w i t h i n  the  prescr ibed pe r iod  o f  t ime ( f o u r  t o  seven days). The 
r e s u l t s  o f  t h e  t e s t s  a re  expressed i n  terms o f  the  h ighest  concentrat ion t h a t  
has no s t a t i s t i c a l l y  s i g n i f i c a n t  observed e f f e c t  on those responses when 
compared t o  the  con t ro l s  o r  t h e  est imated concentrat ion t h a t  causes a 
spec i f i ed  percent reduc t ion  i n  responses versus the  con t ro l s .  

2.2.3 Use o f  pass / fa i l  t e s t s  cons i s t i ng  o f  a s i n g l e  e f f l u e n t  concentrat ion 
(e.g., the  rece i v ing  water concentrat ion o r  RWC) and a con t ro l  i s  n o t  
recommended. I f  t h e  NPDES permi t  has a whole e f f l u e n t  t o x i c i t y  l i m i t  f o r  
acute t o x i c i t y  a t  the  RWC, i t  i s  prudent t o  use t h a t  permi t  l i m i t  as the  
midpoint o f  a ser ies  o f  f i v e  e f f l u e n t  concentrat ions. This w i l l  ensure t h a t  
there  i s  s u f f i c i e n t  in fo rmat ion  on t h e  dose-response r e l a t i o n s h i p .  For 
example, the  e f f l u e n t  concentrat ions u t i l i z e d  i n  a t e s t  may be: 
(1) 100% e f f l u e n t ,  (2) (RWC t 100)/2, (3) RWC, (4) RWC/2, and (5) RWC/4. More 
s p e c i f i c a l l y ,  i f  the  RWC = 50%, the  e f f l u e n t  concentrat ions used i n  the  
t o x i c i t y  t e s t  would be loo%, 75%, 50%, 25%, and 12.5%. 

2.2.4 Receiving (ambient) water t o x i c i t y  t e s t s  commonly employ two 
treatments, a con t ro l  and the  und i l u ted  rece i v ing  water, but  may a l so  cons i s t  
o f  a ser ies  o f  rece i v ing  water d i l u t i o n s .  

2.2.5 A negat ive r e s u l t  from a chron ic  t o x i c i t y  t e s t  does no t  preclude the  
presence o f  t o x i c i t y .  Also, because o f  t h e  p o t e n t i a l  temporal v a r i a b i l i t y  i n  
the t o x i c i t y  o f  e f f l u e n t s ,  a negat ive t e s t  r e s u l t  w i t h  a p a r t i c u l a r  sample 
does no t  preclude the  p o s s i b i l i t y  t h a t  samples c o l l e c t e d  a t  some o ther  t ime 
might e x h i b i t  chronic  t o x i c i t y .  

2.2.6 The frequency w i t h  which chron ic  t o x i c i t y  t e s t s  are conducted under a 
g iven NPDES permi t  i s  determined by the  regu la to ry  agency on the  basis  of 
f a c t o r s  such as the  v a r i a b i l i t y  and degree o f  t o x i c i t y  o f  the  waste, 
product ion schedules, and process changes. 

2.2.7 Tests recommended f o r  use i n  t h i s  methods manual may be s t a t i c  non-
renewal o r  s t a t i c  renewal. I n d i v i d u a l  methods spec i f y  which s t a t i c  type o f  
t e s t  i s  t o  be conducted. 

2.3 STATIC TESTS 

2.3.1 S t a t i c  non-renewal t e s t s  - The t e s t  organisms are exposed t o  the  same 
t e s t  s o l u t i o n  f o r  the  du ra t i on  o f  t h e  t e s t .  

2.3.2 Stat ic- renewal  t e s t s  - The t e s t  organisms are exposed t o  a f resh  
s o l u t i o n  o f  the  same concent ra t ion  o f  sample every 24 h o r  o ther  prescr ibed 
i n t e r v a l ,  e i t h e r  by t r a n s f e r r i n g  the  t e s t  organisms from one t e s t  chamber t o  
another, o r  by rep lac ing  a l l  o r  a p o r t i o n  o f  s o l u t i o n  i n  the  t e s t  chambers. 



2 . 4  ADVANTAGES AND DISADVANTAGES OF T O X I C I T Y  TEST TYPES 

2.4.1 STATIC NON-RENEWAL, SHORT-TERM TOXICITY TESTS: 

Advantages: 

1. 	 Simple and inexpensive. 
2. 	 Very cos t  e f f e c t i v e  i n  determin ing compliance w i t h  permi t  cond i t ions .  
3. 	 L im i ted  resources (space, manpower, equipment) requ i red ;  would permi t  

s t a f f  t o  per form mahy more t e s t s  i n  t h e  same amount o f  t ime. 
4. 	 Smal ler volume o f  e f f l u e n t  requ i red  than f o r  s t a t i c  renewal o r  f l ow-

through t e s t s .  

Disadvantages: 

1. 	 Dissolved oxygen (DO) dep le t i on  may r e s u l t  from h i g h  chemical oxygen 
demand (COD), b i o l o g i c a l  oxygen demand (BOD), o r  metabol i c  wastes. 

2. 	 Possib le l o s s  o f  t o x i c a n t s  through v o l a t i l i z a t i o n  and/or adsorpt ion t o  
t h e  exposure vessels.  

3. 	 Genera l ly  l e s s  s e n s i t i v e  than s t a t i c  renewal, because t h e  t o x i c  
substances may degrade o r  be adsorbed, thereby reducing t h e  apparent 
t o x i c i t y .  Also, t he re  i s  l e s s  chance o f  d e t e c t i n g  slugs o f  t o x i c  
wastes, o r  o the r  temporal v a r i a t i o n s  i n  waste p rope r t i es .  

2.4.2 STATIC RENEWAL, SHORT-TERM TOXICITY TESTS: 

Advantages: 

1. 	Reduced p o s s i b i l i t y  o f  DO d e p l e t i o n  from h igh  COD and/or BOD, o r  ill 
e f f e c t s  from metabol ic  wastes from organisms i n  t he  t e s t  so lu t i ons .  

2. 	 Reduced p o s s i b i l i t y  o f  l o s s  o f  t o x i c a n t s  through v o l a t i l i z a t i o n  and/or 
adsorpt ion t o  t he  exposure vessels.  

3. 	 Test organisms t h a t  r a p i d l y  dep le te  energy reserves are fed  when the  
t e s t  so lu t i ons  are renewed, and are maintained i n  a h e a l t h i e r  s ta te .  

Disadvantages: 

1. 	 Require g rea te r  volume o f  e f f l u e n t  than non-renewal t e s t s .  
2. 	 Genera l ly  l e s s  chance o f  temporal v a r i a t i o n s  i n  waste p rope r t i es .  



SECTION 3 

HEALTH AND SAFETY 

3.1 GENERAL PRECAUTIONS 

3.1.1 Each l abo ra to ry  should develop and main ta in  an e f f e c t i v e  hea l th  and 
safety program, r e q u i r i n g  an ongoing commitment by the  l abo ra to ry  management. 
This  program should inc lude (1) a  sa fe ty  o f f i c e r  w i t h  the  r e s p o n s i b i l i t y  and 
a u t h o r i t y  t o  develop and mainta in a  sa fe ty  program, (2) t h e  prepara t ion  o f  a 
formal, w r i t t e n ,  h e a l t h  and sa fe ty  plan, which i s  provided t o  each o f  the  
l abo ra to ry  s t a f f ,  (3) an ongoing t r a i n i n g  program on l abo ra to ry  sa fe ty ,  and 
(4) r e g u l a r l y  scheduled, documented, sa fe ty  inspect ions.  

3.1.2 Co l l ec t i on  and use o f  e f f l u e n t s  i n  t o x i c i t y  t e s t s  may i nvo l ve  
s i g n i f i c a n t  r i s k s  t o  personal s a f e t y  and hea l th .  Personnel c o l l e c t i n g  
e f f l u e n t  samples and conduct ing t o x i c i t y  t e s t s  should take a l l  sa fe t y  
precaut ions necessary f o r  t h e  prevent ion  o f  b o d i l y  i n j u r y  and i l l n e s s  which 
might r e s u l t  from inges t i on  o r  invas ion  o f  i n f e c t i o u s  agents, i n h a l a t i o n  o r  
absorpt ion o f  co r ros i ve  o r  t o x i c  substances through sk in  contact,  and 
asphyxiat ion due t o  l a c k  o f  oxygen o r  presence o f  noxious gases. 

3.1.3 P r i o r  t o  sample c o l l e c t i o n  and l abo ra to ry  work, personnel w i l l  
determine t h a t  a l l  necessary sa fe ty  equipment and ma te r ia l s  have been obtained 
and are i n  good cond i t ion .  

3.1.4 Guidel ines f o r  t h e  handl ing and disposal o f  hazardous ma te r ia l s  must be 
s t r i c t l y  fo l lowed.  

3.2 SAFETY EQUIPMENT 

3.2.1 PERSONAL SAFETY GEAR 

3.2.1.1 Personnel should use sa fe ty  equipment, as requi red,  such as rubber 
aprons, l abo ra to ry  coats, r e s p i r a t o r s ,  gloves, sa fe ty  glasses, hard hats,  and 
sa fe ty  shoes. P l a s t i c  n e t t i n g  on g lass  beakers, f l asks ,  and o ther  glassware 
minimizes breakage and subsequent s h a t t e r i n g  o f  the  g lass .  

3.2.2 LABORATORY SAFETY. EQUIPMENT 

3.2.2.1 Each l abo ra to ry  ( i n c l u d i n g  mobi le  l abo ra to r i es )  should be provided 
w i t h  sa fe ty  equipment such as f i r s t  a i d  k i t s ,  f i r e  ex t ingu ishers ,  f i r e  
blankets, emergency showers, chemical s p i l l  c lean up k i t s ,  and eye founta ins.  

3.2.2.2 Mobi le  l a b o r a t o r i e s  should be equipped w i t h  a  telephone o r  o ther  
means t o  enable personnel t o  summon he lp  i n  case o f  emergency. 

3.3 GENERAL LABORATORY AND FIELD OPERATIONS 

3.3.1 Work w i t h  e f f l u e n t s  should be performed i n  compliance w i t h  accepted 
r u l e s  p e r t a i n i n g  t o  the  handl ing o f  hazardous ma te r ia l s  (see sa fe ty  manuals 



l i s t e d  i n  Sect ion 3, Heal th and Safety, Subsection 3.5). I t i s  recommended 
t h a t  personnel c o l l e c t i n g  samples and performing t o x i c i t y  t e s t s  no t  work 
a1 one. 

3.3.2 Because the  chemical composit ion o f  e f f l u e n t s  i s  u s u a l l y  on l y  poo r l y  

known, they should be considered as p o t e n t i a l  h e a l t h  hazards, and exposure t o  

them should be minimized. Fume and canopy hoods over t h e  t o x i c i t y  t e s t  areas 

must be used whenever poss ib le .  


3.3.3 It i s  advisable t o  cleanse exposed p a r t s  o f  t h e  body immediately a f t e r  

c o l l e c t i n g  e f f l u e n t  samples. 


3.3.4 A l l  conta iners are t o  be adequately labe led  t o  i n d i c a t e  t h e i r  contents. 


3.3.5 S t a f f  should be f a m i l i a r  w i t h  sa fe ty  gu ide l i nes  on Ma te r ia l  Safety Data 

Sheets f o r  reagents and o the r  chemicals purchased from supp l ie rs .  

Incompatible ma te r i a l s  should no t  be s to red together .  Good housekeeping 

con t r i bu tes  t o  sa fe ty  and r e l i a b l e  r e s u l t s .  


3.3.6 Strong ac ids and v o l a t i l e  organic solvents employed i n  glassware 

c leaning must be used i n  a  fume hood o r  under an exhaust canopy over the  work 

area. 


3.3.7 E l e c t r i c a l  equipment o r  extension cords no t  bearing the  approval o f  

Underwr i ter  Laborator ies must no t  be used. Ground-fault  i n t e r r u p t e r s  must be 

i n s t a l l e d  i n  a l l  "wet" l a b o r a t o r i e s  where e l e c t r i c a l  equipment i s  used. 


3.3.8 Mobi le l a b o r a t o r i e s  should be o rooe r l v  wounded t o  o ro tec t  aqainst  

e l e c t r i c a l  shock. 


3.4 DISEASE PREVENTION 

3.4.1 Personnel handl ing samples which are known o r  suspected t o  conta in  
human wastes should be immunized against  tetanus, typho id  fever ,  po l  i o ,  and 
h e p a t i t i s  B. 

3.5 SAFETY MANUALS 

3.5.1 For f u r t h e r  guidance on safe p rac t i ces  when c o l l e c t i n g  e f f l u e n t  samples 
and conduct ing t o x i c i t y  t es t s ,  check w i t h  t h e  permi t tee  and consu l t  general 
sa fe ty  manuals, i n c l u d i n g  USEPA (1986e) and Walters and Jameson (1984). 

3.6 WASTE DISPOSAL 

3.6.1 Wastes generated du r ing  t o x i c i t y  t e s t i n g  must be proper ly  handled and 
disposed o f  i n  an appropr iate manner. Each t e s t i n g  f a c i l i t y  w i l l  have i t s  own 
waste disposal requirements based on l o c a l ,  s ta te ,  and Federal r u l e s  and 
regu la t ions .  It i s  extremely important  t h a t  these r u l e s  and regu la t i ons  be 
known, understood, and complied w i t h  by a l l  persons responsib le fo r , .  o r  
otherwise invo lved i n  performing t h e  t o x i c i t y  t e s t i n g  a c t i v i t i e s .  Local f i r e  
o f f i c i a l s  should be n o t i f i e d  o f  any p o t e n t i a l l y  hazardous cond i t ions .  



SECTION 4 


QUALITY ASSURANCE 


4.1 INTRODUCTION 

4.1.1 Development and maintenance of a toxicity test 1 aboratory qual i ty 
assurance (QA) program (USEPA, 1991a) requires an ongoing commitment by 
laboratory management. Each toxicity test laboratory should (1) appoint a 
quality assurance officer with the responsibility and authority to develop and 
maintain a QA program; (2) prepare a quality assurance plan with stated data 
quality objectives (DQOs); (3) prepare a written description of laboratory 
standard operating procedures (SOPS) for culturing, toxicity testing, 
instrument calibration, sample chain-of-custody procedures, laboratory sample 
tracking system, glassware cleaning, etc. ; and (4) provide an adequate, 
qual ified technical staff for culturing and testing the organisms, and 
suitable space and equipment to assure reliable data. 

4.1.2 QA practices for toxicity testing 1 aboratories must address a1 1 

activities that affect the quality of the final effluent toxicity test data, 

such as: (1) effluent sampling and handling; (2) the source and condition of 

the test organisms; (3) condition of equipment; (4) test conditions; (5) 

instrument calibration; (6) rep1 ication; (7) use of reference toxicants; 

(8) record keeping; and (9) data evaluation. 


4.1.3 Quality control practices, on the other hand, consist of the more 

focused, routine, day-to-day activities carried out within the scope of the 

overall QA program. For more detailed discussion of qual ity assurance and 

general guidance on good laboratory practices and laboratory evaluation 

related to toxicity testing, see FDA, (1978); USEPA, (1979d), USEPA (1980b), 

USEPA (1980c), and USEPA (1991~); DeWoskin (1984); and Taylor (1987). 


4.1.4 Guidance for the evaluation of laboratories performing toxicity tests 

and laboratory evaluation criteria may be found in USEPA (1991~). 


4.2 FACILITIES, EQUIPMENT, AND TEST CHAMBERS 

4.2.1 Separate test organism culturing and toxicity testing areas should be 

provided to avoid possible loss of cultures due to cross-contamination. 

Ventilation systems should be designed and operated to prevent recirculation 

or leakage of air from chemical analysis laboratories or sample storage and 

preparation areas into organism culturing or testing areas, and from testing 

and sample preparation areas into culture rooms. 


4.2.2 Laboratory and toxicity test temperature control equipment must be 

adequate to maintain recommended test water temperatures. Recommended 

materials must be used in the fabrication of the test equipment which comes in 

contact with the effluent (see Section 5, Facilities, Equipment and Supplies; 

and specific toxicity test method). 




4.3 TEST ORGANISMS 

4.3.1 The t e s t  organisms used i n  t h e  procedures described i n  t h i s  manual are 
the  fathead minnow, Pimephales promelas, t h e  daphnid, Ceriodaphnia dubia, and 
the  green alga, Selenastrum capricornutum. The f i s h  and inver tebra tes  should 
appear heal thy,  behave normally, feed we l l ,  and have low m o r t a l i t y  i n  t h e  
cu l tu res ,  du r ing  holding, and i n  t e s t  con t ro l s .  Test organisms should be 
p o s i t i v e l y  i d e n t i f i e d  t o  species (see Sect ion 6, Test Organisms) . 

4.4.1 The q u a l i t y  o f  water used f o r  t e s t  organism c u l t u r i n g  and f o r  d i l u t i o n  
water used i n  t o x i c i t y  t e s t s  i s  extremely important.  Water f o r  these two uses 
should come from t h e  same source. The d i l u t i o n  water used i n  e f f l u e n t  
t o x i c i t y  t e s t s  w i l l  depend i n  p a r t  on t h e  ob jec t i ves  o f  t h e  study and 
l o g i s t i c a l  cons t ra in ts ,  as discussed i n  d e t a i l  i n  Sect ion 7, D i l u t i o n  Water. 
For t e s t s  performed t o  meet NPDES ob jec t ives ,  syn the t ic ,  moderately hard water 
should be used. The d i l u t i o n  water used f o r  i n t e r n a l  q u a l i t y  assurance t e s t s  
w i t h  organisms, food, and reference tox i can ts  should be the  water r o u t i n e l y  
used w i t h  success i n  t h e  labora tory .  Types o f  water are discussed i n  
Sect ion 5, F a c i l i t i e s ,  Equipment and Supplies. Water used f o r  c u l t u r i n g  and 
t e s t  d i l u t i o n  should be analyzed f o r  t o x i c  metals and organics a t  l e a s t  
annual ly o r  whenever d i f f i c u l t y  i s  encountered i n  meeting minimum 
a c c e p t a b i l i t y  c r i t e r i a  f o r  con t ro l  su rv i va l  and rep roduc t i on 'o r  growth. The 
concentrat ion o f  t h e  metals A l ,  As, C r ,  Co, Cu, Fe, Pb, N i ,  and Zn, expressed 
as t o t a l  metal, should no t  exceed 1  pg/L each, and Cd, Hg, and Ag, expressed 
as t o t a l  metal, should n o t  exceed 100 ng/L each. Tota l  organochlor ine 
pes t i c i des  p l u s  PCBs should be l e s s  than 50 ng/L (APHA, 1992). Pes t i c i de  
concentrat ions should no t  exceed USEPA's Ambient Water Q u a l i t y  chron ic  
c r i t e r i a  values where ava i lab le .  

4.5 EFFLUENT AND RECEIVING WATER SAMPLING AND HANDLING 

4.5.1 Sample ho ld ing  t imes and temperatures o f  e f f l u e n t  samples c o l l e c t e d  f o r  
o n - s i t e  and o f f - s i t e  t e s t i n g  must conform t o  cond i t ions  described i n  
Sect ion 8, E f f l u e n t  and Receiving Water Sampling, Sample Handling, and Sample 
Preparat ion f o r  T o x i c i t y  Tests. 

4.6 TEST CONDITIONS 

4.6.1 Water temperature must be maintained w i t h i n  the  l i m i t s  spec i f i ed  f o r  
each t e s t .  The temperature o f  t e s t  so lu t i ons  must be measured by p lac ing  the  
thermometer o r  probe d i r e c t l y  i n t o  t h e  t e s t  so lu t ions ,  o r  by p lac ing  the  
thermometer i n  equ iva len t  volumes o f  water i n  surrogate vessels pos i t ioned a t  
appropr iate l o c a t i o n s  among t h e  t e s t  vessels. Temperature should be recorded 
cont inuously  i n  a t  l e a s t  one t e s t  vessel f o r  the  du ra t i on  o f  each t e s t .  Test 
s o l u t i o n  temperatures must be maintained w i t h i n  t h e  l i m i t s  s p e c i f i e d  f o r  each 
t e s t .  DO concentrat ion and pH should be checked a t  the  beginning o f  each t e s t  
and d a i l y  throughout the  t e s t  per iod .  



4.7 QUALITY OF TEST ORGANISMS 

4.7.1 I f  the  l abo ra to ry  performs sho r t - t e rm chron ic  t o x i c i t y  t e s t s  r o u t i n e l y  
bu t  does no t  have an ongoing t e s t  organism c u l t u r i n g  program and must ob ta in  
t he  t e s t  organisms from an ou ts ide  source, t he  s e n s i t i v i t y  o f  a  batch o f  t e s t  
organisms must be determined w i t h  a  re fe rence t o x i c a n t  i n  a  shor t - te rm chron ic  
t o x i c i t y  t e s t  performed monthly (see Subsections 4.14, 4.15, 4.16, and 4.17). 
Where acute o r  shor t - te rm chron ic  t o x i c i t y  t e s t s  are performed w i t h  e f f l u e n t s  
o r  r e c e i v i n g  waters us ing t e s t  organisms obta ined from outs ide  t h e  t e s t  
labora tory ,  concurrent t o x i c i t y  t e s t s  o f  t he  same type  must be performed w i t h  
a  reference tox i can t ,  unless the  t e s t  organism s u p p l i e r  prov ides c o n t r o l  c h a r t  
data from a t  l e a s t  t h e  l a s t  f i v e  monthly shor t - te rm chron ic  t o x i c i t y  t e s t s  
us ing the  same reference t o x i c i t y  and c o n t r o l  cond i t i ons  (see Sect ion 6, Test 
Organism) . 
4.7.2 The supp l i e r  should c e r t i f y  t h e  species i d e n t i f i c a t i o n  o f  t he  t e s t  
organisms, and prov ide  the taxonomic reference ( c i t a t i o n  and page) o r  name(s) 
o f  t he  taxonomic expe r t ( s )  consul ted.  

4.7.3 I f  the  l abo ra to ry  mainta ins breeding cu l t u res ,  t he  s e n s i t i v i t y  o f  t he  
o f f s p r i n g  should be determined i n  a  shor t - te rm chron ic  t o x i c i t y  t e s t  performed 
w i t h  a  reference t o x i c a n t  a t  l e a s t  once each month (see Subsections 4.14, 
4.15, 4.16, and 4.17). I f  p re fe r red ,  t h i s  reference t o x i c a n t  t e s t  may be 
performed concur ren t ly  w i t h  an e f f l u e n t  t o x i c i t y  t e s t .  However, i f  a  g iven  
species o f  t e s t  organism produced by inhouse c u l t u r e s  i s  used on l y  monthly, o r  
l e s s  f requen t l y  i n  t o x i c i t y  t e s t s ,  a  reference t o x i c a n t  t e s t  must be performed 
concur ren t ly  w i t h  each shor t - te rm chron ic  e f f l u e n t  and/or r e c e i v i n g  water 
t o x i c i t y  t e s t .  

4.7.4 I f  r o u t i n e  reference t o x i c a n t  t e s t s  f a i l  t o  meet a c c e p t a b i l i t y  
c r i t e r i a ,  the t e s t  must be immediately repeated. I f  the  f a i l e d  reference 
t o x i c a n t  t e s t  was being performed concu r ren t l y  w i t h  an e f f l u e n t  o r  r e c e i v i n g  
water t o x i c i t y  t e s t ,  both t e s t s  must be repeated (For except ion, see 
Sect ion 4, Q u a l i t y  Assurance, Subsection 4.16.5). 

4.8 FOOD QUALITY 

4.8.1 The n u t r i t i o n a l  q u a l i t y  o f  t h e  food used i n  c u l t u r i n g  and t e s t i n g  f i s h  
and inver tebra tes  i s  an important  f a c t o r  i n  t he  q u a l i t y  o f  t he  t o x i c i t y  t e s t  
data.  This  i s  e s p e c i a l l y  t r u e  f o r  t h e  unsaturated f a t t y  ac id  content  o f  b r i n e  
shrimp n a u p l i i ,  Artemia. Problems w i t h  t he  n u t r i t i o n a l  s u i t a b i l i t y  o f  t he  
food w i l l  be r e f l e c t e d  i n  t he  s u r v i v a l ,  growth, and reproduc t ion  o f  t he  t e s t  
organisms i n  c u l t u r e s  and t o x i c i t y  t e s t s .  Artemia cysts ,  and o the r  foods must 
be obta ined as descr ibed i n  Sect ion 5 ,  F a c i l i t i e s ,  Equipment, and Suppl ies. 

4.8.2 Problems w i t h  t he  n u t r i t i o n a l  s u i t a b i l i t y  o f  food w i l l  be r e f l e t t e d  i n  
the s u r v i v a l ,  growth, and reproduc t ion  o f  t he  t e s t  organisms i n  c u l t u r e s  and 
t o x i c i t y  t e s t s .  I f  a  batch o f  food i s  suspected t o  be de fec t i ve ,  t he  
performance o f  organisms fed  w i t h  t h e  new food can be compared w i t h  t he  
performance o f  organisms fed  w i t h  a  food o f  known q u a l i t y  i n  s ide-by-s ide  
t e s t s .  I f  the food i s  used f o r  c u l t u r i n g ,  i t s  s u i t a b i l i t y  should be 
determined us ing a  shor t - te rm chron ic  t e s t  which w i l l  determine the a f f e c t  o f  



food q u a l i t y  on growth o r  reproduct ion o f  each o f  the  re levan t  t e s t  species i n  
cu l t u re ,  us ing f o u r  r e p l i c a t e s  w i t h  each food source. Where appl icable,  foods 
used on ly  i n  chron ic  t o x i c i t y  t e s t s  can be compared w i t h  a  food o f  known 
q u a l i t y  i n  side-by-side, mu l t i - concen t ra t i on  chron ic  t e s t s ,  us ing the  
reference t o x i c a n t  r e g u l a r l y  employed i n  the  l abo ra to ry  QA program. For 1  i s t  
o f  commercial sources o f  Artemia cys ts ,  see Table 2  o f  Sect ion 5, F a c i l i t i e s ,  
Equipment, and Supplies. 

4.8.3 New batches o f  food used i n  c u l t u r i n g  and t e s t i n g  should be analyzed 
fo r  t o x i c  organics and metals o r  whenever d i f f i c u l t y  i s  encountered i n  meeting 
minimum a c c e p t a b i l i t y  c r i t e r i a  f o r  c o n t r o l  su rv i va l  and reproduct ion o r  
growth. I f  the  concentrat ion o f  t o t a l  organochlor ine pes t i c i des  exceeds 0.15 
pg/g wet weight, o r  t h e  concentrat ion o f  t o t a l  organochlor ine pes t i c i des  p lus  
PCBs exceeds 0.30 pg/g wet weight, o r  t o x i c  metals (Al ,  As, C r ,  Cd, Cu, Pb, 
N i ,  Zn, expressed as t o t a l  metal)  exceed 20 pg/g wet weight, t h e  food should 
no t  be used ( f o r  a n a l y t i c a l  methods see AOAC, 1990 and USDA, 1989). For foods 
(e.g., such as YCT) which are used t o  c u l t u r e  and t e s t  organisms, the  q u a l i t y  
o f  the  food should meet the  requirements f o r  the  l abo ra to ry  water used f o r  
c u l t u r i n g  and t e s t  d i l u t i o n  water as described i n  Sect ion 4.4 above. 

4.9 ACCEPTABILITY OF SHORT-TERM CHRONIC TOXIC ITY  TESTS 

4.9.1 For the  t e s t s  t o  be acceptable, con t ro l  su rv i va l  i n  fathead minnow, 
Pimephales promelas, and the  daphnid, Ceriodaphnia dubia, t e s t s  must be 80% o r  
g reater .  A t  t h e  end o f  t h e  t e s t ,  t h e  average d r y  weight o f  su rv i v ing  
seven-day-old fathead minnows i n  c o n t r o l  chambers must equal o r  exceed 
0.25 mg. I n  Ceriodaphnia dubia con t ro l s ,  a t  l e a s t  60% o f  the  su rv i v ing  adu l ts  
should have produced t h e i r  t h i r d  brood i n  7  f 1  days, and the  number o f  young 
per su rv i v ing  adu l t  must be 15 o r  g rea ter .  I n  a lga l  t o x i c i t y  t es t sJ  the  mean 
c e l l  dens i ty  i n  the  c o n t r o l s  a f t e r  96 h  must equal o r  exceed 2  x 10 cells/mL 
and not  vary more than 20% among r e p l i c a t e s .  I f  these c r i t e r i a  are no t  met, 
the t e s t  must be repeated. 

4.9.2 An i n d i v i d u a l  t e s t  may be c o n d i t i o n a l l y  acceptable i f  temperature, DO, 
and other  spec i f i ed  cond i t ions  f a l l  ou ts ide  spec i f i ca t i ons ,  depending on the 
degree o f  the  departure and the  ob jec t i ves  o f  the  t e s t s  (see t e s t  cond i t i on  
summaries). The a c c e p t a b i l i t y  o f  t h e  t e s t  would depend on the  experience and 
profess ional  judgment o f  the  l abo ra to ry  i n v e s t i g a t o r  and the  rev iewing s t a f f  
o f  the  regu la to ry  a u t h o r i t y .  Any d e v i a t i o n  from t e s t  spec i f i ca t i ons  must be 
noted when r e p o r t i n g  da ta  from the  t e s t .  

4.10 ANALYTICAL METHODS 

4.10.1 Routine chemical and phys ica l  analyses f o r  c u l t u r e  and d i l u t i o n  water, 
food, and t e s t  so lu t i ons  must inc lude es tab l ished q u a l i t y  assurance p rac t i ces  
o u t l i n e d  i n  USEPA methods manuals (USEPA, 1979a and USEPA, 1979b). 

4.10.2 Reagent conta iners should be dated and catalogued when received from 
the  supp l ie r ,  and the  s h e l f  l i f e  should no t  be exceeded. Also, working 
so lu t i ons  should be dated when prepared, and the  recommended s h e l f  l i f e  should 
be observed. 



4.11 CALIBRATION AND STANDARDIZATION 

4.11.1 Instruments used f o r  r o u t i n e  measurements o f  chemical and physical  
parameters such as pH, DO, temperature, and conduc t i v i t y ,  must be c a l i b r a t e d  
and standardized according t o  instrument manufacturer's procedures as 
i nd i ca ted  i n  the  general sec t ion  on q u a l i t y  assurance (see USEPA Methods 
150.1, 360.1, 170.1, and 120.1 i n  USEPA, 1979b). C a l i b r a t i o n  data are 
recorded i n  a  permanent l o g  book. 

4.11.2 Wet chemical methods used t o  measure hardness, a1 k a l i n i t y  and t o t a l  
res idua l  c h l o r i n e  must be standardized p r i o r  t o  use each day according t o  the  
procedures f o r  those s p e c i f i c  USEPA methods (see USEPA Methods 130.2 and 310.1 
i n  USEPA, 1979b). 

4.12 REPLICATION AND TEST SENSITIVITY 

4.12.1 The s e n s i t i v i t y  o f  the  t e s t s  w i l l  depend i n  p a r t  on the  number o f  
rep1 i ca tes  per  concentrat ion, the  s ign i f i cance l e v e l  selected, and the  type o f  
s t a t i s t i c a l  analys is .  I f  the  v a r i a b i l i t y  remains constant,  the  s e n s i t i v i t y  o f  
the  t e s t  w i l l  increase as t h e  number o f  r e p l i c a t e s  i s  increased. The minimum 
recommended number o f  r e p l i c a t e s  va r ies  w i t h  the  ob jec t i ves  o f  the  t e s t  and 
the s t a t i s t i c a l  method used f o r  ana lys is  o f  the  data. 

4.13 VARIABILITY I N  TOXICITY TEST RESULTS 

4.13.1 Factors which can a f f e c t  t e s t  success and p rec i s ion  inc lude (1) the 
experience and s k i l l  o f  the  l abo ra to ry  analyst ;  (2) t e s t  organism age, 
condi t ion,  and s e n s i t i v i t y ;  (3) d i l u t i o n  water q u a l i t y ;  (4) temperature 
con t ro l ;  and (5) the  q u a l i t y  and q u a n t i t y  o f  food provided. The r e s u l t s  w i l l  
depend upon the  species used and t h e  s t r a i n  o r  source o f  the  t e s t  organisms, 
and t e s t  condi t ions,  such as temperature, DO, food, and water q u a l i t y .  The 
r e p e a t a b i l i t y  o r  p rec i s ion  o f  t o x i c i t y  t e s t s  i s  a lso  a  func t i on  o f  the  number 
o f  t e s t  organisms used a t  each t o x i c a n t  concentrat ion.  Jensen (1972) 
discussed the  r e l a t i o n s h i p  between sample s i z e  (number o f  f i s h )  and the  
standard e r r o r  o f  the  t e s t ,  and considered 20 f i s h  per  concentrat ion as 
optimum f o r  P rob i t  Analysis.  

4.14 TEST PRECISION 

4.14.1 The a b i l i t y  of the  l abo ra to ry  personnel t o  ob ta in  consis tent ,  p rec ise  
r e s u l t s  must be demonstrated w i t h  re ference t o x i c a n t s  before they attempt t o  
measure e f f l u e n t  t o x i c i t y .  The s ing le - l abo ra to ry  p rec i s ion  o f  each type o f  
t e s t  t o  be used i n  a  l abo ra to ry  should be determined by performing a t  l e a s t  
f i v e  t e s t s  w i t h  a  reference t o x i c a n t .  

4.14.2 Test p rec i s ion  can be est imated by us ing the  same s t r a i n  o f  organisms 
under the  same t e s t  cond i t ions  and employing a  known tox i can t ,  such as a 
reference tox i can t .  

4.14.3 I n t e r l a b o r a t o r y  p rec i s ion  data from chronic t o x i c i t y  t e s t s  w i t h  two 
species us ing the  reference t o x i c a n t s  potassium c h l o r i d e  and copper s u l f a t e  
are shown i n  Table 1. Addi t iona l  p r e c i s i o n  data f o r  each o f  the  t e s t s  



described in this manual are presented in the sections describing the 

individual test methods. 


TABLE 1. NATIONAL INTERLABORATORY STUDY OF CHRONIC TOXICITY TEST,PRECISION, 

1991: SUMMARY OF RESPONSES USING A REFERENCE TOXICANT 


Organism Endpoint No. Labs % ~ffluent' SD CV (%) 

Pimephales Survival , NOEC 146 N A N A NA 
promel as 	 Growth, IC25 124 4.67 1.87 40.0 


Growth, IC50 117 6.36 2.04 32.1 

Growth, NOEC 142 N A N A N A 


Ceriodaphnia Survival, NOEC 162 N A NA N A 

dubia 	 Reproduction, IC25 155 2.69 1.96 72.9 


Reproduction, IC50 150 3.99 2.35 58.9 

Reproduction, NOEC 156 NA N A NA 


' From a national study of interlaboratory precision of toxicity test data 

performed in 1991 by the Environmental Monitoring Systems Laboratory- 

Cincinnati, U.S. Environmental Protection Agency, Cincinnati, OH 45268. 

Participants included Federal, state, and private laboratories engaged in 

NPDES permit compl iance monitoring. 

Expressed as % effluent; in reality it was a reference toxicant (KC1) 

but was not known by the persons conducting the tests. 


4.14.4 Additional information on toxicity test precision is provided in the 

Technical Support Document for Water Quality-based Control (see pp. 2-4, and 

11-15 in USEPA, 1991a). 


4.14.5 In cases where the test data are used in Probit Analysis or other 

point estimation techniques (see Section 9, Chronic Toxicity Test Endpoints 

and Data Analysis), precision can be described by the mean, standard 

deviation, and relative standard deviation (percent coefficient of variation, 

or CV) of the calculated endpoints from the replicated tests. In cases where 

the test data are used in the Linear Interpolation Method, precision can be 

estimated by empirical confidence intervals derived by using the ICPIN Method 

(see Section 9, Chronic Toxicity Test Endpoints and Data Analysis). However, 

in cases where the results are reported in terms of the No-Observed-Effect 

Concentration (NOEC) and Lowest-Observed-Effect Concentration (LOEC) (see 

Section 9, Chronic Toxicity Test Endpoints and Data Analysis) precision can 

only be described by listing the NOEC-LOEC interval for each test. It is not 

possible to express precision in terms of a commonly used statistic. However, 

when all tests of the same toxicant yield the same NOEC-LOEC interval, maximum 




prec i s ion  has been a t ta ined.  The " t r u e "  no e f f e c t  concentrat ion could f a l l  
anywhere w i t h i n  the  i n t e r v a l ,  NOEC + (NOEC minus LOEC). 

4.14.6 It should be noted here t h a t  t h e  d i l u t i o n  f a c t o r  se lected f o r  a  t e s t  
determines the  w id th  o f  the  NOEC-LOEC i n t e r v a l  and the  inherent  maximum 
p rec i s ion  o f  the  t e s t .  As the  absolute value o f  t h e  d i l u t i o n  f a c t o r  
decreases, the  w id th  o f  the  NOEC-LOEC i n t e r v a l  increases, and the  inherent  
maximum p rec i s ion  o f  the  t e s t  decreases. When a  d i l u t i o n  f a c t o r  o f  0.3 i s  
used, the  NOEC cou ld  be considered t o  have a  r e l a t i v e  v a r i a b i l i t y  as h igh  as 
+ 300%. With a  d i l u t i o n  f a c t o r  o f  0.5, the  NOEC could be considered t o  have a  
r e l a t i v e  v a r i a b i l i t y  o f  + 100%. As a  r e s u l t  o f  the  v a r i a b i l i t y  o f  d i f f e r e n t  
d i l u t i o n  fac tors ,  USEPA recommends t h e  use o f  t h e  d i l u t i o n  f a c t o r  o f  0.5 o r  
g rea ter .  Other f a c t o r s  which can a f f e c t  t e s t  p rec i s ion  inc lude:  t e s t  
organism age, cond i t ion ,  and s e n s i t i v i t y ;  temperature con t ro l ;  and feeding. 

4.15 DEMONSTRATING ACCEPTABLE LABORATORY PERFORMANCE 

4.15.1 I t  i s  a  labora tory 's  r e s p o n s i b i l i t y  t o  demonstrate i t s  a b i l i t y  t o  
ob ta in  cons is ten t ,  p rec ise  r e s u l t s  w i t h  reference tox i can ts  before i t  performs 
t o x i c i t y  t e s t s  w i t h  e f f l u e n t s  f o r  permi t  compliance purposes. To meet t h i s  
requirement, the  i n t r a l  aboratory p rec is ion ,  expressed as percent c o e f f i c i e n t  
o f  v a r i a t i o n  (CV%), o f  each type o f  t e s t  t o  be used i n  the  l abo ra to ry  should 
be determined by performing f i v e  o r  more t e s t s  w i t h  d i f f e r e n t  batches o f  t e s t  
organisms, us ing the  same reference tox i can t ,  a t  t h e  same concentrat ions, w i t h  
the  same t e s t  cond i t ions  ( i . e . ,  the  same t e s t  durat ion,  type o f  d i l u t i o n  
water, age o f  t e s t  organisms, feeding, e tc . ) ,  and t h e  same data ana lys is  
methods. A  reference t o x i c a n t  concentrat ion se r ies  (0.5 o r  h igher )  should be 
selected t h a t  w i l l  cons i s ten t l y  p rov ide  p a r t i a l  m o r t a l i t i e s  a t  two o r  more 
concentrat ions. 

4.16 DOCUMENTING ONGOING LABORATORY PERFORMANCE 

4.16.1 Sa t i s fac to ry  l abo ra to ry  performance i s  demonstrated by performing a t  
l e a s t  one acceptable t e s t  per  month w i t h  a  reference tox i can t  f o r  each 
t o x i c i t y  t e s t  method commonly used i n  the  labora tory .  For a  g iven t e s t  
method, successive t e s t s  must be performed w i t h  t h e  same reference tox i can t ,  
a t  the  same concentrat ions,  i n  the  same d i l u t i o n  water, us ing the  same data 
analys is  methods. Prec is ion  may vary w i t h  the  t e s t  species, reference 
tox i can t ,  and type o f  t e s t .  

4.16.2 A con t ro l  cha r t  should be prepared f o r  each combination o f  reference 
tox i can t ,  t e s t  species, t e s t  cond i t ions ,  and endpoints. T o x i c i t y  endpoints 
from f i v e  o r  s i x  t e s t s  are adequate f o r  es tab l i sh ing  the  con t ro l  char ts .  
Successive t o x i c i t y  endpoints (NOECs, IC25s, LCSOs, e tc . )  should be p l o t t e d  
and examined t o  determine i f  the  r e s u l t s  ( X  ) are w i t h i n  prescr ibed l i m i t s  
(F igure 1 ) .  The types o f  con t ro l  cha r t s  i l l u s t r a t e d  (see USEPA, 1979a) are 
used t o  evaluate the  cumulat ive t rend  o f  r e s u l t s  from a  ser ies  o f  samples. 
For endpoints t h a t  are p o i n t  est imates (LC50s and IC25s), the  cumulat ive 
mean ( j ) and upper and lower con t ro l  l i m i t s  (+ 2s) are re -ca l cu la ted  w i t h  each 
successive t e s t  r e s u l t .  Endpoints from hypothesis t e s t s  (NOEC, NOAEC) from 
each t e s t  are p l o t t e d  d i r e c t l y  on the  con t ro l  cha r t .  The con t ro l  l i m i t s  would 
cons is t  o f  one concentrat ion i n t e r v a l  above and below the  concentrat ion 



representing the central tendency. After two years of data collection, or a 

minimum of 20 data points, the control (cusum) chart should be maintained 

using only the 20 most recent data points. 


4.16.3 The outliers, which are values falling outside the upper and lower 

control limits, and trends of increasing or decreasing sensitivity, are 

readily identified. In the case of endpoints that are point estimates (LC50s 

and IC25s), at the P ,5 probability level, one in 20 tests would be expected 

to fall outside of tRb control limits by chance alone. If more than one out 

of 20 reference toxicant tests fall outside the control limits, the effluent 

toxicity tests conducted during the month in which the second reference 

toxicant test failed are suspect, and should be considered as provisional and 

subject to careful review. Control limits for the NOECs will also be exceeded 

occasionally, regardless of how we1 1 a 1 aboratory performs. 


4.16.4 If the toxicity value from a given test with a reference toxicant 

falls outside the expected range for the other test organisms when using 

the standard dilution water and other test conditions, the sensitivity of the 

organisms and the overall credibility of the test system are suspect. In this 

case, the test procedure should be examined for defects and should be repeated 

with a different batch of test organisms. 


4.16.5 Performance~should improve with experience, and the control limits for 
endpoints that are point estimates should gradually narrow. However, control 
limits of ? 2S will be exceeded 5% of the time by chance alone, regardless of 
how well a laboratory performs. Highly proficient laboratories which develop 
very narrow control limits may be unfairly penalized if a test result which 
falls just outside the control limits is rejected de f a c t o .  For this reason, 
the width of the control limits should be considered by the permitting 
authority in determining whether the outliers should be rejected. 

4.17 REFERENCE TOXICANTS 


4.17.1 Reference toxicants such as sodium chloride (NaCl), potassium chloride 
(KCl), cadmium chloride (CdC1 ) ,  copper sulfate (CuSO,), sodium dodecyl 
sulfate (SDS), and potassium iichromate (K2Cr207), are suitable for use in the 
NPDES Program and other Agency programs requiring aquatic toxicity tests. 
EMSL-Cincinnati hopes to release USEPA-certified solutions of cadlr~ium and 
copper for use as reference toxicants through cooperative research and 
development agreements with commercial suppliers, and will continue to develop 
additional reference toxicants for future release. Interested parties can 
determine the availability of "EPA Certified" reference toxicants by checking 
the EMSL-Cincinnati electronic bulletin board, using a modem to access the 
following telephone number: 513-569-7610. Standard reference materials a1 so 
can be obtained from commercial supply houses, or can be prepared inhouse 
using reagent grade chemicals. The regulatory agency should be consulted 
before reference toxicant(s) are selected and used. 
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Where: xi = Successive t o x i c i t y  values from t o x i c i t y  t e s t s .  

n = Number o f  t e s t s .  

2 = Mean t o x i c i t y  value. 

S = Standard dev ia t i on .  

F igure  1. 	Contro l  (cusum) char ts .  (A) hypothesis t e s t i n g  r e s u l t s ;  (8) p o i n t  
est imates (LC, EC, o r  I C ) .  



4.18 RECORD KEEPING 

4.18.1 Proper record  keeping i s  important.  A complete f i l e  should be 
maintained f o r  each i n d i v i d u a l  t o x i c i t y  t e s t  o r  group o f  t e s t s  on c l o s e l y  
r e l a t e d  samples. This  f i l e  should conta in  a  record  o f  the  sample cha in -o f -  
custody; a  cqpy o f  t h e  sample l o g  sheet; the  o r i g i n a l  bench sheets f o r  the  
t e s t  organism responses du r ing  t h e  t o x i c i t y  t e s t ( s )  ; chemical ana lys is  data on 
t h e  sample(s); d e t a i l e d  records o f  t h e  t e s t  organisms used i n  the  t e s t ( s ) ,  
such as species, source, age, date o f  r e c e i p t ,  and o ther  p e r t i n e n t  in fo rmat ion  
r e l a t i n g  t o  t h e i r  h i s t o r y  and heal th;  in fo rmat ion  on the  c a l i b r a t i o n  o f  
equipment and instruments; t e s t  cond i t i ons  employed; and r e s u l t s  o f  reference 
tox i can t  t e s t s .  Laboratory data should be recorded on a  r e a l - t i m e  bas is  t o  
prevent the  l oss  o f  in fo rmat ion  o r  inadver ten t  i n t r o d u c t i o n  o f  e r r o r s  i n t o  the  
record. Or ig ina l  data sheets should be signed and dated by the  l abo ra to ry  
personnel performing the  t e s t s .  

4.18.2 The regu la to ry  a u t h o r i t y  should r e t a i n  records p e r t a i n i n g  t o  discharge 
permi ts .  Permit tees are requ i red  t o  r e t a i n  records p e r t a i n i n g  t o  permi t  
app l i ca t i ons  and compliance f o r  a  minimum o f  3  years [40 CFR 122.41( j ) (2) ] .  

4.19 VIDEO TAPES OF USEPA CULTURE AND TOXICITY TEST METHODS 

4.19.1 Three video-based t r a i n i n g  packages are ava i l ab le  from the  Nat ional  
Technical In fo rmat ion  Serv ice (NTIS), Department o f  Commerce, 5285 Port  Royal 
Road, Sp r ing f i e ld ,  VA 22161. C red i t  card orders can be placed by c a l l i n g  
t o l l - f r e e  (800) 788-6282, o r  by FAX a t  703-321-8547, o r  by mai l  a t  t h e  above 
address. For o ther  in fo rmat ion  c a l l  703-487-4650. 

1. Order 	# ELA18254: "U.S. EPA Freshwater Cu l tu r i ng  Methods f o r  
Ceriodaphnia dubia and t h e  Fathead Minnow (Pimephales promelas)," 
cons i s t i ng  o f  a  24-minute video and 33-page supplemental r e p o r t  on 
c u l t u r i n g  Ceriodaphnia, and an 18 minute video and 22-page r e p o r t  on 
c u l t u r i n g  fathead minnows, and a  copy o f  Short - term Methods f o r  
Est imat ing the  chron ic  T o x i c i t y  o f  E f f l u e n t s  and Receiving Waters t o  
Freshwater Organisms (EPA-600/4-89/001). P r i ce  $60.00. 

2. 	 Order # ELA18036: "U.S. EPA Test Methods f o r  Freshwater T o x i c i t y  
Tests," cons i s t i ng  o f  a  23-minute video and 26-page supplemental r e p o r t  
on Ceriodaphnia su rv i va l  and reproduct ion t o x i c i t y  t es t s ,  and a  15- 
minute video and 18-page r e p o r t  on fathead minnow su rv i va l  and growth 
t o x i c i t y  t e s t s ,  and a  copy o f  Short - term Methods f o r  Est imat ing the  
chronic  T o x i c i t y  o f  E f f l u e n t s  and Receiving Waters t o  Freshwater 
Organisms (EPA-600/4-89/001). P r i ce  $45.00. 

3. 	 Order # ELA18301: U.S. EPA C u l t u r i n g  and Test Methods f o r  Freshwater 
E f f l u e n t  T o x i c i t y  Tests us ing Ceriodaphnia dubia and Fathead Minnows 
(Pimephales promelas), cons i s t i ng  o f  a l l  f o u r  videos and supplemental 
repor ts ,  and a  copy o f  t h e  shor t - te rm t o x i c i t y  t e s t  manual. P r i ce  
$90.00. 



4.20 SUPPLEMENTAL REPORTS FOR TRAINING VIDEO TAPES 

4.20.1 Supplemental Reports for Training Video Tapes are included in training 
packages above. 



SECTION 5 

FACILITIES. EQUIPMENT, AND SUPPLIES 

5 . 1  GENERAL REQUIREMENTS 

5 . 1 . 1  E f f l u e n t  t o x i c i t y  t e s t s  may be performed i n  a f i x e d  o r  mobi le 
labora tory .  F a c i l i t i e s  must inc lude equipment f o r  r e a r i n g  and/or ho ld ing  
organisms. C u l t u r i n g  f a c i l i t i e s  f o r  t e s t  organisms may be des i rab le  i n  f i x e d  
l a b o r a t o r i e s  which perform l a r g e  numbers o f  t e s t s .  Temperature con t ro l  can be 
achieved us ing c i r c u l a t i n g  water baths, heat exchangers, o r  environmental 
chambers. Water used f o r  rear ing ,  hold ing,  acc l imat ing,  and t e s t i n g  organisms 
may be ground water, rece i v ing  water, dechlor inated t a p  water, o r  
recons t i t u ted  syn the t i c  water. Dech lor ina t ion  can be accomplished by carbon 
f i l t r a t i o n ,  o r  the  use o f  sodium t h i o s u l f a t e .  Use o f  3.6 mg (anhydrous) 
sodium th iosu l fa te /L  w i l l  reduce 1.0 mg chlor ine/L.  A f t e r  dech lor ina t ion ,  
t o t a l  res idua l  c h l o r i n e  should be non-detectable. A i r  used f o r  aera t ion  must 
be f r e e  o f  o i l  and t o x i c  vapors. O i l - f r e e  a i r  pumps should be used where 
possib le.  Pa r t i cu la tes  can be removed from the  a i r  us ing BALSTONO Grade BX o r  
equivalent  f i l t e r s  (Bal ston, Inc.,  Lexington, Massachusetts), and o i  1 and 
other  organic vapors can be removed using ac t i va ted  carbon f i l t e r s  (BALSTONO, 
C-1 f i l t e r ,  o r  equ iva len t ) .  

5.1.2 The f a c i l i t i e s  must be we l l  v e n t i l a t e d  and f r e e  from fumes. Laboratory 
v e n t i l a t i o n  systems should be checked t o  ensure t h a t  r e t u r n  a i r  from chemistry 
l a b o r a t o r i e s  and/or sample ho ld ing  areas i s  no t  c i r c u l a t e d  t o  t e s t  organism 
c u l t u r e  rooms o r  t o x i c i t y  t e s t  rooms, o r  t h a t  a i r  from t o x i c i t y  t e s t  rooms 
does no t  contaminate c u l t u r e  areas. Sample preparat ion,  c u l t u r i n g ,  and 
t o x i c i t y  t e s t  areas should be separated t o  avoid cross contaminat ion o f  
cu l t u res  o r  t o x i c i t y  t e s t  so lu t i ons  w i t h  t o x i c  fumes. A i r  pressure 
d i f f e r e n t i a l s  between such rooms should no t  r e s u l t  i n  a ne t  f l o w  o f  
p o t e n t i a l l y  contaminated a i r  t o  s e n s i t i v e  areas through open o r  l oose ly -
f i t t i n g  doors. Organisms should be shie lded from ex terna l  disturbances. 

5.1.3 Ma te r i a l s  used f o r  exposure chambers, tubing,  etc. ,  t h a t  come i n  
contact  w i t h  the  e f f l u e n t  and d i l u t i o n  water should be c a r e f u l l y  chosen. 
Tempered g lass and per f luorocarbon p l a s t i c s  (TEFLONB) should be used whenever 
poss ib le  t o  minimize so rp t i on  and leach ing  o f  t o x i c  substances. These 
ma te r ia l s  may be reused f o l l o w i n g  decontamination. Containers made o f  
p l a s t i c s ,  such as polyethylene, polypropylene, p o l y v i n y l  ch lo r i de ,  TYGONO, 
etc.,  may be used as t e s t  chambers o r  t o  ship, s to re  and t r a n s f e r  e f f l u e n t s  
and rece i v ing  waters, but  they should no t  be reused unless abso lu te ly  
necessary, because they could ca r ry  over adsorbed tox i can ts  from one t e s t  t o  
another, i f  reused. However, these conta iners may be repeatedly  reused f o r  
s t o r i n g  uncontaminated waters, such as deionized o r  laboratory-prepared 
d i l u t i o n  waters and rece i v ing  waters. Glass o r  disposable polystyrene 
conta iners can be used f o r  t e s t  chambers. The use o f  l a r g e  (r 20 L) g lass 
carboys i s  discouraged f o r  sa fe ty  reasons. 

5.1.4 New p l a s t i c  products o f  a type no t  p rev ious l y  used should be tes ted  f o r  
t o x i c i t y  before i n i t i a l  use by exposing the  t e s t  organisms i n  the  t e s t  system 



where the  ma te r i a l  i s  used. Equipment (pumps, valves, e t c . )  which cannot be 
discarded a f t e r  each use because o f  cost ,  must be decontaminated according t o  
t he  c lean ing  procedures 1 i s t e d  below (see Sect ion 5, F a c i l i t i e s ,  Equipment and 
Supplies, Subsection 5.3.2). F iberg lass  and s t a i n l e s s  s t e e l ,  i n  a d d i t i o n  t o  
t he  p rev ious l y  mentioned mater ia ls ,  can be used f o r  ho ld ing,  acc l imat ing ,  and 
d i l u t i o n  water storage tanks, and i n  t he  water d e l i v e r y  system, bu t  once 
contaminated w i t h  p o l l u t a n t s  t he  f i b e r g l a s s  should no t  be reused. A l l  
ma te r i a l  should be f lushed o r  r i n s e d  thoroughly  w i t h  t he  t e s t  media be fore  
us ing i n  t he  t e s t .  

5.1.5 Copper, ga lvanized ma te r i a l ,  rubber,  brass, and l e a d  must n o t  come i n  
contact  w i t h  c u l t u r i n g ,  ho ld ing,  acc l imat ion,  o r  d i l u t i o n  water, o r  w i t h  
e f f l u e n t  samples and t e s t  so lu t i ons .  Some mater ia ls ,  such as several  types o f  
neoprene rubber (commonly used f o r  stoppers),  may be t o x i c  and should be 
tes ted  before use. 

5.1.6 S i l i c o n e  adhesive used t o  cons t ruc t  g lass  t e s t  chambers absorbs some 
organochlor ine and organophosphorus pes t i c i des ,  which are d i f f i c u l t  t o  remove. 
Therefore, as l i t t l e  o f  t he  adhesive as poss ib le  should be i n  con tac t  w i t h  
water. Ex t ra  beads o f  adhesive i n s i d e  the  conta iners  should be removed. 

5.2 TEST CHAMBERS 

5.2.1 Test chamber s i z e  and shape are va r i ed  according t o  s i ze  o f  t he  t e s t  
organism. Requirements are s p e c i f i e d  i n  each t o x i c i t y  t e s t  method. 

5.3 CLEANING TEST CHAMBERS AND LABORATORY APPARATUS 

5.3.1 New p l  ast icware used f o r  sample c o l l e c t i o n  o r  organism exposure vessels 
does no t  r e q u i r e  thorough c lean ing  be fore  use. It i s  s u f f i c i e n t  t o  r i n s e  new 
sample conta iners  once w i t h  d i l u t i o n  water before use. New glassware must be 
soaked overn igh t  i n  10% a c i d  (see below) and r i n s e d  we l l  i n  deionized water 
and d i l u t i o n  water. 

5.3.2 A1 1 non-disposable sample conta iners,  t e s t  vessels, tanks, and o the r  
equipment t h a t  have come i n  contact  w i t h  e f f l u e n t  must be washed a f t e r  use t o  
remove contaminants as descr ibed below. 

1. 	Soak 15 min i n  t a p  water and scrub w i t h  detergent ,  o r  c lean i n  an 

automatic dishwasher. 


2. 	 Rinse tw i ce  w i t h  t a p  water. 
3. 	 C a r e f u l l y  r i n s e  once w i t h  f resh ,  d i l u t e  ( lo%, V:V) hyd roch lo r i c  o r  

n i t r i c  a c i d  t o  remove scale, meta ls  and bases. To prepare a 10% 
s o l u t i o n  o f  ac id,  add 10 mL o f  concentrated ac id  t o  90 mL o f  de ionized 
water. 

4. 	 Rinse tw i ce  w i t h  deionized water.  
5. 	 Rinse once w i t h  f u l l - s t r e n g t h ,  pes t ic ide-grade acetone t o  remove 


organic  compounds (use a fume hood o r  canopy). 

6 .  	Rinse th ree  t imes w i t h  deionized water. 

5.3.3 Special requirements f o r  c lean ing  glassware used i n  the green alga, 
Selenastrum capricornutum, t o x i c i t y  t e s t s  (Method 1003.0 Sect ion 14).  Prepare 



a l l  graduated cy l i nde rs ,  t e s t  f l asks ,  b o t t l e s ,  vo lumet r ic  f l asks ,  c e n t r i f u g e  
tubes and v i a l s  used i n  a lga l  assays as fo l l ows :  

1. Wash w i t h  non-phosphate detergent  so lu t i on ,  	p re fe rab l y  heated t o  2 50°C. 
Brush t h e  i n s i d e  o f  f l a s k s  w i t h  a s t i f f - b r i s t l e  brush t o  loosen any 
attached m a t e r i a l .  The use o f  a  commercial 1  aboratory glassware washer 
o r  heavy-duty k i t chen  dishwasher (under-counter type)  i s  h i g h l y  
recommended. 

2. 	Rinse w i t h  t a p  water. 
3. Test f l a s k s  should be thoroughly  r i n s e d  w i t h  acetone and a 10% s o l u t i o n  

(by volume) o f  reagent grade hyd roch lo r i c  a c i d  (HC1). It may be 
advantageous t o  soak the  f l a s k s  i n  10% HC1 f o r  several  days. F i l l  v i a l s  
and c e n t r i f u g e  tubes w i t h  t he  10% HC1 s o l u t i o n  and a l l ow  t o  stand a few 
minutes; f i l l  a l l  l a r g e r  con ta iners  t o  about one- tenth capac i ty  w i t h  HC1 
s o l u t i o n  and s w i r l  so t h a t  t h e  e n t i r e  sur face i s  bathed. 

4. 	 Rinse tw i ce  w i t h  MILLIPOREm MILLI-QB OR QPAKm2, o r  equ iva len t ,  water. 
5. 	New t e s t  f l asks ,  and a l l  f l a s k s  which through use may become 

contaminated w i t h  t o x i c  organic  substances, must be r i n s e d  w i t h  
pes t ic ide-grade acetone o r  hea t - t rea ted  before use. To the rma l l y  
degrade organics, p lace glassware i n  a h igh  temperature oven a t  400°C 
f o r  30 min. A f t e r  cool ing,  go t o  7. . I f  acetone i s  used, go t o  6. 

6 .  	Rinse thoroughly  w i t h  MILLIPOREB MILLI-Q@ o r  QPAKN,, o r  equ iva len t  
water, and d r y  i n  an 105°C oven. A l l  glassware should be autoclaved 
before use and between uses. 

7. 	 Cover t he  mouth o f  each chamber w i t h  aluminum f o i l  o r  o the r  c losure,  as 
appropr ia te,  be fore  s t o r i n g .  

5.3.4 The use o f  s t e r i l e ,  d isposable p i p e t s  w i l l  e l im ina te  the  need f o r  p i p e t  
washing and minimize the  p o s s i b i l i t y  o f  contaminat ing the  c u l t u r e s  w i t h  t o x i c  
substances. 

5.3.5 A l l  t e s t  chambers and equipment must be thoroughly  r i n s e d  w i t h  t he  
d i l u t i o n  water immediately p r i o r  t o  use i n  each t e s t .  

5.4 APPARATUS AND EQUIPMENT FOR CULTURING AND TOXICITY TESTS 

5.4.1 Apparatus and equipment requirements f o r  c u l t u r i n g  and t e s t i n g  are 
s p e c i f i e d  i n  each t o x i c i t y  t e s t  method. Also, see USEPA, 1993b. 

5.4.2 WATER PURIFICATION SYSTEM 

5.4.2.1 A good q u a l i t y  deionized water, p rov id ing  18 mega-ohm, l abo ra to ry  
grade water, should be a v a i l a b l e  i n  t he  l abo ra to ry  and i n  s u f f i c i e n t  capac i ty  
f o r  l abo ra to ry  needs. Deionized water may be obtained from MILLIPORE@ M i l l  i-
QO, MILLIPOREo QPAKM o r  equ iva len t  system. I f  l a r g e  q u a n t i t i e s  o f  h igh  
q u a l i t y  deionized wa$er are needed, i t  may be advisable t o  supply t he  
l abo ra to ry  grade de ion i ze r  w i t h  p recond i t ioned water from a Cul l igano, 
Cont inental@, o r  equ iva len t .  



5.5 REAGENTS AND CONSUMABLE MATERIALS 

5.5.1 SOURCES OF FOOD FOR CULTURE AND TOXICITY TESTS 

1. 	 Br ine  shrimp, Artemia sp., cys ts  - - A l i s t  o f  commercial sources i s  
l i s t e d  i n  Table 2. 

2. 	 Frozen a d u l t  b r i n e  shrimp, Artemia - - Ava i l ab le  from most pe t  supply 
s h o ~ s  o r  from San Francisco Bay Brand, 8239 Enterpr ise  Dr., Newark, CA 
94560 (415-792-7200). 

3. 	 Flake f i s h  food - - TETRAMINQ and BIORILm are ava i l ab le  from most ~ e t  
shops. 

4. 	 Trout chow - - Ava i lab le  from Z e i g l e r  Bros., P.O. Box 95, Gardners, PA 
17324 (717-677-6181 o r  800-841-6800); Glencoe M i l l s ,  1011 E l l i o t t  S t . ,  
Glencoe, MN 55336 (612-864-3181); o r  Murray Elevators, 118 West 4800 
South, Murray, UT 84107 (800-521-9092). 

5. 	 CEROPHYLLm - - Ava i l ab le  from Ward's Natura l  Science Establishment, 
Inc.,  P.O. Box 92912, Rochester, NY 14692-9012 (716-359-2502) o r  as 
cereal  leaves from Sigma Chemical Company, P.O. Box 14508, S t .  Louis, MO 
63178 (800-325-3010). 

6. 	 Yeast - - Packaged d r y  yeast,  such as Fleischmann's, o r  equivalent ,  can 
be purchased a t  t h e  l o c a l  grocery s to re  o r  i s  ava i l ab le  from Lake States 
Yeast, Rhineland, W I .  

7. 	 A l f a l f a  Rabbit P e l l e t s  - - Ava i l ab le  from feed stores as Purina r a b b i t  
chow. 

8. 	 Algae - Ava i l ab le  from (1) t h e  American Type Cu l tu re  Co l l ec t i on ,  12301 
Parklawn Drive, Rockv i l le ,  MD 10852; o r  (2) the  Cu l tu re  C o l l e c t i o n  o f  
Algae, Botany Department, U n i v e r s i t y  o f  Texas, Aust in,  TX 78712. 

5.5.1.1 A l l  food should be tes ted  f o r  n u t r i t i o n a l  s u i t a b i l i t y  and chemical ly  
analyzed f o r  organochlor ine pes t ic ides ,  PCBs, and t o x i c  metals (see Sect ion 4, 
Q u a l i t y  Assurance). 

5.5.2 Reagents and consumable ma te r ia l s  are spec i f i ed  i n  each t o x i c i t y  t e s t  
method sect ion.  Also, see Sect ion 4, Q u a l i t y  Assurance. 

5.6 TEST ORGANISMS 

5.6.1 Test organisms should be obta ined from inhouse cu l tu res  o r  from 
commercial supp l ie rs  (see s p e c i f i c  t e s t  method; Sect ion 4, Q u a l i t y  Assurance; 
and Sect ion 6, Test Organisms). 

5.7 SUPPLIES 

5.7.1 See t e s t  methods (see Sect ions 11-14) f o r  s p e c i f i c  suppl ies.  



Aquafauna Biomarine 	 Aquarium Products 
P.O. Box 5 	 1BOL Penrod Court 
Hawthorne, 	 CA 90250 Glen Burnie, MD 21061 

Tel .  (800) 368-2507 
Tel .  (301) 761-2100 
Fax. (410) 761-6458 
(Columbia) 

Ar en t  Chemical 	 INVE Artemia Systems 887 2 152nd Ave. NE Oeverst raat  7 

Redmond, WA 98052 8-9200 Baasrode, Belgium

Te l .  800 426-6258 Tel .  011-32-52-331320 

Te l .  i206 i 855-3777 Fax. 011-32-52-341205 

Fax. 206 885-2112 For marine species - AF grade) 

(Plat inum Label - San Francisco I smal l  naupl i i 1, UL grade [1 arge 

Bay; Gold Label - San Francisco naupl ii],f o r  f reshwater  species- 

Bay, B r a z i l  ; S i l v e r  Label - H I  grade [smal l  naupl i i], EG grade

Great S a l t  Lake, A u s t r a l i a ;  [1 arge naupl ii] 

Bronze Label - China, Canada, 

o ther )  


Bonnevil l e  Artemia I n t l  ., Inc.  	 Golden West Artemia 
P.O. Box 511113 	 411 East 100 South 
S a l t  Lake C i t y ,  	UT 84151-1113 S a l t  Lake C i t y ,  UT 84111 

801 972-4704 801 975-1222:::: 	 ::A:18011 972-7495 	 18011 975-1444 

Ocean Star  I n t e r n a t i o n a l  	 San Francisco Bay Brand 
P.O. Box 643 8239 Enterpr ise  D r i v e  
Snowvi l le,  UT 84336 Newark, CA 94560 
Te l .  (801) 872-8217 Te l .  15101 792-7200 
Fax. (801) 872-8272 Fax.. 510 792-5360 
(Great S a l t  Lake) (Great S a l t  Lake, 

San Francisco Bay) 

Sanders B r i ne  Shrimp Co. Western B r i ne  Shrimp 
3850 South 540 West 957 West South Temple 
Ogden, UT 84405 S a l t  Lake C i t y ,  UT 84104 
Te l .  (801 393 5027 801 364-3642 
(Great Sa 4 -	 ::::t Lake) 18011 534-0211 

(Great S a l t  Lake) 

Sea C r i t t e r s  Inc .  

L i s t  from David A. Bengston, U n i v e r s i t y  o f  Rhode I s l and ,  Narragansett ,  R I .  
The geographic sources from which t h e  vendors o b t a i n  t he  b r i n e  shrimp 

cys ts  are shown i n  parentheses. 
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SECTION 6 

TEST ORGANISMS 

6.1 TEST SPECIES 

6.1.1 The species used i n  cha rac te r i z i ng  t h e  chronic  t o x i c i t y  o f  e f f l u e n t s  
and/or rece i v ing  waters w i l l  depend on the  requirements o f  the  regu la to ry  
a u t h o r i t y  and the  ob jec t i ves  o f  the  t e s t .  It i s  essent ia l  t h a t  good q u a l i t y  
t e s t  organisms be r e a d i l y  ava i l ab le  throughout the  year  from inhouse o r  
commercial sources t o  meet NPDES moni to r ing  requirements. The organisms used 
i n  the  t o x i c i t y  t e s t s  must be i d e n t i f i e d  t o  species. I f  the re  i s  any doubt as 
t o  t h e  i d e n t i t y  o f  t h e  t e s t  organism, representa t ive  specimens should be sent 
t o  a  taxonomic exper t  t o  conf i rm t h e  i d e n t i f i c a t i o n .  

6.1.2 T o x i c i t y  t e s t  cond i t ions  and c u l t u r e  methods f o r  the  species l i s t e d  i n  
Subsection 6.1.3 are prov ided i n  t h i s  manual also, see USEPA, 1993b. 

6.1.3 The organisms used i n  t h e  shor t - te rm chronic t o x i c i t y  t e s t s  described 
i n  t h i s  manual are the  fathead minnow, Pimephales promelas, the  daphnid, 
Ceriodaphnia dubia (Berner, 1986), and t h e  green alga, Selenastrum 
capricornutum. 

6.1.4 Some s ta tes  have developed c u l t u r i n g  and t e s t i n g  methods f o r  indigenous 
species t h a t  may be as sens i t i ve ,  o r  more sens i t i ve ,  than the  species 
recommended i n  Subsection 6.1.3. However, USEPA al lows the  use o f  indigenous 
species on l y  where s t a t e  regu la t i ons  r e q u i r e  t h e i r  use o r  p r o h i b i t  impor ta t ion  
o f  the  recommended species i n  Subsection 6.2.6. Where s t a t e  regu la t i ons  
p r o h i b i t  impor ta t ion  o f  non-nat ive f i s h e s  o r  t h e  use o f  recommended t e s t  
species, permission must be requested from t h e  appropr iate s t a t e  agency p r i o r  
t o  t h e i r  use. 

6.1.5 Where s ta tes  have developed c u l t u r i n g  and t e s t i n g  methods f o r  
indigenous species o the r  than those recommended i n  t h i s  manual, data comparing 
the  s e n s i t i v i t y  o f  t h e  s u b s t i t u t e  species and t h e  one o r  more recommended 
species must be obtained i n  s ide-by-s ide t o x i c i t y  t e s t s  w i t h  reference 
tox i can ts  and/or e f f l u e n t s ,  t o  ensure t h a t  t h e  species selected are a t  l e a s t  
as s e n s i t i v e  as t h e  recommended species. These data must be submitted t o  t h e  
p e r m i t t i n g  a u t h o r i t y  (S ta te  o r  Region) i f  requi red.  USEPA acknowledges t h a t  
reference tox i can ts  prepared from pure chemicals may not  always be 
representa t ive  o f  e f f l u e n t s .  However, because o f  the  observed and/or 
p o t e n t i a l  v a r i a b i l i t y  i n  the  q u a l i t y  and t o x i c i t y  o f  e f f l u e n t s ,  i t  i s  not  
poss ib le  t o  spec i f y  a  representa t ive  e f f l u e n t .  

6.1.6 Guidance f o r  t h e  s e l e c t i o n  o f  t e s t  organisms where the  s a l i n i t y  o f  t h e  
e f f l u e n t  and/or rece i v ing  water requ i res  specia l  cons idera t ion  i s  provided i n  
the  Technical Support Document f o r  Water Qua l i t y -based Toxics Control  (USEPA, 
1991a). 

1. Where the  s a l i n i t y  o f  the  r e c e i v i n g  water 	i s  < 1%0, freshwater organisms 
are used regardless o f  t h e  s a l i n i t y  o f  the  e f f l u e n t .  



2. 	 Where t h e  s a l i n i t y  o f  t h e  r e c e i v i n g  water i s  >_ l%o, t h e  choice o f  

organisms depends on s t a t e  water q u a l i t y  standards and/or permi t  

requirements. 


6.2 SOURCES OF TEST ORGANISMS 

6.2.1 The t e s t  organisms recommended i n  t h i s  manual can be c u l t u r e d  i n  t h e  
l abo ra to ry  us ing c u l t u r i n g  and hand1 i n g  methods f o r  each organism described i n  
the  respect ive  t e s t  method sect ions. The fathead minnow, Pimephales promelas, 
c u l t u r e  method i s  g iven i n  Sect ion 11 and no t  repeated i n  Sect ion 12. Also, 
see USEPA (1993b). 

6.2.2 Inhouse c u l t u r e s  should be es tab l ished wherever i t  i s  cos t  e f f e c t i v e .  
I f  inhouse cu l tu res  cannot be maintained o r  i t  i s  not  cost  e f f e c t i v e ,  t e s t  
organisms o r  s t a r t e r  c u l t u r e s  should be purchased from experienced commercial 
supp l ie rs  (see USEPA, 1993b). 

6.2.3 S t a r t e r  c u l t u r e s  o f  the  green algae, Selenastrum capricornutum, 
S. minutum, and Chlamydomonas r e i n h a r d t i  are ava i l ab le  from the  f o l l o w i n g  
sources : 

1. American Type Cu l tu re  C o l l e c t i o n  (Cu l tu re  No. ATCC 22662), 	 12301 

Park1 awn Drive, Rockv i l le ,  MD 10852. 


2. 	 Cu l tu re  Co l l ec t i on  o f  Algae, Botany Department, U n i v e r s i t y  o f  Texas, 
Aust in ,  TX 78712. 

6.2.4 Because the  daphnid, Ceriodaphnia dubia, must be c u l t u r e d  i n d i v i d u a l l y  
i n  the  l abo ra to ry  f o r  a t  l e a s t  seven days before t h e  t e s t  begins, i t  w i l l  be 
necessary t o  ob ta in  a  s t a r t e r  c u l t u r e  from a  commercial source a t  l e a s t  t h ree  
weeks before the  t e s t  i s  t o  begin i f  they are no t  being c u l t u r e d  inhouse. 

6.2.5 If, because o f  t h e i r  source, t he re  i s  any unce r ta in t y  concerning the  
i d e n t i t y  o f  the  organisms, i t  i s  advisable t o  have them examined by a 
taxonomic s p e c i a l i s t  t o  conf i rm t h e i r  i d e n t i f i c a t i o n .  For d e t a i l e d  guidance 
on i d e n t i f i c a t i o n ,  see the  i n d i v i d u a l  t e s t  methods. 

6:2.6 FERAL .(NATURAL OCCURRING, WILD CAUGHT) ORGANISMS 

6.2.6.1 The use o f  t e s t  organisms taken from t h e  rece i v ing  water has st rong 
appeal, and would seem t o  be a  l o g i c a l  approach. However, i t  i s  genera l l y  
imprac t ica l  and not  recommended f o r  t h e  f o l l o w i n g  reasons: 

1. Sens i t i ve  organisms may not  be present i n  t h e  rece i v ing  water because o f  
previous exposure t o  the  e f f l u e n t  o r  o the r  p o l l u t a n t s .  

2. 	 I t i s  o f t e n  d i f f i c u l t  t o  c o l l e c t  organisms o f  the  requ i red  age and 
q u a l i t y  from the  rece i v ing  water. 

3. Most s ta tes  r e q u i r e  c o l l e c t i n g  permits,  	which may be d i f f i c u l t  t o  
obta in.  Therefore, i t  i s  u s u a l l y  more cos t  e f f e c t i v e  t o  c u l t u r e  t h e  
organisms i n  the  l abo ra to ry  o r  ob ta in  them from p r i v a t e ,  s ta te ,  o r  
Federal sources. The fathead minnow, Pimephales promelas, the  daphnid, 
Ceriodaphnia dubia, and the  green alga, Selenastrum capricornutum, are 
e a s i l y  cu l t u red  i n  t h e  l abo ra to ry  o r  r e a d i l y  a v a i l a b l e  commercially. 



4. The required QA/QC records, such as the single laboratory precision 

data, would not be available. 


5. Since it is mandatory that the identity of the test organism be 

known to species level, it would be necessary to examine each organism 

caught in the wild to confirm its identity. This would usually be 

impractical or, at the least, very stressful to the organisms. 


6. Test organisms obtained from the wild must be observed in the laboratory 

for a minimum of one week prior to use, to assure that they are free of 

signs of parasitic or bacterial infections and other adverse effects. 

Fish captured by electroshocking must not be used in toxicity testing. 


6.2.6.2 Guidelines for collecting natural occurring organisms are provided in 

USEPA (1973), USEPA (1990) and USEPA (1993~). 


6.2.7 Regardless of their source, test organisms should be carefully observed 

to ensure that they are free of signs of stress and disease, and in good 

physical condition. Some species of test organisms can be obtained from 

commercial stock certified as "disease-free". 


6.3 L I F E  STAGE 

6.3.1 Young organisms are often more sensitive to toxicants than are adults. 

For this reason, the use of early life stages, such as larval fish, is 

required for all tests. There may be special cases, however, where the 

limited availability of organisms wi 11 require some deviation from the 

recommended life stage. In a given test, all organisms should be 

approximately the same age and should be taken from the same source. Since 

age may affect the results of the tests, it would enhance the value and 

comparability of the data if the same species in the same life stages were 

used throughout a monitoring program at a given facility. 


6.4 LABORATORY CULTURING 

6.4.1 Instructions for culturing and/or holding the recommended test 

organisms are included in the respective test methods (also, see USEPA, 

1993b). 


6.5 HOLDING AND HANDLING TEST ORGANISMS 

6.5.1 Test organisms should not be subjected to changes of more than 3-C in 

water temperature in any 12 h period or 2 units of pH in any 24-h.period. 


6.5.2 Organisms should be handled as little as possible. When handling is 

necessary, it should be done as gently, carefully, and quickly as possible to 

minimize stress. Organisms that are dropped or touch a dry surface or are 

injured during handling must be discarded. Dipnets are best for handling 

larger organisms. These nets are commercially available or can be made from 

small-mesh nylon netting, silk batting cloth, plankton netting, or similar 

material. Wide-bore, smooth glass tubes (4 to 8 mm ID) with rubber bulbs or 

pipettors (such as PROPIPETTE@) should be used for transferring smaller 

organisms such as larval fish. 




6.5.3 Hold ing tanks f o r  f i s h  are supp l ied  w i t h  good q u a l i t y  water (see 
Sect ion 5, F a c i l i t i e s ,  Equipment, and Suppl ies) w i t h  f low-through r a t e  o f  a t  
l e a s t  two tank  volumes per  day. Otherwise use a r e c i r c u l a t i o n  system where 
water f lows through an a c t i v a t e d  carbon o r  undergravel f i l t e r  t o  remove 
d isso lved  metabol i tes.  Cu l tu re  water  can a l so  be p iped through h igh  i n t e n s i t y  
u l t r a v i o l e t  l i g h t  sources f o r  d i s i n f e c t i o n ,  and t o  photodegrade d isso lved  
organics. 

6.5.4 Crowding must be avoided because i t  w i l l  s t r ess  the  organisms and lower 
t he  DO concentrat ions t o  unacceptable l e v e l s .  The s o l u t i o n  o f  oxygen depends 
on temperature and a l t i t u d e .  The DO must be maintained a t  a minimum o f  4.0 
mg/L. Aerate g e n t l y  i f  necessary. 

6.5.5 The organisms should be observed c a r e f u l l y  each day f o r  s igns o f  
disease, s t ress,  phys ica l  damage, o r  m o r t a l i t y .  Dead and abnormal organisms 
should be removed as soon as observed. It i s  no t  uncommon f o r  some f i s h  
m o r t a l i t y  (5-10%) t o  occur du r i ng  t h e  f i r s t  48 h i n  a ho ld ing  tank  because o f  
i n d i v i d u a l s  t h a t  re fuse  t o  feed on a r t i f i c i a l  food and d i e  o f  s ta rva t i on .  
Organisms i n  t h e  ho ld ing  tanks should gene ra l l y  be fed  as i n  t he  c u l t u r e s  (see 
c u l t u r i n g  methods i n  t he  respec t i ve  methods). 

6.5.6 F ish  should be fed  as much as they w i l l  ea t  a t  l e a s t  once a day w i t h  
l i v e  b r i n e  shrimp n a u p l i i ,  Ar temia ,  o r  f rozen a d u l t  b r i n e  shrimp, o r  d r y  food 
(frozen food should be completely thawed before use). Adu l t  b r i n e  shrimp can 
be supplemented w i t h  commercial ly prepared food such as TETRAMINO o r  BIORILO 
f l ake  food, o r  equ iva len t .  Excess food and feca l  ma te r i a l  should be removed 
from the  bottom o f  t he  tanks a t  l e a s t  tw i ce  a week by siphoning. 

6.5.7 F ish  should be observed c a r e f u l l y  each day f o r  s igns o f  disease, 
s t ress ,  phys ica l  damage, and m o r t a l i t y .  Dead and abnormal specimens should be 
removed as soon as observed. It i s  no t  uncommon t o  have some f i s h  (5-10%) 
m o r t a l i t y  du r i ng  the  f i r s t  48 h i n  a ho ld ing  tank  because o f  i n d i v i d u a l s  t h a t  
re fuse  t o  feed on a r t i f i c i a l  food and d i e  o f  s ta rva t i on .  F i sh  i n  t h e  ho ld ing  
tanks should gene ra l l y  be f e d  as i n  t h e  c u l t u r e s  (see c u l t u r i n g  methods i n  t he  
respec t ive  methods). 

6.5.8 A d a i l y  record  o f  feeding, behaviora l  observat ions, and m o r t a l i t y  
should be maintained. 

6.6 TRANSPORTATION TO THE TEST SITE 

6.6.1 Organisms are t ranspor ted  from the  base o r  supply l abo ra to ry  t o  a 
remote t e s t  s i t e  i n  c u l t u r e  water o r  standard d i l u t i o n  water i n  p l a s t i c  bags 
o r  large-mouth screw-cap (500 mL) p l a s t i c  b o t t l e s  i n  styrofoam coo le rs .  
Adequate DO i s  maintained by r e p l a c i n g  the  a i r  above the  water i n  t he  bags 
w i t h  oxygen from a compressed gas c y l i n d e r ,  and sea l i ng  the  bags o r  by use o f  
an a i r s tone  supp l ied  by a po r tab le  pump. The DO concent ra t ion  must no t  f a l l  
below 4.0 mg/L. 

6.6.2 Upon a r r i v a l  a t  t he  t e s t  s i t e ,  t he  organisms are t r a n s f e r r e d  t o  
r e c e i v i n g  water i f  r e c e i v i n g  water i s  t o  be used as the  t e s t  d i l u t i o n  water. 
A l l  bu t  a smal l  volume o f  t h e  ho ld ing  water (approximately 5%) i s  removed by 



siphoning and replaced s lowly over a 10 t o  15 minute pe r iod  w i t h  d i l u t i o n  
water. I f  rece i v ing  water i s  t o  be used as the  d i l u t i o n  water, caut ion must 
be exercised i n  exposing t h e  t e s t  organisms t o  it, because o f  t h e  p o s s i b i l i t y  
t h a t  i t might be t o x i c .  For t h i s  reason, it i s  recommended t h a t  on ly  
approximately 10% o f  the  t e s t  organisms be exposed i n i t i a l l y  t o  the  d i l u t i o n  
water. I f  t h i s  group does no t  show excessive m o r t a l i t y  o r  obvious signs o f  
s t ress  i n  a few hours, the  remainder o f  the  t e s t  organisms may be t rans fe r red  
t o  the  d i l u t i o n  water. 

6.6.3 A group o f  organisms must not  be used f o r  a t e s t  i f  they appear t o  be 
unhealthy, d iscolored,  o r  otherwise stressed, o r  i f  m o r t a l i t y  appears t o  
exceed 10% preceding the  t e s t .  I f  t h e  organisms f a i l  t o  meet these c r i t e r i a ,  
the  e n t i r e  group must be discarded and a new group obtained. The m o r t a l i t y  
may be due t o  the  presence o f  t o x i c i t y ,  i f  t h e  rece i v ing  water i s  used as 
d i l u t i o n  water, r a t h e r  than a diseased cond i t i on  o f  the  t e s t  organisms. I f  
the  accl imat ion process i s  repeated w i t h  a new group o f  t e s t  organisms and 
excessive m o r t a l i t y  occurs, i t  i s  recommended t h a t  an a l t e r n a t i v e  source o f  
d i l u t i o n  water be used. 

6.7 TEST ORGANISM DISPOSAL 

6.7.1 When t h e  t o x i c i t y  t e s t ( s )  i s  concluded, a l l  t e s t  organisms ( i n c l u d i n g  
con t ro l s )  should be humanely destroyed and disposed o f  i n  an appropr iate 
manner. 



SECTION 7 

DILUTION WATER 

7.1 TYPES OF DILUTION WATER 

7.1.1 The type  o f  d i l u t i o n  water used i n  e f f l u e n t  t o x i c i t y  t e s t s  w i l l  depend 
l a r g e l y  on the  ob jec t i ves  o f  t he  study. 

7.1.1.1 I f  the  o b j e c t i v e  o f  t he  t e s t  i s  t o  est imate the  chron ic  t o x i c i t y  o f  
t he  e f f l u e n t ,  which i s  t he  pr imary o b j e c t i v e  o f  NPDES pe rm i t - re la ted  t o x i c i t y  
t e s t i n g ,  a  syn the t i c  (standard) d i l u t i o n  water (moderately hard water) i s  
used. I f  the  t e s t  organisms have been c u l t u r e d  i n  water which i s  d i f f e r e n t  
from t h e  t e s t  d i l u t i o n  water, a  second se t  o f  con t ro l s ,  us ing c u l t u r e  water, 
should be inc luded i n  t he  t e s t .  

7.1.1.2 I f  t h e  o b j e c t i v e  o f  t he  t e s t  i s  t o  est imate the  chron ic  t o x i c i t y  o f  
t he  e f f l u e n t  i n  uncontaminated r e c e i v i n g  water, t he  t e s t  may be conducted 
us ing d i l u t i o n  water c o n s i s t i n g  o f  a  s i n g l e  grab sample o f  r e c e i v i n g  water ( i f  
non - tox i c ) ,  c o l l e c t e d  e i t h e r  upstream and ou ts ide  the  i n f l uence  o f  t h e  
o u t f a l l ,  o r  w i t h  o the r  uncontaminated na tu ra l  water (ground o r  sur face water)  
o r  standard d i l u t i o n  water having approximately t he  same c h a r a c t e r i s t i c s  
(hardness, a1 k a l  i n i t y ,  and c o n d u c t i v i t y )  as t h e  r e c e i v i n g  water. Seasonal 
v a r i a t i o n s  i n  t h e  q u a l i t y  o f  r e c e i v i n g  waters may a f f e c t  e f f l u e n t  t o x i c i t y .  
Therefore, t h e  pH, a1 k a l  i n i t y ,  hardness, and c o n d u c t i v i t y  o f  r e c e i v i n g  water 
samples should be determined before each use. I f  the  t e s t  organisms have been 
c u l t u r e d  i n  water which i s  d i f f e r e n t  f rom t h e  t e s t  d i l u t i o n  water, a  second 
set  o f  con t ro l s ,  us ing  c u l t u r e  water, should be inc luded i n  t he  t e s t .  

7.1.1.3. I f  the  o b j e c t i v e  o f  t he  t e s t  i s  t o  determine the  a d d i t i v e  o r  
m i t i g a t i n g  e f f e c t s  o f  t h e  discharge on a l ready contaminated r e c e i v i n g  water, 
t he  t e s t  i s  performed us ing d i l u t i o n  water c o n s i s t i n g  o f  r e c e i v i n g  water 
c o l l e c t e d  immediately upstream o r  ou ts ide  the  i n f l uence  o f  t he  o u t f a l l .  
A second se t  o f  con t ro l s ,  us ing c u l t u r e  water, should be inc luded i n  t he  t e s t .  

7.2 STANDARD. SYNTHETIC DILUTION WATER 

7.2.1 Standard, s y n t h e t i c  d i l u t i o n  water i s  prepared w i t h  deionized water and 
reagent grade chemicals o r  minera l  water  (Tables 3 and 4 ) .  The source water 
f o r  t he  de ion i ze r  can be ground water o r  t ap  water. 

7.2.2 DEIONIZED WATER USED TO PREPARE STANDARD, SYNTHETIC, DILUTION WATER 

7.2.2.1 Deionized water i s  obtained from a  MILLIPORE@ MILLI-Q@, MILLIPOREB 
QPAK"", o r  equ iva len t  system. It i s  advisable t o  p rov ide  a  precondi t ioned 
(deionized)  feed water by us ing a  Cul l igano, Cont inentalo, o r  equ iva len t  
system i n  f r o n t  o f  t he  MILLIPOREo System t o  extend the  l i f e  o f  the MILLIPORE@ 
ca r t r i dges  (see Sect ion 5 ,  F a c i l i t i e s ,  Equipment, and Suppl ies) . 
7.2.2.2 The recommended order  o f  t h e  c a r t r i d g e s  i n  a  f o u r - c a r t r i d g e  de ion i ze r  
( i . e . ,  MILLI-Q@ System o r  equ i va len t )  i s  (1)  i o n  exchange, (2)  i o n  exchange, 



(3) carbon, and (4) organic  cleanup (such as ORGANEX-Q@, o r  equ iva len t )  
fol lowed by a  f i n a l  b a c t e r i a  f i l t e r .  The QPAK", water system i s  a  sealed 
system which does no t  a l l ow  f o r  t he  rear rang ing  o f  t he  ca r t r i dges .  However, 
t h e  f i n a l  c a r t r i d g e  i s  an ORGANEX-Q@ f i l t e r ,  fo l lowed by a  f i n a l  b a c t e r i a  
f i l t e r .  Commercial l a b o r a t o r i e s  us ing  t h i s  system have no t  experienced any 
d i f f i c u l t y  i n  us ing  the  water f o r  c u l t u r i n g  o r  t e s t i n g .  Reference t o  t he  
MILLI-Q@ systems throughout t he  remainder o f  t he  manual inc ludes a1 1  
MILLIPORE@ o r  equ iva len t  systems. 

7.2.3.1 To prepare 20 L  o f  syn the t i c ,  moderately hard, r e c o n s t i t u t e d  water, 
use the  reagent grade chemicals i n  Table 3  as fo l l ows :  

1. 	Place 19 L  o f  MILLI-Q@, o r  equ iva len t ,  water i n  a  p rope r l y  cleaned 
p l a s t i c  carboy. 

2. 	 Add 1.20 g  o f  MgSO,, 1.92 g  NaHCO,, and 0.0809 KC1 t o  t h e  carboy. 
3. 	 Aerate overn igh t .  
4. 	 Add 1.20 g  o f  6aS04.2H,0 t o  1 L  o f  MILLI-Q0 o r  equ iva len t  deionized 

water i n  a  separate f l a s k .  S t i r  on magnetic s t i r r e r  u n t i l  ca lc ium 
s u l f a t e  i s  d issolved,  add t o  t h e  19 L  above, and mix w e l l .  

5. 	 For Ceriodaphnia dubia c u l t u r i n g  and t e s t i n g ,  add s u f f i c i e n t  sodium 
selenate (Na,SeO,) t o  p rov ide  2  pg selenium per  l i t e r  o f  f i n a l  d i l u t i o n  -
water. 

6. 	 Aerate t he  combined s o l u t i o n  v igo rous l y  f o r  an a d d i t i o n a l  24 h  t o  

d i sso l ve  the  added chemicals and s t a b i l i z e  t h e  medium. 


7. 	 The measured pH, hardness, e tc . ,  should be as l i s t e d  i n  Table 3. 

7.2.3.2 I f  l a r g e  volumes o f  s y n t h e t i c  r e c o n s t i t u t e d  water w i l l  be needed, i t  

may be advisable t o  mix 1 L  p o r t i o n s  o f  concentrated s tock  so lu t i ons  o f  

NaHCO,, MgSO,, and KC1 f o r  use i n  p repa ra t i on  o f  t he  r e c o n s t i t u t e d  waters. 


7.2.3.3 To prepare 20 L  o f  standard, syn the t ic ,  moderately hard, 

r e c o n s t i t u t e d  water, us ing  minera l  water  such as PERRIERO Water, o r  equ iva len t  

(Table 4),  f o l l o w  t h e  i n s t r u c t i o n s  below. 


1. 	Place 16 L  o f  MILLI-Q0 o r  equ iva len t  water i n  a  p rope r l y  cleaned p l a s t i c  
carboy. 

2. 	 Add 4  L  o f  PERRIERO Water, o r  equ iva len t .  
3. 	Aerate v igo rous l y  f o r  24 h  t o  s t a b i l i z e  t he  medium. 
4. 	 The measured pH, hardness and a1 k a l i n i t y  o f  t h e  aerated water w i l l  be as 

i nd i ca ted  i n  Table 4. 
5. 	 Th is  s y n t h e t i c  water i s  r e f e r r e d  t o  as d i l u t e d  minera l  water (OMW) i n  

t he  t o x i c i t y  t e s t  methods. 

7.3 USE OF RECEIVING WATER AS DILUTION WATER 

7.3.1 I f  the  ob jec t i ves  o f  t he  t e s t  r e q u i r e  t he  use o f  uncontaminated 
r e c e i v i n g  water as d i l u t i o n  water, and the  r e c e i v i n g  water i s  uncontaminated, 
i t  may be poss ib le  t o  c o l l e c t  a  sample o f  t h e  r e c e i v i n g  water upstream o f ,  o r  
c lose  t o ,  bu t  ou ts ide  o f  t he  zone i n f l uenced  by the  e f f l u e n t .  However, i f  the  
r e c e i v i n g  water i s  contaminated, i t  may be necessary t o  c o l l e c t  t he  sample i n  



TABLE 3. 	PREPARATIPN OF SYNTHETIC FRESHWATER USING REAGENT GRADE 

CHEMICALS 


Water Reaqent Added fmq/~)' Final Water Oualitv 

Type A1 ka; 


NaHCO, CaS04.2H,0 MgSO, KC1 p~~ ~ardness~1 ini ty 


Very soft 12.0 7.5 7.5 0.5 6.4-6.8 10-13 10-13 

Soft 48.0 30.0 30.0 2.0 7.2-7.6 40-48 30-35 

Moderately 

Hard 96.0 60.0 60.0 4.0 7.4-7.8 80-100 60-70 


Hard 192.0 120.0 120.0 8.0 7.6-8.0 160-180 110-120 

Very hard 384.0 240.0 240.0 16.0 8.0-8.4 280-320 225-245 


' Taken in part from Marking and Dawson (1973). 
' Add reagent grade chemicals to deionized water. 

Approximate equilibrium pH after 24 h of aeration. 

Expressed as mg CaCO,/L. 


an area "remote" from the discharge site, matching as closely as possible the 

physical and chemical characteristics of the receiving water near the outfall. 


7.3.2 The sample should be collected immediately prior to the test, but never 

more than 96 h before the test begins. Except where it is used within 24 h, 

or in the case where large volumes are required for flow through tests, the 

sample should be chilled to 4'C during or immediately following collection, 

and maintained at that temperature prior to use in the test. 


7.3.3 Receiving water containing debris or indigenous organisms that may be 

confused with or attack the test organisms should be filtered through a sieve 

having 60 pm mesh openings prior to use. 


7.3.4 Where toxicity-free dilution water is required in a test, the water is 

considered acceptable if test organisms show the required survival, growth, 

and reproduction in the controls during the test. 


7.3.5 The regulatory authority may require that the hardness of the dilution 

water be comparable to the receiving water at the discharge site. This 

requirement can be satisfied by collecting an uncontaminated receiving water 

with a suitable hardness, or adjusting the hardness of an otherwise suitable 

receiving water by addition of reagents as indicated in Table 3. 




F ina l  Water Oual i t v  
Volume o f  P ropo r t i  on 

Water Minera l  Water o f  Minera l  A1k t -
Type Added (mL/L) Water (%) pH3 ~ a r d n e s s ~  1  i n i t y  

Very s o f t  50 2.5 7 .2 -8 .1  10- 13 10-13 
S o f t  100 10.0 7 .9-8.3  40-48 30-35 
Moderately Hard 200 20.0 7 .9-8.3  80-100 60 -70 
Hard 400 40.0 7 .9-8.3  160-180 110-120 
Very hard5 - - - - - - - - - - - - - - -

' From Mount e t  a1 . (1987), and da ta  prov ided by P h i l i p  Lewis, 

EMSL-Cincinnati, OH. 

Add minera l  water t o  M i l l i - Q o  water, o r  equiva lent ,  t o  prepare D i l u t e d  

Minera l  Water (DMW). 

Approximate e q u i l i b r i u m  pH a f t e r  24 h  o f  aera t ion .  

Expressed as mg CaCO 

D i l u t i o n s  o f  PERRIER d L. 


Water form a  p r e c i p i t a t e  when concentrat ions 
equ iva len t  t o  "very hard water" are aerated. 

7.4 USE OF TAP WATER AS DILUTION WATER 

7.4.1 The use o f  t ap  water as d i l u t i o n  water i s  discouraged unless i t  i s  
dech lo r ina ted  and passed through a  de ion i ze r  and carbon f i l t e r .  Tap water can 
be dech lo r ina ted  by de ion i za t i on ,  carbon f i l t r a t i o n ,  o r  t he  use o f  sodium 
t h i o s u l f a t e .  Use o f  3 .6  mg/L (anhydrous) sodium t h i o s u l f a t e  w i l l  reduce 
1.0 mg ch lo r ine /L  (APHA, 1992). Fol low ing  dech lo r i na t i on ,  t o t a l  r es idua l  
c h l o r i n e  should no t  exceed 0.01 mg/L. Because o f  t he  poss ib le  t o x i c i t y  o f  
t h i o s u l  f a t e  t o  t e s t  organisms, a  c o n t r o l  l a c k i n g  t h i o s u l f a t e  should be 
inc luded i n  t o x i c i t y  t e s t s  u t i l i z i n g  thiosulfate-dechlorinated water. 

7.4 .2  To be adequate f o r  general l a b o r a t o r y  use f o l l o w i n g  dech lo r i na t i on ,  t he  
tap  water i s  passed through a  de ion i ze r  and carbon f i l t e r  t o  remove t o x i c  
meta ls  and organics, and t o  c o n t r o l  hardness and a l k a l i n i t y .  

7 .5  DILUTION WATER HOLDING 

7.5.1 A g iven batch o f  d i l u t i o n  water  should no t  be used f o r  more than 
14 days f o l l o w i n g  p repa ra t i on  because o f  t h e  poss ib le  bu i l d -up  o f  b a c t e r i a l ,  
fungal ,  o r  a l g a l  s l ime growth and t h e  problems associated w i t h  it. The 
conta iner  should be kept covered and t h e  contents should be p ro tec ted  from 
l i g h t .  



SECTION 8 

EFFLUENT AND RECEIVING WATER SAMPLING, SAMPLE HANDLING, 
AND SAMPLE PREPARATION FOR TOXICITY TESTS 

8.1 EFFLUENT SAMPLING 

8.1.1 The e f f l u e n t  sampling p o i n t  should be t h e  same as t h a t  spec i f i ed  i n  the  
NPDES discharge permi t  (USEPA, 1988a). Condit ions f o r  except ion would be: 
(1) b e t t e r  access t o  a sampling p o i n t  between the  f i n a l  t reatment and the  
discharge o u t f a l l ;  (2) i f  the  processed waste i s  ch lo r i na ted  p r i o r  t o  
discharge, i t  may a lso  be des i rab le  t o  take samples p r i o r  t o  contac t  w i t h  the  
c h l o r i n e  t o  determine t o x i c i t y  o f  t h e  unchlor inated e f f l u e n t ;  o r  (3) i n  the  
event there  i s  a des i re  t o  evaluate the  t o x i c i t y  o f  the  i n f l u e n t  t o  municipal 
waste treatment p lan ts  o r  separate wastewater streams i n  i n d u s t r i a l  f a c i l i t i e s  
p r i o r  t o  t h e i r  being combined w i t h  o ther  wastewater streams o r  non-contact 
coo l i ng  water, add i t i ona l  sampling po in t s  may be chosen. 

8.1.2 The dec i s ion  on whether t o  c o l l e c t  grab o r  composite samples i s  based 
on the  ob jec t i ves  o f  the  t e s t  and an understanding o f  the  shor t  and long- term 
operat ions and schedules o f  the  d ischarger .  I f  the  e f f l u e n t  q u a l i t y  va r i es  
considerably w i t h  t ime, which can occur where ho ld ing  t imes are shor t ,  grab 
samples may seem p re fe rab le  because o f  the  ease o f  c o l l e c t i o n  and the  
p o t e n t i a l  o f  observing peaks (spikes)  i n  t o x i c i t y .  However, the  sampling 
du ra t i on  o f  a grab sample i s  so sho r t  t h a t  f u l l  cha rac te r i za t i on  o f  an 
e f f l u e n t  over a 24-h pe r iod  would r e q u i r e  a p r o h i b i t i v e l y  l a r g e  number o f  
separate samples and t e s t s .  C o l l e c t i o n  o f  a 24-h composite sample, however, 
may d i l u t e  t o x i c i t y  spikes, and average t h e  q u a l i t y  o f  the  e f f l u e n t  over the  
sampl i n g  per iod.  Sampl i n g  recommendations are provided be1 ow (a1 so see USEPA, 
1993b). 

8.1.3 Aerat ion du r ing  c o l l e c t i o n  and t r a n s f e r  o f  e f f l u e n t s  should be 
minimized t o  reduce t h e  l oss  o f  v o l a t i l e  chemicals. 

8.1.4 D e t a i l s  o f  date, time, l oca t i on ,  dura t ion ,  and procedures used f o r  
e f f l u e n t  sample and d i l u t i o n  water c o l l e c t i o n  should be recorded. 

8.2 EFFLUENT SAMPLE TYPES 

8.2.1 The advantages and disadvantages o f  e f f l u e n t  grab and composite samples 
are 1 i s t e d  below: 

8.2.1.1 GRAB SAMPLES 

Advantages: 

1. 	Easy t o  c o l l e c t ;  r e q u i r e  a minimum o f  equipment and o n - s i t e  t ime. 
2. 	 Provide a measure o f  instantaneous t o x i c i t y .  T o x i c i t y  spikes are no t  

masked by d i l u t i o n .  



Disadvantages: 

1. 	 Samples are c o l l e c t e d  over a very  sho r t  pe r iod  o f  t ime and on a 
r e l a t i v e l y  in f requent  basis.  The chances o f  de tec t i ng  a spike i n  
t o x i c i t y  would depend on t h e  frequency o f  sampling and the  p r o b a b i l i t y  
o f  miss ing a spike i s  h igh.  

8.2.1.2 COMPOSITE SAMPLES 

Advantages: 

1. 	 A s i n g l e  e f f l u e n t  sample i s  c o l l e c t e d  over a 24-h per iod.  
2. 	 The sample i s  c o l l e c t e d  over a much longer pe r iod  o f  t ime than a s i n g l e  

grab sample and conta ins a l l  t o x i c i t y  spikes. 

Disadvantages: 

1. 	Sampling equipment i s  more soph is t i ca ted  and expensive, and must be 
placed o n - s i t e  f o r  a t  l e a s t  24 h. 

2. 	 T o x i c i t y  spikes may not  be detected because they are masked by d i l u t i o n  
w i t h  l e s s  t o x i c  wastes. 

8.3 EFFLUENT SAMPLING RECOMMENDATIONS 

8.3.1 When t e s t s  are conducted on -s i t e ,  t e s t  so lu t i ons  can be renewed d a i l y  
w i t h  f r e s h l y  c o l l e c t e d  samples, except f o r  t h e  green alga, Selenastrum 
capricornutum, t e s t  which i s  no t  renewed. 

8.3.2 When t e s t s  are conducted o f f - s i t e ,  a minimum o f  th ree  samples are 
co l l ec ted .  I f  these samples are c o l l e c t e d  on Test Days 1, 3, and 5, the  f i r s t  
sample would be used f o r  t e s t  i n i t i a t i o n ,  and f o r  t e s t  s o l u t i o n  renewal on Day 
2. The second sample would be used f o r  t e s t  s o l u t i o n  renewal on Days 3 and 4. 
The t h i r d  sample would be used f o r  t e s t  s o l u t i o n  renewal on Days 5, 6, and 7 .  

8.3.3 S u f f i c i e n t  sample volume must be c o l l e c t e d  t o  perform the  requ i red  
t o x i c i t y  and chemical t e s t s .  A 4-L (1 -ga l )  CUBITAINERB w i l l  p rov ide 
s u f f i c i e n t  sample volume f o r  most t e s t s .  

8.3.4 THE FOLLOWING EFFLUENT SAMPLING METHODS ARE RECOMMENDED: 

8.3.4.1 Continuous Discharges 

1. 	I f  the  f a c i l i t y  discharge i s  continuous, bu t  the  ca l cu la ted  r e t e n t i o n  
t ime o f  a cont inuously  discharged e f f l u e n t  i s  l e s s  than 14 days and the  
v a r i a b i l i t y  o f  t h e  waste i s  unknown, a t  a minimum, f o u r  grab samples o r  
f ou r  composite samples are c o l l e c t e d  over a 24-h per iod.  For example, a 
grab sample i s  taken every 6 h ( t o t a l  o f  f o u r  samples) and each sample 
i s  used f o r  a separate t o x i c i t y  t e s t ,  o r  f o u r  successive 6-h composite 
samples are taken and each i s  used i n  a separate t e s t .  

2. 	 I f  t h e  ca l cu la ted  r e t e n t i o n  t ime o f  a cont inuously  discharged e f f l u e n t  
i s  g rea ter  than 14 days, o r  i f  i t  can be demonstrated t h a t  the  
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wastewater does no t  vary more than 10% i n  t o x i c i t y  over a  24-h period, 
regardless o f  r e t e n t i o n  t ime, a  s i n g l e  grab sample i s  c o l l e c t e d  f o r  a  
s i n g l e  t o x i c i t y  t e s t .  

3. 	 The r e t e n t i o n  t ime o f  the  e f f l u e n t  i n  t h e  wastewater treatment f a c i l i t y  
may be est imated from c a l c u l a t i o n s  based on the  volume o f  t h e  r e t e n t i o n  
basin and r a t e  o f  wastewater i n f l o w .  However, t h e  ca l cu la ted  r e t e n t i o n  
t ime may be much g rea te r  than t h e  actual  t ime because o f  
s h o r t - c i r c u i t i n g  i n  t h e  ho ld ing  basin. Where s h o r t - c i r c u i t i n g  i s  
suspected, o r  sedimentation may have reduced ho ld ing  basin capaci ty ,  a 
more accurate est imate o f  t h e  r e t e n t i o n  t ime can be obtained by ca r ry ing  
out  a  dye study. 

8.3.4.2. I n t e r m i t t e n t  discharges 

8.3.4.2.1 I f  t h e  f a c i l i t y  discharge i s  i n t e r m i t t e n t ,  a  s i n g l e  grab sample i s  
c o l l e c t e d  midway du r ing  each discharge per iod.  Examples o f  i n t e r m i t t e n t  
discharges are: 

1. When the  e f f l u e n t  i s  cont inuously  discharged dur ing  a  s i n g l e  8-h  work 
s h i f t  (one sample i s  co l l ec ted )  o r  two successive 8-h work s h i f t s  (two 
samples are co l l ec ted ) .  

2. 	 When t h e  f a c i l i t y  r e t a i n s  the  wastewater dur ing  an 8-h work s h i f t ,  and 
then t r e a t s  and releases t h e  wastewater as a  batch discharge (one sample 
i s  co l  1  ected) . 

3. 	 When, a t  the  end t h e  s h i f t ,  c lean up a c t i v i t i e s  r e s u l t  i n  the  discharge 
o f  a  s lug  o f  t o x i c  wastes (one sample i s  co l l ec ted ) .  

8.4 RECEIVING WATER SAMPLING 

8.4.1 L o g i s t i c a l  problems and d i f f i c u l t y  i n  securing sampling equipment 
genera l l y  preclude t h e  c o l l e c t i o n  o f  composite rece i v ing  water samples f o r  
t o x i c i t y  t es t s .  Therefore, based on the  requirements o f  t h e  t e s t ,  a  s ing le  
grab sample o r  d a i l y  grab sample o f  rece i v ing  water i s  c o l l e c t e d  f o r  use i n  
the  t e s t .  

8.4.2 The sampling p o i n t  i s  determined by t h e  ob jec t i ves  o f  the  t e s t .  I n  
r i v e r s ,  samples should be c o l l e c t e d  from mid-stream and a t  mid-depth, i f  
accessible. I n  lakes  the  samples are  c o l l e c t e d  a t  mid-depth. 

8.4.3 To determine t h e  ex ten t  o f  t h e  zone o f  t o x i c i t y  i n  t h e  rece i v ing  water 
downstream from t h e  o u t f a l l ,  r e c e i v i n g  water samples are c o l l e c t e d  a t  several 
distances downstream from t h e  discharge. The t ime requ i red  f o r  the  e f f l u e n t -  
receiv ing-water  mix ture  t o  t r a v e l  t o  sampling po in t s  downstream from the  
o u t f a l l ,  and the  r a t e  and degree o f  mixing, may be d i f f i c u l t  t o  ascer ta in.  
Therefore, i t  may no t  be poss ib le  t o  c o r r e l a t e  downstream t o x i c i t y  w i t h  
e f f l u e n t  t o x i c i t y  a t  the  discharge p o i n t  unless a  dye study i s  performed. The 
t o x i c i t y  o f  rece i v ing  water samples from f i v e  s t a t i o n s  downstream from the  
discharge p o i n t  can be evaluated us ing t h e  same number o f  t e s t  vessels and 
t e s t  organisms as used i n  one e f f l u e n t  t o x i c i t y  t e s t  w i t h  f i v e  e f f l u e n t  
d i l u t i o n s .  



8.5 EFFLUENT AND RECEIVING WATER SAMPLE HANDLING, PRESERVATION, AND SHIPPING 

8.5.1 Unless the  samples are used i n  an o n - s i t e  t o x i c i t y  t e s t  the  day o f  
c o l l e c t i o n ,  they should be c h i l l e d  and maintained a t  4 ° C  u n t i l  used t o  i n h i b i t  
m ic rob ia l  degradation, chemical t ransformat ions,  and l o s s  o f  h i g h l y  v o l a t i l e  
t o x i c  substances. 

8.5.2 Composite samples should be c h i l l e d  as they are co l l ec ted .  Grab 
samples should be c h i l l e d  immediately f o l l o w i n g  c o l l e c t i o n .  

8.5.3 I f  the  e f f l u e n t  has been ch lo r ina ted ,  t o t a l  res idua l  c h l o r i n e  must be 
measured immediately f o l l o w i n g  sample c o l l e c t i o n .  

8.5.4 Sample ho ld ing  t ime begins when the  l a s t  grab sample i n  a  ser ies  i s  
taken ( i . e . ,  when a  ser ies  o f  f o u r  grab samples are taken over a  24-h per iod) ,  
o r  when a  24-h composite sampling pe r iod  i s  completed. I f  the  data from the  
samples are t o  be acceptable f o r  use i n  t h e  NPDES Program, the  lapsed t ime 
(ho ld ing  t ime) from sample c o l l e c t i o n  t o  f i r s t  use o f  the  sample i n  t e s t  
i n i t i a t i o n  must n o t  exceed 36 h. EPA be l ieves  t h a t  36 h  i s  adequate t ime t o  
d e l i v e r  the  samples t o  the  l a b o r a t o r i e s  performing the  t e s t  i n  most cases. I n  
the  i s o l a t e d  cases, where the  permi t tee  can document t h a t  t h i s  d e l i v e r y  t ime 
cannot be met, the  p e r m i t t i n g  a u t h o r i t y  can a l low an op t i on  f o r  o n - s i t e  
t e s t i n g  o r  a  variance f o r  an extension o f  shipped sample ho ld ing  t ime. The 
request f o r  a  variance i n  sample ho ld ing  time, d i rec ted  t o  the  USEPA Regional 
Admin is t ra to r  under 40 CFR 136.3(e) must i nc lude  support ive data which show 
t h a t  the  t o x i c i t y  o f  the  e f f l u e n t  sample i s  not  reduced (e.g., because o f  
v o l a t i l i z a t i o n  and/or so rp t i on  o f  t o x i c s  on t h e  sample conta iner  surfaces) by 
extending t h e  ho ld ing  t ime beyond more than 36 h. However i n  no case should 
more than 72 h  elapse between c o l l e c t i o n  and f i r s t  use o f  the  sample. I n  
s ta t ic - renewal  t es t s ,  the  o r i g i n a l  sample may a lso  be used t o  prepare t e s t  
so lu t i ons  f o r  renewal a t  24 h  and 48 h  a f t e r  t e s t  i n i t i a t i o n ,  i f  s tored a t  
4"C, w i t h  minimum head space, as described i n  Subsection 8.5. Guidance f o r  
determining the pers is tence o f  the  sample i s  provided i n  Subsection 8.7. 

8.5.5 To minimize the  l oss  o f  t o x i c i t y  due t o  v o l a t i l i z a t i o n  o f  t o x i c  
cons t i tuents ,  a l l  sample conta iners should be "completely" f i l l e d ,  l eav ing  no 
a i r  space between the  contents and t h e  l i d .  

8.5.6 SAMPLES USED IN ON-SITE TESTS 

8.5.6.1 Samples c o l l e c t e d  f o r  o n - s i t e  t e s t s  should be used w i t h i n  24 h. 

8.5.7 SAMPLES SHIPPED TO OFF-SITE FACILITIES 

8.5.7.1 Samples c o l l e c t e d  f o r  o f f - s i t e  t o x i c i t y  t e s t i n g  are t o  be c h i l l e d  t o  
4°C dur ing  o r  immediately a f t e r  c o l l e c t i o n ,  and shipped i ced  t o  the  performing 
labora tory .  S u f f i c i e n t  i c e  should be placed w i t h  the  sample i n  the  shipping 
conta iner  t o  ensure t h a t  i c e  w i l l  s t i l l  be present when the  sample a r r i v e s  a t  
the  l abo ra to ry  and i s  unpacked. I n s u l a t i n g  ma te r ia l  must no t  be placed 
between the  i c e  and the  sample i n  the  shipping conta iner .  



8.5.7.2 Samples may be shipped i n  one o r  more 4-L (1 -ga l )  CUBITAINERS@ o r  new 
p l a s t i c  "m i l k "  jugs. A l l  sample conta iners should be r i n s e d  w i t h  source water 
before being f i l l e d  w i t h  sample. A f t e r  use w i t h  rece i v ing  water o r  e f f l u e n t s ,  
CUBITAINERSm and p l a s t i c  jugs are punctured t o  prevent reuse. 

8.5.7.3 Several sample shipping op t ions  are a v a i l  able, i nc lud ing  Express 
Mai l ,  a i r  express, bus, and c o u r i e r  serv ice.  Express Mai l  i s  de l i ve red  seven 
days a week. Saturday and Sunday shipping and rece i v ing  schedules o f  p r i v a t e  
c a r r i e r s  vary w i t h  t h e  c a r r i e r .  

8.6 SAMPLE RECEIVING 

8.6.1 Upon a r r i v a l  a t  the  labora tory ,  samples are logged i n  and the  
temperature i s  measured and recorded. I f  the  samples are no t  immediately 
prepared f o r  t es t i ng ,  they are s to red a t  4°C u n t i l  used. 

8.6.2 Every e f f o r t  must be made t o  i n i t i a t e  the  t e s t  w i t h  an e f f l u e n t  sample 
on the  day o f  a r r i v a l  i n  t h e  labora tory ,  and the  sample ho ld ing  t ime should 
no t  exceed 36 h unless a variance has been granted by the  NPDES p e r m i t t i n g  
a u t h o r i t y .  

8.7 PERSISTENCE OF EFFLUENT TOXICITY DURING SAMPLE SHIPMENT AND HOLDING 

8.7.1 The pers is tence o f  the  t o x i c i t y  o f  an e f f l u e n t  p r i o r  t o  i t s  use i n  a 
t o x i c i t y  t e s t  i s  o f  i n t e r e s t  i n  assessing the  v a l i d i t y  o f  t o x i c i t y  t e s t  data, 
and i n  determining t h e  poss ib le  e f f e c t s  o f  a l low ing an extension o f  the  
ho ld ing  t ime. Where a variance i n  ho ld ing  t ime (> 36 h, bu t  5 72 h)  i s  
requested by a permit tee, (see Subsection 8.5.4 above), in fo rmat ion  on the  
e f f e c t s  o f  the  extension i n  ho ld ing  t ime on the  t o x i c i t y  o f  samples must be 
obtained by comparing the  r e s u l t s  o f  mu l t i - concen t ra t i on  chronic  t o x i c i t y  
t e s t s  performed on e f f l u e n t  samples he ld  36 h w i t h  t o x i c i t y  t e s t  r e s u l t s  us ing 
the same samples a f t e r  they were he ld  f o r  the  requested, longer  per iod .  The 
p o r t i o n  o f  the  sample se t  aside f o r  the  second t e s t  should be he ld  under the  
same cond i t ions  as dur ing  shipment and hold ing.  

8.8 PREPARATION OF EFFLUENT AND RECEIVING WATER SAMPLES FOR TOXICITY TESTS 

8.8.1 When a l i q u o t s  are removed from the  sample conta iner ,  the  head space 
above t h e  remaining sample should be he ld  t o  a minimum. A i r  which enters a 
conta iner  upon removal o f  sample should be expe l led  by compressing the  
conta iner  before rec los ing ,  i f  poss ib le  ( i  .e., where a CUBITAINER@ i s  used), 
o r  by us ing an appropr iate discharge valve ( sp igo t ) .  

8.8.2 With the  daphnid, Ceriodaphnia dubia, and fathead minnow, Pimephales 
promelas, t es t s ,  e f f l u e n t s  and r e c e i v i n g  waters must be f i l t e r e d  through a 
60-pm plankton ne t  t o  remove indigenous organisms t h a t  may a t tack  o r  be 
confused w i t h  the  t e s t  organisms (see the  daphnid, Ceriodaphnia dubia, t e s t  
method f o r  d e t a i l s ) .  Receiving waters used i n  green alga, Selenastrum 
capricornutum, t o x i c i t y  t e s t s  must be f i l t e r e d  through a 0.45-pm pore diameter 
f i l t e r  before use. It may be necessary t o  f i r s t  c o a r s e - f i l t e r  the  d i l u t i o n  
and/or waste water through a ny lon s ieve having 2- t o  4-mm holes t o  remove 
debr is  and/or break up 1 arge f l o a t i n g  o r  suspended sol  i ds .  Because f i l t r a t i o n  



may increase the .DO in the effluent, the DO should be checked both before and 
after filtering. Caution: filtration may remove some toxicity. 

8.8.3 If the samples must be warmed to bring them to the prescribed test 
temperature, supersaturation of the dissolved oxygen and nitrogen may become a 
problem. To avoid this problem, the effluent and dilution water are checked 
with a DO probe after reaching test temperature and, if the DO is greater than 
lom saturation or lower than 4.0 mg/L, the solutions are aerated moderately 
(approximately 500 mL/min) for a few minutes, using an airstone, until the DO 
is within the prescribed range (2 4.0 mg/L). Caution: avoid excessive 
aeration. 

8.8.4 The DO concentration in the samples should be near saturation prior to 
use. Aeration will bring the DO and other gases into equilibrium with air, 
minimize oxygen demand, and stabilize the pH. However, aeration during 
collection, transfer, and preparation of samples should be minimized to reduce 
the loss of volatile chemicals. 

8.8.4.1 Aeration during the test may alter the results and should be used 
only as a last resort to maintain the required DO. Aeration can reduce the 
apparent toxicity of the test solutions by stripping them of highly volatile 
toxic substances, or increase their toxicity by altering pH. However, the DO 
in the test solutions must not be allowed to fall below 4.0 mg/L. 

8.8.4.2 In static tests (renewal or non-renewal), low DOs may commonly occur 
in the higher concentrations of wastewater. Aeration is accomplished by 
bubbling air through a pipet at a rate of 100 bubbles/min. If aeration is 
necessary, all test solutions must be aerated. It is advisable to monitor the 
DO closely during the first few hours of the test. Samples with a potential 
DO problem generally show a downward trend in DO within 4 to 8 h after the 
test is started. Unless aeration is initiated during the first 8 h of the 
test, the DO may be exhausted during an unattended period, thereby 
invalidating the test. 

8.8.5 At a minimum, pH, conductivity, and total residual chlorine are 
measured in the undiluted effluent or receiving water, and pH and conductivity 
are measured in the dilution water. 

8.8.5.1 It is recommended that total alkalinity and total hardness also be 
measured in the undiluted effluent test water, receiving water, and the 
dilution water. 

8.8.6 Total ammonia is measured in effluent and receiving water samples where 
toxicity may be contributed by un-ionized ammonia (i .e., where total ammonia 
2 5 mg/L). The concentration (mg/L) of un-ionized (free) ammonia in a sample 
is a function of temperature and pH, and is calculated using the percentage 
value obtained from Table 5, under the appropriate pH and temperature, and 
multiplying it by the concentration (mg/L) of total ammonia in the sample. 

8.8.7 Effluents and receiving waters can be dechlorinated using 6.7 mg/L 
anhydrous sodium thiosulfate to reduce 1 mg/L chlorine (APHA, 1992). Note 
that the amount of thiosulfate required to dechlorinate effluents is greater 



TABLE 5. PERCENT UNIONIZED NH, I N  AQUEOUS AMMONIA SOLUTIONS: TEMPERATURES 
15-26'C AND pH 6.0-8.9 

PH TEMPERATURE ('C) 

than the  amount needed t o  dech lo r i na te  t ap  water (see Sect ion 7,  D i l u t i o n  
Water, Subsection 7.4.1).  Since t h i o s u l f a t e  may c o n t r i b u t e  t o  sample 
t o x i c i t y ,  a  t h i o s u l f a t e  c o n t r o l  should be used i n  t he  t e s t  i n  a d d i t i o n  t o  the 
normal d i l u t i o n  water c o n t r o l .  

8.8.8 M o r t a l i t y  o r  impairment o f  growth o r  reproduc t ion  due t o  pH alone may 
occur i f  the  pH o f  t he  sample f a l l s  ou ts ide  the  range o f  6.0 - 9.0. Thus, t he  
presence o f  o the r  forms o f  t o x i c i t y  (metals and organics)  i n  t he  sample may be 
masked by the  t o x i c  e f f e c t s  o f  low o r  h igh  pH. The quest ion about t he  
presence o f  o the r  t o x i c a n t s  can be answered on l y  by per forming two p a r a l l e l  
t e s t s ,  one w i t h  an adjusted pH, and one w i thou t  an adjusted pH. Freshwater 
samples are adjusted t o  pH 7.0 by adding I N  NaOH o r  1N HC1 dropwise, as 
requi red,  being c a r e f u l  t o  avoid overadjustment.  



8.9 PRELIMINARY TOXICITY RANGE-FINDING TESTS 

8.9.1 USEPA Regional and Sta te  personnel genera l l y  have observed t h a t  i t  i s  
no t  necessary t o  conduct a t o x i c i t y  range- f ind ing  t e s t  p r i o r  t o  i n i t i a t i n g  a 
s t a t i c ,  chronic,  d e f i n i t i v e  t o x i c i t y  t e s t .  However, when prepar ing t o  perform 
a s t a t i c  t e s t  w i t h  a sample o f  completely unknown q u a l i t y ,  o r  before 
i n i t i a t i n g  a f low-through t e s t ,  i t  i s  advisable t o  conduct a p re l im ina ry  
t o x i c i t y  range- f ind ing  t e s t .  

8.9.2 A t o x i c i t y  range- f ind ing  t e s t  o r d i n a r i l y  cons is ts  o f  a down-scaled, 
abbreviated s t a t i c  acute t e s t  i n  which groups o f  f i v e  organisms are exposed t o  
several widely-spaced sample d i l u t i o n s  i n  a l oga r i t hm ic  ser ies,  such as loo%, 
10.O%, 1.00%, and 0.100%, and a con t ro l ,  f o r  8-24 h. Caution: i f  t h e  sample 
must a lso  be used f o r  the  f u l l - s c a l e  d e f i n i t i v e  t e s t ,  the  36-h l i m i t  on 
ho ld ing  t ime (see Subsection 8.5.4) must no t  be exceeded before the  d e f i n i t i v e  
t e s t  i s  i n i t i a t e d .  

8.9.3 It should be noted t h a t  the  t o x i c i t y  (LC50) o f  a sample observed i n  a 
range- f ind ing  t e s t  may be s i g n i f i c a n t l y  d i f f e r e n t  from the  t o x i c i t y  observed 
,in the  fo l low-up chron ic  d e f i n i t i v e  t e s t  because: (1) the  d e f i n i t i v e  t e s t  i s  
longer ;  and (2) t h e  t e s t  may be performed w i t h  a sample c o l l e c t e d  a t  a 
d i f f e r e n t  time, and poss ib l y  d i f f e r i n g  s i g n i f i c a n t l y  i n  t h e  l e v e l  o f  t o x i c i t y .  

8.10 MULTI-CONCENTRATION (DEFINITIVE) EFFLUENT TOXICITY TESTS 

8.10.1 The t e s t s  recommended f o r  use i n  determining discharge permi t  
compliance i n  the  NPDES program are mul t i -concent ra t ion ,  o r  d e f i n i t i v e ,  t e s t s  
which prov ide  (1)  a p o i n t  est imate o f  e f f l u e n t  t o x i c i t y  i n  terms o f  an IC25, 
IC50, o r  LC50, o r  (2)  a no-observed-ef fect -concentrat ion (NOEC) def ined i n  
terms o f  m o r t a l i t y ,  growth, reproduct ion,  and/or t e r a t o g e n i c i t y  and obtained 
by hypothesis t es t i ng .  The t e s t s  may be s t a t i c  renewal o r  s t a t i c  non-renewal. 

8.10.2 The t e s t s  cons i s t  o f  a c o n t r o l  and a minimum o f  f i v e  e f f l u e n t  
concentrat ions commonly selected t o  approximate a geometric ser ies,  such as 
loo%, 50%, 25%, 12.5%, and 6.25%, us ing a 2 0.5 d i l u t i o n  ser ies .  

8.10.3 These t e s t s  are a lso  t o  be used i n  determining compliance w i t h  permi t  
l i m i t s  on the  m o r t a l i t y  o f  the  r e c e i v i n g  water concentrat ion (RWC) o f  
e f f l u e n t s  by bracket ing  t h e  RWC w i t h  e f f l u e n t  concentrat ions i n  t h e  f o l l o w i n g  
manner: (1) 100% e f f l u e n t ,  (2) [RWC t 100]/2, (3) RWC, (4) RWC/2, and (5 )  
RWC/4. For example, where the  RWC = 50%, the  e f f l u e n t  concentrat ions used i n  
t h e  t e s t  would be loo%, 75%, 50%, 25%, and 12.5%. 

8.10.4 I f  acute/chronic r a t i o s  are t o  be determined by simultaneous acute and 
shor t - te rm chronic t e s t s  w i t h  a s i n g l e  species, us ing the  same sample, both 
types o f  t e s t s  must use the  same t e s t  condi t ions,  i . e . ,  pH, temperature, water 
hardness, s a l i n i t y ,  e t c .  



8.11 RECEIVING WATER TESTS 

8.11.1 Receiving water t o x i c i t y  t e s t s  genera l l y  cons i s t  o f  100% rece i v ing  
water and a  con t ro l .  The t o t a l  hardness o f  the  con t ro l  should be comparable 
t o  the  rece i v ing  water. 

8.11.2 The data from t h e  two treatments are analyzed by hypothesis t e s t i n g  t o  
determine i f  t e s t  organism su rv i va l  i n  t h e  rece i v ing  water d i f f e r s  
s i g n i f i c a n t l y  from t h e  c o n t r o l .  Four r e p l i c a t e s  and 10 organisms per  
r e p l i c a t e  are requ i red  f o r  each treatment (see Summary o f  Test Condit ions and 
Test A c c e p t a b i l i t y  C r i t e r i a  i n  t h e  s p e c i f i c  t e s t  method). 

8.11.3 I n  cases where t h e  o b j e c t i v e  o f  the  t e s t  i s  t o  est imate t h e  degree o f  
t o x i c i t y  o f  t h e  rece i v ing  water, a  mu l t i - concen t ra t i on  t e s t  i s  performed by 
prepar ing d i l u t i o n s  o f  the  r e c e i v i n g  water, us ing a  z 0.5 d i l u t i o n  ser ies,  
w i t h  a  s u i t a b l e  con t ro l  water. 



SECTION 9 

CHRONIC TOXICITY TEST ENDPOINTS AND DATA ANALYSIS 

9.1 ENDPOINTS 

9.1.1 The ob jec t i ve  o f  chronic  aquat ic  t o x i c i t y  t e s t s  w i t h  e f f l u e n t s  and pure 
compounds i s  t o  est imate the  h ighest  "safe"  o r  "no -e f fec t  concentrat ion"  o f  
these substances. For p r a c t i c a l  reasons, t h e  responses observed i n  these 
t e s t s  are usua l l y  1 i m i t e d  t o  h a t c h a b i l i t y ,  gross morphological abnormal i t ies,  
su rv i va l ,  growth, and reproduct ion, and the  r e s u l t s  o f  the  t e s t s  are usua l l y  
expressed i n  terms o f  t h e  h ighest  t o x i c a n t  concentrat ion t h a t  has no 
s t a t i s t i c a l l y  s i g n i f i c a n t  observed e f f e c t  on these responses, when compared t o  
the  con t ro l s .  The terms c u r r e n t l y  used t o  de f i ne  t h e  endpoints employed i n  
the  rapid,  chronic  and sub-chronic t o x i c i t y  t e s t s  have been der ived from the  
terms p rev ious l y  used f o r  f u l l  l i f e - c y c l e  t e s t s .  As sho r te r  chronic  t e s t s  
were developed, i t  became common p r a c t i c e  t o  apply the  same terminology t o  the  
endpoints. The terms used i n  t h i s  manual are as fo l lows:  

9.1.1.1 Safe Concentrat ion - The h ighest  concentrat ion o f  t o x i c a n t  t h a t  w i l l  
permi t  normal propagation o f  f i s h  and o ther  aquat ic  l i f e  i n  rece i v ing  waters. 
The concept o f  a "safe concentrat ion"  i s  a b i o l o g i c a l  concept, whereas the  
"no-observed-effect concentrat ion"  (below) i s  a s t a t i s t i c a l l y  de f ined 
concentrat ion.  

9.1.1.2 No-Observed-Effect-Concentration (NOEC) - The h ighest  concentrat ion 
o f  t o x i c a n t  t o  which organisms are exposed i n  a f u l l  l i f e - c y c l e  o r  p a r t i a l  
l i f e - c y c l e  (shor t - term) t e s t ,  t h a t  causes no observable adverse e f f e c t s  on the 
t e s t  organisms ( i .e . ,  t h e  h ighest  concent ra t ion  o f  t o x i c a n t  i n  which the  
values f o r  the  observed responses are no t  s t a t i s t i c a l l y  s i g n i f i c a n t l y  
d i f f e r e n t  from the  con t ro l s ) .  This value i s  used, along w i t h  o ther  f ac to rs ,  
t o  determine t o x i c i t y  l i m i t s  i n  permi ts .  

9.1.1.3 Lowest-Observed-Effect-Concentration (LOEC) - The lowest 
concentrat ion o f  t ox i can t  t o  which organisms are exposed i n  a l i f e - c y c l e  o r  
p a r t i a l  l i f e - c y c l e  (shor t - term) t e s t ,  which causes adverse e f f e c t s  on the  t e s t  
organisms ( i  .e., where t h e  values f o r  the  observed responses are s t a t i s t i c a l l y  
s i g n i f i c a n t l y  d i f f e r e n t  from t h e  c o n t r o l s ) .  

9.1.1.4 E f f e c t i v e  Concentrat ion (EC) - A p o i n t  est imate o f  the  t o x i c a n t  
concentrat ion t h a t  would cause an observable adverse a f f e c t  on a quantal ,  " a l l  
o r  nothing," response (such as death, immobi l izat ion,  o r  ser ious 
i ncapac i ta t i on )  i n  a g iven percent o f  the  organisms, ca l cu la ted  by p o i n t  
es t imat ion  techniques. I f  the  observable e f f e c t  i s  death o r  immobi l i t y ,  the  
term, Lethal Concentrat ion (LC), should be used (see Subsection 9.1.1.5). A 
c e r t a i n  EC o r  LC value might be judged from a b i o l o g i c a l  standpoint t o  
represent a th resho ld  concentrat ion, o r  lowest concentrat ion t h a t  would cause 
an adverse e f f e c t  on t h e  observed response. 

9.1.1.5 Lethal  Concentrat ion (LC) - The t o x i c a n t  concentrat ion t h a t  would 
cause death i n  a g iven percent o f  the  t e s t  populat ion.  I d e n t i c a l  t o  EC when 
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the  observed adverse e f f e c t  i s  death. For example, t h e  LC50 i s  t h e  
concentrat ion o f  t o x i c a n t  t h a t  would cause death i n  50% o f  t h e  t e s t  
populat ion. 

9.1.1.6 I n h i b i t i o n  Concentrat ion (IC) - The t o x i c a n t  concentrat ion t h a t  would 
cause a g iven percent reduc t ion  i n  a non-quanta1 b i o l o g i c a l  measurement f o r  
the  t e s t  populat ion.  For example, t h e  IC25 i s  the  concentrat ion o f  t o x i c a n t  
t h a t  would cause a 25% reduct ion  i n  mean young per  female o r  i n  growth f o r  t h e  
t e s t  populat ion,  and the  IC50 i s  t h e  concentrat ion o f  t o x i c a n t  t h a t  would 
cause a 50% reduc t ion .  

9.2 	 RELATIONSHIP BETWEEN ENDPOINTS DETERMINED BY HYPOTHESIS TESTING AND POINT 
ESTIMATION TECHNIQUES 

9.2.1 I f  the  ob jec t i ve  o f  chronic  aquat ic  t o x i c i t y  t e s t s  w i t h  e f f l u e n t s  and 
pure compounds i s  t o  est imate the  h ighest  "safe o r  no -e f fec t  concentrat ion"  o f  
these substances, i t  i s  imperat ive t o  understand how the  s t a t i s t i c a l  endpoints 
o f  these t e s t s  are r e l a t e d  t o  the  " s a f e '  o r  "no -e f fec t "  concentrat ion.  NOECs 
and LOECs are determined by hypothesis t e s t i n g  (Dunnett 's Test, a t t e s t  w i t h  
the  Bonferroni  adjustment, S tee l ' s  Many-one Rank Test, o r  the  Wilcoxon Rank 
Sum Test w i t h  the  Bonferroni  adjustment), whereas LCs, ICs, and ECs are 
determined by p o i n t  es t imat ion  techniques ( P r o b i t  Analysis,  Spearman-Karber 
Method, Trimmed Spearman-Karber Method, Graphical Method o r  L inear  
I n t e r p o l a t i o n  Method). There are inherent  d i f f e rences  between the  use o f  a 
NOEC o r  LOEC der ived from hypothesis t e s t i n g  t o  est imate a "safe" 
concentrat ion, and t h e  use o f  a LC, EC, I C ,  o r  o the r  p o i n t  est imates der ived 
from curve f i t t i n g ,  i n t e r p o l a t i o n ,  e tc .  

9.2.2 Most p o i n t  estimates, such as the  LC, I C ,  o r  EC, are der ived from a 
mathematical model t h a t  assumes a continuous dose-response r e l a t i o n s h i p .  By 
d e f i n i t i o n ,  any LC, I C ,  o r  EC value i s  an est imate o f  some amount o f  adverse 
e f f e c t .  Thus the  assessment o f  a "sa fe"  concentrat ion must be made from a 
b i o l o g i c a l  s tandpoint  r a t h e r  than w i t h  a s t a t i s t i c a l  t e s t .  I n  t h i s  instance, 
the  b i o l o g i s t  must determine some amount o f  adverse e f f e c t  t h a t  i s  deemed t o  
be "safe" ,  i n  the  sense t h a t  from a p r a c t i c a l  b i o l o g i c a l  v iewpoint i t  w i l l  no t  
a f f e c t  the  normal propagation o f  f i s h  and o ther  aquat ic  l i f e  i n  rece i v ing  
waters. 

9.2.3 The use o f  NOECs and LOECs, on the  o ther  hand, assumes e i t h e r  (1) a 
continuous dose-response r e l a t i o n s h i p ,  o r  (2) a non-continuous ( threshold)  
model o f  the  dose-response r e l a t i o n s h i p .  

9.2.3.1 I n  the  case o f  a cont inuous dose-response re la t i onsh ip ,  i t  i s  a lso  
assumed t h a t  adverse e f f e c t s  t h a t  a re  no t  " s t a t i s t i c a l l y  observable" are a lso  
not  important from a b i o l o g i c a l  s tandpoint ,  s ince they are no t  pronounced 
enough t o  t e s t  as s t a t i s t i c a l l y  s i g n i f i c a n t  against  some measure o f  the  
na tu ra l  v a r i a b i l i t y  o f  the  responses. 

9.2.3.2 I n  the  case o f  non-continuous dose-response re la t i onsh ips ,  i t  i s  
assumed t h a t  there  e x i s t s  a t r u e  threshold,  o r  concentrat ion below which there  
i s  no adverse e f f e c t  on aquat ic  l i f e ,  and above which there. i s  an adverse 



e f f e c t .  The purpose o f  t h e  s t a t i s t i c a l  ana lys is  i n  t h i s  case i s  t o  est imate 

as c l o s e l y  as poss ib le  where t h a t  th resho ld  l i e s .  


9.2.3.3 I n  e i t h e r  case, i t  i s  important  t o  r e a l i z e  t h a t  the  amount o f  adverse 
e f f e c t  t h a t  i s  s t a t i s t i c a l l y  observable (LOEC) o r  no t  observable (NOEC) i s  
h i g h l y  dependent on a l l  aspects o f  t h e  experimental design, such as the  number 
o f  concentrat ions o f  t ox i can t ,  number o f  r e p l i c a t e s  per  concentrat ion,  number 
o f  organisms per  r e p l i c a t e ,  and use o f  randomization. Other f a c t o r s  t h a t  
a f f e c t  t h e  s e n s i t i v i t y  o f  t h e  t e s t  inc lude t h e  choice o f  s t a t i s t i c a l  analys is ,  
the  choice o f  an alpha l e v e l ,  and t h e  amount o f  v a r i a b i l i t y  between responses 
a t  a  g iven concentrat ion.  

9.2.3.4 Where the  assumption o f  a  continuous dose-response r e l a t i o n s h i p  i s  

made, by d e f i n i t i o n  some amount o f  adverse e f f e c t  might be present a t  the  

NOEC, but  i s  no t  g rea t  enough t o  be detected by hypothesis t e s t i n g .  


9.2.3.5 Where the  assumption o f  a  non-continuous dose-response r e l a t i o n s h i p  
i s  made, t h e  NOEC would indeed be an est imate o f  a  "safe"  o r  "no -e f fec t "  
concentrat ion i f  t h e  amount o f  adverse e f f e c t  t h a t  appears a t  the  th resho ld  i s  

.great enough t o  t e s t  	as s t a t i s t i c a l l y  s i g n i f i c a n t l y  d i f f e r e n t  from the  
con t ro l s  i n  t h e  face o f  a l l  aspects o f  the  experimental design mentioned 
above. If, however, the  amount o f  adverse e f f e c t  a t  the  th resho ld  were not  
g rea t  enough t o  t e s t  as s t a t i s t i c a l l y  d i f f e ren t ,  some amount o f  adverse e f f e c t  
might be present a t  the  NOEC. I n  any case, the  est imate o f  the  NOEC w i t h  
hypothesis t e s t i n g  i s  always dependent on t h e  aspects o f  t h e  experimental 
design mentioned above. For t h i s  reason, t h e  r e p o r t i n g  and examination o f  
some measure o f  the  s e n s i t i v i t y  o f  t h e  t e s t  ( e i t h e r  the  minimum s i g n i f i c a n t  
d i f f e rence  o r  t h e  percent change from the  con t ro l  t h a t  t h i s  minimum d i f fe rence 
represents) i s  extremely important.  

9.2.4 I n  summary, t h e  assessment o f  a  "safe" o r  "no -e f fec t "  concentrat ion 
cannot be made from t h e  r e s u l t s  o f  s t a t i s t i c a l  ana lys is  alone, unless (1) the 
assumptions o f  a  s t r i c t  th resho ld  model are accepted, and (2) i t  i s  assumed 
t h a t  the  amount o f  adverse e f f e c t  present a t  the  th resho ld  i s  s t a t i s t i c a l l y  
de tec tab le  by hypothesis t e s t i n g .  I n  t h i s  case, est imates obtained from a  
s t a t i s t i c a l  ana lys is  are indeed est imates o f  a  "no -e f fec t "  concentrat ion.  
I f  t h e  assumptions are n o t  deemed tenable, then est imates from a  s t a t i s t i c a l  
ana lys is  can on ly  be used i n  con junc t ion  w i t h  an assessment from a  b i o l o g i c a l  
standpoint o f  what magnitude o f  adverse e f f e c t  c o n s t i t u t e s  a  "safe"  
concentrat ion. I n  t h i s  instance, a  "safe" concentrat ion i s  not  necessar i l y  a  
t r u l y  "no -e f fec t "  concentrat ion, bu t  r a t h e r  a  concentrat ion a t  which the  
e f f e c t s  are judged t o  be o f  no b i o l o g i c a l  s i gn i f i cance .  

9.2.5 A b e t t e r  understanding o f  the  r e l a t i o n s h i p  between endpoints der ived by 
hypothesis t e s t i n g  (NOECs) and p o i n t  es t imat ion  techniques (LCs, ICs, and ECs) 
would be very h e l p f u l  i n  choosing methods o f  data ana lys is .  Norberg-King
(1991) repor ted t h a t  the  IC25s were comparable t o  the  NOECs f o r  23 e f f l u e n t  
and reference tox i can t  data sets analyzed. The data sets inaluded shor t - term 
chronic t o x i c i t y  t e s t s  f o r  t h e  fathead minnow, Pimephales promelas, and the  
daphnid, Ceriodaphnia dubia. B i rge  e t  a1 . (1985) repor ted  t h a t  LCls der ived 
from P r o b i t  Analys is  o f  data from shor t - te rm embryo-larval t e s t s  w i t h  
reference tox i can ts  were comparable t o  NOECs f o r  several organisms. 



S i m i l a r l y ,  USEPA (1988d) repor ted  t h a t  t h e  IC25s were comparable t o  the  NOECs 
f o r  a se t  o f  daphnid, Ceriodaphnia dubia, chron ic  t e s t s  w i t h  a s i n g l e  
reference t o x i c a n t .  However, t h e  scope o f  these comparisons was very 1 imi ted,  
and s u f f i c i e n t  in fo rmat ion  i s  n o t  y e t  a v a i l a b l e  t o  e s t a b l i s h  an o v e r a l l  
re1 a t  ionsh ip  between these two types o f  endpoints, espec ia l l y  when der ived 
from e f f l u e n t  t o x i c i t y  t e s t  data. 

9.3 PRECISION 

9.3.1 HYPOTHESIS TESTS 

9.3.1.1 When hypothesis t e s t s  are used t o  analyze t o x i c i t y  t e s t  data, i t i s  
not  poss ib le  t o  express p rec i s ion  i n  terms o f  a commonly used s t a t i s t i c .  
The r e s u l t s  o f  the  t e s t  are g iven i n  terms o f  two endpoints, the  No-Observed- 
Effect Concentrat ion (NOEC) and the  Lowest-Observed-Effect Concentrat ion 
(LOEC). The NOEC and LOEC are l i m i t e d  t o  t h e  concentrat ions selected f o r  the  
t e s t .  The w id th  of the  NOEC-LOEC i n t e r v a l  i s  a func t i on  o f  t h e  d i l u t i o n  
ser ies,  and d i f f e r s  g r e a t l y  depending on whether a d i l u t i o n  f a c t o r  o f  0.3 o r  
0.5 i s  used i n  the  t e s t  design. Therefore, USEPA recommends t h e  use o f  t h e  
r 0.5 d i l u t i o n  f a c t o r  (see Sect ion 4, Q u a l i t y  Assurance). It i s  no t  poss ib le  
t o  p lace confidence l i m i t s  on the  NOEC and LOEC der ived from a g iven t e s t ,  and 
i t  i s  d i f f i c u l t  t o  quan t i f y  the  p r e c i s i o n  o f  the  NOEC-LOEC endpoints between 
t e s t s .  I f  the  data from a se r ies  o f  t e s t s  performed w i t h  the  same tox i can t ,  
t o x i  cant concentrat ions, and t e s t  species, were analyzed w i t h  hypothesis 
t e s t s ,  p rec i s ion  could on ly  be assessed by a q u a l i t a t i v e  comparison o f  the  
NOEC-LOEC i n t e r v a l s ,  w i t h  the  understanding t h a t  maximum p rec i s ion  would be 
a t ta ined  i f  a l l  t e s t s  y ie lded  t h e  same NOEC-LOEC i n t e r v a l .  I n  p rac t i ce ,  the  
p rec i s ion  o f  r e s u l t s  o f  r e p e t i t i v e  chron ic  t e s t s  i s  considered acceptable i f  
the  NOECs vary by no more than one concentrat ion i n t e r v a l  above o r  below a 
cen t ra l  tendency. Using these gu ide l ines ,  t h e  "normal" range o f  NOECs from 
t o x i c i t y  t e s t s  us ing a 0.5 d i l u t i o n  f a c t o r  ( t w o - f o l d  d i f f e r e n c e  between 
adjacent concentrat ions) ,  would be f o u r - f o l d .  

9.3.2 POINT ESTIMATION TECHNIQUES 

9.3.2.1 Po in t  es t imat ion  techniques have the  advantage o f  p rov id ing  a p o i n t  
est imate o f  the  t o x i c a n t  concentrat ion causing a g iven amount o f  adverse 
( i n h i b i t i n g )  e f f e c t ,  the  p rec i s ion  o f  which can be q u a n t i t a t i v e l y  assessed 
(1)  w i t h i n  t e s t s  by c a l c u l a t i o n  o f  95% confidence l i m i t s ,  and (2 )  across t e s t s  
by c a l c u l a t i n g  a standard dev ia t i on  and c o e f f i c i e n t  o f  v a r i a t i o n .  

9.4 DATA ANALYSIS 

9.4.1 ROLE OF THE STATISTICIAN 

9.4.1.1 The use o f  t h e  s t a t i s t i c a l  methods described i n  t h i s  manual f o r  
r o u t i n e  data ana lys is  does no t  r e q u i r e  the  assistance o f  a s t a t i s t i c i a n .  
However, the  i n t e r p r e t a t i o n  o f  the  r e s u l t s  o f  the  ana lys is  o f  t h e  data from 
any o f  the  t o x i c i t y  t e s t s  described i n  t h i s  manual can become problematic 
because o f  the  inherent  v a r i a b i l i t y  and sometimes unavoidable anomalies i n  
b i o l o g i c a l  data. I f  the  data appear unusual i n  any way, o r  f a i l  t o  meet t h e  
necessary assumptions, a s t a t i s t i c i a n  should be consulted. Analysts who are 



no t  p r o f i c i e n t  i n  s t a t i s t i c s  are s t r o n g l y  advised t o  seek the  ass is tance o f  a 
s t a t i s t i c i a n  be fore  s e l e c t i n g  t h e  method o f  ana l ys i s  and us ing  any o f  t he  
r e s u l t s .  

9.4.1.2 The s t a t i s t i c a l  methods recommended i n  t h i s  manual are no t  t he  on l y  
poss ib le  methods o f  s t a t i s t i c a l  ana lys is .  Many o the r  methods have been 
proposed and considered. C e r t a i n l y  t he re  are o the r  reasonable and de fens ib le  
methods o f  s t a t i s t i c a l  ana l ys i s  f o r  t h i s  k i n d  o f  t o x i c i t y  data. Among 
a l t e r n a t i v e  hypothesis t e s t s  some, l i k e  Wi l l iams '  Test, r e q u i r e  a d d i t i o n a l  
assumptions, w h i l e  others,  1ike t h e  boots t rap  methods, r e q u i r e  computer- 
i n tens i ve  computations. A l t e r n a t i v e  p o i n t  es t ima t i on  approaches most probably 
would r e q u i r e  t he  serv ices o f  a  s t a t i s t i c i a n  t o  determine the  appropriateness 
of t he  model (goodness o f  f i t ) ,  h igher  o rder  l i n e a r  o r  non l inear  models, 
conf idence i n t e r v a l s  f o r  est imates generated by inverse  regression, e t c .  
I n  add i t i on ,  p o i n t  es t ima t i on  o r  regress ion  approaches would r e q u i r e  t h e  
s p e c i f i c a t i o n  by b i o l o g i s t s  o r  t o x i c o l o g i s t s  o f  some low l e v e l  o f  adverse 
e f f e c t  t h a t  would be deemed acceptable o r  safe. The s t a t i s t i c a l  methods 
contained i n  t h i s  manual have been chosen because they are (1) app l i cab le  t o  
most o f  t h e  d i f f e r e n t  t o x i c i t y  t e s t  da ta  se ts  f o r  which they are recommended, 
(2) powerful  s t a t i s t i c a l  t e s t s ,  (3) h o p e f u l l y  " e a s i l y "  understood by 
n o n s t a t i s t i c i a n s ,  and (4) amenable t o  use w i thout  a computer, i f  necessary. 

9.4.2 PLOTTING THE DATA 

9.4.2.1 The data should be p l o t t e d ,  both as a p re l im ina ry  s tep t o  he lp  de tec t  
problems and unsuspected t rends o r  pa t te rns  i n  t he  responses, and as an a i d  i n  
i n t e r p r e t a t i o n  o f  t he  r e s u l t s .  Fur ther  d iscuss ion  and p l o t t e d  se ts  o f  da ta  
are inc luded i n  t h e  methods and the  Appendices. 

9.4.3 DATA TRANSFORMATIONS 

9.4.3.1 Transformations o f  t he  data, (e.g., arc  s ine  square r o o t  and logs) ,  
are used where necessary t o  meet assumptions o f  t he  proposed analyses, such as 
the  requirement f o r  normal ly  d i s t r i b u t e d  data. 

9.4.4 INDEPENDENCE, RANDOMIZATION, AND OUTLIERS 

9.4.4.1 S t a t i s t i c a l  independence among observat ions i s  a c r i t i c a l  assumption 
i n  a l l  s t a t i s t i c a l  ana lys is  o f  t o x i c i t y  data. One o f  t h e  best  ways t o  insure  
independence i s  t o  p rope r l y  f o l l  ow r i go rous  randomizat ion procedures. 
Randomization techniques should be employed a t  t h e  s t a r t  o f  t he  t e s t ,  
i n c l u d i n g  t h e  randomizat ion o f  t h e  placement o f  t e s t  organisms i n  t he  t e s t  
chambers and randomizat ion o f  t he  t e s t  chamber l o c a t i o n  w i t h i n  t he  ar ray  o f  
chambers. Discussions o f  s t a t i s t i c a l  independence, out1 i e r s  and 
randomization, and a sample randomizat ion scheme, are inc luded i n  Appendix A.  

9.4.5 REPLICATION AND SENSITIVITY 

9.4.5.1 The number o f  r e p l i c a t e s  employed f o r  each t o x i c a n t  concent ra t ion  i s  
an important f a c t o r  i n  determin ing t h e  s e n s i t i v i t y  o f  chron ic  t o x i c i t y  t e s t s .  
Test s e n s i t i v i t y  gene ra l l y  increases as the  number o f  rep1 i c a t e s  i s  increased, 
bu t  t he  p o i n t  o f  d im in i sh ing  re tu rns  i n  s e n s i t i v i t y  may be reached r a t h e r  



qu ick l y .  The l e v e l  o f  s e n s i t i v i t y  requ i red  by a hypothesis t e s t  o r  the  
confidence i n t e r v a l  f o r  a p o i n t  est imate w i l l  determine the  number o f  
rep l i ca tes ,  and should be based on t h e  ob jec t i ves  f o r  ob ta in ing  the  t o x i c i t y  
data. 

9.4.5.2 I n  a s t a t i s t i c a l  ana lys is  o f  t o x i c i t y  data, t h e  choice o f  a 
p a r t i c u l a r  ana lys is  and t h e  a b i l i t y  t o  de tec t  departures from the  assumptions 
of the  analys is ,  such as t h e  normal d i s t r i b u t i o n  o f  t h e  data and homogeneity 
of variance, i s  a l so  dependent on t h e  number o f  r e p l i c a t e s .  More than the  
minimum number o f  r e p l i c a t e s  may be requ i red  i n  s i t u a t i o n s  where i t  i s  
imperat ive t o  ob ta in  opt imal s t a t i s t i c a l  r e s u l t s ,  such as w i t h  t e s t s  used i n  
enforcement cases o r  when i t  i s  not  poss ib le  t o  repeat the  t e s t s .  For 
example, when t h e  data are analyzed by hypothesis t es t i ng ,  the  nonparametric 
a l t e r n a t i v e s  cannot be used unless the re  are a t  l e a s t  f ou r  r e p l i c a t e s  a t  each 
tox i can t  concentrat ion.  

9.4.6 RECOMMENDED ALPHA LEVELS 

9.4.6.1 The data ana lys is  examples inc luded i n  the  manual spec i f y  an alpha 
l e v e l  o f  0.01 f o r  t e s t i n g  the  assumptions o f  hypothesis t e s t s  and an alpha 
l e v e l  o f  0.05 f o r  the  hypothesis t e s t s  themselves. These l e v e l s  are common 
and we l l  accepted l e v e l s  f o r  t h i s  type o f  ana lys is  and are presented as a 
recommended minimum s i g n i f i c a n c e  l e v e l  f o r  t o x i c i t y  t e s t  data ana lys is .  

9.5 CHOICE OF ANALYSIS 

9.5.1 The recommended s t a t i s t i c a l  ana lys is  o f  most data from chronic t o x i c i t y  
t e s t s  w i t h  aquat ic  organisms fo l l ows  a dec is ion  process i l l u s t r a t e d  i n  the  
f lowchart  i n  F igure 2. An i n i t i a l  dec i s ion  i s  made t o  use p o i n t  es t imat ion  
techniques ( the  P r o b i t  Analysis,  the  Spearman-Karber Method, the  Trimmed 
Spearman-Karber Method, the  Graphical Method, o r  L inear  I n t e r p o l a t i o n  Method) 
and/or t o  use hypothesis t e s t i n g  (Dunnett 's Test, the  t t e s t  w i t h  the  
Bonferroni adjustment, S tee l ' s  Many-one Rank Test, o r  the  Wilcoxon Rank Sum 
Test w i t h  the  Bonferroni  adjustment). ,NOTE: For t h e  NPDES Permit Program, t h e  
p o i n t  es t imat ion  techniques are  t h e  p re fe r red  s t a t i s t i c a l  methods i n  
c a l c u l a t i n g  end po in t s  f o r  e f f l u e n t  t o x i c i t y  t e s t s .  I f  hypothesis t e s t i n g  i s  
chosen, subsequent decis ions are made on the  appropr iate procedure f o r  a g iven 
se t  o f  data, depending on the  r e s u l t s  o f  the  t e s t s  o f  assumptions, as 
i l l u s t r a t e d  i n  the  f lowchar t .  A s p e c i f i c  f l ow  cha r t  i s  inc luded i n  the  
ana lys is  sec t ion  f o r  each t e s t .  

9.5.2 Since a s i n g l e  chron ic  t o x i c i t y  t e s t  might  y i e l d  in fo rmat ion  on more 
than one parameter (such as su rv i va l ,  growth, and reproduct ion) ,  the  lowest 
est imate o f  a "no-observed-effect concentrat ion"  f o r  any o f  the  responses 
would be used as the  "no-observed-effect concentrat ion"  f o r  each t e s t .  I t 
fo l l ows  l o g i c a l l y  t h a t  i n  the  s t a t i s t i c a l  ana lys is  o f  the  data, concehtrat ions 
t h a t  had a s i g n i f i c a n t  t o x i c  e f f e c t  on one o f  the  observed responses would no t  
be subsequently t es ted  f o r  an e f f e c t  on some o ther  response. This i s  one 
reason f o r  exc luding concentrat ions t h a t  have shown a s t a t i s t i c a l l y  
s i g n i f i c a n t  reduc t ion  i n  su rv i va l  from a subsequent hypothesis t e s t  f o r  
e f f e c t s  on another parameter such as reproduct ion.  A second reason i s  t h a t  
the  exclus ion o f  such concentrat ions u s u a l l y  r e s u l t s  i n  a more powerful and 
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appropr iate s t a t i s t i c a l  analys is .  I n  performing t h e  p o i n t  es t imat ion  
techniques recommended i n  t h i s  manual, an a l l - d a t a  approach i s  used. For 
example, data from concentrat ions above t h e  NOEC f o r  su rv i va l  are inc luded i n  
determining ICp est imates us ing the  L inear  I n t e r p o l a t i o n  Method. 

9.5.3 ANALYSIS OF GROWTH AND REPRODUCTION DATA 

9.5.3.1 Growth data from the  fathead minnow, Pimephales promelas, l a r v a l  
su rv i va l  and growth t e s t  a re  analyzed us ing hypothesis t e s t i n g  o r  p o i n t  
es t imat ion  techniques according t o  t h e  f lowchar t  i n  F igure 2. The above 
mentioned growth data may a lso  be analyzed by generat ing a p o i n t  est imate w i t h  
the  L inear  I n t e r p o l  a t i o n  Method. Data from e f f l u e n t  concentrat ions t h a t  have 
tes ted  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  con t ro l  f o r  su rv i va l  are excluded from 
f u r t h e r  hypothesis t e s t s  concerning growth e f f e c t s .  Growth i s  de f ined as t h e  
d ry  weight per  o r i g i n a l  number o f  t e s t  organisms when group weights are 
obtained. When analyz ing t h e  data us ing  p o i n t  es t imat ion  techniques, data 
from a l l  concentrat ions are inc luded i n  the  ana lys is .  

9.5.3.2 Reproduction data from t h e  daphnid, Ceriodaphnia dubia, su rv i va l  and 
reproduct ion t e s t  are analyzed us ing hypothesis t e s t i n g  o r  p o i n t  es t imat ion  
techniques according t o  t h e  f lowchar t  i n  F igure 2. I n  hypothesis t e s t i n g ,  
data from e f f l u e n t  concentrat ions t h a t  have s i g n i f i c a n t l y  lower su rv i va l  than 
the  con t ro l ,  as determined by F isher 's  Exact t e s t ,  are no t  inc luded i n  t h e  
hypothesis t e s t s  f o r  reproduct ive  e f f e c t s .  Data from a l l  concentrat ions are 
inc luded when us ing  p o i n t  es t imat ion  techniques. 

9.5.4 ANALYSIS OF ALGAL GROWTH RESPONSE DATA 

9.5.4.1 The growth response data from the  green alga, Selenastrum 
capricornutum, t o x i c i t y  t e s t ,  a f t e r  an appropr iate t ransformat ion,  i f  
necessary, t o  meet t h e  assumptions o f  no rma l i t y  and homogeneity o f  var iance, 
may be analyzed by hypothesis t e s t i n g  according t o  the  f lowchar t  i n  F igure  2. 
Point  estimates, such as t h e  IC25 and IC50, would a lso  be appropr ia te  i n  
analyzing a l g a l  growth data. 

9.5.5 ANALYSIS OF MORTALITY DATA 

9.5.5.1 M o r t a l i t y  data are analyzed by P r o b i t  Analysis,  i f  appropr iate,  o r  
o ther  p o i n t  es t imat ion  techniques ( i  .e., the  Spearman-Karber Method, t h e  
Trimmed Spearman-Karber Method, o r  t h e  Graphical Method) (see Appendices I - L  
and the  d iscussion below). The m o r t a l i t y  data can a lso  be analyzed by 
hypothesis t es t i ng ,  a f t e r  an arc  s ine  square r o o t  t rans format ion  (see Appendix 
B-F), according t o  the  f lowchar t  i n  F igure  2. 

9.5.5.2 M o r t a l i t y  data from the  daphnid; Ceriodaphnia dubia, survivaJ and 
reproduct ion t e s t  are analyzed by F isher 's  Exact Test (Appendix G) p r i o r  t o  
the  ana lys is  o f  the  reproduct ion data. The m o r t a l i t y  data may a lso  be 
analyzed by P r o b i t  Analysis,  i f  appropr ia te  o r  o the r  methods (see
Subsection 9.5.5.1). 



9.6 HYPOTHESIS TESTS 

9.6.1 DUNNETT'S PROCEDURE 

9.6.1.1 Dunnett 's Procedure i s  used t o  determine t h e  NOEC. The procedure 
cons i s t s  o f  an ana lys is  o f  var iance (ANOVA) t o  determine t h e  e r r o r  term, which 
i s  then used i n  a m u l t i p l e  comparison procedure f o r  comparing each o f  t he  
treatment means w i t h  t h e  c o n t r o l  mean, i n  a se r i es  o f  pa i red  t e s t s  (see 
Appendix C). Use o f  Dunnett 's Procedure requ i res  a t  l e a s t  t h ree  r e p l i c a t e s  
per  treatment t o  check t h e  assumptions o f  t he  t e s t .  I n  cases where the  
numbers o f  da ta  p o i n t s  ( r e p l i c a t e s )  f o r  each concent ra t ion  are no t  equal, a 
t t e s t  may be performed w i t h  Bonfer ron i ' s  adjustment f o r  m u l t i p l e  comparisons 
(see Appendix D), ins tead o f  us ing Dunnet t 's  Procedure. 

9.6.1.2 The assumptions upon which the  use o f  Dunnett 's Procedure i s  
cont ingent  are t h a t  t h e  observat ions w i t h i n  t reatments are normal ly  
d i s t r i b u t e d ,  w i t h  homogeneity o f  var iance.  Before analyz ing the  data, these 
assumptions must be tes ted  us ing t h e  procedures prov ided i n  Appendix B. 

9.6.1.3 If, a f t e r  s u i t a b l e  t rans format ions  have been c a r r i e d  ou t ,  t h e  
no rma l i t y  assumptions have no t  been met, S tee l ' s  Many-one Rank Test should be 
used i f  the re  are f o u r  o r  more data p o i n t s  ( r e p l i c a t e s )  per  t o x i c a n t  
concentrat ion.  I f  the  numbers o f  da ta  p o i n t s  f o r  each t o x i c a n t  concent ra t ion  
are no t  equal, t h e  Wilcoxon Rank Sum Test w i t h  Bonfer ron i ' s  adjustment should 
be used (see Appendix F).  

9.6.1.4 Some i n d i c a t i o n  o f  t he  s e n s i t i v i t y  o f  t he  ana l ys i s  should be prov ided 
by c a l c u l a t i n g  (1) t h e  minimum d i f f e r e n c e  between means t h a t  can be detected 
as s t a t i s t i c a l l y  s i g n i f i c a n t ,  and (2)  t he  percent  change from the  c o n t r o l  mean 
t h a t  t h i s  minimum d i f f e r e n c e  represents f o r  a  g iven t e s t .  

9.6.1.5 A step-by-step example o f  t h e  use o f  Dunnett 's Procedure i s  prov ided 
i n  Appendix C. 

9.6.2 T TEST WITH THE BONFERRONI ADJUSTMENT 

9.6.2.1 A t t e s t  w i t h  Bonfer ron i ' s  adjustment i s  used as an a l t e r n a t i v e  t o  
Dunnett 's Procedure when the  number o f  r e p l i c a t e s  i s  no t  t he  same f o r  a l l  
concentrat ions.  This  t e s t  se ts  an upper bound o f  alpha on the  o v e r a l l  e r r o r  
ra te ,  i n  con t ras t  t o  Dunnett 's Procedure, f o r  which the  o v e r a l l  e r r o r  r a t e  i s  
f i x e d  a t  alpha. Thus Dunnett 's Procedure i s  a more powerful  t e s t .  

9.6.2.2 The assumptions upon which the  use o f  t he  t t e s t  w i t h  Bonfer ron i ' s  
adjustment i s  con t ingent  are t h a t  t h e  observat ions w i t h i n  t reatments are 
normal ly  d i s t r i b u t e d ,  w i t h  homogeneity o f  var iance. These assumptions must be 
tes ted  us ing  the  procedures prov ided i n  Appendix B. 

9.6.2.3 The est imate o f  t he  safe concent ra t ion  der ived  from t h i s  t e s t  i s  
repor ted  i n  terms o f  t h e  NOEC. A step-by-step example o f  t h e  use o f  t h e  
t t e s t  w i t h  Bonfer ron i ' s  adjustment i s  prov ided i n  Appendix D. 



9.6.3 STEEL'S MANY-ONE RANK TEST 

9.6.3.1 S tee l ' s  Many-one Rank Test i s  a  m u l t i p l e  comparison procedure f o r  
comparing several t reatments w i t h  a  c o n t r o l .  This  method i s  s i m i l a r  t o  
Dunnett 's Procedure, except t h a t  i t  i s  no t  necessary t o  meet t h e  assumption o f  
normal i ty .  The data are ranked, and t h e  ana lys is  i s  performed on the  ranks 
r a t h e r  than on the  data themselves. I f  the  da ta  are normal ly  o r  nea r l y  
normal ly d i s t r i b u t e d ,  Dunnett 's Procedure would be more s e n s i t i v e  (would 
de tec t  smal ler  d i f f e rences  between t h e  treatments and c o n t r o l ) .  For data t h a t  
are n o t  normal ly d i s t r i b u t e d ,  S tee l ' s  Many-one Rank Test  can be much more 
e f f i c i e n t  (Hodges and Lehmann, 1956). 

9.6.3.2 It i s  necessary t o  have a t  l e a s t  f o u r  r e p l i c a t e s  per  t o x i c a n t  
concentrat ion t o  use Stee l ' s  t e s t .  Un l i ke  Dunnett's procedure, the  
s e n s i t i v i t y  o f  t h i s  t e s t  cannot be s ta ted  i n  terms o f  t h e  minimum d i f f e r e n c e  
between treatment means and the  c o n t r o l  mean t h a t  can be detected as 
s t a t i s t i c a l l y  s i g n i f i c a n t .  

9.6.3.3 The est imate o f  t h e  safe concentrat ion i s  repor ted as the  NOEC. 
A step-by-step example o f  the  use o f  S tee l ' s  Many-one Rank Test i s  prov ided i n  
Appendix E. 

9.6.4 WILCOXON RANK SUM TEST WITH THE BONFERRONI ADJUSTMENT 

9.6.4.1 The Wilcoxon Rank Sum Test w i t h  the  Bonferroni  Adjustment i s  a  
nonparametric t e s t  f o r  comparing treatments w i t h  a  c o n t r o l .  The data are 
ranked and the  ana lys is  proceeds e x a c t l y  as i n  S tee l ' s  Test except t h a t  
Bonferroni 's  adjustment f o r  m u l t i p l e  comparisons i s  used instead o f  S tee l ' s  
tab les .  When Stee l ' s  t e s t  can be used (i.e., when the re  are equal numbers o f  
data po in t s  per  t o x i c a n t  concentrat ion) ,  i t  w i l l  be more powerful  (ab le  t o  
de tec t  smal ler  d i f f e rences  as s t a t i s t i c a l l y  s i g n i f i c a n t )  than the  Wilcoxon 
Rank Sum Test w i t h  Bonferroni  ' s  adjustment. 

9.6.4.2 The est imate o f  t h e  safe concent ra t ion  i s  repor ted  as the  NOEC. 
A step-by-step example o f  t h e  use o f  the  Wilcoxon Rank Sum Test w i t h  
Bonferroni  Adjustment i s  prov ided i n  Appendix F. 

9.6.5 A CAUTION IN  THE USE OF HYPOTHESIS TESTING 

9.6.5.1 I f  i n  the  c a l c u l a t i o n  o f  an NOEC by hypothesis t es t i ng ,  two tes ted  
concentrat ions cause s t a t i s t i c a l l y  s i g n i f i c a n t  adverse e f f e c t s ,  but  an 
in termediate concentrat ion d i d  no t  cause s t a t i s t i c a l l y  s i g n i f i c a n t  e f f e c t s ,  
the  r e s u l t s  should be used w i t h  extreme caut ion.  

9.7 POINT ESTIMATION TECHNIQUES 

9.7.1 PROBIT ANALYSIS 

9.7.1.1 P r o b i t  Analys is  i s  used t o  est imate the  LCl, LC50, E C l ,  o r  EC50 and 
the associated 95% confidence i n t e r v a l .  The ana lys is  cons is ts  o f  ad jus t i ng  
the  data f o r  m o r t a l i t y  i n  the  con t ro l ,  and then us ing a  maximum l i k e l i h o o d  
technique t o  est imate t h e  parameters o f  the  under ly ing  l o g  to lerance 
d i s t r i b u t i o n ,  which i s  assumed t o  have a  p a r t i c u l a r  shape. 



9.7.1.2 The assumption upon which the  use o f  P r o b i t  Analys is  i s  cont ingent  
i s  a normal d i s t r i b u t i o n  o f  l o g  to lerances.  I f  t h e  no rma l i t y  assumption i s  
no t  met, and a t  l e a s t  two p a r t i a l  m o r t a l i t i e s  are no t  obtained, P r o b i t  
Analys is  should no t  be used. It i s  important t o  check the  r e s u l t s  o f  P r o b i t  
Analys is  t o  determine i f  use o f  the  ana lys is  i s  appropr iate.  The chi-square 
t e s t  f o r  heterogenei ty  provides one good t e s t  o f  appropriateness o f  the  
analys is .  The computer program (see Appendix I )  checks t h e  chi -square 
s t a t i s t i c  ca l cu la ted  f o r  the  data s e t  against  the  tabu la r  value, and provides 
an e r r o r  message i f  the  ca l cu la ted  value exceeds the  tabu1 a r  value. 

9.7.1.3 A d iscussion o f  P r o b i t  Analysis,  and examples o f  computer program 
inpu t  and output,  are found i n  Appendix I. 

9.7.1.4 I n  cases where P r o b i t  Analys is  i s  not  appropr iate,  the  LC50 and 
associated confidence i n t e r v a l  may be est imated by the  Spearman-Karber Method 
(Appendix J) o r  the  Trimmed Spearman-Karber Method (Appendix K). I f  the  t e s t  
r e s u l t s  i n  100% su rv i va l  and 100% m o r t a l i t y  i n  adjacent treatments ( a l l  o r  
noth ing e f f e c t ) ,  the  LC50 may be est imated us ing the  Graphical Method 
(Appendix L) . 
9.7.2 LINEAR INTERPOLATION METHOD 

9.7.2.1 The L inear  I n t e r p o l a t i o n  Method (see Appendix M) i s  a procedure t o  
ca l cu la te  a p o i n t  est imate o f  the  e f f l u e n t  o r  o ther  t o x i c a n t  concentrat ion 
[ I n h i  b i t i o n  Concentration, ( I C ) ]  t h a t  causes a g iven percent reduc t ion  (e.g., 
25%, 50%, e tc . )  i n  the  reproduct ion o r  growth o f  the  t e s t  organisms. The 
procedure was designed f o r  general a p p l i c a b i l i t y  i n  the  ana lys is  o f  data from 
shor t - term chronic t o x i c i t y  t e s t s .  

9.7.2.2 Use o f  the  L inear  I n t e r p o l a t i o n  Method i s  based on the  assumptions 
t h a t  the  responses (1) are monotonical ly  non- increasing ( the  mean response f o r  
each h igher  concentrat ion i s  l e s s  than o r  equal t o  the  mean response f o r  the  
previous concentrat ion) ,  (2) f o l l o w  a piecewise l i n e a r  response func t i on ,  and 
(3) are from a random, independent, and representa t ive  sample o f  t e s t  data. 
The assumption f o r  piecewise l i n e a r  response cannot be tes ted  s t a t i s t i c a l l y ,  
and no def ined s t a t i s t i c a l  procedure i s  provided t o  t e s t  the  assumption f o r  
monotonici ty.  Where t h e  observed means are no t  s t r i c t l y  monotonic by 
examination, they are adjusted by smoothing. I n  cases where the  responses a t  
the  low t o x i c a n t  concentrat ions are much h igher  than i n  the  con t ro l s ,  the  
smoothing process may r e s u l t  i n  a l a r g e  upward adjustment i n  the  con t ro l  mean. 

9.7.2.3 The i n a b i l i t y  t o  t e s t  the  monotonic i ty  and piecewise 1 inear  response 
assumptions f o r  t h i s  method makes i t  d i f f i c u l t  t o  assess when the  method i s ,  
o r  i s  not ,  producing re1 i a b l e  r e s u l t s .  Therefore, the  method should be used 
w i t h  caut ion  when t h e  r e s u l t s  o f  a t o x i c i t y  t e s t  approach an " a l l  o r  noth ing"  
response from one concentrat ion t o  t h e  next i n  t h e  concentrat ion ser ies ,  and 
when i t  appears t h a t  there  i s  a l a r g e  dev ia t i on  from monotonic i ty .  See 
Appendix M f o r  a more d e t a i l e d  d iscussion o f  t h e  use o f  t h i s  method and a 
computer program ava i l ab le  f o r  performing ca l cu la t i ons .  



SECTION 10 

REPORT PREPARATION 

The t o x i c i t y  data are reported, together  w i t h  o ther  appropr iate data. The '  
fo l low ing general format and content are recommended f o r  the  repo r t :  

10.1 INTRODUCTION 

1. Permit number 
2. T o x i c i t y  t e s t i n g  requirements o f  permi t  
3 .  P lan t  l o c a t i o n  
4. Name o f  rece i v ing  water body 
5. Contract Laboratory ( i f  the  t e s t s  are performed under con t rac t )  

a. Name o f  f i r m  
b.  Phone number 
c. Address 

10.2 PLANT OPERATIONS 

1. Product(s) 
2. Raw mate r ia l s  
3 .  Operat ing schedule 
4 .  Desc r ip t i on  o f  waste t reatment  
5 .  Schematic o f  waste treatment 
6. Retent ion t ime ( i f  app l icab le)  
7. Volume o f  waste f l o w  (MGD, CFS, GPM) 
8. Design f l ow  o f  treatment f a c i l i t y  a t  t ime o f  sampling 

10.3 SOURCE OF EFFLUENT, RECEIVING WATER, AND DILUTION WATER 

1. E f f l u e n t  Samples 
a. Sampling p o i n t  
b. Co l l ec t i on  dates and t imes 
c .  Sample c o l l e c t i o n  method 
d. Physical and chemical da ta  
e. Mean d a i l y  discharge on sample c o l l e c t i o n  date 
f. Lapsed t ime from sample c o l l e c t i o n  t o  d e l i v e r y  
g. Sample temperature when received a t  the  l abo ra to ry  

2 .  Receiving Water Samples 
a. Sampling p o i n t  
b. Co l l ec t i on  dates and t imes 
c .  Sample c o l l e c t i o n  method 
d. Physical and chemical data 
e. Streamflow ( a t  7Q10 and a t  t ime o f  sampling) 
f. Sample temperature when received a t  the  l abo ra to ry  
g. Lapsed t ime from sample c o l l e c t i o n  t o  d e l i v e r y  



3. 	 D i l u t i o n  Water Samples 
a. Source 
b. C o l l e c t i o n  date(s)  and t ime(s )  
c. Pretreatment 
d. Physical and chemical c h a r a c t e r i s t i c s  

10.4 TEST METHODS 

1. 	 T o x i c i t y  t e s t  method used ( t i t l e ,  number, source) 
2. 	 Endpoint(s) o f  t e s t  
3. 	 Dev ia t ion(s )  from reference method, i f  any, and the  reason(s) 
4. 	 Date and t ime t e s t  s t a r t e d  
5. 	 Date and t ime t e s t  terminated 
6. 	 Type and volume o f  t e s t  chambers 
7. 	 Volume o f  s o l u t i o n  used per chamber 
8. 	 Number o f  organisms per t e s t  chamber 
9. 	 Number o f  r e p l i c a t e  t e s t  chambers per treatment 

10. Accl imat ion o f  t e s t  organisms (temperature mean and range) 
11. Test temperature (mean and range) 
12. Speci fy  i f  aera t ion  was needed 
13. Feeding frequency, and amount and type o f  food 

10.5 TEST ORGANISMS 

1. 	 s c i e n t i f i c  name and how determined 
2. 	 Age 
3. 	 L i f e  stage 
4. 	 Mean length  and weight (where app l icab le)  . .. 	 . 
5. 	 Source 
6. 	 Diseases and treatment (where app l icab le)  
7. 	 Taxonomic key used f o r  species i d e n t i f i c a t i o n  

10.6 QUALITY ASSURANCE 

1. 	 Reference t o x i c a n t  used r o u t i n e l y ;  source 
2. 	 Date and t ime o f  most recent  reference tox i can t  t e s t ,  t e s t  r e s u l t s ,  

and cu r ren t  con t ro l  (cusum) cha r t  
3. 	 D i l u t i o n  water used i n  reference t o x i c a n t  t e s t  
4. 	 Results (NOEC or,  where appl icable,  LOEC, LC50, EC50, IC25 


and/or IC50) 

5. 	 Physical and chemical methods used 

10.7 RESULTS 

1. 	 Provide raw t o x i c i t y  data i n  t abu la r  form, i nc lud ing  d a i l y  records o f  
a f f ec ted  organisms i n  each concentrat ion ( i nc lud ing  con t ro l s ) ,  and 
p l o t s  o f  t o x i c i t y  data 

2. 	 Provide t a b l e  o f  LC50s, NOECs, IC25, IC50, e tc .  
3. 	 I n d i c a t e  s t a t i s t i c a l  methods used t o  c a l c u l a t e  endpoints 
4. 	 Provide summary t a b l e  o f  phys ica l  and chemical data 
5. 	 Tabulate QA data 



10.8 CONCLUSIONS AND RECOMMENDATIONS 


1. Re la t ionsh ip  between t e s t  endpoints and permit  l i m i t s  
2 .  Actions t o  be taken 



SECTION 11 

TEST METHOD 

FATHEAD MINNOW, PIHEPHALES PROHEM, 
LARVAL SURVIVAL AND GROWTH TEST 

METHOD 1000.0 

11.1 SCOPE AND APPLICATION 

11.1.1 Th is  method est imates t h e  ch ron i c  t o x i c i t y  o f  e f f l u e n t s  and r e c e i v i n g  
water t o  t h e  fathead minnow, Pimephales promelas, us ing newly hatched l a rvae  
i n  a seven-day, s t a t i c  renewal t es t .  The e f f e c t s  inc lude t h e  syne rg i s t i c ,  
antagonist ic ,  and a d d i t i v e  e f f e c t s  o f  a l l  t h e  chemical, phys ica l ,  and 
b i o l o g i c a l  components which adverse1 y a f f e c t  t h e  phys io log ica l  and biochemical 
func t ions  o f  the  t e s t  organisms. 

11.1.2 D a i l y  observat ions on m o r t a l i t y  make i t  poss ib le  t o  a lso  c a l c u l a t e  
acute t o x i c i t y  f o r  des i red  exposure per iods ( i  .e., 24-h, 48-h, 96-h LC50s). 

11.1.3 Detect ion l i m i t s  o f  t h e  t o x i c i t y  o f  an e f f l u e n t  o r  pure substance are 
organism dependent. 

11.1.4 B r i e f  excursions i n  t o x i c i t y  may no t  be detected us ing 24-h composite 
samples. Also, because o f  the  long sample c o l l e c t i o n  pe r iod  involved i n  
composite sampling, and because the  t e s t  chambers are n o t  sealed, h i g h l y  
degradable o r  h i g h l y  v o l a t i l e  t ox i can ts  present i n  t h e  source may no t  be 
detected i n  t h e  t e s t .  

11.1.5 This t e s t  method i s  commonly used i n  one o f  two forms: (1) a 
d e f i n i t i v e  t e s t ,  cons i s t i ng  o f  a minimum o f  f i v e  e f f l u e n t  concentrat ions and a 
con t ro l ,  and (2) a rece i v ing  water t e s t ( s ) ,  cons i s t i ng  o f  one o r  more 
rece i v ing  water concentrat ions and a c o n t r o l .  

11.2 SUMMARY OF METHOD 

11.2.1 Fathead minnow, Pimephales promelas, l a rvae  are exposed i n  a s t a t i c  
renewal system f o r  seven days t o  d i f f e r e n t  concentrat ions o f  e f f l u e n t  o r  t o  
rece i v ing  water. Test r e s u l t s  are based on the  su rv i va l  and weight o f  the  
1 arvae. 

11.3. INTERFERENCES 

11.3.1 Toxic substances may be in t roduced by contaminants i n  d i l u t i o n  water,' 
glassware, sample hardware, and t e s t i n g  equipment (see Sect ion 5, F a c i l i t i e s ,  
Equipment and Suppl i es )  . 
11.3.2 Adverse e f f e c t s  o f  low d isso lved oxygen (DO) concentrat ions, h igh  
concentrat ions o f  suspended and/or d isso lved so l i ds ,  and extremes o f  pH, 
a l k a l i n i t y ,  o r  hardness, may mask t h e  presence o f  t o x i c  substances. 



11.3.3 Improper e f f l u e n t  sampling and sample hand1 i n g  may adversely a f f e c t  
t e s t  r e s u l t s  (see Sect ion 8, E f f l u e n t  and Receiving Water Sampling, Sample 
Handling, and Sample Preparat ion f o r  T o x i c i t y  Tests).  

11.3.4 Pathogenic and/or predatory organisms i n  the  d i l u t i o n  water and 
e f f l u e n t  may a f f e c t  t e s t  organism s u r v i v a l  and confound t e s t  r e s u l t s .  

11.3.5 Food added du r ing  the  t e s t  may sequester metals and o the r  t o x i c  
substances and confound t e s t  r e s u l t s .  D a i l y  renewal o f  so lu t ions ,  however, 
w i l l  reduce the  p r o b a b i l i t y  o f  reduc t i on  o f  t o x i c i t y  caused by feeding. 

11.4 SAFETY 

11.4.1 See Sect ion 3, Heal th and Safety.  

11.5 APPARATUS AND EQUIPMENT 

11.5.1 Fathead minnow and b r i n e  shrimp c u l t u r e  u n i t s  - - see USEPA, 1985a and 
USEPA, 1993b. This  t e s t  requ i res  180-360 larvae.  I t i s  p re fe rab le  t o  ob ta in  
l a rvae  from an in-house fathead minnow c u l t u r e  u n i t .  I f  i t  i s  n o t  f e a s i b l e  t o  
c u l t u r e  f i s h  in-house, embryos o r  newly hatched l a rvae  can be shipped i n  we l l  
oxygenated water i n  i nsu la ted  conta iners.  

11.5.2 Samplers - - automatic sampler, p re fe rab l y  w i t h  sample coo l i ng  
c a p a b i l i t y ,  t h a t  can c o l l e c t  a 24-h composite sample o f  5 L. 

11.5.3 Sample conta iners - - f o r  sample shipment and storage (see Sect ion 8, 
E f f l u e n t  and Receiving Water Sampling, Sample Handling, and Sample Preparat ion 
f o r  T o x i c i t y  Tests) .  

11.5.4 Environmental chamber o r  equ iva len t  f a c i l i t y  w i t h  temperature c o n t r o l  
(25 + 1°C). 

11.5.5 Water p u r i f i c a t i o n  system - - MILLIPORE MILLI-Q@, deionized water o r  
equivalent  (see Sect ion 5, F a c i l i t i e s ,  Equipment, and Suppl ies).  

11.5.6 Balance - - a n a l y t i c a l ,  capable o f  accura te ly  weighing t o  0.00001 g. 

11.5.7 Reference weights, Class S - - f o r  checking performance o f  balance. 
Weights should bracket  t h e  expected weights o f  the  weighing pans and the  
expected weights o f  the  pans p lus  f i s h .  

11.5.8 Test chambers - - f o u r  (minimum o f  th ree)  b o r o s i l i c a t e  g lass  o r  
non- tox ic  disposable p l a s t i c  t e s t  chambers are requ i red  f o r  each concentrat ion 
and c o n t r o l .  Test chambers may be 1 L, 500 mL o r  250 mL beakers, 500 mL 
p l a s t i c  cups, o r  f ab r i ca ted  rec tangu lar  (0.3 cm t h i c k )  g lass  chambers,' 15 cm x 
7.5 cm x 7.5 cm. To avoid p o t e n t i a l  contaminat ion from t h e  a i r  and excessive 
evaporat ion o f  t e s t  so lu t i ons  du r ing  t h e  t e s t ,  t h e  chambers should be covered 
w i t h  sa fe ty  g lass  p la tes  o r  sheet p l a s t i c  (6 mm t h i c k ) .  



11.5.9 Volumetr ic f l a s k s  and graduated c y l i n d e r s  - - Class A, b o r o s i l  i c a t e  

g lass  o r  non- tox ic  p l a s t i c  labware, 10-1000 mL f o r  making t e s t  so lu t i ons .  5.10 


11.5.10 Volumetr ic p i p e t s  - - Class A, 1-100 mL. 


11.5.11 Sero log ica l  p i p e t s  - - 1-10 mL, graduated. 


11.5.12 P ipe t  bu lbs  and f i l l e r s  - - PROPIPET@, o r  equ iva len t .  


11.5.13 Droppers, and g lass  tub ing  w i t h  f i r e  po l i shed edges, 4 mm ID - - f o r  

t r a n s f e r r i n g  la rvae.  


11.5.14 Wash b o t t l e s  - - f o r  r i n s i n g  small glassware and inst rument  e lec t rodes  

and probes. 


11.5.15 Thermometers, g lass  o r  e l e c t r o n i c ,  l abo ra to ry  grade - - f o r  measuring 

water temperatures. 


11.5.16 Bulb-thermograph o r  e l e c t r o n i c - c h a r t  t ype  thermometers - - f o r  

con t inuous ly  reco rd ing  temperature. 


11.5.17 Thermometers, Nat ional  Bureau o f  Standards C e r t i f i e d  (see USEPA 

Method 170.1, USEPA, 1979b) - - t o  ca lab ra te  l abo ra to ry  themometers. 


11.5.18 Meters, pH, DO, and s p e c i f i c  c o n d u c t i v i t y  - - f o r  r o u t i n e  phys ica l  and 

chemical measurements. 


11.5.19 Dry ing  oven - - 50-105°C range f o r  d r y i n g  la rvae.  


11.6 REAGENTS AND CONSUMABLE MATERIALS 


11.6.1 Sample conta iners  - - f o r  sample shipment and storage (see Sect ion 8, 

E f f l u e n t  and Receiving Water Sampl ing,  Sample Hand1 ing,  and Sample Preparat ion 

f o r  T o x i c i t y  Tests) .  


11.6.2 Data sheets (one se t  per  t e s t )  - - f o r  record ing  data. 


11.6.3 V ia l s ,  marked - - 18-24 per  t e s t ,  con ta in ing  4% fo rma l i n  o r  70% ethanol 

t o  preserve l a r v a e  (op t i ona l  ) .  


11.6.4 Weighing boats, aluminum - - 18-24 per  t e s t .  


11.6.5 Tape, co lo red  - - f o r  l a b e l l i n g  t e s t  chambers. 


11.6.6 Markers, waterproof  - - f o r  marking conta iners,  e t c .  


11.6.7 Reagents f o r  hardness and a l k a l i n i t y  t e s t s  - - see USEPA Methods 130.2 

and 310.1, USEPA, 1979b. 


11.6.8 Buf fe rs ,  pH 4, pH 7, and pH 10 ( o r  as per  i n s t r u c t i o n s  o f  inst rument  

manufacturer) - - f o r  inst rument  c a l i b r a t i o n  (see USEPA Method 150.1, USEPA, 

1979b). 




11.6.9 S p e c i f i c  c o n d u c t i v i t y  standards - - see USEPA Method 120.1, USEPA, 
19796. 

11.6.10 Membranes and f i l l i n g  so lu t i ons  f o r  DO probe (see USEPA Method 360.1, 
USEPA, 1979b), o r  reagents - - f o r  mod i f ied  Winkler ana lys is .  

11.6.11 Laboratory qua1 i t y  c o n t r o l  samples and standards - - f o r  c a l i b r a t i o n  
of the  above methods. 

11.6.12 Reference t o x i c a n t  so lu t i ons  (see Sect ion 4, Qual i t y  Assurance). 

11.6.13 Ethanol (70%) o r  f o rma l i n  (4%) - - f o r  use as a preserva t ive  f o r  the  
f i s h  larvae.  

11.6.14 Reagent water - - de f ined as d i s t i l l e d  o r  deionized water t h a t  does 
no t  conta in  substances which are t o x i c  t o  t h e  t e s t  organisms (see Sect ion 5, 
F a c i l i t i e s ,  Equipment, and Suppl ies).  

11.6.15 E f f l u e n t ,  rece i v ing  water, and d i l u t i o n  water - - see Sect ion 7, 
D i l u t i o n  Water; and Sect ion 8, E f f l u e n t  and Receiving Water Sampling, Sample 
Hand1 ing, and Sample Preparat ion f o r  T o x i c i t y  Tests. 

11.6.16 Br ine  Shrimp, Artemia, N a u p l i i  - - f o r  feeding cu l tu res  and t e s t  
organisms 

11.6.16.1 Newly-hatched Artemia n a u p l i i  are used as food (see USEPA, 1993b) 
f o r  fathead minnow, Pimephales promelas, 1 arvae i n  t o x i c i t y  t e s t s  and f rozen 
b r i n e  shrimp and f l a k e  food are used i n  the  maintenance o f  continuous stock 
cu l tu res .  Although the re  are many commercial sources o f  b r i n e  shrimp cysts,  
the  B r a z i l i a n  o r  Colombian s t r a i n s  are c u r r e n t l y  p re fe r red  because the  
suppl ies examined have had low concentrat ions o f  chemical residues and produce 
naupl ii o f  s u i t a b l y  small s ize.  For commercial sources o f  b r i n e  shrimp, 
Artemia, cysts,  see Table 2 o f  Sect ion 5, F a c i l i t i e s ,  Equipment, and Supplies 
and Sect ion 4, Q u a l i t y  Assurance. 

11.6.16.2 Each new batch o f  b r i n e  shrimp, Artemia, cys ts  must be evaluated 
f o r  s i z e  (Vanhaecke and Sorgeloos, 1980, and Vanhaecke e t  a1 ., 1980) and 
n u t r i t i o n a l  s u i t a b i l i t y  (see Leger e t  a1 ., 1985; Leger e t  a l . ,  1986) against  
known s u i t a b l e  reference cys ts  by performing a s ide  by s ide l a r v a l  growth t e s t  
us ing t h e  "new" and " reference" cys ts .  The "reference" cys ts  used i n  t h e  
s u i t a b i l i t y  t e s t  may be a p rev ious l y  t es ted  and acceptable batch o f  cysts,  o r  
may be obtained from t h e  Qual it y  Assurance Branch, Environmental Moni tor ing 
Systems Laboratory, C inc innat i ,  OH 45268; 513-569-7325. A sample o f  
newly-hatched Artemia n a u p l i i  from each new batch o f  cys ts  should be 
chemica'lly analyzed. The Artemia cys ts  should no t  be used i f  the  
concentrat ion o f  t o t a l  organochlor ine exceeds 0.15 pg/g wet weight o r  t h e  
t o t a l  concentrat ion o f  organochlor ine pes t i c i des  p lus  PCBs exceeds 0.30 pg/g 
wet weight. (For a n a l y t i c a l  methods see USEPA, 1982). 



11.6.16.3 Artemia n a u p l i i  are obtained as fo l lows:  

1. Add 1 	L o f  seawater, o r  a s o l u t i o n  prepared by adding 35.0 g uniodized 
s a l t  (NaC1) o r  a r t i f i c i a l  sea s a l t s  t o  1 L deionized water, t o  a 2-L 
separatory funnel,  o r  equivalent .  

2. 	 Add 10 mL Artemia cys ts  t o  t h e  separatory funnel and aerate f o r  24-h a t  
27°C. (Hatching t ime va r ies  w i t h  incubat ion temperature and the  
geographic s t r a i n  o f  Artemia used) (see USEPA, 1991b; USEPA, 1993b and 
ASTM, 1993). 

3. 	 A f t e r  24 h, cu t  o f f  the  a i r  supply i n  the  separatory funnel.  Artemia 
n a u p l i i  are photo tac t ic ,  and w i l l  concentrate a t  the  bottom o f  t h e  
funnel i f  i t  i s  covered f o r  5-10 min. To prevent m o r t a l i t y ,  do no t  
leave the  concentrated n a u p l i i  a t  t h e  bottom o f  the  funnel more than 10 
min w i thout  aera t ion .  

4. 	 Dra in  t h e  n a u p l i i  i n t o  a beaker o r  funnel f i t t e d  w i t h  a 5 150 pm Ni tex@ 
o r  s t a i n l e s s  s tee l  screen, and r i n s e  w i t h  seawater, o r  equivalent ,  
before use. 

11.6.16.4 Test ing Artemia n a u p l i i  as food f o r  t o x i c i t y  t e s t  organisms. 

11.6.16.4.1 The pr imary c r i t e r i o n  f o r  a c c e p t a b i l i t y  o f  each new supply o f  
b r i n e  shrimp cys ts  i s  the  a b i l i t y  o f  the  n a u p l i i  t o  support good su rv i va l  and 
growth o f  the  fathead minnow la rvae  (see Subsection 11.12). The l a rvae  used 
t o  evaluate t h e  s u i t a b i l i t y  o f  the  b r i n e  shrimp n a u p l i i  must be o f  t h e  same 
geographical o r i g i n ,  species, and stage of development as those used r o u t i n e l y  
i n  the t o x i c i t y  t e s t s .  S u f f i c i e n t  da ta  t o  de tec t  d i f f e rences  i n  su rv i va l  and 
growth should be obtained by us ing th ree  r e p l i c a t e  t e s t  vessels, each 
conta in ing a minimum o f  15 larvae,  f o r  each type o f  food. 

11.6.16.4.2 The feedi,ng r a t e  and frequency, t e s t  vessels, volume o f  con t ro l  
water, du ra t i on  o f  t h e  t e s t ,  and age of t h e  n a u p l i i  a t  t h e  s t a r t  o f  t h e  t e s t ,  
should be the  same as used f o r  the  r o u t i n e  t o x i c i t y  t e s t s .  

11.6.16.4.3 Results o f  the  b r i n e  shrimp n u t r i t i o n  assay, where there  are on l y  
two treatments, can be evaluated s t a t i s t i c a l l y  by use o f  a t t e s t .  The "new" 
food i s  acceptable i f  the re  are no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e rences  i n  
the  su rv i va l  and growth of t h e  l a rvae  fed  t h e  two sources o f  n a u p l i i .  

11.6.17 TEST ORGANISMS, FATHEAD MINNOWS, PIMEPHALES PROMELAS 

11.6.17.1 Newly hatched f i s h  l ess  than 24 h o l d  should be used f o r  t h e  t e s t .  
I f  organisms must be shipped t o  the  t e s t i n g  s i t e ,  f i s h  up t o  48 h o l d  may be 
used, a l l  hatched w i t h i n  a 24-h window. 

11.6.17.2 I f  the f i s h  are kept i n  a ho ld ing  tank o r  conta iner ,  most o f  the  
water should be siphoned o f f  t o  concentrate the  f i s h .  The f i s h  are then 
t rans fe r red  one a t  a t ime randomly t o  the  t e s t  chambers u n t i l  each chamber 
conta ins ten  f i s h .  A l te rna te l y ,  f i s h  may be placed one o r  two a t  a t ime i n t o  
small beakers o r  p l a s t i c  conta iners u n t i l  they each conta in  f i v e  f i s h .  Three 
(minimum o f  two) o f  these beakers/p last ic  conta iners are then assigned t o  
randomly-arranged con t ro l  and exposure chambers. 



11.6.17.2.1 The f i s h  are  t r a n s f e r r e d  d i r e c t l y  t o  t h e  t e s t  vessels o r  
in termediate beakers/p last ic  conta iners,  us ing a 1 arge-bore, f i r e - p o l  ished 
g lass tube (6 mm t o  9 mm I.D. X 30 cm long) equipped w i t h  a rubber bulb, o r  a 
l a r g e  volumetr ic  p i p e t  w i t h  t i p  removed and f i t t e d  w i t h  a sa fe ty  type bu lb  
f i l l e r .  The g lass  o r  p l a s t i c  conta iners  should on l y  conta in  a small volume o f  
d i l u t i o n  water. 

11.6.17.2.2 It i s  important  t o  no te  t h a t  l a rvae  should n o t  be handled w i t h  a 
d i p  ne t .  Dipping small f i s h  w i t h  a ne t  may r e s u l t  i n  damage t o  t h e  f i s h  and 
cause m o r t a l i t y .  

11.6.17.3 The t e s t  i s  conducted w i t h  f o u r  (minimum o f  th ree)  t e s t  chambers a t  
each t o x i c a n t  concentrat ion and c o n t r o l .  F i f t e e n  (minimum o f  ten)  embryos are 
placed i n  each r e p l i c a t e  t e s t  chamber. Thus 60 (minimum o f  30) f i s h  are 
exposed a t  each t e s t  concentrat ion.  

11.6.17.4 Sources o f  organisms 

11.6.17.4.1 Fathead minnows, Pimephales promelas, may be obtained from 
commercial b i o l o g i c a l  supply houses. F i sh  obtained from outs ide  sources f o r  
use as brood stock o r  i n  t o x i c i t y  t e s t s  may n o t  always be o f  s u i t a b l e  age and 
q u a l i t y .  F ish  provided by supply houses should be guaranteed t o  be o f  (1) the  
co r rec t  species, ( 2 )  disease f ree ,  (3) i n  t h e  requested age range, and (4)  i n  
good cond i t i on .  This can be done by p rov id ing  the  record  o f  the  date on which 
the  eggs were l a i d  and hatched, and in fo rmat ion  on the  s e n s i t i v i t y  o f  
contemporary f i s h  t o  reference tox icants .  

11.6.17.5 Inhouse Sources o f  Fathead Minnows, Pimephales promelas 

11.6.17.5.1 Problems i n  ob ta in ing  s u i t a b l e  f i s h  from outs ide  l a b o r a t o r i e s  can 
be avoided by developing an inhouse l abo ra to ry  c u l t u r e  f a c i l i t y .  Fathead 
minnows, Pimephales promelas, can be e a s i l y  c u l t u r e d  i n  t h e  l abo ra to ry  from 
eggs t o  adu l t s  i n  s t a t i c ,  r e c i r c u l  a t ing ,  o r  f low-through systems. The 1 arvae, 
juven i les ,  and adu l t  f i s h  should be kept i n  60 L (15 ga l )  o r  76 L (20 g a l )  
r e a r i n g  tanks suppl ied w i t h  r e c o n s t i t u t e d  water, dechlor inated tap  water, o r  
na tura l  water. The water should be analyzed f o r  t o x i c  metals and organics 
q u a r t e r l y  (see Sect ion 4; Qua1it y  Assurance). 

11.6.17.5.1.1 I f  a s t a t i c  o r  r e c i r c u l a t i n g  system i s  used, i t  i s  necessary t o  
equip each tank w i t h  an ou ts ide  a c t i v a t e d  carbon f i l t e r  system, s i m i l a r  t o  
those so ld  f o r  t r o p i c a l  f i s h  hobbyists  ( o r  one l a r g e  ac t i va ted  carbon f i l t e r  
system f o r  a se r ies  o f  tanks) t o  prevent t h e  accumulation o f  t o x i c  metabol ic  
wastes ( p r i n c i p a l l y  n i t r i t e  and ammonia) i n  the  water. 

11.6.17.5.2 Flow-through systems r e q u i r e  l a r g e  volumes o f  water and may no t  
be f e a s i b l e  i n  some labo ra to r i es .  The c u l t u r e  tanks should be shie lded from 
extraneous disturbances us ing opaque cu r ta ins ,  and should be i s o l a t e d  from 
t o x i c i t y  t e s t i n g  a c t i v i t i e s  t o  prevent  contaminat ion. 

11.6.17.5.3 To avoid the  p o s s i b i l i t y  o f  inbreeding o f  the  inhouse brood 
stock, f i s h  from an outs ide  source should be in t roduced y e a r l y  i n t o  the  
c u l t u r e  u n i t .  



11.6.17.5.4 Dissolved oxygen - - The DO concentrat ion i n  t h e  c u l t u r e  tanks 
should be maintained near sa tura t ion ,  us ing gen t l e  ae ra t i on  w i t h  15 cm a i r  
stones i f  necessary. Brungs (1971), i n  a c a r e f u l l y  c o n t r o l l e d  long- term 
study, found t h a t  t h e  growth o f  fa thead minnows was reduced s i g n i f i c a n t l y  a t  
a l l  d isso lved oxygen concentrat ions below 7.9 mg/L. Soderberg (1982) 
presented an a n a l y t i c a l  approach t o  t h e  re -ae ra t i on  o f  f l o w i n g  water f o r  
c u l t u r e  systems. 

11.6.17.5.5 Cu l tu re  Maintenance 

11.6.17.5.5.1 Adequate procedures f o r  c u l t u r e  maintenance must be fo l lowed t o  
avoid poor water q u a l i t y  i n  the  c u l t u r e  system. The spawning and brood stock 
c u l t u r e  tanks should be kept  f r e e  o f  deb r i s  (excess food, d e t r i t u s ,  waste, 
etc . )  by siphoning t h e  accumulated ma te r ia l s  (such as dead b r i n e  shrimp 
n a u p l i i  o r  cys ts )  from t h e  bottom o f  the  tanks d a i l y  w i t h  a g lass siphon tube 
attached t o  a p l a s t i c  hose lead ing  t o  the  f l o o r  d ra in .  The tanks are more 
thoroughly cleaned as requ i red .  Algae, most ly diatoms and green algae, 
growing on the  g lass  o f  t h e  spawning tanks are l e f t  i n  place, except f o r  the  
f r o n t  o f  the  tank, which i s  kept  c lean f o r  observat ion. To avoid excessive 
bu i l d -up  o f  a lga l  growth, the  w a l l s  o f  t h e  tanks are p e r i o d i c a l l y  scraped. 
The l a r v a l  c u l t u r e  tanks are cleaned once o r  tw ice  a week t o  reduce t h e  mass 
o f  fungus growing on t h e  bottom o f  t h e  tank. 

11.6.17.5.5.2 Ac t iva ted  charcoal and f l o s s  i n  the  tank f i l t r a t i o n  systems 
should be changed weekly, o r  more o f t e n  i f  needed. Cu l tu re  water may be 
maintained by prepara t ion  o f  r e c o n s t i t u t e d  water o r  use o f  dech lor ina ted  t a p  
water. D i s t i l l e d  o r  deionized water i s  added as needed t o  compensate f o r  
evaporat ion. 

11.6.17.5.5.3 Before new f i s h  are p laced i n  tanks, s a l t  deposi ts  are removed 
by scraping o r  w i t h  5% a c i d  so lu t ion ,  t h e  tanks are washed w i t h  detergent,  
s t e r i l i z e d  w i t h  a hypoch lo r i t e  so lu t i on ,  and r i n s e d  we l l  w i t h  ho t  t a p  water 
and then w i t h  l abo ra to ry  water. 

11.6.17.5.6 Obta in ing Embryos f o r  T o x i c i t y  Tests 

11.6.17.5.6.1 Embryos can be shipped t o  t h e  l abo ra to ry  from an outs ide  source 
o r  obtained from adu l t s  he ld  i n  the  l abo ra to ry  as described below. 

11.6.17.5.6.2 For breeding tanks, i t  i s  convenient t o  use 60 L (15 ga l )  o r  
76 L (20 ga l )  aquaria. The spawning u n i t  i s  designed t o  s imulate cond i t ions  
i n  nature conducive t o  spawning, such as water temperature and photoperiod. 
Spawning tanks must be he ld  a t  a temperature o f  25 + 2°C. Each aquarium i s  
equipped w i t h  a heater,  i f  necessary, a continuous f i l t e r i n g  u n i t ,  and 
spawning substrates.  The photoperiod f o r  t h e  c u l t u r e  system should be 
maintained a t  16 h l i g h t  and 8 h darkness. For the  spawning tanks, t h i s  
photoperiod must be r i g i d l y  con t ro l l ed .  A convenient photoperiod i s  5:00 AM 
t o  9:00 PM. Fluorescent l i g h t s  should be suspended about 60 cm above t h e  
surface o f  the  water i n  t h e  brood and l a r v a l  tanks. Both DURATESTm and coo l -  
whi te f luorescent  lamps have been used, and produce s i m i l a r  r e s u l t s .  An 
i l l u m i n a t i o n  l e v e l  o f  50 t o  100 f t - c  i s  adequate. 



11.6.17.5.6.3 To s imulate the  na tu ra l  spawning environment, i t  i s  necessary 
t o  prov ide substrates (nes t ing  t e r r i t o r i e s )  upon which t h e  eggs can be 
deposited and f e r t i l i z e d ,  and which are defended and cared f o r  by t h e  males. 
The recommended spawning substrates cons i s t  o f  i nve r ted  h a l f - c y l i n d e r s ,  
7.6 cm x 7.6 cm (3 i n  x 3  i n )  o f  Schedule 40 PVC pipe.  The substrates should 
be placed equ i -d i s tan t  from each o the r  on t h e  bottom o f  t h e  tanks. 

11.6.17.5.6.4 To e s t a b l i s h  a  breeding u n i t ,  15-20 pre-spawning adu l ts  s i x  t o  
e i g h t  months o l d  are taken from a  "ho ld ing"  o r  c u l t u r e  tank and placed i n  a  
76-L spawning tank. A t  t h i s  po in t ,  i t  i s  no t  poss ib le  t o  d i s t i n g u i s h  the  
sexes. However, a f t e r  l ess  than a  week i n  the  spawning tank, t h e  breeding 
males w i l l  develop t h e i r  d i s t i n c t  c o l o r a t i o n  and t e r r i t o r i a l  behavior, and 
spawning w i l l  begin. As the  breeding males are i d e n t i f i e d ,  a l l  bu t  two are 
removed, p rov id ing  a  f i n a l  r a t i o  o f  5-6 females per male. The excess spawning 
substrates are used as s h e l t e r  by t h e  females. 

11.6.17.5.6.5 Sexing o f  t h e  f i s h  t o  ensure a  co r rec t  female/male r a t i o  i n  
each tank can be a  problem. However, the  task  usua l l y  becomes eas ier  as 
experience i s  gained (F l  i ck inge r ,  1966). Sexual ly mature females usua l l y  have 
l a r g e  b e l l i e s  and a  tapered snout. The sexua l ly  mature males are usua l l y  
d i s t i ngu i shed  by t h e i r  l a r g e r  o v e r a l l  s ize ,  dark v e r t i c a l  c o l o r  bands, and the  
spongy n u p t i a l  tuberc les  on the  snout. Unless t h e  males e x h i b i t  these 
secondary breeding c h a r a c t e r i s t i c s ,  no re1  iabl e  method has been found t o  
d i s t i n g u i s h  them from females. However, us ing the  c o l o r a t i o n  o f  t h e  males and 
the  presence o f  enlarged urogen i ta l  s t ruc tu res  and o ther  c h a r a c t e r i s t i c s  o f  
the females, the  co r rec t  se lec t i on  o f  the  sexes can usua l l y  be achieved by 
t r i a l  and e r r o r .  

11.6.17.5.6.6 Sexual ly immature males are usua l l y  recognized by t h e i r  
aggressive behavior and p a r t i a l  banding. These undeveloped males must be 
removed from the  spawning tanks because they w i l l  ea t  the  eggs and cons tant ly  
harass the  mature males, t i r i n g  them and reducing the  fecund i ty  o f  the  
breeding u n i t .  Therefore, the  f i s h  i n  the  spawning tanks must be c a r e f u l l y  
checked p e r i o d i c a l l y  f o r  e x t r a  males. 

11.6.17.5.6.7 A breeding u n i t  should remain i n  t h e i r  spawning tank about f ou r  
months. Thus, each brood tank o r  u n i t  i s  stocked w i t h  new spawners about 
th ree  t imes a  year.  However, the  res tock ing  process i s  ro ta ted  so t h a t  a t  any 
one t ime the  spawning tanks conta in  d i f f e r e n t  age groups o f  brood f i s h .  

11.6.17.5.6.8 Fathead minnows spawn most ly  i n  the  e a r l y  morning hours. They 
should no t  be d is tu rbed except f o r  a  morning feeding (8:OO AM) and d a i l y  
examination o f  substrates f o r  eggs i n  l a t e  morning o r  e a r l y  afternoon. I n  
nature, the  male pro tec ts ,  cleans, and aerates the  eggs u n t i l  they hatch. 
I n  the  labora tory ,  however, i t  i s  necessary t o  remove the  eggs from the tanks 
t o  prevent them from being eaten by t h e  adul ts ,  f o r  ease o f  handl ing, f o r  
purposes o f  record ing embryo count and h a t c h a b i l i t y ,  and f o r  the  use o f  the  
newly hatched young f i s h  f o r  t o x i c i t y  t e s t s .  

11.6.17.5.6.9 Da i ly ,  beginning s i x  t o  e i g h t  hours a f t e r  the  l i g h t s  are turned 
on (11:OO AM - 1:00 PM) ,  the  substrates i n  the  spawning tanks are each l i f t e d  
c a r e f u l l y  and inspected f o r  embryos. Substrates w i thout  embryos are 



immediately re tu rned t o  t h e  spawning tank. Those w i t h  embryos are immersed i n  
c lean water i n  a c o l l e c t i n g  t ray ,  and replaced w i t h  a c lean substrate.  A 
d a i l y  record  i s  maintained o f  each spawning s i t e  and t h e  est imated number o f  
embryos on t h e  substrate.  

11.6.17.5.6.10 Three d i f f e r e n t  methods are described f o r  embryo incubat ion.  

1. Incubat ion o f  Embrvos on t h e  Substrates: Several (2-4) substrates 
are placed on end i n  a c i r c u l a r  p a t t e r n  ( w i t h  t h e  embryos on t h e  inners ide)  i n  
10 cm o f  water i n  a t r a y .  The t r a y  i s  then placed i n  a constant temperature 
water bath, and the  embryos are aerated w i t h  a 2.5 cm a i r s tone  placed i n  t h e  
center  o f  t h e  c i r c l e .  The embryos are  examined d a i l y ,  and the  dead and 
fungused embryos are counted, recorded, and removed w i t h  forceps. A t  an 
incubat ion temperature o f  25-C, 50% hatch occurs i n  f i v e  days. A t  22'C 
embryos incubated on aerated t i l e s  r e q u i r e  7 days f o r  50% hatch. 

2. Incubat ion o f  Embrvos i n  a Sevaratorv Funnel: The embryos are removed 
from t h e  substrates w i t h  a r o l l i n g  a c t i o n  o f  t h e  index f i n g e r  ( " r o l l e d  o f f " )  
(Gast and Brungs, 1973), t h e i r  t o t a l  volume i s  measured, and the  number o f  
embryos i s  ca l cu la ted  us ing a conversion f a c t o r  o f  approximately 430 
embryos/mL. The embryos are incubated i n  about 1.5 L o f  water i n  a 2 L 
separatory funnel maintained i n  a water bath. The embryos are s t i r r e d  i n  the  
separatory funnel by bubbl ing a i r  from the  t i p  o f  a p l a s t i c  m ic ro -p ipe t te  
placed a t  the  bottom, i ns ide  the  separatory funnel .  During the  f i r s t  two 
days, t h e  embryos are taken from t h e  funnel d a i l y ,  those t h a t  are dead and 
fungused are removed, and those t h a t  are a l i v e  are re turned t o  t h e  separatory 
funnel i n  clean water. The embryos hatch i n  f o u r  days a t  a temperature o f  
25OC. However, u s u a l l y  on day th ree  the  eyed embryos are removed from t h e  
separatory funnel and placed i n  water i n  a p l a s t i c  t r a y  and g e n t l y  aerated 
w i t h  an a i r  stone. Using t h i s  method, the  embryos hatch i n  f i v e  days. 
Hatching t ime i s  g r e a t l y  in f luenced by the  amount o f  a g i t a t i o n  o f  the  embryos 
and the  incubat ion temperature. I f  on day th ree  the  embryos are t r a n s f e r r e d  
from the  separatory funnel t o  a s t a t i c ,  unaerated conta iner ,  a  50% hatch w i l l  
occur i n  s i x  days ( ins tead o f  f i v e )  and a 100% hatch w i l l  occur i n  seven days. 
I f  t h e  c u l t u r e  system i s  operated a t  22"C, embryos incubated on aerated t i l e s  
requ i re  seven days f o r  50% hatch. 

3. Incubat ion i n  Embrvo Incubat ion CUDS: The embryos are " r o l l e d  o f f "  t h e  
substrates, and the  t o t a l  number i s  est imated by determin ing the  volume. The 
embryos are then placed i n  incubat ion  cups attached t o  a rocker  arm assembly 
(Mount, 1968). Both f low-through and s t a t i c  renewal incubat ion have been 
used. On day one, the  embryos are removed from the  cups and those t h a t  are 
dead and fungused are removed. A f t e r  day one on l y  dead embryos are removed 
from the  cups. During t h e  incubat ion  per iod,  the  eggs are examined d a i l y  f o r  
v i a b i l i t y  and fungal growth, u n t i l  they  hatch. U n f e r t i l i z e d  eggs, and eggs 
t h a t  have become i n f e c t e d  by fungus, should be removed w i t h  forceps us ing a 
t a b l e  top  m a g n i f i e r - i l l  uminator. Non-viable eggs become m i l k y  and opaque, and 
are e a s i l y  recognized. The non-v iable eggs are very suscept ib le  t o  fungal 
i n f e c t i o n ,  which may then spread throughout the  egg mass. Removal o f  fungus 
should be done qu ick ly ,  and the  substrates should be returned t o  the  
incubat ion tanks as r a p i d l y  as poss ib le  so t h a t  t h e  good eggs are no t  damaged 
by des icca t ion .  Hatching takes fou r  t o  f i v e  days a t  an opt imal temperature o f  



25°C. Hatching can be delayed several (two t o  fou r )  days by incubat ing  a t  
lower temperatures. A  1  arge p l a s t i c  tank rece i v ing  r e c i r c u l  a t i n g  water from a  
temperature c o n t r o l  u n i t ,  can be used as a  water bath f o r  incubat ion  o f  
embryos. 

11.6.17.5.6.11 Newly-hatched l a rvae  are t rans fe r red  d a i l y  from t h e  egg 
incubat ion apparatus t o  smal l  r e a r i n g  tanks, us ing  a  l a r g e  bore p ipe t te ,  u n t i l  
the  hatch i s  complete. New r e a r i n g  tanks are se t  up on a  d a i l y  bas is  t o  
separate f i s h  by age group. Approximately 1500 newly hatched l a rvae  are 
placed i n  a  60-L (15 g a l )  o r  76-L (20 g a l )  a l l - g l a s s  aquarium f o r  30 days. 
A dens i t y  o f  150 f r y  per  l i t e r  i s  s u i t a b l e  f o r  the  f i r s t  f o u r  weeks. The 
water temperature i n  the  r e a r i n g  tanks i s  al lowed t o  f o l l o w  ambient l abo ra to ry  
temperatures o f  20-25"C, bu t  sudden, extreme v a r i a t i o n s  i n  temperature must be 
avoided. 

11.6.17.5.7 Food and Feeding 

11.6.17.5.7.1 The amount o f  food and feeding schedule a f f e c t s  both growth and 
egg product ion.  The spawning f i s h  and pre-spawners i n  ho ld ing  tanks usua l l y  
are fed  a l l  t h e  a d u l t  f rozen b r i n e  shrimp and t r o p i c a l  f i s h  f l a k e  food o r  d ry  
commercial f i s h  food (No. 1  o r  No. 2  granules) t h a t  they can eat  (ad l i b i t u m )  
a t  the  beginning o f  t h e  work day and i n  the  l a t e  afternoon (8:OO AM and 4:00 
PM). The f i s h  are fed  tw ice  a  day ( tw i ce  a  day w i t h  d ry  food and once a  day 
w i t h  a d u l t  shrimp) dur ing  t h e  week and once a  day on weekends. 

11.6.17.5.7.2 Fathead minnow la rvae  are fed  f reshly-hatched b r i n e  shrimp 
(Artemia) n a u p l i i  tw i ce  d a i l y  u n t i l  they are f o u r  weeks o ld .  U t i l i z a t i o n  o f  
o lde r  ( l a r g e r )  b r i n e  shrimp n a u p l i i  may r e s u l t  i n  s t a r v a t i o n  o f  the  young f i s h  
because they are unable t o  inges t  t h e  l a r g e r  food organisms (see 
Subsection 11.6.16 o r  USEPA, 1993b f o r  i n s t r u c t i o n s  on the  preparat ion o f  
b r i n e  shrimp n a u p l i i ) .  

11.6.17.5.7.3 F ish  o lde r  than fou r  weeks are fed  f rozen b r i n e  shrimp and 
commercial f i s h  s t a r t e r  (#1 and #2), which i s  ground f i s h  meal enriched w i t h  
v i tamins.  As the  f i s h  grow, l a r g e r  p e l l e t  s izes are used, as appropr iate.  
(S ta r te r ,  No. 1 and N. 2  granules, U.S. F i sh  and W i l d l i f e  Service Formulat ion 
Spec i f i ca t i on  D i e t  SD9-30, can be obta ined from Ze ig le r  Bros., Inc., P.O. Box 
90, Gardners, PA 17324). Newly hatched b r i n e  shrimp naupl ii, and f rozen adu l t  
b r i n e  shrimp (San Francisco Bay Brand) are fed  t o  the  f i s h  cu l tu res  i n  volumes 
based on age, s ize ,  and number o f  f i s h  i n  the  tanks. 

11.6.17.5.7.4 F ish  i n  t h e  l a r v a l  tanks (from hatch t o  30 days o l d )  are fed  
commerci a1 s t a r t e r  f i s h  food a t  the  beginning and end o f  the  work day, and 
newly hatched b r i n e  shrimp n a u p l i i  ( f rom the  b r i n e  shrimp c u l t u r e  u n i t )  once a  
day, usua l l y  mid-morning and mid-afternoon. 

11.6.17.5.7.5 Attempts should be made t o  avoid i n t roduc ing  Artemia cys ts  and 
empty s h e l l s  when the  b r i n e  shrimp n a u p l i i  are fed  t o  the  f i s h  la rvae.  Some 
o f  the m o r t a l i t y  o f  the l a r v a l  f i s h  observed i n  cu l tu res  could be caused from 
the  i nges t i on  o f  these mater ia ls .  



11.6.17.5.8 Disease Control  

11.6.17.5.8.1 F ish  are observed d a i l y  f o r  abnormal appearance o r  behavior.  
Bac te r i a l  o r  fungal i n f e c t i o n s  are t h e  most common diseases encountered. 
However, i f  normal precaut ions are taken, disease outbreaks w i l l  r a r e l y ,  i f  
ever, occur. Hoffman and M i t c h e l l  (1980) have pu t  together  a 1 i s t  o f  some 
chemicals t h a t  have been used commonly f o r  f i s h  diseases and pests. 

11.6.17.5.8.2 I n  aquat ic  c u l t u r e  systems where f i l t r a t i o n  i s  u t i l i z e d ,  the  
a p p l i c a t i o n  o f  c e r t a i n  a n t i b a c t e r i a l  agents should be used w i t h  caut ion.  
A t reatment w i t h  a s i n g l e  dose o f  a n t i b a c t e r i a l  drugs can i n t e r r u p t  n i t r a t e  
reduc t ion  and stop n i t r i f i c a t i o n  f o r  var ious per iods o f  time, r e s u l t i n g  i n  
changes i n  pH, and i n  ammonia, n i t r i t e  and n i t r a t e  concentrat ions ( C o l l i n s  e t  
a1 ., 1976). These changes could cause the  death o f  the  c u l t u r e  organisms. 

11.6.17.5.8.3 Do no t  t r a n s f e r  equipment from one tank t o  another w i thout  
f i r s t  d i s i n f e c t i n g  tanks and nets.  I f  an outbreak o f  disease occurs, any
equipment, such as nets,  a i r l i n e s ,  tanks, etc . ,  which has been exposed t o  
diseased f i s h  should be d i s i n f e c t e d  w i t h  sodium hypoch lor i te .  Also t o  avoid 
the  contamination o f  c u l t u r e s  o r  spread o f  disease, each t ime nets are used t o  
remove l i v e  o r  dead f i s h  from tanks, they are f i r s t  s t e r i l i z e d  w i t h  sodium 
hypoch lor i te  o r  formal in ,  and r i nsed  i n  hot  tap  water. Before a new l o t  of 
f i s h  i s  t rans fe r red  t o  c u l t u r e  tanks, the  tanks are cleaned and s t e r i l i z e d  as 
described above. 

11.6.17.5.8.4 It i s  recommended t h a t  chronic  t o x i c i t y  t e s t s  be performed 
monthly w i t h  a reference tox i can t .  Newly hatched fathead minnow la rvae  l ess  
than 24 h o l d  are used t o  moni tor  t h e  chronic  t o x i c i t y  o f  the  reference 
tox i can t  t o  the  t e s t  f i s h  produced by the  c u l t u r e  u n i t  (see Sect ion 4, Q u a l i t y  
Assurance). 

11.6.17.5.9 Record Keeping 

11.6.17.5.9.1 Records, kept  i n  a bound notebook, inc lude:  (1) type o f  food 
and t ime o f  feeding f o r  a l l  f i s h  tanks; (2) t ime o f  examination o f  the  t i l e s  
f o r  embryos, the est imated number o f  embryos on the  t i l e ,  and the t i l e  
p o s i t i o n  number; (3 )  est imated number o f  dead embryos and embryos w i t h  fungus 
observed dur ing  the  embryonic development stages; (4) source o f  a l l  f i s h ;  (5)
d a i l y  observat ion o f  the  cond i t i on  and behavior o f  the  f i s h ;  and (6)  dates and 
r e s u l t s  o f  reference t o x i c a n t  t e s t s  performed (see Sect ion 4 ,  Q u a l i t y  
Assurance). 

11.7 EFFLUENT AND RECEIVING WATER COLLECTION, PRESERVATION, AND STORAGE 

11.7.1 See Sect ion 8, E f f l u e n t  and Receiving Water Sampling, Sample Hand1 ing ,  
and Sample Preparat ion f o r  T o x i c i t y  Tests. 

11.8 CALIBRATION AND STANDARDIZATION 

11.8.1 See Sect ion 4, Q u a l i t y  Assurance. 



11.9 QUALITY CONTROL 

11.9.1 See Sect ion 4, Q u a l i t y  Assurance. 

11.10 TEST PROCEDURES 

11.10.1 TEST SOLUTIONS 

11.10.1.1 Receiving Waters 

11.10.1.1.1 The sampling p o i n t  i s  determined by t h e  ob jec t i ves  o f  the  t e s t .  
Receiving water t o x i c i t y  i s  determined w i t h  samples used d i r e c t l y  as c o l l e c t e d  
o r  a f t e r  samples are passed through a 60 pm NITEX@ f i l t e r  and compared w i thout  
d i l u t i o n ,  against  a c o n t r o l .  Using f o u r  r e p l i c a t e  chambers per  t e s t ,  each 
conta in ing  250 mL, and 400 mL f o r  chemical analyses, would r e q u i r e  
approximately 1.5 L o r  more o f  sample per  t e s t  per  day. 

11.10.1.2 E f f l u e n t s  

11.10.1.2.1 The se lec t i on  o f  t h e  e f f l u e n t  t e s t  concentrat ions should be based 
on the  ob jec t i ves  o f  t h e  study. A d i l u t i o n  f a c t o r  o f  0.5 i s  commonly used. 
A d i l u t i o n  f a c t o r  o f ' 0 . 5  provides p r e c i s i o n  o f  + loo%, and t e s t i n g  o f  
concentrat ions between 6.25% and 100% e f f l u e n t  us ing on ly  f i v e  e f f l u e n t  
concentrat ions (6.25%, 12.5%, 25%, 50%, and 100%). Test p rec i s ion  shows 
l i t t l e  improvement as t h e  d i l u t i o n  f a c t o r  i s  increased beyond 0.5, and 
dec l ines  r a p i d l y  i f  a smal ler  d i l u t i o n  f a c t o r  i s  used. Therefore, USEPA 
recommends t h e  use o f  t h e  t 0.5 d i l u t i o n  fac to r .  

11.10.1.2.2 I f  t h e  e f f l u e n t  i s  known o r  suspected t o  be h i g h l y  t o x i c ,  a lower 
range o f  e f f l u e n t  concentrat ions should be used (such as 25%, 12.5%, 6.25%, 
3.12%, and 1.56%). I f  a h igh  r a t e  o f  m o r t a l i t y  i s  observed dur ing  the  f i r s t  
1 t o  2 h o f  t h e  t e s t ,  add i t i ona l  d i l u t i o n s  should be added a t  t h e  lower range 
o f  e f f l u e n t  concentrat ions.  

11.10.1.2.3 The volume o f  e f f l u e n t  requ i red  f o r  d a i l y  renewal o f  f o u r  
rep1 i ca tes  per  concentrat ion,  each conta in ing  250 mL o f  t e s t  so lu t i on ,  i s  
approximately 2.5 L. S u f f i c i e n t  t e s t  s o l u t i o n  (approximately 1500 mL) i s  
prepared a t  each e f f l u e n t  concent ra t ion  t o  prov ide 400 mL add i t i ona l  volume 
f o r  chemical analyses a t  t h e  h igh,  medium, and low t e s t  concentrat ions. 
I f  the  sample i s  used f o r  more than one d a i l y  renewal o f  t e s t  so lu t ions ,  the  
volume must be increased p ropo r t i ona te l y .  

11.10.1.2.4 Tests should beg in  as soon as possib le,  p re fe rab l y  w i t h i n  24 h o f  
sample c o l l e c t i o n .  The maximum ho ld ing  t ime f o l l o w i n g  r e t r i e v a l  o f  the  sample 
from the  sampling device should no t  exceed 36 h f o r  o f f - s i t e  t o x i c i t y  t e s t s  
unless permission i s  granted by t h e  p e r m i t t i n g  au tho r i t y .  I n  no case should 
the  sample be used f o r  t h e  f i r s t  t ime i n  a t e s t  more than 72 h a f t e r  sample 
c o l l e c t i o n  (see Sect ion 8, E f f l u e n t  and Receiving Water Sampl ing, Sample 
Hand1 ing,  and Sample Preparat ion f o r  T o x i c i t y  Tests) .  

11.10.1.2.5 Jus t  p r i o r  t o  t e s t  i n i t i a t i o n  (approximately 1 h) the  temperature 
o f  s u f f i c i e n t  q u a n t i t y  o f  the  sample t o  make t h e  t e s t  so lu t i ons  should be 



adjusted t o  the  t e s t  temperature and maintained a t  t h a t  temperature du r ing  t h e  
add i t i on  o f  d i l u t i o n  water. 

11.10.1.2.6 The DO o f  t h e  t e s t  so lu t i ons  should be checked p r i o r  t o  t h e  t e s t  
i n i t i a t i o n .  I f  any o f  the  so lu t i ons  are supersaturated w i t h  oxygen o r  any 
s o l u t i o n  has a DO concentrat ion below 4.0 mg/L, a l l  o f  the  so lu t i ons  and the  
con t ro l  must be g e n t l y  aerated. 

11.10.1.3 D i l u t i o n  Water 

11.10.1.3.1 D i l u t i o n  water may be uncontaminated rece i v ing  water, a  standard 
syn the t i c  ( recons t i t u ted )  water, o r  some o ther  uncontaminated na tu ra l  water 
(see Sect ion 7, D i l u t i o n  Water). 

11.10.2 START OF THE TEST 

11.10.2.1 Label the  t e s t  chambers w i t h  a marking pen. Use o f  color-coded 
tape t o  i d e n t i f y  each treatment and r e p l i c a t e  i s  h e l p f u l .  A minimum o f  f i v e  
e f f l u e n t  concentrat ions and a con t ro l  are used f o r  each e f f l u e n t  t e s t .  Each 
treatment ( i n c l u d i n g  t h e  c o n t r o l )  should have f o u r  (minimum o f  th ree)  
rep1 i ca tes .  

11.10.2.2 Tests performed i n  l a b o r a t o r i e s  t h a t  have in-house fathead minnow 
breeding c u l t u r e s  should use l a rvae  l e s s  than 24 h o ld .  When eggs o r  l a rvae  
must be shipped t o  the  t e s t  s i t e  from a remote l oca t i on ,  i t  may be necessary 
t o  use l a rvae  o lde r  than 24 h because o f  t h e  d i f f i c u l t y  i n  coord ina t ing  t e s t  
organism shipments w i t h  f i e l d  operat ions.  However, i n  t h e  l a t t e r  case, t h e  
la rvae should no t  be more than 48 h o l d  a t  the  s t a r t  o f  the  t e s t  and should 
a l l  be w i t h i n  24 h o f  t h e  same age. 

11.10.2.3 Randomize the  p o s i t i o n  o f  t e s t  chambers a t  the  beginning o f  t h e  
t e s t  (see Appendix A). Ma in ta in  t h e  chambers i n  t h i s  con f i gu ra t i on  throughout 
the  t e s t .  Preparat ion o f  a p o s i t i o n  c h a r t  may be h e l p f u l .  

11.10.2.4 The l a rvae  are pooled and p laced one o r  two a t  a t ime i n t o  each 
randomly arranged t e s t  chamber o r  in termediate conta iner  i n  sequential  order,  
u n t i l  each chamber conta ins  15 (minimum of 10) larvae,  f o r  a t o t a l  o f  
60 l a rvae  (minimum o f  30) f o r  each concentrat ion (see Appendix A). The t e s t  
organisms should come from a pool o f  1 arvae cons i s t i ng  o f  a t  l e a s t  t h ree  
separate spawnings. The amount o f  water added t o  t h e  chambers when 
t r a n s f e r r i n g  the  l a rvae  should be kept  t o  a minimum t o  avoid unnecessary 
d i l u t i o n  o f  t h e  t e s t  concentrat ions.  

11.10.2.4.1 The chambers may be p laced on a l i g h t  t a b l e  t o  f a c i l i t a t e  
count ing the  1 arvae. 

11.10.3 LIGHT, PHOTOPERIOD, AND TEMPERATURE 

11.10.3.1 The l i g h t  q u a l i t y  and i n t e n s i t y  should be a t  ambient l abo ra to ry  
l eve l s ,  which i s  approximately 10-20 pE/m/s, o r  50 t o  100 f o o t  candles 
( f t - c ) ,  w i t h  a photoperiod o f  16 h o f  l i g h t  and 8 h o f  darkness. The water 
temperature i n  t h e  t e s t  chambers should be maintained a t  25 + 1 ° C .  
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11.10.4 DISSOLVED OXYGEN (DO) CONCENTRATION 

11.10.4.1 Aera t ion  may a f f e c t  t he  t o x i c i t y  o f  e f f l u e n t s  and should be used 
on l y  as a l a s t  r e s o r t  t o  ma in ta in  s a t i s f a c t o r y  DO concentrat ions.  The DO 
concentrat ions should be measured i n  t h e  new so lu t i ons  a t  t he  s t a r t  o f  t he  
t e s t  (Day 0) and before d a i l y  renewal o f  t h e  t e s t  so lu t i ons  on subsequent 
days. The DO concentrat ions should n o t  f a l l  below 4.0 mg/L (see Sect ion 8, 
E f f l u e n t  and Receiving Water Sampl ing ,  Sample Hand1 ing,  and Sample Preparat ion 
f o r  T o x i c i t y  Tests) .  I f  i t  i s  necessary t o  aerate, a l l  concentrat ions and the  
c o n t r o l  should be aerated. The ae ra t i on  r a t e  should no t  exceed 100 
bubbles/min, us ing  a p i p e t  w i t h  an o r i f i c e  o f  approximately 1.5 mm, such as a 
I-mL, KIMAX@ se ro log i ca l  p ipe t ,  No. 37033, o r  equ iva len t .  Care should be 
taken t o  ensure t h a t  turbulence r e s u l t i n g  from ae ra t i on  does no t  cause undue 
physica l  s t ress  t o  t he  f i s h .  

11.10.5 FEEDING 

11.10.5.1 The f i s h  i n  each t e s t  chamber are fed  0.1 g (approximately 700 t o  
1000) o f  a  concentrated suspension o f  newly hatched ( l ess  than 24-h o ld )  b r i n e  
shrimp n a u p l i i  t h ree  t imes d a i l y  a t  4-h i n t e r v a l s  or,  as a minimum, 0.15 g are 
fed  tw i ce  d a i l y  a t  an i n t e r v a l  o f  6 h. Equal amounts o f  n a u p l i i  must be added 
t o  each r e p l i c a t e  chamber t o  reduce v a r i a b i r i t y  i n  l a r v a l  weight.  S u f f i c i e n t  
numbers o f  n a u p l i i  should be prov ided t o  assure t h a t  some remain a l i v e  i n  t he  
t e s t  chambers a t  t he  nex t  feeding, b u t  no t  i n  excessive amounts which w i l l  
r e s u l t  i n  dep le t i on  o f  DO below acceptable l e v e l s  (below 4.0 mg/L). 

11.10.5.2 The feeding schedule w i l l  depend on when the  t e s t  so lu t i ons  are 
renewed. I f  the  t e s t  i s  i n i t i a t e d  a f t e r  12:OO PM, t h e  l a r vae  may be fed  on l y  
once the  f i r s t  day. On f o l l o w i n g  days, t h e  l a r vae  normal ly  would be fed  a t  
t he  beginning o f  t he  work day, a t  l e a s t  2 h  be fore  t e s t  s o l u t i o n  renewal, and 
a t  t he  end o f  t h e  work day, a f t e r  t e s t  s o l u t i o n  renewal. However, i f  the  t e s t  
so lu t i ons  are changed a t  t he  beginning o f  t he  work day, t he  f i r s t  feeding 
would be a f t e r  t e s t  s o l u t i o n  renewal i n  t he  morning, and the  remaining 
feeding(s)  would be a t  t h e  appropr ia te  i n t e r v a l s .  The l a rvae  are no t  fed  
du r i ng  the  f i n a l  12 h o f  t h e  t e s t .  

11.10.5.3 The n a u p l i i  should be r i n s e d  w i t h  f reshwater  t o  remove s a l i n i t y  
before use (see USEPA, 1993b). A t  feeding t ime p i p e t t e  about 5 mL (5 g) o f  
concentrated newly hatched b r i n e  shrimp n a u p l i i  i n t o  a 120 mesh ny lon  ne t  o r  
p l a s t i c  cup w i t h  ny lon  mesh bottom. Slowly run  f reshwater  through the  ne t  o r  
r i n s e  by immersing the  cup i n  a conta iner  o f  f r e s h  water several  t imes. 
Resuspend the  b r i n e  shrimp i n  10 mL o f  f r e s h  water i n  a 30 mL beaker o r  s imply 
set  t he  cup o f  washed b r i n e  shrimp i n  % inch  o f  f r e s h  water so t h a t  t he  cup 
conta ins about 10 mL o f  water. A l low the  conta iner  t o  se t  f o r  a  minute o r  two 
t o  a l l ow  dead n a u p l i i  and empty cys t s  t o  s e t t l e  o r  f l o a t  t o  t he  sur face before 
c o l l e c t i n g  t h e  b r i n e  shrimp from j u s t  below the  sur face i n  a p i p e t t e  f o r  
feeding. D i s t r i b u t e  2 drops (0.1 g) o f  t he  b r i n e  shrimp t o  each t e s t  chamber. 
I f  the  s u r v i v a l  r a t e  i n  any t e s t  chamber f a l l s  below 50%, reduce t h e  feeding 
i n  t h a t  chamber t o  1 drop o f  b r i n e  shrimp a t  each subsequent feeding. 



11.10.6 OBSERVATIONS DURING THE TEST 

11.10.6.1 Routine Chemical and Physical Determinat ions 

11.10.6.1.1 DO i s  measured a t  the  beginning and end o f  each 24-h exposure 
pe r iod  i n  a t  l e a s t  one t e s t  chamber a t  each t e s t  concentrat ion and i n  the  
con t ro l .  

11.10.6.1.2 Temperature and pH are measured a t  t h e  end o f  each 24-h exposure 
per iod  i n  a t  l e a s t  one t e s t  chamber a t  each t e s t  concentrat ion and i n  the  
con t ro l .  Temperature should a lso  be monitored cont inuously  o r  observed and 
recorded d a i l y  f o r  a t  l e a s t  two l o c a t i o n s  i n  the  environmental con t ro l  system 
o r  t h e  samples. Temperature should be measured i n  a s u f f i c i e n t  number o f  t e s t  
vessels a t  l e a s t  a t  t h e  end o f  t h e  t e s t  t o  determine the  temperature v a r i a t i o n  
i n  the  environmental chamber. 

11.10.6.1.3 The pH i s  measured i n  t h e  e f f l u e n t  sample each day before new 
t e s t  so lu t i ons  are made. 

11.10.6.1.4 Conduct iv i ty ,  a1 k a l i n i t y  and hardness are measured i n  each new 
sample (100% e f f l u e n t  o r  rece i v ing  water) and i n  the  con t ro l .  

11.10.6.1.5 Record a l l  the  measurements on t h e  data sheet (F igure, l ) .  

11.10.6.2 Routine B i o l o g i c a l  Observations 

11.10.6.2.1 The number o f  l i v e  l a r v a e  i n  each t e s t  chamber are recorded d a i l y  
(F igure 2), and the  dead l a rvae  are discarded. 

11.10.6.2.2 Pro tec t  the  l a rvae  from unnecessary d is turbance du r ing  the  t e s t  
by c a r r y i n g  out  t h e  d a i l y  t e s t  observat ions, s o l u t i o n  renewals, and removal o f  
dead larvae,  c a r e f u l l y .  Make sure t h e  l a rvae  remain immersed dur ing  the  
performance o f  these operat ions. 

11.10.7 DAILY CLEANING OF TEST CHAMBERS 

11.10.7.1 Before the  d a i l y  renewal o f  t e s t  so lu t ions ,  uneaten and dead 
Artemia, dead f i s h  larvae,  and o ther  debr is  are removed from t h e  bottom o f  the  
t e s t  chambers w i t h  a siphon hose. A l t e r n a t e l y ,  a  l a r g e  p i p e t  (50 mL) f i t t e d  
w i t h  a rubber bu lb  can be used. Because o f  t h e i r  small s i ze  dur ing  the  f i r s t  
few days o f  t h e  tes ts ,  l a r v a e  are e a s i l y  drawn i n t o  t h e  siphon tube o r  p i p e t  
when c leaning the  t e s t  chambers. By p lac ing  the  t e s t  chambers on a l i g h t  box, 
inadver tent  removal o f  l a r vae  can be g r e a t l y  reduced because they can be more 
e a s i l y  seen. I f  the  water siphoned from the  t e s t  chambers i s  c o l l e c t e d  i n  a 
wh i te  p l a s t i c  t ray ,  t h e  l a rvae  caught up i n  the  siphon can be r e t r i e v e d  and 
returned t o  t h e  chambers. Any incidence o f  removal o f  l i v e  l a rvae  from the  
t e s t  chambers du r ing  cleaning, and subsequent r e t u r n  t o  t h e  chambers, should 
be noted i n  t h e  records. 



Discharger:  Analyst:  
Location: Dates: 

Dav 

Figure 1. 	 Data form f o r  the  fathead minnow, Pimephales promelas, l a r v a l  
surv iva l  and growth t e s t .  Routine chemical and physical  
determinat ions.  



Discharger: Analyst : 
Location: Dates: 

Dav 

Figure 1. 	 Data form f o r  t h e  fathead minnow, Pimephales promelas, l a r v a l  
surv iva l  and growth t e s t .  Routine chemical and physical  
determinations (CONTINUED). 



Discharger: Dates: 
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Figure 2. 	 Mortality data for the fathead minnow, Pimephales promelas, 

larval survival and growth test. 




11.10.8 TEST SOLUTION RENEWAL 

11.10.8.1 Freshly prepared so lu t i ons  are used t o  renew t h e  t e s t s  d a i l y  
immediately a f t e r  c lean ing  the  t e s t  chambers. For o n - s i t e  t o x i c i t y  s tudies,  
f resh  e f f l u e n t  o r  r e c e i v i n g  water samples should be c o l l e c t e d  d a i l y ,  and no 
more than 24 h should elapse between c o l l e c t i o n  o f  t h e  samples and t h e i r  use 
i n  the  t e s t s  (see Sect ion 8, E f f l u e n t  and Receiving Water Sampling, Sample 
Holding, and Sample Preparat ion f o r  T o x i c i t y  Tests).  For o f f - s i t e  t e s t s ,  a 
minimum o f  th ree  samples are co l l ec ted ,  p re fe rab l y  on days one, three, and 
f i v e .  Ma in ta in  the  samples i n  t h e  r e f r i g e r a t o r  a t  4°C u n t i l  used. 

11.10.8.2 For t e s t  s o l u t i o n  renewal, t h e  water l e v e l  i n  each chamber i s  
lowered t o  a depth o f  7 t o  10 mm, which leaves 15 t o  20% o f  the  t e s t  so lu t i on .  
New t e s t  s o l u t i o n  (250 mL) should be added s lowly by pour ing down t h e  s ide  o f  
the  t e s t  chamber t o  avoid excessive turbulence and poss ib le  i n j u r y  t o  the  
1 arvae. 

11.10.9 TERMINATION OF THE TEST 

11.10.9.1 The t e s t  i s  terminated a f t e r  seven days o f  exposure. A t  t e s t  
terminat ion,  dead l a rvae  are removed and discarded. The s u r v i v i n g  l a rvae  i n  
each t e s t  chamber ( r e p l i c a t e )  a re  counted and immediately prepared as a group 
f o r  d r y  weight determinat ion, o r  are preserved as a group i n  70% ethanol o r  
4% formal in .  Preserved organisms are  d r i e d  and weighed w i t h i n  7 days. For 
safety,  f o rma l i n  should be used under a hood. 

11.10.9.2 For immediate d ry ing  and weighing, p lace  l i v e  l a rvae  onto a 500 pm 
mesh screen i n  a l a r g e  beaker t o  wash away deb r i s  t h a t  might con t r i bu te  t o  the  
d ry  weight.  Each group o f  l a rvae  i s  r i n s e d  w i t h  deionized water t o  remove 
food p a r t i c l e s ,  t r a n s f e r r e d  t o  a t a r e d  weighing boat t h a t  has been p rope r l y  
labeled, and d r i e d  a t  60°C, f o r  24 h o r  a t  100'C f o r  a minimum o f  6 h. 
Immediately upon removal from t h e  d r y i n g  oven, t h e  weighing boats are placed 
i n  a dess ica tor  u n t i l  weighed, t o  prevent t h e  absorpt ion o f  moisture from the  
a i r .  A l l  weights should be measured t o  t h e  nearest 0.01 mg and recorded on 
aata sheets (F igure 3). Subtract  t a r e  weight t o  determine the  d r y  weight o f  
the  l a rvae  i n  each r e p l i c a t e .  For each t e s t  chamber, d i v i d e  the  f i n a l  d ry  
weight by the  number o f  o r i g i n a l  l a r vae  i n  t h e  t e s t  chamber t o  determine t h e  
average i n d i v i d u a l  d ry  weight and reco rd  on t h e  data sheet (F igure 3). For 
the  cont ro ls ,  a lso  c a l c u l a t e  the  mean weight per  su rv i v ing  f i s h  i n  the  t e s t  
chamber t o  evaluate i f  weights met t e s t  a c c e p t a b i l i t y  c r i t e r i a  (See 
Sect ion 11.11). Average weights should be expressed t o  the  nearest 0.001 mg. 

11.10.9.3 Prepare a summary t a b l e  as i l l u s t r a t e d  i n  F igure 4. 

11.11 SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA 


11.11.1 A summary o f  t e s t  cond i t ions  and t e s t  a c c e p t a b i l i t y  c r i t e r i a  i s  
presented i n  Table 1. 
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Figure 3 .  Weight data f o r  the fathead minnow, Pimephales promelas, l a r v a l  
survival  and growth t e s t .  From USEPA (1989a). 
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Figure 4 .  	 Summary d a t a  f o r  t h e  fathead minnow, Pimephales promelas, 
l a r v a l  surv iva l  and growth t e s t .  



TABLE 1. 	 SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA 
FOR FATHEAD MINNOW, PIMEPHALES PROMELAS, LARVAL SURVIVAL AN0 
GROWTH TOXICITY TESTS WITH EFFLUENTS AND RECEIVING WATERS 

1. Test type: 

2. Temperature ('C) : 

3. L i g h t  ' qua l i t y :  

4. L i g h t  i n t e n s i t y :  

5. Photoperiod: 

6. Test chamber s ize:  

7. Test s o l u t i o n  volume: 

8. 	 Renewal o f  t e s t  

so lu t ions :  


9. Age o f  t e s t  organisms: 

10. 	 No. l a rvae  per  t e s t  chamber: 

11. 	 No. r e p l i c a t e  chambers 
per  concentrat ion:  

12. 	 No. l a rvae  per  
concentrat ion:  

13. 	 Source o f  food: 

14. 	 Feeding regime: 

S t a t i c  renewal 

Ambient l abo ra to ry  i l l u m i n a t i o n  

10-20 p~/m'/s (50-100 f t - c )  (ambient 
l abo ra to ry  l e v e l s )  

16 h l i g h t ,  8 h darkness 

500 mL (minimum) 

250 mL (minimum) 

D a i l y  

Newly hatched l a rvae  l ess  than 24 h o ld .  
I f  shipped, no t  more than 48 h o ld,  24 h 
range i n  age 

15 (minimum o f  10) 

4 (minimum o f  3) 

60 (minimum o f  30) 

Newly hatched Artemia n a u p l i i  ( l ess  than 
24 h o l d )  

Feed 0.1 g newly hatched ( l ess  than 24-h 
o l d )  b r i n e  shrimp n a u p l i i  th ree  t imes 
d a i l y  a t  4-h i n t e r v a l s  or,  as a minimum, 
0.15 g t w i c e  d a i l y ,  6 h between feedings 
( a t  t h e  beginning o f  t h e  work day p r i o r  t o  
renewal, and a t  the  end o f  the  work day 
f o l l o w i n g  renewal). S u f f i c i e n t  naupl ii 
are  added t o  p rov ide  an excess. Larvae 
f i s h  are n o t  f ed  du r ing  the  f i n a l  12 h o f  
t h e  t e s t  



TABLE 1. 	 SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA 
FOR FATHEAD MINNOW, PIMEPHALES PROMELAS, LARVAL SURVIVAL AND 
GROWTH TOXICITY TESTS WITH EFFLUENTS AND RECEIVING WATERS 
(CONTINUED) 

15. 	 Cleaning: Siphon d a i l y ,  immediately before t e s t  
s o l u t i o n  renewal 

16. Aerat ion: 	 None, unless DO concent ra t ion  f a l l s  below 
4.0 mg/L. Rate should n o t  exceed 
100 b u b b l e s h i n  

17. D i l u t i o n  water: 	 Uncontaminated source o f  r e c e i v i n g  o r  
o the r  na tu ra l  water, syn the t i c  water 
prepared us ing MILLIPORE MILLI-Q@ o r  
equ iva len t  deionized water and reagent 
grade chemicals, o r  DMW (see Sect ion 7, 
D i l u t i o n  Water) 

18. Test concentrat ions:  	 E f f l uen ts :  Minimum o f  5 and a.contro1 
Receiving Water: 100% r e c e i v i n g  water o r  
minimum o f  5 and a c o n t r o l  

19. 	 D i l u t i o n  f a c t o r  E f f l uen ts :  2 0.5 
Receiving waters: None o r  2 0.5 

20. Test dura t ion :  	 7 days 

21. Endpoints: 	 Surv iva l  and growth (weight) 

22. Test a c c e p t a b i l i t y  
c r i t e r i a :  	 80% o r  g reater  su rv i va l  i n  con t ro l s ;  

average d r y  weight per  s u r v i v i n g  organism 
i n  c o n t r o l  chambers equals o r  exceeds 0.25 mg 

23.  Sampling 
requirements: 	 For o n - s i t e  t es t s ,  samples c o l l e c t e d  

d a i l y ,  and used w i t h i n  24 h o f  t h e  t ime 
they  are removed from t h e  sampling device; 
For o f f - s i t e  t es t s ,  a minimum o f  
t h r e e  samples c o l l e c t e d  on days one, 
t h r e e  and f i v e  w i t h  a maximum ho ld ing  t ime 
o f  36 h before f i r s t  use (see Sect ion 8, 

24. Sample volume requi red:  



11.12 ACCEPTABILITY OF TEST RESULTS 

11.12.1 For t h e  t e s t  r e s u l t s  t o  be acceptable, s u r v i v a l  i n  t he  c o n t r o l s  must 
be a t  l e a s t  80%. The average d r y  weight pe r  s u r v i v i n g  c o n t r o l  l a r v a e  a t  t he  
end o f  t he  t e s t  should equal o r  exceed 0.25 mg. 

11.13 DATA ANALYSIS 

11.13.1 GENERAL 

11.13.1.1 Tabulate and summarize t h e  data. A sample se t  o f  s u r v i v a l  and 
growth response da ta  i s  shown i n  Table 2. 

TABLE 2. 	 SUMMARY OF SURVIVAL AND GROWTH DATA FOR FATHEAD MINNOW, 
PIMEPHALES PROVELAS, LARVAE EXPOSED TO A REFERENCE TOXICANT 
FOR SEVEN DAYS 

NaPCP 
Conc. 

Propor t ion  o f  
Surv iva l  i n  Rep l ica te  

Chambers 
Mean 
Prop. 

Avg Dry Wgt (mg) I n  
Rep l ica te  Chambers 

Mean 
Dry Wgt 

(rg/L) A 8 C D Surv A 8 C D (mg) 

' Four r e p l i c a t e s  o f  10 l a r v a e  each. 

11.13.1.2 The endpoints o f  t o x i c i t y  t e s t s  us ing  the  fathead minnow, 
Pimephales promelas, l a r vae  are based on the  adverse e f f e c t s  on s u r v i v a l  and 
growth. The LC50, t h e  IC25, and the  IC50 are ca l cu la ted  us ing  p o i n t  
es t ima t i on  techniques (see Sect ion 9, Chronic T o x i c i t y  Test Endpoints and Data 
Ana lys is ) .  LOEC and NOEC values f o r  s u r v i v a l  and growth are obta ined us ing a 
hypothesis t e s t i n g  approach such as Dunnett 's Procedure (Dunnett, 1955) o r  
S tee l ' s  Many-one Rank Test (Steel ,  1959; M i l l e r ,  1981) (see Sect ion 9) .  
Separate analyses are performed f o r  t h e  es t ima t i on  o f  t he  LOEC and NOEC 
endpoints and f o r  t h e  es t ima t i on  o f  t h e  LC50, IC25 and IC50. Concentrat ions 



a t  which the re  i s  no s u r v i v a l  i n  any o f  t h e  t e s t  chambers are excluded from 
the  s t a t i s t i c a l  ana l ys i s  o f  t he  NOEC and LOEC f o r  s u r v i v a l  and growth, bu t  
inc luded i n  t h e  es t ima t i on  o f  t he  LC50, IC25, and IC50. See the  Appendices 
f o r  examples o f  t h e  manual computations, and examples o f  da ta  i npu t  and 
program output .  

11.13.1.3 The s t a t i s t i c a l  t e s t s  descr ibed here must be used w i t h  a knowledge 
of t he  assumptions upon which t h e  t e s t s  are cont ingent .  Tests f o r  no rma l i t y  
and homogeneity of var iance are inc luded i n  Appendix B. The ass is tance o f  a 
s t a t i s t i c i a n  i s  recommended f o r  ana lys ts  who are no t  p r o f i c i e n t  i n  s t a t i s t i c s .  

11.13.2 	 EXAMPLE OF ANALYSIS OF FATHEAD MINNOW, PIMEPHALES PROMELAS, 
SURVIVAL DATA 

11.13.2.1 Formal s t a t i s t i c a l  ana l ys i s  o f  t he  s u r v i v a l  da ta  i s  o u t l i n e d  i n  
Figures 5 and 6. The response used i n  t he  ana l ys i s  i s  t h e  p ropo r t i on  o f  
animals s u r v i v i n g  i n  each t e s t  o r  c o n t r o l  chamber. Separate analyses are 
performed f o r  t h e  es t ima t i on  o f  t h e  NOEC and LOEC endpoints and f o r  t h e  
es t ima t i on  o f  t h e  LC50, EC50, and 1C endpoints. Concentrat ions a t  which the re  
i s  no s u r v i v a l  i n  any o f  t h e  t e s t  chambers are excluded from s t a t i s t i c a l  
ana lys is  o f  t h e  NOEC and LOEC, bu t  inc luded i n  t he  es t ima t i on  o f  t h e  I C ,  EC, 
and LC endpaints. 

11.13.2.2 For t he  case o f  equal numbers o f  r e p l i c a t e s  across a l l  
concentrat ions and the  con t ro l ,  t he  eva lua t ion  o f  t h e  NOEC and LOEC endpoints 
i s  made v i a  a parametr ic  t e s t ,  Dunnett 's Procedure, o r  a nonparametric t e s t ,  
S tee l ' s  Many-one Rank Test, on the  arc  s i ne  square r o o t  t ransformed data. 
Under ly ing assumptions o f  Dunnett 's Procedure, normal it y  and homogeneity o f  
variance, are f o r m a l l y  tes ted .  The t e s t  f o r  no rma l i t y  i s  t h e  Shapiro-Wilk 's 
Test, and B a r t l e t t ' s  Test i s  used t o  t e s t  f o r  homogeneity o f  var iance. I f  
e i t h e r  o f  these t e s t s  f a i l s ,  t he  nonparametric t e s t ,  S tee l ' s  Many-one Rank 
Test, i s  used t o  determine the  NOEC and LOEC endpoints.  I f  the  assumptions o f  
Dunnett 's Procedure are met, t he  endpoints  are est imated by the  parametr ic  
procedure. 

11.13.2.3 I f  unequal numbers o f  rep1 i c a t e s  occur among t h e  concent ra t ion  
l e v e l s  tested,  t he re  are parametr ic  and nonparametric a l t e r n a t i v e  analyses. 
The parametr ic  ana l ys i s  i s  a t t e s t  w i t h  t h e  Bonferroni  adjustment (see 
Appendix D). The Wilcoxon Rank Sum Test w i t h  t h e  Bonferroni  adjustment i s  t he  
nonparametric a1 t e r n a t i v e  (see Appendix F). 

11.13.2.4 P r o b i t  Analys is  (Finney, 1971; see Appendix I)i s  used t o  est imate 
t h e  concent ra t ion  t h a t  causes a s p e c i f i e d  percent  decrease i n  s u r v i v a l  from 
t h e  c o n t r o l .  I n  t h i s  analys is ,  t he  t o t a l  m o r t a l i t y  da ta  from a l l  t e s t  
r e p l i c a t e s  a t  a g iven concent ra t ion  are combined. I f  the  da ta  do n o t  f i t  the  
P r o b i t  analys is ,  t he  Spearman-Karber Method, t h e  Trimmed Spearman-Karber 
Method, o r  t h e  Graphical  Method may be used (see Appendices I - L ) .  
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Figure 5. 	 Flowchart for statistical analysis of the fathead minnow, Pimephales 

promelas, larval survival data by hypothesis testing. 
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STATISTICAL ANALYSIS OF FATHEAD MINNOW LARVAL 
SURVIVAL AND GROWTH TEST , 
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Figure 6. 	 Flowchart for statistical analysis of the fathead minnow, Pimephales 

promelas, larval survival data by point estimation. 
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11.13.2.5 Example o f  Analys is  o f  Surv iva l  Data 

11.13.2.5.1 This example uses t h e  s u r v i v a l  da ta  from the  Fathead Minnow 
Larval Surv iva l  and Growth Test (Table 2). The p ropo r t i on  s u r v i v i n g  i n  each 
r e p l i c a t e  must f i r s t  be transformed by t h e  arc  s ine  square r o o t  t rans format ion  
procedure described i n  Appendix B. The raw and transformed data, means and 
variances o f  the  transformed observat ions a t  each t o x i c a n t  concentrat ion and 
c o n t r o l  are l i s t e d  i n  Table 3. A p l o t  o f  t h e  su rv i va l  p ropor t ions  i s  provided 
i n  F igure 7. 

TABLE 3. FATHEAD MINNOW, PIMEPHALES PROMELAS, SURVIVAL DATA 

NaPCP Concentrat ion fua/LI 
Rep1 i c a t e  Contro l  32 64 128 256 512 

A 1.O 0.8 0.9 0.9 0.7 0.4 

RAW B 1.0 0.8 1.0 0.9 0.9 0.3 


C 0.9 1.O 1.0 0.8 1.0 0.4 

0 0.9 0.8 1.0 1.0 0.5 0.2 

ARC SINE A 1.412 1.107 1.249 1.249 0.991 0.685 
TRANS- B 1.412 1.107 1.412 1.249 1.249 0.580 
FORMED C 1.249 1.412 1.412 1.107 1.412 0.685 

0 1.249 1.107 1.412 1.412 0.785 0.464 

11.13.2.6 Test f o r  Normal i ty  

11.13.2.6.1 The f i r s t  step o f  t h e  t e s t  f o r  no rma l i t y  i s  t o  center  t h e  
observat ions by sub t rac t i ng  t h e  mean o f  a l l  observat ions w i t h i n  a 
concentrat ion from each observat ion i n  t h a t  concentrat ion.  The centered 
observat ions are summarized i n  Table 4. 

11.13.2.6.2 Ca lcu la te  t h e  denominator, D, o f  the  s t a t i s t i c :  

Where: Xi = the  i t h  centered observat ion 

X = t h e  o v e r a l l  mean o f  t h e  centered observat ions 

n = the  t o t a l  number o f  centered observat ions 
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F i g u r e  7 .  P l o t  o f  s u r v i v a l  p ropor t ion  d a t a  i n  Tab le  3.  



TABLE 4. CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 

NaPCP Concentrat ion Iuq/L) 
Rep1 i c a t e  Contro l  3 2 64 128 256 512 

11.13.2.6.3 For t h i s  se t  o f  data: n = 24 

D = 0.4265 
11.13.2.6.4 Order t he  centered observat ions from smal lest  t o  l a r g e s t  

where x"' denotes the  i t h  ordered observat ion.  The ordered observat ions 
f o r  t h i s  example are l i s t e d  i n  Table 5. 

TABLE 5. ORDERED CENTERED OBSERVATIONS FOR THE SHAPIRO-WILK'S EXAMPLE 

i X(i' i X(i' 



11.13.2.6.5 From Table 4, Appendix B, f o r  t h e  number o f  observat ions, n, 
ob ta in  t h e  c o e f f i c i e n t s  a,, a,, . . . a, where k i s  n/2 i f  n i s  even and (n-1)/2 
i f  n i s  odd. For t h e  da ta  i n  t h i s  example, n = 24 and k = 12. The ai values 
are l i s t e d  i n  Table 6. 

TABLE 6. COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE 

11.13.2.6.6 Compute t h e  t e s t  s t a t i s t i c ,  W, as fo l lows:  

The d i f f e rences  X (n-i*l) - XCi) are 1 i s t e d  i n  Table 6. For the  data i n  t h i s  
example, 

11.13.2.6.7 The dec i s ion  r u l e  f o r  t h i s  t e s t  i s  t o  compare W as ca l cu la ted  i n  
Sect ion 13.2.6.6 t o  a c r i t i c a l  value found i n  Table 6, Appendix B. I f  t h e  
computed W i s  l e s s  than t h e  c r i t i c a l  value, conclude t h a t  t h e  da ta  are n o t  
normal ly  d i s t r i b u t e d .  For t h e  da ta  i n  t h i s  example, t h e  c r i t i c a l  va lue a t  a 
s ign i f i cance  l e v e l  o f  0.01 and n = 24 observat ions i s  0.884. Since W = 0.974 
i s  g rea te r  than t h e  c r i t i c a l  value, conclude t h a t  t h e  data are normal ly  
d i s t r i b u t e d .  

11.13.2.7 Test f o r  Homogeneity o f  Variance 

11.13.2.7.1 The t e s t  used t o  examine whether t h e  v a r i a t i o n  i n  mean p ropo r t i on  
su rv i v ing  i s  t h e  same across a l l  t p x i c a n t  concentrat ions i n c l u d i n g  t h e  
con t ro l ,  i s  B a r t l e t t ' s  Test (Snedecor and Cochran, 1980). The t e s t  s t a t i s t i c  
i s  as fo l lows:  



Where: Vi = degrees o f  freedom f o r  each t o x i c a n t  concentrat ion and 
con t ro l ,  Vi = (ni - 1) 

ni = t h e  number o f  r e p l i c a t e s  f o r  concentrat ion i 

I n  = log, 

i = 1, 2, ..., p where p i s  t h e  number o f  concentrat ions 
i n c l u d i n g  the  con t ro l  

11.13.2.7.2 For t h e  data i n  t h i s  example (see Table 3),  a l l  t o x i c a n t  
concentrat ions i n c l u d i n g  the  con t ro l  have t h e  same number o f  r e p l i c a t e s  
(n, = 4 f o r  a l l  i ) .  Thus, Vi = 3 f o r  a l l  i. 

11.13.2.7.3 B a r t l e t t ' s  s t a t i s t i c  i s  there fore :  

B = [ (18 )1n (0 .0236)  - 3 f l n ( ~ f ) l / 1 . 1 2 9 6  
i=l 


11.13.2.7.4 8 i s  approximately d i s t r i b u t e d  as chi-square w i t h  p - 1 degrees 
o f  freedom, when the  variances are i n  f a c t  t h e  same. Therefore, the  
appropr ia te  c r i t i c a l  value f o r  t h i s  t e s t  ( f rom a t a b l e  o f  chi-square 
d i s t r i b u t i o n ) ,  a t  a s i g n i f i c a n c e  l e v e l  of 0.01 w i t h  f i v e  degrees o f  freedom, 
i s  15.086. Since 8 = 6.036 i s  l e s s  than the  c r i t i c a l  value o f  15.086, 
conclude t h a t  the  variances are no t  d i f f e r e n t .  

11.13.2.8 Dunnett 's Procedure 

11.13.2.8.1 To ob ta in  an est imate o f  t h e  pooled var iance f o r  t h e  Dunnett 's 
Procedure, cons t ruc t  an ANOVA t a b l e  as described i n  Table 7. 



TABLE 7. ANOVA TABLE 

Source d f  Sum o f  Squares Mean Square(MS) 
(SS) (SS/df 

Between P - 1  SSB S: = SSB/(p-1) 
2 

Wi th in  N - P  SSW 	 S, = SSW/(N-p) 

Tota l  N - 1  SST 

Where: 	 p = number t o x i c a n t  concentrat ions i nc lud ing  t h e  con t ro l  


N = t o t a l  number o f  observat ions n, + n2 ... + n, 


n, = number o f  observat ions i n  concentrat ion i 


SSB = 	f T?/ni -GZ/N Between Sum o f  Squares 
i-1 


Total  Sum o f  Squares 


SSW = SST-SSB Wi th in  Sum o f  Squares 


G the  grand t o t a l  o f  a l l  sample observat ions, G = f Ti
= 
i-1 

T.I = the  t o t a l  o f  the  r e p l i c a t e  measurements f o r  concentrat ion i 

Y.. = the  j t h  observat ion f o r  conceotrat ion i (represents t h e  p ropo r t i on  
1 J 

s u r v i v i n g  f o r  t o x i c a n t  concent ra t ion  i i n  t e s t  chamber j) 

11.13.2.8.2 For t h e  data i n  t h i s  example: 

T, = Yll 	 + Y12 + Y,, + Y,, = 5.322 
T, = Y,, 	 + Y,, + Y,, + Y2, = 4.733 
T, = Y,, 	 + Y3, + Y3, + Y3, = 5.485 
T, = Y,, 	 + Y,, + Y43 + Y4, = 5.017 



T, = Y,, + Y,, + Y,, + Y,, = 4.437 
T, = Y,, + Y,, + Y,, + Y, = 2.414 

SSW = SST-SSB = 2 .OOO - 1.574 = 0.4260 

S: = SSB/(p-1) = 1.574/(6-1) 	 = 0.3150 

S: = SSW/(N-p) = 0.426/(24-6) 	 = 0.024 

11.13.2.8.3 	 Summarize these ca lcu la t ions i n  the ANOVA tab le  (Table 8 ) .  

TABLE 8. ANOVA TABLE FOR DUNNETT'S PROCEDURE EXAMPLE 

Source 	 d f  Sum o f  Squares Mean Square(MS) 
(SS) (SS/df 

Between 	 5 1.574 

Within 	 18 0.426 

Total 	 23 2.002 



11.13.2.8.4 To perform t h e  i n d i v i d u a l  comparisons, c a l c u l a t e  the  t s t a t i s t i c  
f o r  each concentrat ion,  and con t ro l  combination as fo l lows:  

Where: 9, = mean p ropo r t i on  s u r v i v i n g  f o r  concentrat ion i 

, = mean p ropo r t i on  s u r v i v i n g  f o r  the  con t ro l  

S, = square r o o t  o f  t h e  w i t h i n  mean square 

= number o f  r e p l i c a t e s  f o r  the  con t ro l  n, 

ni = number o f  r e p l i c a t e s  f o r  concentrat ion i. 

11.13.2.8.5 Table 9 inc ludes t h e  ca l cu la ted  t values f o r  each concentrat ion 
and con t ro l  combination. I n  t h i s  example, comparing the  32 pg/L concentrat ion 
w i t h  the  con t ro l  the  c a l c u l a t i o n  i s  as fo l l ows :  

t, = (1.330-1.183) =1.341 
[O.155,/(1/4)+ (1/4)I 

TABLE 9. CALCULATED T !ALUES 

NaPCP Concentrat ion (pg/L) i 'i 

11.13.2.8.6 Since t h e  purpose o f  t h i s  t e s t  i s  t o  de tec t  a  s i g n i f i c a n t  
reduc t ion  i n  p ropo r t i on  surv iv ing ,  a  one-sided t e s t  i s  appropr iate.  The 
c r i t i c a l  value f o r  t h i s  one-sided t e s t  i s  found i n  Table 5, Appendix C. For 
an o v e r a l l  alpha l e v e l  o f  0.05, 18 degrees o f  freedom f o r  e r r o r  and f i v e  
concentrat ions (exc luding t h e  c o n t r o l )  t h e  c r i t i c a l  value i s  2.41. The mean 
p ropo r t i on  s u r v i v i n g  f o r  concent ra t ion  i i s  considered s i g n i f i c a n t l y  l ess  than 
the  mean p ropo r t i on  s u r v i v i n g  f o r  t h e  c o n t r o l  i f  ti i s  g rea ter  than the  
c r i t i c a l  value. Since tq i s  g rea ter  than 2.41, the  512 pg/L concentrat ion has 
s i g n i f i c a n t l y  lower su rv i va l  than t h e  con t ro l .  Hence t h e  NOEC and the  LOEC 
f o r  su rv i va l  are 256 pg/L and 512 pg/L, respec t i ve l y .  



11.13.2.8.7 To quantify the sensitivity of the test, the minimum significant 

difference (MSD) that can be detected statistically may be calculated. 


MSD = d Sd(l/n,)+ (l/n) 

Where: d = the critical value for Dunnett's procedure 

S, = 	the square root of the within mean square 

n = 	the common number of replicates at each concentration 
(this assumes equal replication at each concentration) 

n, = 	the number of replicates in the control. 

11.13.2.8.8 In this example: 


MSD = 2.41 (0.155)4(1/4)+ (1/4) 

11.13.2.8.9 The MSD (0.264) is in transformed units. To determine the MSD in 

terms of percent survival, carry out the following conversion. 


I 
1. Subtract the MSD from the transformed control mean. 


2. Obtain the untransformed values for the control mean and the difference 

calculated in 1. 


[Sine ( 1.330) l 2  = 0.943 

[Sine ( 1.066) l 2  = 0.766 

3. 	The untransformed MSD (MSD ) is determined by subtracting the 

untransformed values from !!. 


MSD, = 0.943 - 0.766 = 0.177 

11.13.2.8.10 Therefore, for this set of data, the minimum difference in mean 

proportion surviving between the control and any toxicant concentration that 

can be detected as statistically significant is 0.177. 


11.13.2.8.11 This represents a decrease in survival of 19% from the control. 




11.13.2.9 Ca lcu la t i on  o f  t h e  LC50 

11.13.2.9.1 The data used f o r  t h e  P r o b i t  Analys is  i s  summarized i n  Table 10. 

To per form t h e  P r o b i t  Analysis,  run  t h e  USEPA P r o b i t  Analys is  Program. 

An example o f  t h e  program inpu t  and output  i s  suppl ied i n  Appendix I. 


TABLE 10. DATA FOR PROBIT ANALYSIS 

NaPCP Concentrat ion (uq/L) 

Control  3 2 64 128 256 512 

Number Dead 2 6 1 4 9 27 

Number Exposed 40 40 40 40 40 40 


11.13.2.9.2 For t h i s  example, the  chi -square t e s t  f o r  heterogenei ty  was no t  
signi.f icant,.. thus P r o b i t  Analys is  appears appropr iate f o r  t h i s  data. 

11.13.2.9.3 Figure 8 shows the  output  data f o r  the  P r o b i t  Analys is  o f  t h e  
data i n  Table 10 us ing the  USEPA P r o b i t  Program. 

11.13.3 	 EXAMPLE OF ANALYSIS OF FATHEAD MINNOW, PIMEPHALES PROMELAS, GROWTH 
DATA 

11.13.3.1 Formal s t a t i s t i c a l  ana lys is  o f  the  growth data i s  o u t l i n e d  i n  
Figure 9. The response used i n  t h e  s t a t i s t i c a l  ana lys is  i s  mean weight per  
r e p l i c a t e .  An I C  est imate can be ca l cu la ted  f o r  the  growth data v i a  a p o i n t  
es t imat ion  technique (see Sect ion 9, Chronic T o x i c i t y  Test Endpoints and Data 
Analys is) .  Hypothesis t e s t i n g  can be used t o  ob ta in  the  NOEC f o r  growth. 
Concentrations above the  NOEC f o r  su rv i va l  are excluded from the  hypothesis 
t e s t  f o r  growth e f f e c t s .  

11.13.3.2 The s t a t i s t i c a l  ana lys is  us ing hypothesis t e s t s  cons is ts  o f  a 
parametr ic t e s t ,  Dunnett 's Procedure, and a nonparametric t e s t ,  Steel ' s  
Many-one Rank Test. The under ly ing  assumptions o f  the  Dunnett 's Procedure, 
no rma l i t y  and homogeneity o f  variance, are fo rma l l y  tested.  The t e s t  f o r  
no rma l i t y  i s  t h e  Shapiro-Wilk 's Test and B a r t l e t t ' s  Test i s  used t o  t e s t  f o r  
homogeneity o f  variance. I f  e i t h e r  o f  these t e s t s  f a i l s ,  t h e  nonparametric 
t e s t ,  S tee l ' s  Many-one Rank Test, i s  used t o  determine t h e  NOEC and LOEC 
endpoints. I f  the  assumptions o f  Dunnett 's Procedure are met, the  endpoints 
are determined by t h e  parametr ic t e s t .  

11.13.3.3 Add i t i ona l l y ,  i f  unequal numbers o f  rep1 i ca tes  occur among the  
concentrat ion l e v e l s  t es ted  the re  are  parametr ic and nonparametric a l t e r n a t i v e  
analyses. The parametr ic ana lys is  i s  a t t e s t  w i t h  t h e  Bonferroni  adjustment 
(see Appendix D). The Wilcoxon Rank Sum Test w i t h  t h e  Bonferroni  adjustment 
i s  t h e  nonparametric a l t e r n a t i v e  (see Appendix F). 



Probi t  Analysis o f  Fathead Minnow Larval Survival Data 

Proportion 
Observed Responding 

Number Number Proport ion Adjusted f o r  
Conc. Exposed Resp. Responding Controls 

Control 

32.0000 

64.0000 


128.0000 

256.0000 

512.0000 


Chi - Square f o r  Heterogeneity (calculated) = 4.522 
Chi - Square f o r  Heterogeneity 

(Tabular value a t  0.05 l eve l )  = 7.815 

Probi t  Analysis o f  Fathead Minnow Larval Survival Data 

Estimated LC/EC Values and Confidence Limits 

Exposure Lower Upper 
Point Conc. 95% Confidence Limits 

Figure 8. Output f o r  USEPA Probi t  Analysis Program, Version 1.5 



STATISTICAL ANALYSIS OF FATHEAD MINNOW LARVAL 

SURVIVAL AND GROWTH TEST 


GROWTH 


HYPOTHESIS TESTINQ 
(EXCLUDING CONCENTRATIONS 
ABOVE NOEC FOR SURVIVAL) 

IC25, IC50 NON-NORMAL DISTRIBUTION 

NORMAL DISTRIBUTION 

HOMOGENEOUS HEEROOENEOUS 

VARIANCE VARIANCE 


EQUAL NUMBER OF / EQUAL NUMBER OF IREPUCATES? REPUCATES?/ N d 7 ' 1YES ' 7 N o 

ADJUSTMENT BONFERRONI ADJUSTMENT 


ENDPOINT ESTIMATES 

NOEC. LOEC 
I I 


Figure 9. Flowchart for statistical analysis of fathead minnow, Pimephales 

promelas, 1 arval growth data. 
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11.13.3.4 The data, mean and var iance o f  t he  observat ions a t  each 
concent ra t ion  i n c l u d i n g  t h e  c o n t r o l  a re  l i s t e d  i n  Table 11. A p l o t  o f  t he  
weight da ta  f o r  each t reatment  i s  prov ided i n  F igure  10. Since the re  i s  
s i g n i f i c a n t  m o r t a l i t y  i n  t h e  512 pg/L concentrat ion,  i t s  e f f e c t  on growth i s  
no t  considered. 

TABLE 11. FATHEAD MINNOW, PIMEPHALES PROMELAS, GROWTH DATA 

NaPCP Concentrat ion (uq/L) 

Rep1 i c a t e  Contro l  3 2 64 128 256 512 

11.13.3.5 Test f o r  Normal i ty  

11.13.3.5.1 The f i r s t  s tep o f  t h e  t e s t  f o r  no rma l i t y  i s  t o  cen ter  t he  
observat ions by sub t rac t i ng  the  mean o f  a l l  t he  observat ions w i t h i n  a 
concent ra t ion  from each observat ion i n  t h a t  concentrat ion.  The centered 
observat ions are summarized i n  Table 12. 

TABLE 12. CENTERED OBSERVATIONS FOR SHAPIRO-MILK'S EXAMPLE 

NaPCP Concentrat ion (uq/L) 

Rep1 i c a t e  Contro l  32 64 128 256 





11.13.3.5.2 Ca lcu la te  t h e  denominator, .D, o f  t h e  t e s t  s t a t i s t i c :  

Where: 	 Xi = t h e  i t h  centered observat ion 


X = the  o v e r a l l  mean o f  t h e  centered observat ions 


n = t h e  t o t a l  number o f  centered observat ions 


For t h i s  se t  o f  data, 	 n = 20 
-
X = 1(0.004) - 0.000 

20 

11.13.3.5.3 	 Order t h e  centered observat ions from smal lest  t o  l a r g e s t  

x"' 5 x',' 5 ... -< x(") 

Where x"' i s  t h e  i t h  ordered observat ion. These ordered observat ions are 
l i s t e d  i n  Table 13. 

TABLE 13. ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 

11.13.3.5.4 From Table 4, Appendix 0 ,  f o r  t h e  number o f  observat ions, n, 
ob ta in  t h e  c o e f f i c i e n t s  a,, a,, ..., a, where k i s  n/2 i f  n i s  even and 
(n-1)/2 if n i s  odd. For the  data i n  t h ~ s  example, n = 20 and k = 10. The ai 
values are l i s t e d  i n  Table 14. 



TABLE 14. COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE 


11.13.3.5.5 . Compute the  t e s t  s t a t i s t i c ,  W, as fo l l ows :  

t he  d i f f e rences  X (n.i+l) x"' are l i s t e d  i n  Table 14. For t h i s  se t  o f  data: 

11.13.3.5.6 The dec is ion  r u l e  f o r  t h i s  t e s t  i s  t o  compare W w i t h  t h e  c r i t i c a l  
value found i n  Table 6, Appendix B. I f  t h e  computed W i s  l e s s  than the 
c r i t i c a l  value, conclude t h a t  t h e  da ta  are no t  normal ly  d i s t r i b u t e d .  For t h i s  
example, the c r i t i c a l  va lue a t  a s i g n i f i c a n c e  l e v e l  o f  0.01 and 20 
observat ions (n) i s  0.868. Since W = 0.959 i s  g rea te r  than the  c r i t i c a l  
value, t he  conclusion o f  the t e s t  i s  t h a t  t h e  data are normal ly d i s t r i b u t e d .  

11.13.3.6 Test f o r  Homogeneity o f  Variance 

11.13.3.6.1 The t e s t  used t o  examine whether the v a r i a t i o n  i n  mean d ry  weight 
i s  t he  same across a l l  t o x i c a n t  concentrat ions i nc lud ing  the  con t ro l ,  i s  
B a r t l e t t ' s  Test (Snedecor and Cochran, 1980). The t e s t  s t a t i s t i c  i s  as 
fo l lows:  



Where: V,  = degrees o f  freedom f o r  each t o x i c a n t  concent ra t ion  and 
con t ro l ,  V,  = (ni - 1) 


n, = t h e  number o f  r e p l i c a t e s  f o r  concent ra t ion  i 


-I n  log, 

i - 1, 2, ..., p where p i s  t h e  number o f  concent ra t ions  
i n c l u d i n g  t h e  c o n t r o l  

11.13.3.6.2 For t h e  da ta  i n  t h i s  example, (see Table 11) a l l  t o x i c a n t  
concentrat ions i n c l u d i n g  t h e  c o n t r o l  have t h e  same number o f  r e p l i c a t e s  
(n, = 4 f o r  a l l  i ) .  Thus, V,  = 3 f o r  a l l  i. 

11.13.3.6.3 B a r t l e t t ' s  s t a t i s t i c  i s  there fo re :  

11.13.3.6.4 B i s  approximately d i s t r i b u t e d  as ch i -square w i t h  p - 1 degrees 
o f  freedom, when t h e  var iances are i n  f a c t  t he  same. Therefore, t h e  
appropr ia te  c r i t i c a l  va lue f o r  t h i s  t e s t ,  a t  a  s i g n i f i c a n c e  l e v e l  o f  0.01 w i t h  
f o u r  degrees o f  freedom, i s  13.277. Since B = 7.847 i s  l e s s  than t h e  c r i t i c a l  
va lue o f  13.277, conclude t h a t  t h e  var iances are n o t  d i f f e r e n t .  



11.13.3.7 Dunnett 's Procedure 

11.13.3.7.1 To ob ta in  an est imate o f  t h e  pooled var iance f o r  t h e  Dunnett's 
Procedure, cons t ruc t  an ANOVA t a b l e  as described i n  Table 15. 

TABLE 15. ANOVA TABLE 

Source Sum o f  Squares Mean Square(MS) 
(SS) (ss/df 

2 
Between P - 1  SSB S, = SSB/(p-1) 


Wi th in  N - P SSW S, 
2 - SSW/(N-p) 


Tota l  N - 1  SST 

Where: 	 p = number t o x i c a n t  concentrat ions i nc lud ing  t h e  c o n t r o l  

N = t o t a l  number o f  observat ions n, t n, ... t np 

n, = number o f  observat ions i n  concentrat ion i 

SSB = 	5 ~f/n,-G ~ / N  Between Sum o f  Squares 
1-1 


SST 5 !! 	 Y$-G2/N To ta l  Sum o f  Squares 
i-1j-1 


SSW = SST-SSB Wi th in  Sum o f  Squares 

G = t h e  grand t o t a l  o f  a l l  sample observat ions, G = 5 Ti 
i-1 

T, = t h e  t o t a l  o f  the  r e p l i c a t e  measurements f o r  concentrat ion i 

Yi j  = 	 the  j t h  observat ion f o r  concentrat ion i (represents the  mean 
d r y  weight o f  t h e  f i s h  f o r  t o x i c a n t  concentrat ion i i n  t e s t  
chamber j) 



11.13.3.7.2 	 For t h e  d a t a  i n  t h i s  example: 

n, = n2 = n, = n, = n, = 4 

N = 2 0  

TI = Y,, t Y12 t Y,, + Y,, = 2.709 
T2 = Y,, + YZ2 + Y, + 	Y2, = 2.301 
T, = Y,, + Y,, + Y,, + Y,, = 2.641 
T, = Y,, + Y,, + Y,, + Y,, = 2.260 
T5 = Y5, + Y52 + Y53 + 	Y5, = 1.817 

SSW = SST-SSB = 0.2687 - 0.1270 = 0.1417 

S i  = SSB/(p-1) = 0.1270/(5-1) = 0.0318 
2

S, = SSW/(N-p) = 0.041/(20-5) = 0.0094 

11.13.3.7.3 	 Summarize these c a l c u l a t i o n s  i n  t h e  ANOVA t a b l e  (Table 16).  

TABLE 16. ANOVA TABLE FOR DUNNETT'S PROCEDURE EXAMPLE 

Source d f  Sum o f  Squares Mean Square(MS) 
(SS) (SS/df J 

Between 4 0.1270 0.0318 

W i t h i n  15 0.1417 0.0094 

To ta l  19 0.2687 



11.13.3.7.4 To per form t h e  i n d i v i d u a l  comparisons, c a l c u l a t e  t h e  t s t a t i s t i c  
f o r  each concentrat ion, and c o n t r o l  combinat ion as fo l lows:  

Where: Yi = mean d r y  weight f o r  t o x i c a n t  concentrat ion i 
- - mean d r y  weight f o r  the  c o n t r o l  Y, 

S, = square r o o t  o f  t h e  w i t h i n  mean square 

n, - number o f  r e p l i c a t e s  f o r  t h e  c o n t r o l  

ni - number o f  r e p l i c a t e s  f o r  concentrat ion i. 

11.13.3.7.5 Table 17 inc ludes the  ca l cu la ted  t values f o r  each concentrat ion 
and c o n t r o l  combination. I n  t h i s  example, comparing t h e  32 rg/L concentrat ion 
w i t h  the  con t ro l  t h e  c a l c u l a t i o n  i s  as fo l lows:  

TABLE 17. CALCULATED T VALUES 

NaPCP 
Concentrat ion i ti 

(rg/L) 

32 2 1.487 

11.13.3.7.6 Since t h e  purpose o f  t h i s  t e s t  i s  t o  de tec t  a s i g n i f i c a n t  
reduc t ion  i n  mean weight, a one-sided t e s t  i s  appropr iate.  The c r i t i z a l  value 
f o r  t h i s  one-sided t e s t  i s  found i n  Table 5, Appendix C. For an o v e r a l l  alpha 
l e v e l  o f  0.05, 15 degrees o f  freedom f o r  e r r o r  and fou r  concentrat ions 
(exc luding the  c o n t r o l )  t h e  c r i t i c a l  va lue i s  2.36. The mean weight f o r  
concentrat ion "i"i s  considered s i g n i f i c a n t l y  l e s s  than t h e  mean weight f o r  
the  con t ro l  i f  t. i s  g reater  than. t h e  c r i t i c a l  value. Since t, and t, are  
greater  than 2.36, the  128 pg/L and 256 l g / L  concentrat ions have s i g n i f i c a n t l y  
lower growth than t h e  c o n t r o l .  Hence t h e  NOEC and the  LOEC f o r  growth are 
128 l g /L  and 256 l g /L ,  respect ive ly .  



11.13.3.7.7 To q u a n t i f y  t h e  s e n s i t i v i t y  o f  t h e  t e s t ,  the  minimum s i g n i f i c a n t  
d i f ference (MSD) t h a t  can be s t a t i s t i c a l l y  detected may be calculated:  

MSD = d s d ( l / n , )  + ( l / n )  

Where: d = the  c r i t i c a l  value f o r  t h e  Dunnett 's Procedure 

S, -	the  square r o o t  o f  t h e  w i t h i n  mean square 

n = 	the  common number o f  r e p l i c a t e s  a t  each concentrat ion 
( t h i s  assumes equal r e p l i c a t i o n  a t  each concentrat ion)  

n, = 	the  number o f  r e p l i c a t e s  i n  the  c o n t r o l .  

11.13.3.7.8 I n  t h i s  example: 

MSD = 2 . 3 6  (0 .052) ( (1 /4 )  + ( 1 / 4 )  

11.13.3.7.9 Therefore, f o r  t h i s  s e t  o f  data, the  minimum d i f f e r e n c e  t h a t  can 
be detected as s t a t i s t i c a l l y  s i g n i f i c a n t  i s  0.162 mg. 

11.13.3.7.10 This represents a 24% reduct ion  i n  mean weight from the  c o n t r o l .  

11.13.3.8 Ca lcu la t i on  o f  t h e  I C  

11.13.3.8.1 The growth data i n  Table 2 mod i f ied  t o  be mean weights per  
o r i g i n a l  number o f  f i s h  are u t i l i z e d  i n  t h i s  example. As seen i n  Table 2 and 
Figure 11, the  observed means are n o t  monotonical ly  non- increasing w i t h  
respect t o  concentrat ion ( the  mean response f o r  each h igher  concentrat ion i s  
not  l e s s  than o r  equal t o  the  mean response f o r  the  prev ious concentrat ion,  
and the  responses between concentrat ions do no t  f o l l o w  a l i n e a r  t rend) .  
Therefore, the  means are smoothed p r i o r  t o  c a l c u l a t i n g  the  IC. I n  the  
f o l l o w i n g  discussion, the  observed means are represented by Yi and t h e  
smoothed means by Mi. 

-
11.13.3.8,Z S t a r t i n g  wiJh the_ co_ntrol-mean, Y, = 0.677, we see t h a t  7, > v,. 
Set M, = Y,. Comparing Y, t o  Y3, Y z  < Y3. 

11.13.3.8.3 Ca lcu la te  the  smoothed means: 

M, = M3 = (7, + v3)/2 = 0.618 

11.13.3.8.4 For the  remaining observed means, M, > 7, > v5 > v,. Thus, M, 
becomes 7 M, becomes v,, etc., f o r  t h e  remaining concentrat ions.  Table 18 
conta ins &e smoothed means, and F igure  11 provides a p l o t  o f  the  smoothed 
concentrat ion response curve. 
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Figure 11. P l o t  o f  raw data,  observed means, and smoothed means f o r  the  fathead minnow, Pimephales 
promelas, growth data i n  Tables 2 and 18. 
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11.13.3.8.5 An IC25 and an IC50 can be est imated us ing the  L inear  
I n t e r p o l a t i o n  Method. A 25% reduc t i on  i n  weight, compared t o  the  con t ro l s ,  
would r e s u l t  i n  a mean d ry  weight o f  0.508 mg, where M,(1 - p/100) = 0.677(1 -
25/100). A 50% reduct ion. i n  weight, compared t o  the  con t ro l s ,  would r e s u l t  i n  
a mean weight o f  0.339 mg, where M1(l - p/100) = 0.677(1 - 50/100). Examining 
the  smoothed means and t h e i r  associated concentrat ions (Table 18), t h e  
response 0.508 mg i s  bracketed by C, = 128 pg/L and C 256 pg/L. For the  
50% reduct ion  (0.339 mg), the  response (0.339 pg) i s  bracketed by = C5 = 
256 pg/L and C, = 512 pg/L. 

11.13.3.8.6 Using the  equat ion i n  Sect ion 4.2 from Appendix M, the  est imate 
o f  the  IC25 i s  ca l cu la ted  as fo l lows:  

I C p  = cj+[M, ( 1 - p / l O O )  -Mj]  (C(,+l)-cj)
(M(j* l )- M j )  

I C 2 5  = 1 2 8 + [ O .  677 ( 1 - 2 5 / 1 0 0 )  -0 .5651 
( 2 5 6 - 1 2 8 )  

( 0 . 4 5 4 - 0 . 5 6 5 )  

11.13.3.8.7 Using t h e  equat ion i n  Sect ion 4.2 o f  Appendix M the  est imate o f  
the  IC50 i s  ca l cu la ted  as fo l lows:  

ICp = ( ccj+=)c,+[M, ( 1 - p / 1 0 0 )  -Mjl  -cj)
(M(j+l)- M j )  



11.13.3.8.8 When the  ICPIN program was used t o  analyze t h i s  se t  o f  data, 

reques t ing  80 resamples, t h e  est imate o f  t h e  lC25 was 193.9503 pg/L. The 

empi r i ca l  95% conf idence i n t e r v a l  f o r  t h e  t r u e  mean was (54.9278 pg/L, 

340.6617 pg/L). The computer program outpu t  f o r  t he  IC25 f o r  t h i s  da ta  se t  i s  

shown i n  F igure  12. 


11.13.3.8.9 When the  ICPIN program was used t o  analyze t h i s  se t  o f  da ta  f o r  

t he  IC50, reques t ing  80 resamples, t h e  est imate o f  t h e  IC50 was 353.2884 pg/L. 

The empi r i ca l  95% conf idence i n t e r v a l  f o r  t he  t r u e  mean was 208.4723 pg/L and 

418.5276 pg/L. The computer program outpu t  i s  shown i n  F igure  13. 


11.14 PRECISION AND ACCURACY 

11.14.1 PRECISION 

11.14.1.1 	 S ingle-Laboratory P rec i s i on  

11.14.1.1.1 In fo rmat ion  on the  s i n g l e - l a b o r a t o r y  p r e c i s i o n  o f  t he  fa thead 
minnow l a r v a l '  su rv i va l  and growth t e s t  i s  presented i n  Table 19. The range o f  
NOECs was on l y  two concent ra t ion  i n t e r v a l s ,  i n d i c a t i n g  good p rec i s i on .  

TABLE 19. 	 P R E C I S I O N  OF THE FATHEAD MINNOW, PIMEPHALES PROMELAS, LARVAL 
SURVIVAL AND GROWTH TEST, USING NAPCP AS A REFERENCE TOXICANT',^ 

Chronic 
NOEC LOEC Value 

Test (pg/L) (pg/L) 

n: 
Mean: 

' 	 From Picker ing,  1988. 
For a d iscuss ion  o f  t he  p r e c i s i o n  o f  da ta  from chron ic  t o x i c i t y  t e s t s ,  
(see Sect ion 4, Qua1 i t y  Assurance). 
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Conc. I D  1 2 3 4 5 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Conc. Tested 0 32 64 128 256 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Response 1 0.711 0.517 0.602 0.566 0.455 0.143 
Response 2 0.662 0.501 0.669 0.612 0.502 0.163 
Response 3 0.646 0.723 0.694 0.410 0.606 0.195 
Response 4 0.690 0.560 0.676 0.672 0.254 0.099 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*** I n h i b i t i o n  Concentrat ion Percentage Est imate *** 
Tox icant /E f f luen t :  NaPCP 
Test S t a r t  Date: Example Test Ending Date: 
Test Species: Fathead minnows 
Test Durat ion:  7-d 
DATA FILE: fhmanual. icp 
OUTPUT FILE: fhmanual . i 2 5  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Conc. Number Concentrat ion Response Std. Pooled 

ID Rep1 i c a t e s  ug/ l  Means Dev. Response Means 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


5 4 256.000 0.454 0.148 0.454 
6 4 512.000 0.150 0.040 0.150 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The L inear  I n t e r p o l a t i o n  Estimate: 193.9503 Entered P Value: 25 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Number o f  Resamplings: 80 
The Bootst rap Estimates Mean: 186.4935 Standard Deviat ion:  52.6094 
O r i g i n a l  Confidence L im i t s :  Lower: 107.0613 Upper: 285.6449 
Expanded Confidence L im i t s :  Lower: 54.9278 Upper: 340.6617 
Resampl i n g  t ime i n  Seconds: 1.81 Random Seed: 1272173518 

F igure  12. ICPIN program outpu t  f o r  t h e  .IC25. 
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Conc. ID  1 2 3 4 5 6 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Conc. Tested 0 3 2 64 128 256 512 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Response 
Response 

1 
2 

0.711 
0.662 

0.517 
0.501 

0.602 
0.669 

0.566 
0.612 

0.455 
0.502 

0.143 
0.163 

Response 3 0.646 0.723 0.694 0.410 0.606 0.195 
Response 4 0.690 0.560 0.676 0.672 0.254 0.099 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*** I n h i b i t i o n  Concentrat ion Percentage Est imate *** 
Tox icant /E f f l  uent: NaPCP 
Test S t a r t  Date: Example Test Ending Date: 
Test Species: Fathead minnows 
Test Durat ion: 7-d 
DATA FILE: fhmanual.icp 
OUTPUT FILE: fhmanual .i 5 0  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Conc. Number Concentrat ion Response Std. Pooled 

ID Rep1 i c a t e s  ug/l Means Dev, Response Means 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


1 4 0.000 0.677 0.029 0.677 
2 4 32.000 0.575 0.102 0.618 
3 4 64.000 0.660 0.040 0.618 
4 4 128.000 0.565 0.112 0.565 
5 4 256.000 0.454 0.148 0.454 
6 4 512.000 0.150 0.040 0.150 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The L inear  I n t e r p o l  a t i o n  Estimate: 353.2884 Entered P Value: 50 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Number o f  Resamplings: 80 
The Bootst rap Estimates Mean: 345.1108 Standard Dev ia t ion :  37.0938 
O r i g i n a l  Confidence L i m i t s :  Lower: 262.7783 Upper: 394.0629 
Expanded Confidence L i m i t s :  Lower: 208.4723 Upper: 418.5276 
Resampling t ime i n  Seconds: 1.87 Random Seed: 1126354766 

F igure  13. ICPIN program outpu t  f o r  t h e  IC50. 



11.14.1.2 Multilaboratory Precision 


11.14.1.2.1 A multilaboratory study of Method 1000.0 described in the first 

edition of this manual (USEPA, 1985e), was performed using seven blind samples 

over an eight month period (DeGraeve et. al., 1988). In this study, each of 

the 10 participating laboratories was to conduct two tests simultaneous with 

each sample, each test having two replicates of 10 larvae for each of five 

concentrations and the control. Of the 140 tests planned, 135 were completed. 

Only nine of the 135 tests failed to meet the acceptance criterion of 80% 

survival in the controls. Of the 126 acceptable survival NOECs reported, an 

average of 41% were median values, and 89% were within one concentration 

interval of the median (Table 20). For the growth (weight) NOECs, an average 

of 32% were at the median, and 84% were within one concentration interval of 

the median (Table 21). Using point estimate techniques, the precision (CV) of 

the IC50 was 19.5% for the survival data and 19.8% for the growth data. If 

the mean weight acceptance criterion of 0.25 mg for the surviving control 

larvae, which is included in this revised edition of the method, had applied 

to the test results of the interlaboratory study, one third of the 135 tests 

would have failed to meet the test criteria (Norberg-King, personal 

communication and 1989 memorandum; DeGraeve et al., 1991). 


11.14.2 ACCURACY 


11.14.2.1 The accuracy of toxicity tests cannot be determined. 




TABLE 20. 	COMBINED FREQUENCY DfSTRIBUTION FOR SURVIVAL NOECs 
FOR ALL LABORATORIES 

NOEC Freauencv ( % ) D i s t r i b u t i o n  

Tests w i t h  Two R ~ D S  Tests w i t h  Four R e ~ s  
Sample Median + l Z  > 2 =  Median + l Z  >2' 

1. Sodium Pentachlorophenate (A) 35 53 12 57 29 14 

2. Sodium Pentachlorophenate (0) 42 42 16 56 44 0 

3. Potassium Dichromate (A) 47 47 6 75 25 0 

4. Potassium Dichromate (0) 41 41 18 50 50 0 

5. Ref inery  E f f l u e n t  301 26 68 6 78 22 0 

6. Ref inery E f f l u e n t  401 37 53 10 56 44 0 

7. U t i l i t y  Waste 501 56 33 11 56 33 11 

' From DeGraeve e t  a1 ., 1988. 
Percent o f  values w i t h i n  one concent ra t ion  i n t e r v a l s  o f  the  median. 
Percent o f  values w i t h i n  two o r  more concentrat ions i n t e r v a l s  o f  t h e  
median. 



TABLE 21. COMBINED FREPUENCY DISTRIBUTION FOR WEIGHT NOECs FOR ALL 
LABORATORIES 

NOEC Freauencv (X I  D i s t r i b u t i o n  

Tests w i t h  Two Reas Tests w i t h  Four Reas 
Sample Median + 1 2  > 2 3  Median + 1 2  > z 3  

1. Sodium Pentachlorophenate (A) 59 41 0 57 43 0 

2. Sodium Pentachlorophenate (B) 37 63 0 22 45 33 

3. Potassium Dichromate (A) 3 5 47 18 88 0 12 

4. Potassium Dichromate (B) 12 47 41 63 25 12 

5. Ref inery  E f f l u e n t  301 3 5 53 12 75 25 0 

6. Ref inery  E f f l u e n t  401 37 47 16 33 56 11 

7. U t i l i t y  Waste 501 11 61 28 33 56 1 1  

' From DeGraeve e t  a1 ., 1988. 
Percent o f  values w i t h i n  one concent ra t ion  i n t e r v a l s  o f  t h e  median. 
Percent o f  values w i t h i n  two o r  more concentrat ions i n t e r v a l s  o f  t he  
median. 



SECTION 12 

FATHEAD MINNOW, PINEPHALES PRONELAS, 

EMBRYO-LARVAL SURVIVAL AND TERATOGENICITY TEST 


METHOD 1001.0 


12.1 SCOPE AND APPLICATION 

12.1.1 This method est imates the  chron ic  t o x i c i t y  o f  whole e f f l u e n t s  and 
rece i v ing  water t o  the  fathead minnow, Pimephales promelas, us ing  embryos i n  a 
seven-day, s t a t i c  renewal t e s t .  The e f f e c t s  inc lude the  syne rg i s t i c ,  
an tagon is t i c ,  and a d d i t i v e  e f f e c t s  o f  a l l  the  chemical, phys ica l ,  and 
b i o l o g i c a l  components which adversely a f f e c t  the  phys io log i ca l  and biochemical 
funct ions o f  t h e  t e s t  organisms. The t e s t  i s  use fu l  i n  screening f o r  
teratogens because organisms are exposed dur ing  embryonic development. 

12.1.2 D a i l y  observat ions on m o r t a l i t y  make i t  poss ib le  t o  a lso  c a l c u l a t e  the  
acute t o x i c i t y  f o r  des i red  exposure per iods  ( i . e . ,  24-h, 48-h, 96-h LC50s). 

12.1.3 Detec t ion  l i m i t s  o f  t h e  t o x i c i t y  o f  an e f f l u e n t  o r  pure substance are 
organism dependent. 

12.1.4 B r i e f  excursions i n  t o x i c i t y  may no t  be detected us ing 24-h composite 
samples. Also, because o f  the  long sample c o l l e c t i o n  pe r iod  invo lved i n  
composite sampling, and because the  t e s t  chambers are no t  sealed, h i g h l y  
degradable and h i g h l y  v o l a t i l e  tox icants ,  i n  the  source may no t  be detected i n  
the  t e s t .  

12.1.5 This t e s t  method i s  commonly used i n  one o f  two forms: (1) a 
d e f i n i t i v e  t e s t ,  cons i s t i ng  o f  a minimum o f  f i v e  e f f l u e n t  concentrat ions and a 
con t ro l ,  and (2) a rece i v ing  water t e s t ( s ) ,  cons i s t i ng  o f  one o r  more 
rece i v ing  water concentrat ions and a c o n t r o l .  

12.2 SUMMARY OF METHOD 

12.2.1 Fathead minnow, Pimephales promelas, embryos are exposed i n  a s t a t i c  
renewal system t o  d i f f e r e n t  concentrat ions o f  e f f l u e n t  o r  t o  rece i v ing  water 
f o r  seven days, s t a r t i n g  s h o r t l y  a f t e r  f e r t i l i z a t i o n  o f  t h e  eggs. Test 
r e s u l t s  are based on t h e  t o t a l  frequency o f  bo th  m o r t a l i t y  and gross 
morphological de fo rm i t i es  ( t e r a t a )  . 
12.3 INTERFERENCES 

12.3.1 Toxic substances may be in t roduced by contaminants i n  d i l u t i o n  water, 
glassware, sample hardware, and t e s t i n g  equipment (see Sect ion 5, F a c i l i t i e s ,  
Equipment, and Suppl ies).  



12.3.2 Adverse e f f e c t s  o f  low d i sso l ved  oxygen (DO), h igh  concentrat ions o f  
suspended and/or d isso lved  so l i ds ,  and extremes o f  pH may mask the  presence o f  
t o x i c  substances. 

12.3.3 Improper e f f l u e n t  sampling and sample hand1 i n g  may adversely a f f ec t  
t e s t  r e s u l t s  (see Sect ion 8, E f f l u e n t  and Receiving Water Sampling, Sample 
Hand1 ing,  and Sample Preparat ion f o r  T o x i c i t y  Tests) .  

12.3.4 Pathogenic and/or predatory organisms i n  t he  d i l u t i o n  water and 
e f f l u e n t  may a f f e c t  t e s t  organism s u r v i v a l  and confound t e s t  r e s u l t s .  

12.4 SAFETY 

12.4.1 See Sect ion 3, Hea l th  and Safety .  

12.5 APPARATUS AND EQUIPMENT 

12.5.1 Fathead minnow and b r i n e  shrimp c u l t u r e  u n i t s  - - See Sect ion 11, 
Fathead Minnow, Pimephales Promelas, Larval  Surv iva l  and Growth Test, and 
USEPA, 1993b. To t e s t  e f f l u e n t  t o x i c i t y  o n - s i t e  o r  i n  t h e  l abo ra to ry ,  
s u f f i c i e n t  numbers o f  newly f e r t i l i z e d  eggs must be ava i l ab le ,  p r e f e r a b l y  from 
a  l abo ra to ry  fathead minnow c u l t u r e  u n i t .  I f  necessary, embryos can be 
shipped i n  w e l l  oxygenated water i n  i n s u l a t e d  conta iners .  I n  cases where 
sh ipping i s  necessary, up t o  48-h o l d  embryos may be used f o r  t h e  t e s t .  

12.5.2 Samplers - - automatic sampler, p r e f e r a b l y  w i t h  sample coo l i ng  
c a p a b i l i t y ,  t h a t  can c o l l e c t  a  24-h composite sample o f  5  L  o r  more. 

12.5.3 Sample conta iners  - - f o r  sample shipment and storage (see Sect ion 8, 
E f f l u e n t  and Receiving Water Sampling, Sample Handling, and Sample Preparat ion 
f o r  T o x i c i t y  Tests).  

12.5.4 Environmental chamber o r  equ iva len t  f a t i l  it y  w i t h  temperature c o n t r o l  
(25 ? 1°C). 

12.5.5 Water p u r i f i c a t i o n  system - - MILLIPORE MILLI-Q@, deionized water o r  
equ iva len t  (see Sect ion 5, F a c i l i t i e s ,  Equipment, and Suppl ies) .  

12.5.6 Balance - - a n a l y t i c a l ,  capable o f  accura te ly  weighing t o  0.00001 g. 

12.5.7 Reference weights, Class S - - f o r  checking performance o f  balance. 
Weights should bracket  t h e  expected weights o f  ma te r i a l  t o  be weighed. 

12.5.8 Test chambers - - f o u r  (minimum o f  th ree)  b o r o s i l i c a t e  g lass  o r  
disposable, non- tox ic  p l a s t i c  labware, per  t e s t  so lu t i on ,  such as: 500-mL 
beakers; 100 mm x 15 mm o r  100 mm x 20 mm g lass  o r  d isposable po lys ty rene 
P e t r i  dishes; o r  12-cm OD, s tackable "Caro l ina"  c u l t u r e  dishes. The chambers 
should be covered w i t h  sa fe t y  g lass  p l a t e s  o r  sheet p l a s t i c  du r i ng  the  t e s t  t o  
avoid p o t e n t i a l  contaminat ion from t h e  a i r  and excessive evaporat ion o f  t he  
t e s t  so lu t i ons  du r i ng  the  t e s t .  



12.5.9 D issec t ing  microscope, o r  l ong  foca l  l eng th  magnifying lens, hand o r  

stand supported - - f o r  examining embryos and l a rvae  i n  the  t e s t  chambers. 


12.5.10 L i g h t  box, microscope lamp, o r  f l a s h l i g h t  - - f o r  i l l u m i n a t i n g  

chambers du r ing  examination and observat ion o f  embryos and larvae.  


12.5.11 Volumetr ic f l a s k s  and graduated c y l i n d e r s  - - Class A, b o r o s i l  i c a t e  

g lass o r  non- tox ic  p l a s t i c  labware, 10-1000 mL, f o r  making t e s t  so lu t ions .  


12.5.12 Volumetr ic p ipe ts  - - Class A, 1-100 mL. 


12.5.13 Serological  p ipe ts  - - 1-10 mL, graduated. 


12.5.14 P ipe t  bulbs and f i l l e r s  - - PROPIPET@, o r  equivalent .  


12.5.15 Droppers, and g lass  tub ing  w i t h  f i r e  pol ished edges, 2-mm ID - - f o r  

t r a n s f e r r i n g  embryos, and 4-mm ID - - f o r  t r a n s f e r r i n g  larvae.  


12.5.16 Wash b o t t l e s  - - f o r  washing embryos from substrates and conta iners 

and f o r  r i n s i n g  small glassware and instrument e lect rodes and probes. 


12.5.17 Thermometers, g lass o r  e l e c t r o n i c ,  l abo ra to ry  grade - - f o r  measuring 

water temperatures. 


12.5.18 Bulb-thermograph o r  e l e c t r o n i c - c h a r t  type thermometers - - f o r  

cont inuously  record ing  temperature. 


12.5.19 Thermometer, Nat ional  Bureau o f  Standards C e r t i f i e d  (see USEPA Method 

170.1, USEPA 1979b) - - t o  c a l i b r a t e  1  aboratory thermometers. 


12.5.20 Meters, pH, DO, and s p e c i f i c  c o n d u c t i v i t y  - - f o r  r o u t i n e  phys ica l  and 

chemical measurements. 


12.6 REAGENTS AND CONSUMABLE MATERIALS 


12.6.1 Sample conta iners - - f o r  sample shipment and storage (see Sect ion 8, 

E f f l u e n t  and Receiving Water Sampling, Sample Hand1 i n g  and Sample Preparat ion 

f o r  T o x i c i t y  Tests).  


12.6.2 Data sheets (one s e t  per  t e s t )  - - f o r  record ing  data. 


12.6.3 Tape, co lo red - - f o r  l a b e l l i n g  t e s t  chambers. 


12.6.4 Markers, waterproof  - - f o r  marking conta iners,  e t c .  


12.6.5 Reagents f o r  hardness and a1 ka l  i n i t y  t e s t s  - - see USEPA Methods'l30.2 

and 310.1, USEPA 1979b. 


12.6.6 Membranes and f i l l i n g  so lu t i ons  f o r  DO probe (see USEPA Method 360.1, 

USEPA 1979b), o r  reagents - - f o r  mod i f ied  Winkler ana lys is .  




12.6.7 Standard pH bu f fe rs ,  pH 4, pH 7, and pH 10 ( o r  as per  i n s t r u c t i o n s  o f  
instrument manufacturer) - - f o r  instrument c a l i b r a t i o n  (see USEPA Method 
150.1, USEPA 1979b). 

12.6.8 
1979b. 

S p e c i f i c  c o n d u c t i v i t y  standards see USEPA Method - -  120.1, USEPA 

12.6.9 Laboratory q u a l i t y  con t ro l  samples and standards - -  f o r  c a l i b r a t i o n  o f  
t h e  above methods. 

12.6.10 Reference t o x i c a n t  so lu t i ons  - - see Sect ion 4, Qua1 i t y  Assurance. 

12.6.11 Reagent water - - de f ined as d i s t i l l e d  o r  deionized water which does 
no t  conta in  substances which are t o x i c  t o  t h e  t e s t  organisms (see Sect ion 5, 
F a c i l i t i e s ,  Equipment, and Suppl ies) . 
12.6.12 E f f l uen t ,  rece i v ing  water, and d i l u t i o n  water - - see Sect ion 7, 
D i l u t i o n  Water; and Sect ion 8, E f f l u e n t  and Receiving Water Sampling, Sample 
Hand1 ing, and Sample Preparat ion f o r  T o x i c i t y  Tests. 

12.6.13 TEST ORGANISMS, FATHEAD MINNOWS, PIMEPHALES PROMELAS 

12.6.13.1 Fathead minnow embryos, l e s s  than 36-h o ld,  are used f o r  the  t e s t .  
The t e s t  i s  conducted w i t h  f o u r  (minimum o f  three)  t e s t  chambers a t  each 
tox i can t  concentrat ion and con t ro l .  F i f t e e n  (minimum o f  ten)  embryos are 
placed i n  each r e p l i c a t e  t e s t  chamber. Thus 60 (minimum o f  30) embryos are 
exposed a t  each t e s t  concentrat ion and 360 (minimum o f  180) embryos would be 
needed f o r  a t e s t  cons i s t i ng  o f  f i v e  e f f l u e n t  concentrat ions and a c o n t r o l .  

12.6.13.2 Sources o f  Organisms 

12.6.13.2.1 It i s  recommended t h a t  t h e  embryos be obtained from inhouse 
cu l tu res  o r  o ther  l o c a l  sources i f  a t  a l l  possib le,  because i t  i s  o f t e n  
d i f f i c u l t  t o  sh ip  the  embryos so t h a t  they w i l l  be l e s s  than 36 h o l d  f o r  
beginning the  t e s t .  Receipt o f  embryos v i a  Express Mai l ,  a i r  express, o r  
o ther  c a r r i e r ,  from a r e l i a b l e  ou ts ide  source i s  an acceptable a l t e r n a t i v e ,  
bu t  they must no t  be over 48 h o l d  when used t o  begin t h e  t e s t .  

12.6.13.2.2 Cu l tu r i ng  methods f o r  fathead minnows, Pimephales promelas, are 
described i n  Sect ion 6, Sect ion 11 and i n  USEPA, 1993b. 

12.6.13.2.3 F ish  obtained from outs ide  sources (see Sect ion 5, F a c i l i t i e s ,  
Equipment, and Suppl ies) such as commercial b i o l o g i c a l  supply houses f o r  use 
as brood stock should be guaranteed t o  be (1) o f  the  co r rec t  species, (2)
disease f ree,  (3) i n  the  requested age range, and (4) i n  good cond i t ion .  This 
can be done by p rov id ing  the  record  o f  t h e  date on which t h e  eggs were l a i d  
and hatched, and in fo rmat ion  on t h e  s e n s i t i v i t y  o f  the  contemporary f i s h  t o  
reference tox icants .  

12.6.13.3 Obta in ing Embryos f o r  T o x i c i t y  Tests from Inhouse Cul tures.  

12.6.13.3.1 Spawning substrates w i t h  the  newly-spawned, f e r t i l i z e d  embryos 
are removed from the  spawning tanks o r  ponds, and the  embryos are separated 



from the spawning substrate by using the index finger and rolling the embryos 
gently with a circular movement of the finger (see Gast and Brungs, 1973). 
The embryos are then combined and washed from the spawning substrate onto a 
400 pm NITEX" screen, sprayed with a stream of deionized water to remove 
detritus and food particles, and back-washed with dilution water into a 
crystal 1 izing dish for microscopic examination. Damaged and infertile eggs 
are discarded. 

12.6.13.3.2 The embryos from three or more spawns are pooled in a single 

container to provide a sufficient number to conduct the tests. These embryos 

may be used immediately to start a test inhouse or may be transported for use 

at a remote location. When transportation is required, embryos should be 

taken from the substrates within 12 h of spawning. This permits off-site 

tests to be started with less than 36-h old embryos. Embryos should be 

transported or shipped in clean, opaque, insulated containers, in well aerated 

or oxygenated fresh culture or dilution water, and should be protected from 

extremes of temperature and any other stressful conditions during transport. 

Instantaneous changes of water temperature when embryos are transferred from 

culture unit water to test dilution water, or from transport container water 

to on-site test dilution water, should be less than 2'C. Sudden changes in 

pH, dissolved ions, osmotic strength, and DO should be avoided. 


12.7 EFFLUENT AND RECEIVING WATER COLLECTION, PRESERVATION, AND STORAGE 

12.7.1 See Section 8, Effluent and Receiving Water Sampling, Sample Hand1 ing, 

and Sample Preparation for Toxicity Tests. 


12.8 CALIBRATION AND STANDARDIZATJON 

12.8.1 See Section 4, Quality Assurance. 


12.9 QUALITY CONTROL 

12.9.1 See Section 4, Quality Assurance. 


12.10 TEST PROCEDURES 

12.10.1 TEST SOLUTIONS 


12.10.1.1 Receiving Waters 


12.10.1.1.1 The sampling point is determined by the objectives of the test. 

Receiving water toxicity is determined with samples used direct1 y as coll ected 

or after samples are passed through a 60 pm NITEXa filter and compared without 

dilution, against a control. Using four replicate chambers per test, each 

containing 100 mL, and 400 mL for chemical analysis, would require 

approximately one liter, or more, of sample per test day. 


12.10.1.2 Effluents 


12.10.1.2.1 The selection of the effluent test concentrations should be based 
on the objectives of the study. A dilution factor of 0 .5  is commonly used. 
A dilution factor of 0.5 provides precision of + 100%, and testing of 



concentrat ions between 6.25% and 100% e f f l u e n t  us ing on l y  f i v e  e f f l u e n t  
concentrat ions (6.25%, 12.5%, 25%, SO%, and 100%). Improvements i n  p rec i s ion  
dec l i ne  r a p i d l y  i f  t h e  d i l u t i o n  f a c t o r  i s  increased beyond 0.5 and p rec i s ion  
dec l ines  r a p i d l y  i f  a  smal ler  d i l u t i o n  f a c t o r  i s  used. Therefore, USEPA 
recommends t h e  use o f  t h e  r 0.5 d i l u t i o n  f a c t o r .  

12.10.1.2.2 I f  t h e  e f f l u e n t  i s  known o r  suspected t o  be h i g h l y  t o x i c ,  a  lower 
range o f  e f f l u e n t  concentrat ions should be used (such as 25%, 12.5%, 6.25%, 
3.12%, and 1.56%). I f  a  h igh  r a t e  o f  m o r t a l i t y  i s  observed dur ing  t h e  f i r s t  
1  t o  2  h  o f  t h e  t e s t ,  add i t i ona l  d i l u t i o n s  should be added a t  t h e  lower range 
o f  e f f l u e n t  concentrat ions. 

12.10.1.2.3 The volume o f  e f f l u e n t  requ i red  f o r  d a i l y  renewal o f  f o u r  
r e p l i c a t e s  per  concentrat ion,  each conta in ing  100 mL o f  t e s t  so lu t i on ,  i s  
1.5 L. S u f f i c i e n t  t e s t  s o l u t i o n  (approximately 1000 ml) i s  prepared a t  each 
e f f l u e n t  concentrat ion t o  p rov ide  400 mL add i t i ona l  volume f o r  chemical 
analyses. I f  t h e  sample i s  used f o r  more than one d a i l y  renewal o f  t e s t  
so lu t ions ,  the  volume must be increased p ropo r t i ona te l y .  

12.10.1.2.4 Tests should begin as soon as possib le,  p re fe rab l y  w i t h i n  24 h  o f  
sample c o l l e c t i o n .  The maximum ho ld ing  t ime f o l l o w i n g  r e t r i e v a l  o f  the  sample 
from t h e  sampling device should n o t  exceed 36 h  f o r  the  o f f - s i t e  t o x i c i t y  
t e s t s  unless permission i s  granted by the  p e r m i t t i n g  a u t h o r i t y .  I n  no case 
should t h e  sample be used i n  a  t e s t  more than 72 h  a f t e r  sample c o l l e c t i o n  
(see Sect ion 8, E f f l u e n t  and Receiving Water Sampling, Sample Handling, and 
Sample Preparat ion f o r  T o x i c i t y  Tests).  

12.10.1.2.5 Jus t  p r i o r  t o  t e s t  i n i t i a t i o n  (approximately 1  h) t h e  temperature 
o f  s u f f i c i e n t  q u a n t i t y  o f  the  sample t o  make t h e  t e s t  so lu t i ons  should be 
adjusted t o  the  t e s t  temperature and maintained a t  t h a t  temperature du r ing  the  
a d d i t i o n  o f  d i l u t i o n  water. 

12.10.1.2.6 The DO o f  the  t e s t  so lu t i ons  should be checked p r i o r  t o  t e s t  
i n i t i a t i o n .  I f  any o f  the  so lu t i ons  are supersaturated w i t h  oxygen o r  any 
s o l u t i o n  has a  DO below 4.0 mg/L, a l l  of the  so lu t i ons  and the  con t ro l  must be 
g e n t l y  aerated. 

12.10.1.3 D i l u t i o n  Water 

12.10.1.3.1 D i l u t i o n  water may be uncontaminated rece i v ing  water, a  standard 
syn the t i c  ( reconst i tu ted)  water, o r  some o ther  uncontaminated na tu ra l  water 
(see Sect ion 7, D i l u t i o n  Water). 

12.10.1.3.2 I f  the  hardness o f  the  t e s t  so lu t i ons  ( i n c l u d i n g  the  c o n t r o l )  
does no t  equal o r  exceed 25 mg/L as CaCO,, i t  may be necessary t o  ad jus t  the  
hardness by adding reagents f o r  syn the t i c  so f twater  as l i s t e d  i n  Table 3, 
Sect ion 7. I n  t h i s  case p a r a l l e l  t e s t s  should be conducted, one w i t h  the  
hardness adjusted and one unadjusted. 



12.10.2 START OF THE TEST 

12.10.2.1 Label t h e  t e s t  chambers w i t h  a mdrking pen and use color-coded tape 
t o  i d e n t i f y  each treatment and rep1 i ca te .  A minimum o f  f i v e  e f f l u e n t  
concentrat ions 'and a con t ro l  are used f o r  each e f f l u e n t  t e s t .  Each treatment 
( i nc lud ing  t h e  c o n t r o l )  should have f o u r  (minimum o f  th ree)  r e p l i c a t e s .  

12.10.2.2 Tests performed i n  l a b o r a t o r i e s  t h a t  have inhouse fathead minnow 
breeding c u l t u r e s  must i n i t i a t e  t e s t s  w i t h  embryos l e s s  than 36 h o ld.  When 
the  embryos must be shipped t o  t h e  t e s t  s i t e  from a remote l oca t i on ,  i t  may be 
necessary t o  use embryos o l d e r  than 36 h because o f  the  d i f f i c u l t y  o f  
coord ina t ing  t e s t  organism shipments w i t h  f i e l d  operat ions.  However, i n  t h e  
l a t t e r  case, t h e  embryos must n o t  be more than 48 h o l d  a t  the  s t a r t  o f  the  
t e s t  and should a l l  be w i t h i n  24 h o f  the  same age. 

12.10.2.3 Randomize t h e  p o s i t i o n  o f  the  t e s t  chambers a t  t h e  beginning o f  the  
t e s t  (see Appendix A). Mainta in t h e  chambers i n  t h i s  con f i gu ra t i on  throughout 
t h e  t e s t .  Preparat ion o f  a p o s i t i o n  c h a r t  may be h e l p f u l .  

12.10.2.4 The t e s t  organisms should come from a pool o f  embryos cons i s t i ng  o f  
a t  l e a s t  t h ree  separate spawnings. Gently a g i t a t e  and mix the  embryos t o  be 
used i n  t h e . t e s t  i n  a l a r g e  conta iner  so t h a t  eggs from d i f f e r e n t  spawns are 
thorough1y m i xed. 

12.10.2.5 Using a small bore (2 mm ID) g lass  tube, t h e  embryos are p laced one 
o r  two a t  a t ime i n t o  each randomly arranged t e s t  chamber o r  in termediate 
conta iner  i n  sequential  order,  u n t i l  each chamber conta ins 15 (minimum o f  10) 
embryos, f o r  a t o t a l  o f  60 (minimum o f  30) embryos f o r  each concentrat ion 
(see Appendix A). The amount o f  water added t o  t h e  chambers when t r a n s f e r r i n g  
the  embryos t o  the  compartments should be kept t o  a minimum t o  avoid 
unnecessary d i l u t i o n  o f  t h e  t e s t  concentrat ions.  

12.10.2.6 A f t e r  t h e  embryos have been d i s t r i b u t e d  t o  each t e s t  chamber, 
examine and count them. Remove and d iscard  damaged o r  i n f e r t i l e  eggs and 
replace w i t h  new undamaged embryos. Plac ing t h e  t e s t  chambers on a l i g h t  
t a b l e  may f a c i l i t a t e  examining and count ing  t h e  embryos. 

12.10.3 LIGHT, PHOTOPERIOD AND TEMPERATURE 

12.10.3.1 The l i g h t  q u a l i t y  and i n t e n s i t y  should be a t  ambient l abo ra to ry  
l eve l s ,  which i s  approximately 10-20 pE/m /s, o r  50 t o  100 f o o t  candles 
( f t - c ) ,  w i t h  a photoperiod o f  16 h o f  l i g h t  and 8 h o f  darkness. The water 
temperature i n  the  t e s t  chambers should be maintained a t  25 + 1°C. 

12.10.4 DISSOLVED OXYGEN (DO) CONCENTRATION 

12.10.4.1 Aerat ion may a f fec t  the  t o x i c i t y  o f  e f f l u e n t s  and should be used 
on l y  as a l a s t  r e s o r t  t o  main ta in  s a t i s f a c t o r y  DO concentrat ions.  The DO 
concentrat ions should be measured i n  the  new so lu t i ons  a t  the  s t a r t  o f  the  
t e s t  (Day 0) and before d a i l y  renewal o f  the  new so lu t i ons  on subsequent days. 
The DO concentrat ions should no t  f a l l  below 4.0 mg/L (see Sect ion 8, E f f l u e n t  
and Receiving Water Sampling, Sample Hand1 ing, and Sample Preparat ion f o r  



T o x i c i t y  Tests) .  I f  i t  i s  necessary t o  aerate, a l l  concentrat ions and the  
c o n t r o l  should be aerated. The ae ra t i on  r a t e  should n o t  exceed 100 
bubbles/min, us ing  a p i p e t  w i t h  an o r i f i c e  o f  approximately 1.5 mm, such as a 
1-mL KIMAX" se ro log i ca l  P ipe t  No. 37033, o r  equ iva len t .  Care should be taken 
t o  ensure t h a t  turbulence r e s u l t i n g  f rom t h e  ae ra t i on  does no t  cause undue 
phys ica l  s t ress  t o  t he  embryos. 

12.10.5 FEEDING 

12.10.5.1 Feeding i s  n o t  requi red.  

12.10.6 OBSERVATIONS DURING THE TEST 

12.10.6.1 Rout ine Chemical and Physical  Determinat ions 

12.10.6.1.1 DO i s  measured a t  t h e  beginning and end o f  each 24-h exposure 
pe r i od  i n  a t  l e a s t  one t e s t  chamber a t  each t e s t  concentrat ions and i n  t he  
c o n t r o l .  

12.10.6.1.2 Temperature and pH are measured a t  t he  end o f  each 24-h exposure 
pe r i od  i n  a t  l e a s t  one t e s t  chamber a t  each t e s t  concent ra t ion  and i n  t he  
c o n t r o l .  Temperature should a l so  be monitored cont inuous ly  o r  observed and 
recorded d a i l y  f o r  a t  l e a s t  two l o c a t i o n s  i n  t he  environmental c o n t r o l  system 
o r  t he  samples. Temperature should be measured i n  a s u f f i c i e n t  number o f  t e s t  
vessels, a t  l e a s t  at. t he  end o f  t he  t e s t ,  t o  determine temperature v a r i a t i o n  
i n  t he  environmental chamber. 

12.10.6.1.3 The pH i s  measured i n  t h e  e f f l u e n t  sample each day be fore  new 
t e s t  so lu t i ons  are made. 

12.10.6.1.4 Conduct iv i t y ,  a l k a l i n i t y  and hardness are measured i n  each new 
sample (100% e f f l u e n t  o r  r e c e i v i n g  water) and i n  t he  c o n t r o l .  

12.10.6.2 Record a l l  t h e  measurements on the  da ta  sheet (F igure 1 ) .  

12.10.6.3 Rout ine B i o l o g i c a l  Observations 

12.10.6.3.1 A t  t he  end o f  t h e  f i r s t  24 h o f  exposure, be fore  renewing the  
t e s t  so lu t ions ,  examine the  embryos. Remove t h e  dead embryos (m i l ky  co lo red  
and opaque) and record  the  number (F igure  2) .  I f  the  r a t e  o f  m o r t a l i t y  
( i n c l u d i n g  those w i t h  fungal i n f e c t i o n )  exceeds 20% i n  t he  c o n t r o l  chambers, 
o r  i f  excessive non-concentrat ion-re lated m o r t a l i t y  occurs, terminate the  t e s t  
and s t a r t  a new t e s t  w i t h  new embryos. 

12.10.6.3.2 A t  25"C, ha tch ing  may begin on the  f o u r t h  day. A f t e r  hatch ing 
begins, count t he  number o f  dead and l i v e  embryos and the  number o f  hatched, 
dead, l i v e ,  and deformed la rvae,  d a i l y .  Deformed l a rvae  are those w i t h  gross 
morphological  abnormal i t ies  such as l a c k  o f  appendages, l a c k  o f  f u s i f o r m  shape 
( n o n - d i s t i n c t  mass), l a c k  o f  m o b i l i t y ,  a colored, beat ing  hea r t  i n  an opaque 
mass, o r  o the r  c h a r a c t e r i s t i c s  t h a t  prec lude s u r v i v a l .  Count and remove dead 
embryos and l a rvae  as p rev ious l y  discussed and record  t h e  numbers f o r  a l l  o f  
t he  t e s t  observat ions (F igure  2) .  Upon hatching, deformed l a rvae  are counted 
as dead. 
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Figure 1. 	 Data form f o r  the  fathead minnow, Pimephales promelas, embryo-
l a r v a l  surv iva l  and t e r a t o g e n i c i t y  t e s t .  Routine chemical and 
physical  determinat ions.  



Discharger:  Analyst:  
Location: Dates: 

F igure 1. 	 Data form f o r  t h e  fathead minnow, Pimephales promelas, embryo- 
l a r v a l  surv iva l  and t e r a t o g e n i c i t y  t e s t .  Routine chemical and 
physical  determinat ions (CONTINUED). 
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Discharger:  Test Dates: 

Location: Analyst:  

F igure 2 .  	 Data form f o r  t h e  fathead minnow, Pimephales promelas, 
embryo-larval s u r v i v a l  and t e r a t o g e n i c i t y  t e s t .  Surv iva l  
and t e r a t a  data .  



Discharger: Test Dates: 


Location: Analyst: 


Comments: 


Figure 2. 	 Data form for the fathead minnow, Pimephales promelas, 

embryo-larval survival and teratogenicity test. Survival 

and terata data (CONTINUED). 




12.10.6.3.3 Pro tec t  the  embryos and l a rvae  from unnecessary d is turbance 
dur ing  t h e  t e s t  by c a r r y i n g  ou t  t h e  d a i l y  t e s t  observat ions, s o l u t i o n  
renewals, and removal o f  dead organisms c a r e f u l l y .  Make sure t h a t  the  t e s t  
organisms remain immersed du r ing  t h e  performance o f  the  above operat ions. 

12.10.7 DAILY CLEANING OF TEST CHAMBERS 

12.10.7.1 Since feeding i s  no t  requi red,  t e s t  chambers are no t  cleaned d a i l y  
unless accumulation o f  p a r t i c u l a t e  mat te r  a t  the  bottom o f  the  chambers causes 
a  problem. 

12.10.8 TEST SOLUTION RENEWAL 

12.10.8.1 Freshly prepared so lu t i ons  are used t o  renew t h e  t e s t s  d a i l y .  For 
on -s i t e  t o x i c i t y  s tudies,  f resh  e f f l u e n t  o r  rece i v ing  water samples should be 
c o l l e c t e d  d a i l y ,  and no more than 24 h  should elapse between c o l l e c t i o n  o f  the  
samples and t h e i r  use i n  t h e  t e s t s  (see Sect ion 8, E f f l u e n t  and Receiving 
Water Sampling, Sample Handling and Sample Preparat ion f o r  T o x i c i t y  Tests) .  
For o f f - s i t e  t es t s ,  a  minimum o f  t h ree  samples are co l lec ted ,  p re fe rab l y  on 
days one, three, and f i v e .  Ma in ta in  the  samples i n  t h e  r e f r i g e r a t o r  a t  4 ° C  
u n t i l  used. 

12.10.8.2 The t e s t  so lu t i ons  are renewed immediately a f t e r  removing dead 
embryos and/or larvae.  During the  d a i l y  renewal process, the  water l e v e l  i n  
each chamber i s  lowered t o  a  depth o f  7 t o  10 mm, which leaves 15 t o  20% o f  
the  t e s t  so lu t i on .  New t e s t  s o l u t i o n  should be added s lowly by pour ing down 
the  s ide  o f  t h e  t e s t  chamber t o  avo id  excessive turbulence and poss ib le  i n j u r y  
t o  the  embryos o r  larvae.  

12.10.9 TERMINATION OF THE TEST 

12.10.9.1 The t e s t  i s  terminated a f t e r  seven days o f  exposure. Count t h e  
number o f  surv iv ing ,  dead, and deformed larvae,  and record  the  numbers o f  each 
(F igure 2).  The deformed la rvae  are t rea ted  as dead i n  the  ana lys is  o f  the  
data. Keep a  separate record o f  the  t o t a l  number and percent o f  deformed 
la rvae  f o r  use i n  r e p o r t i n g  t h e  t e r a t o g e n i c i t y  o f  the  t e s t  so lu t i on .  

12.10.9.2 Prepare a  summary o f  the  data as i l l u s t r a t e d  i n  Figure 3. 

12.11 SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA 

12.11.1 A  summary o f  t e s t  cond i t ions  and t e s t  a c c e p t a b i l i t y  c r i t e r i a  i s  
presented i n  Table 1. 

12.12 ACCEPTABILITY OF TEST RESULTS 

12.12.1 For the  t e s t  r e s u l t s  t o  be acceptable, su rv i va l  i n  t h e  con t ro l s  must 
be a t  l e a s t  80%. 



- - - - - 

Discharger:  Test  Dates: 


Location: Analyst:  


Comments : 

Figure 3 .  Summary data  f o r  t h e  fathead minnow, Pimephales promelas, 
embryo-larval surv iva l  and t e r a t o g e n i c i t y  t e s t .  
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TABLE 1. 	 SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR 
FATHEAD MINNOW, PIMEPHALES PROMELAS, EMBRYO-LARVAL SURVIVAL AND 
TERATOGENICITY TOXICITY TESTS WITH EFFLUENTS AND RECEIVING WATERS 

1. Test  type:  	 S t a t i c  renewal 

2. Temperature: 	 25 f 1'C 

3. L i g h t  q u a l i t y :  	 Ambient l abo ra to ry  i l l u m i n a t i o n  

4. 	 L i g h t  i n t e n s i t y :  10-20 p~/m'/s o r  50:100 f t - c  (ambient 
1 aboratory l e v e l s )  

5. Photoperiod: 	 16 h l i g h t ,  8 h dark 

6. Test chamber s ize :  	 150 mL (Minimum) 

7. Test s o l u t i o n  volume: 	 70 mL (Minimum) 

8. Renewal o f  t e s t  so lu t ions :  	 D a i l y  

9. 	 Age o f  t e s t  organisms: Less than 36-h o l d  embryos (Maximum o f  
48-h i f  shipped) 

10. No. embryos per  t e s t  chamber: 	 15 (minimum o f  10) 

11. 	 No. r e p l i c a t e  t e s t  
chambers per  concentrat ion:  4  (minimum o f  3) 

12. No. embryos per  concentrat ion:  	 60 (minimum o f  30) 

13. Feeding regime: 	 Feeding no t  requ i red  

14. Aerat ion:  	 None unless DO f a l l s  below 4.0 mg/L 

15. 	 D i l u t i o n  water: Uncontaminated source o f  r e c e i v i n g  o r  
o the r  na tu ra l  water, syn the t i c  water 
prepared us ing MILLIPORE MILLI-Q" o r  
equ iva len t  deionized water and reagent 
grade chemicals o r  DMW (see Sect ion 
7, D i l u t i o n  Water). The hardness o f  t he  
t e s t  so lu t i ons  should equal o r  exceed 
25 mg/L (CaCO,) t o  ensure hatching 
success 



TABLE 1. 	 SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR 
FATHEAD MINNOW, PIMEPHALES PROMELAS, EMBRYO-LARVAL SURVIVAL AND 
TERATOGENICITY TOXICITY TESTS WITH EFFLUENTS AND RECEIVING 
WATERS (CONTINUED) 

16. 	 Test concentrat ions:  E f f l u e n t s :  Minimum o f  5 and a c o n t r o l  
Receiving waters: 100% r e c e i v i n g  water 
o r  minimum o f  5 and a c o n t r o l  

17. 	 D i l u t i o n  f a c t o r :  E f f l u e n t s :  2 0.5  
Receiving waters: None, o r  2 0.5 

18. Test dura t ion :  	 7 days 

19. 	Endpoint: Combined m o r t a l i t y  (dead and deformed 
organisms) 

20. Test a c c e p t a b i l i t y  c r i t e r i a :  	 80% o r  g rea te r  s u r v i v a l  i n  c o n t r o l s  

21. 	 Sampling requirements: For o n - s i t e  t es t s ,  samples c o l l e c t e d  
d a i l y  and used w i t h i n  24 h o f  t h e  t ime  
they  are removed from the  sampling 
device. For o f f - s i t e  t e s t s  a minimum 
of t h ree  samples c o l l e c t e d  on days one, 
three, and f i v e  w i t h  a maximum ho ld ing  
t ime  o f  36 h be fore  f i r s t  use (see 
Sect ion 8 ,  E f f l u e n t  and Receiving Water 
Sampl ing, Sample Hand1 ing, and Sample 
Preparat ion f o r  T o x i c i t y  Tests, and 
Subsection 8.5 .4 )  

22. 	 Sample volume requi red:  1.5 t o  2.5 L/day depending on' t h e  
volume o f  t e s t  so lu t i ons  used 



12.13 DATA ANALYSIS 

12.13.1 GENERAL 

12.13.1.1 Tabulate and summarize t h e  da ta  (F igure 3).  

12.13.1.2 The endpoints o f  t h i s  t o x i c i t y  t e s t  are based on t o t a l  m o r t a l i t y ,  
combined number o f  dead embryos, and dead and deformed larvae.  The ECl i s  
ca l cu la ted  us ing P r o b i t  Analys is  (Finney, 1971; see Appendix I).Separate 
analyses are performed f o r  t h e  es t ima t ion  of LOEC and NOEC endpoints and f o r  
the  es t imat ion  o f  t h e  EC1 endpoint. Concentrations a t  which there  i s  no 
su rv i va l  i n  any o f  t h e  t e s t  chambers are excluded from t h e  s t a t i s t i c a l  
ana lys is  o f  t h e  NOEC and LOEC, bu t  inc luded i n  the  es t imat ion  o f  the  E C 1  
endpoint. See the  Appendices f o r  examples o f  t h e  manual computations and 
examples o f  data i n p u t  and output  f o r  t h e  computer programs. 

12.13.1.3 The s t a t i s t i c a l  t e s t s  described here must be used w i t h  a knowledge 
of t h e  assumptions upon which the  t e s t s  are cont ingent .  The assistance o f  a 
s t a t i s t i c i a n  i s  recommended f o r  ana lys ts  who are n o t  p r o f i c i e n t  i n  s t a t i s t i c s .  

12.13.2 	 EXAMPLE OF ANALYSIS OF FATHEAD MINNOW EMBRYO-LARVAL SURVIVAL AND 
TERATOGENICITY DATA . 

12.13.2.1 Formal s t a t i s t i c a l  ana lys is  o f  t h e  t o t a l  m o r t a l i t y  data i s  o u t l i n e d  
on the  f lowchar t  i n  F igure 4. The response used i n  t h e  ana lys is  i s  the  t o t a l  
m o r t a l i t y  p ropo r t i on  i n  each t e s t  o r  con t ro l  chamber. Separate analyses are 
performed f o r  t h e  es t imat ion  o f  the  NOEC and LOEC endpoints and f o r  the  
es t imat ion  o f  t h e  EC endpoint.  Concentrat ions a t  which the re  i s  100% t o t a l  
m o r t a l i t y  i n  a l l  o f  the  t e s t  chambers are excluded from s t a t i s t i c a l  ana lys is  
o f  the  NOEC and LOEC, bu t  inc luded i n  the  es t imat ion  o f  t h e  E C l  endpoint. 

12.13.2.2 For t h e  case o f  equal numbers o f  rep1 i ca tes  across a l l  
concentrat ions and the  con t ro l ,  the  eva lua t ion  o f  the  NOEC and LOEC endpoints 
i s  made v i a  a parametr ic t e s t ,  Dunnett 's Procedure, o r  a nonparametric t e s t ,  
S tee l ' s  Many-one Rank Test, on the  arc  s ine  square r o o t  transformed data. 
Underlying assumptions o f  Dunnett 's Procedure, no rma l i t y  and homogeneity o f  
variance, are fo rma l l y  tes ted .  The t e s t  f o r  no rma l i t y  i s  t h e  Shapiro-Wilk 's 
Test, and B a r t l e t t ' s  Test i s  used t o  t e s t  f,or homogeneity o f  var iance. I f  
e i t h e r  o f  these t e s t s  f a i l s ,  the  nonparametric t e s t ,  S tee l ' s  Many-one Rank 
Test, i s  used t o  determine t h e  NOEC and LOEC endpoints. I f  the  assumptions o f  
Dunnett 's Procedure are met, the  endpoints are est imated by t h e  parametr ic 
procedure. 

12.13.2.3 I f  unequal numbers o f  r e p l i c a t e s  occur among the  concentrat ion 
l e v e l s  tested, t he re  are parametr ic and nonparametric a l t e r n a t i v e  analyses. 
The parametr ic  ana lys is  i s  a t t e s t  w i t h  t h e  Bonferroni  adjustment 
(see Appendix D). The Wilcoxon Rank Sum Test w i t h  the  Bonferroni adjustment 
i s  the  nonparametric a l t e r n a t i v e  (see Appendix F). 

12.13.2.4 P r o b i t  Analys is  (Finney, 1971) i s  used t o  est imate the  
concentrat ion t h a t  causes a s p e c i f i e d  percent decrease i n  su rv i va l  from the  
con t ro l .  I n  t h i s  analys is ,  the  t o t a l  m o r t a l i t y  data from a l l  t e s t  r e p l i c a t e s  
a t  a g iven concentrat ion are combined. 



I 

STATISTICAL ANALYSIS OF FATHEAD MINNOW EMBRYO-LARVAL 

SURVIVAL AND TERATOGENICITY TEST 


TOTAL MORTAUTY 
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DEAD LARVAE, AND DEFORMED LARVAE 
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Figure 4 .  	 Flowchart f o r  s t a t i s t i c a l  ana lys is  o f  fathead minnow, Pimephales 
promelas, embryo-larval d a t a .  
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12.13.2.5 The data  f o r  t h i s  example are l i s t e d  i n  Table 2. To ta l  m o r t a l i t y ,  
expressed as a p ropo r t i on  (combined t o t a l  number o f  dead embryos, dead l a rvae  
and deformed l a r v a e  d i v ided  by  the  number o f  embryos a t  s t a r t  o f  t e s t ) ,  i s  the  
response o f  i n t e r e s t .  The t o t a l  m o r t a l i t y  p ropo r t i on  i n  each r e p l i c a t e  must 
f i r s t  be transformed by t h e  arc s i n e  square r o o t  t rans format ion  procedure 

TABLE 2. 	 DATA FROM FATHEAD MINNOW, PIMEPHALES PROMELAS, 
EMBRYO-LARVAL TOXICITY TEST WITH GROUND WATER EFFLUENT 

E f f l u e n t  No. Dead a t  Test Deformed a t  Test Dead + Deformed 
Conc. Eggs a t  Terminat ion Terminat ion a t  Terminat ion 
(%I S t a r t  No. % No. % No. % 

Contro l  	 10 

10 

10 

10 




descr ibed i n  Appendix B. The raw and transformed data, means and 

var iances o f  t h e  transformed observat ions a t  each e f f l u e n t  concent ra t ion  and 

c o n t r o l  are l i s t e d  i n  Table 3. A p l o t  o f  t h e  da ta  i s  prov ided i n  F igure  5. 

Since the re  i s  100% t o t a l  m o r t a l i t y  i n  r e p l i c a t e s  f o r  t h e  50.0% concentrat ion, 

i t i s  n o t  inc luded i n  t h i s  s t a t i s t i c a l  ana l ys i s  and i s  considered a 

qua1 i t a t i v e  m o r t a l i t y  e f f e c t .  


TABLE 3. 	 FATHEAD MINNOW, PIMEPHALES PROMELAS, EMBRYO-LARVAL TOTAL 
MORTALITY DATA. 

E f f l u e n t  Concentrat ion (%I 
Rep1 i c a t e  Contro l  3.125 6.25 12.5 25.0 50.0 

RAW A 
B 
C 
D 

0.00 
0.20 
0.00 
0.10 

0.00 
0.10 
0.00 
0.10 

0.00 
0.00 
0.00 
0.10 

0.00 
0.00 
0.00 
0.10 

1.00 
1.00 
1.00 
0.50 

1.00 
1.00 
1.00 
1.00 

-ARC SINE A 0.159 0.159 0.159 0.159 1.412 -TRANS- B 0.464 0.322 0.159 0.159 1.412 
FORMED C 0.159 0.159 0.159 0.159 1.412 -

D 0.322 0.322 0.322 0.322 0.785 -

M$an(Y,) o ..276 0.241 0.200 0.200 1.255 
Si 0.022 0.009 0.007 0.007 0.098 
i 1 2 3 4 5 

12.13.2.6 Test f o r  Normal i ty  

12.13.2.6.1 The f i r s t  s tep o f  t h e  t e s t  f o r  no rma l i t y  i s  t o  center  t h e  
observat ions by sub t rac t i ng  the  mean o f  a l l  observat ions w i t h i n  a 
concent ra t ion  from each observat ion i n  t h a t  concentrat ion.  The centered 
observat ions are summarized i n  Table 4. 

12.13.2.6.2 Ca lcu la te  t he  denominator, D, o f  t h e  s t a t i s t i c :  

D = f j  (xi-X)' 
i-1 


Where: Xi = t h e  i t h  centered observat ion 

X = t h e  o v e r a l l  mean o f  t he  centered observat ions 

n = t h e  t o t a l  number o f  centered observat ions 





TABLE 4. CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 

E f f l u e n t  Concentrat ion (%I 

Rep1icate  Contro l  3.125 6.25 12.5 25.0 50.0 

12.13.2.6.3 For t h i s  s e t  o f  data, n = 20 

12.13.2.6.4 Order t h e  centered observat ions from smal lest  t o  l a r g e s t  

x"' 5 xCZ'I... IX (n) 

where x"' denotes the  i t h  ordered observat ion.  The ordered observat ions f o r  
t h i s  example are l i s t e d  i n  Table 5. 

TABLE 5. ORDERED CENTERED OBSERVATIONS FOR THE SHAPIRO-WILK'S EXAMPLE 

i X(i) i X(i) 



12.13.2.6.5 From Table 4, Appendix B, f o r  t h e  number o f  observations, n, 
ob ta in  the  c o e f f i c i e n t s  al, a,, ..., a, where k i s  n/2 i f  n  i s  even and 
(n-1)/2 ifn i s  odd. For the  data i n  t h i s  example, n - 20 and k = 10. The ai 
values are l i s t e d  i n  Table 6. 

12.13.2.6.6 Compute the  t e s t  s t a t i s t i c ,  W, as fo l lows:  

The d i f f e rences  X cn.i+l) - x ( ~ )are l i s t e d  i n  Table 6. For the  da ta  i n  t h i s  
e x a m ~ le, 

12.13.2.6.7 The dec is ion  r u l e  f o r  t h i s  t e s t  i s  t o  compare W as ca l cu la ted  i n  
Sect ion 13.2.6.6 t o  a  c r i t i c a l  value found i n  Table 6, Appendix 8. I f  the  
computed W i s  l e s s  than t h e  c r i t i c a l  value, conclude t h a t  t h e  data are not  
normal ly  d i s t r i b u t e d .  For the  data i n  t h i s  example, t h e  c r i t i c a l  value a t  a  
s ign i f i cance  l e v e l  of 0.01 and n  = 20 observat ions i s  0.868. Since W = 0.846 
i s  l ess  than the  c r i t i c a l  value, conclude t h a t  t h e  data are not  normal ly 
d i s t r i b u t e d .  



12.13.2.6.8 Since t h e  data do no t  meet t h e  assumption o f  normal i ty ,  Steel 's  
Many-one Rank Test w i l l  be used t o  analyze the  t o t a l  m o r t a l i t y  data. 

12.13.2.7 Stee l ' s  Many-one Rank Test 

12.13.2.7.1 For each con t ro l  and concent ra t ion  combination, combine the  data 
and arrange t h e  observat ions i n  o rder  o f  s i z e  from smal lest  t o  l a r g e s t .  
Assign the  ranks (1, 2, ..., 8) t o  t h e  ordered observat ions w i t h  a rank o f  
1 assigned t o  t h e  smal lest  observat ion, rank o f  2 assigned t o  the  next  l a r g e r  
observat ion, e t c .  I f  t i e s  occur when ranking, assign t h e  average rank  t o  each 
t i e d  observat ion. 

12.13.2.7.2 An example o f  ass igning ranks t o  the combined data  f o r  the  
con t ro l  and 3.125% e f f l u e n t  concentrat ion i s  g iven i n  Table 7. This  rank ing  
procedure i s  repeated f o r  each cont ro l /concent ra t ion  combination. The 
complete se t  o f  rankings i s  summarized i n  Table 8. The con t ro l  group ranks 
are next summed f o r  each e f f l u e n t  concentrat ion pa i r i ng ,  as shown i n  Table 9. 

TABLE 7. 	 ASSIGNING RANKS TO THE CONTROL AND 3.125% EFFLUENT CONCENTRATION 
FOR STEEL'S MANY-ONE RANK TEST 

Transformed E f f l u e n t  
Rank Propor t ion  Concentrat ion" 

Morta l it y  	 (%I 

Control  
Control  
3.125 
3.125 
Contro l  
3.125 
3.125 
Control  

12.13.2.7.3 For t h i s  example, we want t o  determine i f  t h e  t o t a l  m o r t a l i t y  i n  
any o f  the  e f f l u e n t  concentrat ions i s  s i g n i f i c a n t l y  h igher  than t h e  t o t a l  
m o r t a l i t y  i n  the  c o n t r o l .  I f  t h i s  occurs, the  rank sum o f  the  con t ro l  would 
be s i g n i f i c a n t l y  l ess  than the  rank sum a t  t h a t  concentrat ion.  Thus we are 
on ly  concerned w i t h  comparing the  c o n t r o l  rank sum f o r  each p a i r i n g  w i t h  the  
var ious e f f l u e n t  concentrat ions w i t h  some "minimum" o r  c r i t i c a l  rank sum, a t  
o r  below which the  concentrat ion t o t a l  m o r t a l i t y  would be considered 
s i g n i f i c a n t l y  g rea ter  than the  c o n t r o l .  A t  a s ign f icance l e v e l  o f  0.05, t h e  
minimum rank sum i n  a t e s t  w i t h  f o u r  concentrat ions (exc luding the  c o n t r o l )  
and fou r  rep1 i ca tes  per  concent ra t ion  i s  10 (see Table 5, Appendix E). 

12.13 .,2.7.4 Since the  con t ro l  rank sum f o r  the  25.0% e f f l u e n t  concentrat ion 
p a i r i n g  i s  equal t o  t h e  c r i t i c a l  value, t h e  t o t a l  p ropo r t i on  m o r t a l i t y  i n  the  
25.0% concentrat ion i s  considered s i g n i f i c a n t l y  g rea te r  than t h a t  i n  the  



TABLE 8. TABLE OF RANKS FOR STEEL'S MANY-ONE RANK TEST 

E f f l u e n t  Concentrat ion (%) 

Rep1. Control  3.125 6.25 12.5 25.0 

TABLE 9. RANK SUMS 

E f f l u e n t  Control  
Concentrat ion (%) Rank Sum 

con t ro l .  Since no o the r  rank sums are  l e s s  than o r  equal t o  the  c r i t i c a l  
value, no o the r  concentrat ions have s i g n f i c a n t l y  h igher  t o t a l  p ropo r t i on  
m o r t a l i t y  than the  c o n t r o l .  Hence t h e  NOEC i s  12.5% and the  LOEC i s  25.0%. 

12.13.2.8 Ca lcu la t i on  o f  t h e  LC50 

12.13.2.8.1 The data used f o r  t h e  P r o b i t  Analys is  i s  summarized i n  Table 10. 
To perform the  P r o b i t  Analysis,  run  t h e  USEPA P r o b i t  Analys is  Program. An 
example o f  t h e  program i n p u t  and output  i s  suppl ied i n  Appendix I. 

12.13.2.8.2 For t h i s  example, the  chi-square t e s t  f o r  heterogenei ty  was no t  
s i g n i f i c a n t .  Thus P r o b i t  Analys is  appears appropr iate f o r  t h i s  data. 

12.13.2.8.3 F igure 6 shows t h e  ou tput  data f o r  t h e  P r o b i t  Analys is  o f  the  
data from Table 10 us ing t h e  USEPA P r o b i t  Program. 



TABLE 10. DATA FOR PROBIT ANALYSIS 


Control 3.125 6.25 12.5 25.0 50.0 


Number Dead 3 1 0 1 6 15 

Number Exposed 40 40 40 40 40 40 


12.14 PRECISION AND ACCURACY 


12.14.1 PRECISION 


12.14.1.1 Single-laboratory Precision 


12.14.1.1.1 Data shown in Tables 11 and 12 indicate that the precision of the 

embryo-larval survival and teratogenicity test, expressed as the relative 

standard deviation (or coefficient of variation, CV) of the LC1 values, was 

62% for cadmium (Table 11) and 41% for Diquat (Table 12). 


12.14.1.1.2 Precision data are also available from four embryo-larval 

survival and teratogenicity tests on trick1 ing filter pilot plant effluent 

(Table 13). Although the data could not be analyzed by Probit Analysis, the 

NOECs and LOECs obtained using Dunnett's Procedure were the same for all four 

tests, 7% and 11% effluent, respectively, indicating maximum precision in 

terms of the test design. 


12.14.1.2 Multilaboratory Precision 


12.14.1.2.1 Data on the multilaboratory precision of this test are not yet 

avai 1 able. 


12.14.2 ACCURACY 


12.14.2.1 The accuracy of toxicity tests cannot be determined. 




USEPA PROBIT ANALYSIS PROGRAM 

USED FOR CALCULATING LC/EC VALUES 


Version 1.5 


P r o b i t  Analys is  o f  Fathead Minnow Embryo-Larval Surv iva l  

and Te ra togen ic i t y  Data 


Number Number 
Conc. Exposed Resp. 

Contro l  20 2 
0.5000 20 2 
1.0000 20 1 
2.0000 20 4 
4.0000 20 16 
8.0000 20 20 

Propor t ion  
Observed Responding 

Propor t ion  Adjusted f o r  
Responding Contro ls  

0.1000 0.0000 
0.1000 0.0174 
0.0500 - .0372 
0.2000 0.1265 
0.8000 0.7816 
1 .OOOO 1.0000 

Chi - Square f o r  Heterogenei ty  ( ca l cu la ted )  = 0.441 
Chi - Square f o r  Heterogeneity ( t a b u l a r  value) = 7.815 

P r o b i t  Ana lys is  o f  Fathead Minnow Embryo-Larval Surv iva l  
and Te ra togen ic i t y  Data 

Estimated LC/EC Values and Confidence L i m i t s  

Exposure Lower Upper
Po in t  Conc. 95% Confidence L i m i t s  

F igure 6. Output f o r  USEPA P r o b i t  Program, Version 1.5. 



TABLE 11. 	 PRECISION OF THE FATHEAD MINNOW, PIMEPHALES PROMELAS, 
EMBRYO-LARVAL SURVIVAL AND TERA7QGENICITY TEST, USING 
CADMIUM AS A REFERENCE TOXICANT ' 

Test L C ~ ~  95% Confidence . N O E C ~  

(mg/L) L i m i t s  (mg/L) 


N 5 5 

Mean 0.0068 NA 

SD 0.0042 

CV ( X )  62 NA 


1 Tests conducted by Drs. Wesley B i rge  and J e f f r e y  Black, U n i v e r s i t y  
o f  Kentucky, Lexington, under a cooperat ive agreement w i t h  t h e  
Bioassessment and Ecotox ico logy Branch, EMSL, USEPA, C inc inna t i ,  OH. 

2 Cadmium c h l o r i d e  was used as t h e  reference t o x i c a n t .  The nominal 
concentrat ions,  expressed as cadmium (mg/L), were: 0.01, 0.032, 
0.100, 0.320, and 1.000. The d i l u t i o n  water was r e c o n s t i t u t e d  water 
w i t h  a hardness o f  100 mg/L as ca lc ium carbonate, and a pH o f  7.8. 

3 Determined by P r o b i t  Analys is .  
4 Highest no-observed-ef fect  concent ra t ion  determined by independent 

s t a t i s t i c a l  ana lys is  (2x2 Chi-square F isher 's  Exact Tes t ) .  NOEC 
range o f  0.011 - 0.013 represents a d i f f e r e n c e  o f  one exposure 
concentrat ion.  



TABLE 12. 	 PRECISION OF THE FATHEAD MINNOW, PIMEPHALES 
PROMELAS, EMBRYO-LARVAL, SURVIVAL AND 
TERATOGENICITY TOXICITY,{EST, USING DIQUAT 
AS A REFERENCE TOXICANT ' 

Test 	 L C ~ ~ 95% Confidence 
(mg/L) L i m i t s  

N 5 

Mean 1.51 

SD 0.62 

CV (%) 41.3 


' Tests conducted by Drs. Wesley B i rge  and J e f f r e y  Black, Uni - 

v e r s i t y  o f  Kentucky, Lexington, under a cooperat ive agreement 

w i t h  t he  Bioassessment and Ecotoxicology Branch, EMSL, USEPA, 

C inc inna t i ,  OH. 

The Diauat  concentrat ions were determined by chemical analys is .  

The d i l u t i o n  water was r e c o n s t i t u t e d  water  w i t h  a hardneis o f  

100 mg/L as ca lc ium carbonate, and a pH o f  7.8. 

Determined by P r o b i t  Analys is .  

Cannot be ca lcu la ted .  




13. 	 PRECISION OF THE FATHEAD MINNOW, PIMEPHALES PROMELAS, 
EMBRYO-LARVAL SURVIVAL AND TERATOGENICITY STATkC-RENEWAL 
TEST CONDUCTED WITH TRICKLING FILTER EFFLUENT ' '3 

Test NOEC LOEC 
'No. (% E f f l u e n t )  (% E f f l u e n t )  

' Data prov ided by Timothy Neiheisel ,  Bioassessment and 
Ecotoxicology Branch, EMSL, USEPA, C inc innat i ,  OH. 
E f f l u e n t  concehtrat ions used: 3, 5, 7, 11 and 16%. 

3 '  Maximum p rec i s ion  achieved i n  terms o f  NOEC-LOEC i n t e r v a l  . 
For a d iscussion o f  t h e  p rec i s ion  o f  da ta  from chron ic  
t o x i c i t y  t e s t s  (see Sect ion 4, Q u a l i t y  Assurance). 



SECTION 13 

TEST METHOD 

DAPHNID, CERZODAPHNZA WBZA,  

SURVIVAL AND REPRODUCTION TEST 


METHOD 1002.0 


13.1 SCOPE AND APPLICATION 

13.1.1 This method measures the  chron ic  t o x i c i t y  o f  e f f l u e n t s  and rece i v ing  
water t o  t h e  daphnid, Ceriodaphnia dubia, us ing l e s s  than 24 h  o l d  neonates 
dur ing  a  three-brood (seven-day), s t a t i c  renewal t e s t .  The e f f e c t s  inc lude 
the  syne rg i s t i c ,  an tagon is t i c ,  and a d d i t i v e  e f f e c t s  o f  a l l  the  chemical, 
physical ,  and b i o l o g i c a l  components which adversely a f f e c t  the  phys io log i ca l  
and biochemical f unc t i ons  o f  the  t e s t  organisms. 

13.1.2 D a i l y  observat ions on m o r t a l i t y  make i t  poss ib le  t o  a lso  c a l c u l a t e  
acute t o x i c i t y  f o r  des i red  exposure per iods  ( i .e . ,  24-h, 48-h, and 96-h 
LC5Os). 

13.1.3 Detec t ion  l i m i t s  o f  t h e  t o x i c i t y  o f  an e f f l u e n t  o r  pure substance are 
organism dependent. 

13.1.4 B r i e f  excursions i n  t o x i c i t y  may n o t  be detected us ing 24-h composite 
samples. Also, because o f  the  long sample c o l l e c t i o n  pe r iod  invo lved i n  
composite sampling, and because t h e  t e s t  chambers are no t  sealed, h i g h l y  
degradable o r  h i g h l y  v o l a t i l e  t o x i c a n t s  i n  the  source may no t  be detected i n  
the  t e s t .  

13.1.5 This t e s t  method i s  commonly used i n  one o f  two forms: (1) a 
d e f i n i t i v e  t e s t ,  cons i s t i ng  o f  a  minimum o f  f i v e  e f f l u e n t  concentrat ions and a  
con t ro l ,  and (2 )  a  rece i v ing  water t e s t ( s ) ,  cons i s t i ng  o f  one o r  more 
rece i v ing  water concentrat ions and a  c o n t r o l .  

13.2 SUMMARY OF METHOD 
\ 

13.2.1 Ceriodaphnia dubia are exposed i n  a  s t a t i c  renewal system t o  d i f f e r e n t  
concentrat ions o f  e f f l u e n t ,  o r  t o  r e c e i v i n g  water, u n t i l  60% o f  s u r v i v i n g  
con t ro l  organisms have th ree  broods o f  o f f s p r i n g .  Test r e s u l t s  are based on 
su rv i va l  and reproduct ion.  I f  t h e  t e s t  i s  conducted as described, the  
su rv i v ing  con t ro l  organisms should produce 15 o r  more young i n  th ree  broods. 
I f  these c r i t e r i a  are no t  met a t  the  end o f  8  days, the  t e s t  must be repeated. 

13.3 INTERFERENCES 

13.3.1 Toxic substances may be in t roduced by contaminants i n  d i l u t i o n  water, 
glassware, sample hardware, and t e s t i n g  equipment (see Sect ion 5, F a c i l i t i e s ,  
Equipment, and Suppl ies) . 



13.3.2 Improper e f f l u e n t  sampling and handl ing may adversely a f f e c t  t e s t  
r e s u l t s  (see Sect ion 8 ,  E f f l u e n t  and Receiving Water Sampling, Sample 
Handling, and Sample Preparat ion f o r  T o x i c i t y  Tests).  

13.3 .3  Pathogenic and/or predatory organisms i n  the  d i l u t i o n  water and 
e f f luent  may a f f e c t  t e s t  organism s u r v i v a l  and confound t e s t  r e s u l t s .  

13 .3 .4  The amount and type o f  na tu ra l  food i n  t h e  e f f l u e n t  o r  d i l u t i o n  water 
may confound t e s t  r e s u l t s .  

13.3 .5  Food added du r ing  t h e  t e s t  may sequester metals and o the r  t o x i c  
substances and confound t e s t  r e s u l t s .  D a i l y  renewal o f  so lu t ions ,  however, 
w i l l  reduce the  p r o b a b i l i t y  o f  reduc t ion  o f  t o x i c i t y  caused by feeding. 

1 3 . 4  SAFETY 

1 3 . 4 . 1  See Sect ion 3 ,  Heal th and Safety.  

13.5  APPARATUS AND EQUIPMENT 

13.5 .1  Ceriodaphnia and a l g a l  c u l t u r e  u n i t s  - - See Ceriodaphnia and a l g a l  
c u l t u r i n g  methods below and a lga l  c u l t u r i n g  methods i n  Sect ion 14  and USEPA, 
1993b.  

1 3 . 5 . 2  Samplers - - automatic sampler, p re fe rab l y  w i t h  sample coo l i ng  
c a p a b i l i t y ,  capable o f  c o l l e c t i n g  a 24-h composite sample o f  5 L o r  more. 

13.5 .3  Sample conta iners - - f o r  sample shipment and storage (see Sect ion 8 ,  
Eff luent  and Receiving Water Sampl ing, Sample Hand1 ing, and Sample Preparat ion 
f o r  T o x i c i t y  Tests).  

13.5 .4  Environmental chambers, incubators,  o r  equ iva len t  f a c i l i t i e s  w i t h  
temperature con t ro l  (25 f P C ) .  

13 .5 .5  Water p u r i f i c a t i o n  system - - MILLIPORE MILLI-Q@, deionized water o r  
equ iva len t  (see Sect ion 5, F a c i l i t i e s ,  Equipment, and Suppl ies).  

13 .5 .6  Balance - - a n a l y t i c a l ,  capable o f  accura te ly  weighing 0.00001 g. 

13.5 .7  Reference weights, Class S - - f o r  checking performance o f  balance. 
Weights should bracket  t h e  expected weights o f  the  ma te r ia l  t o  be weighed. 

13 .5 .8  Test chambers - - 10 t e s t  chambers are requ i red  f o r  each concentrat ion 
and c o n t r o l .  Test chambers such as 30-mL b o r o s i l i c a t e  g lass  beakers o r  
disposable polystyrene cups are recommended because they w i l l  f i t  i n  the  
viewing f i e l d  o f  most stereoscopic microscopes. The g lass beakers and p l a s t i c  
cups are r i nsed  thoroughly w i t h  d i l u t i o n  water before use. To avoid p o t e n t i a l  
contaminat ion from the  a i r  and excessive evaporat ion o f  t h e  t e s t  so lu t i ons  
dur ing  the  t e s t ,  the  t e s t  vessels should be covered w i t h  sa fe ty  g lass  p l a t e s  
o r  sheet p l a s t i c  ( 6  mm t h i c k ) .  

1 3 . 5 . 9  Mechanical shaker o r  magnetic s t i r  p la tes  - - f o r  a lga l  cu l t u res .  



13.5.10 L i g h t  meter - - w i t h  a range o f  0-200 p ~ / m ~ / s  (0-1000 f t - c ) .  


13.5.11 Fluorometer (op t i ona l )  - - equipped w i t h  ch lo rophy l l  de tec t i on  1 i g h t  

source, f i l t e r s ,  and photomul t i p 1  i e r  tube (Turner Model 110 o r  equ iva len t ) .  


13.5.12 UV-VIS spectrophotometer ( o p t i o n a l )  - - capable o f  accommodating 1-5 

cm cuvet tes.  


13.5.13 Cuvettes f o r  spectrophotometer - - 1-5 cm l i g h t  path. 


13.5.14 E l e c t r o n i c  p a r t i c l e  counter (op t i ona l )  - - Coul t e r  Counter, Z B I ,  o r  

equiva lent ,  w i t h  mean c e l l  ( p a r t i c l e )  volume determinat ion.  


13.5.15 Microscope w i t h  lox ,  45X, and l O O X  o b j e c t i v e  lenses, 10X ocu la r  

lenses, mechanical stage, substage condensor, and 1 i g h t  source ( i n v e r t e d  o r  

convent ional microscope) - - f o r  determin ing sex and v e r i f y i n g  i d e n t i f i c a t i o n .  


13.5.16 D issec t ing  microscope, stereoscopic,  w i t h  zoom ob jec t i ve ,  

magn i f i ca t i on  t o  50X - - f o r  examining and count ing the  neonates i n  t he  t e s t  

vessels.  


13.5.17 Counting chamber - - Sedgwick-Rafter, Palmer-Maloney, o r  

hemocytometer. 


13.5.18 Cent r i fuge  (op t i ona l )  - - plankton, o r  w i t h  swing-out buckets having a 

capac i ty  o f  15-100 mL. 


13.5.19 Cent r i fuge  tubes - - 15-100 mL, screw-cap. 


13.5.20 F i l t e r i n g  apparatus - - f o r  membrane and/or g lass  f i b e r  f i l t e r s .  


13.5.21 Racks (boards) - - t o  h o l d  t e s t  chambers. It i s  convenient t o  use a 

p iece o f  styrofoam i n s u l a t i o n  board, 50 cm x 30 cm x 2.5 cm (20 i n  x 12 i n  x 1 

i n ) ,  d r i l l e d  t o  ho ld  60 t e s t  chambers, i n  s i x  rows o f  10 (see F igure  1) .  


13.5.22 L i g h t  box - - f o r  i l l u m i n a t i n g  organisms du r i ng  examination. 


13.5.23 Volumetr ic f l a s k s  and graduated c y l i n d e r s  - - c lass  A, b o r o s i l  i c a t e  

g lass  o r  non - tox i c  p l a s t i c  labware, 10-1000 mL, f o r  c u l t u r e  work and 

p repara t ion  o f  t e s t  so lu t i ons .  


13.5.24 P ipe t to rs ,  ad jus tab le  volume repeat ing  dispensers - - f o r  feeding.  

P i p e t t o r s  such as the  G i  1 son REPETMANB, Eppendorf, Oxford, o r  equiva lent ,  

prov ide a r a p i d  and accurate means o f  d ispensing small volumes (0.1 mL) o f  

food t o  l a r g e  numbers o f  t e s t  chambers. 


13.5.25 Volumetr ic p i p e t s  - - c lass  A, 1-100 mL. 


13.5.26 Sero log ica l  p i p e t s  - - 1-10 mL, graduated. 


13.5.27 P ipe t  bulbs and f i l l e r s  - - PROPIPETB, o r  equ iva len t .  




13.5.28 Disposable polyethy lene p ipe ts ,  droppers, and g lass tub ing  w i t h  

f i r e - p o l i s h e d  edges, 2 2mm I D  - - f o r  t r a n s f e r r i n g  organisms. 


13.5.29 Wash b o t t l e s  - - f o r  r i n s i n g  small glassware and instrument e lect rodes 

and probes. 


13.5.30 Thermometer, g lass  o r  e l e c t r o n i c ,  l abo ra to ry  grade, - - f o r  measuring 

water temperatures. 


13.5.31 Bul b-thermograph o r  e l e c t r o n i c - c h a r t  type thermometers - - f o r  

cont inuously  record ing  temperature. 


13.5.32 Thermometer, Nat ional  Bureau o f  Standards C e r t i f i e d  (see USEPA Method 

170.1, USEPA 1979b) - - t o  ca l  ib ra te  I aboratory thermometers. 


13.5.33 Meters, DO, pH, and s p e c i f i c  c o n d u c t i v i t y  - - f o r  r o u t i n e  phys ica l  and 

chemical measurements. 


13.6 REAGENTS AND CONSUHABLE MATERIALS 


13.6.1 Sample conta iners - - f o r  sample shipment and storage (see Sect ion 8, 

E f f l u e n t  and Receiving Water Sampling, Sample Hand1 ing, and Sample Preparat ion 

f o r  T o x i c i t y  Tests).  


13.6.2 Data sheets (one se t  per  t e s t )  - - f o r  record ing  the  data. 


13.6.3 V ia ls ,  marked - - f o r  p reserv ing  specimens f o r  v e r i f i c a t i o n  (op t i ona l ) .  


13.6.4 Tape, co lo red - - f o r  l a b e l i n g  t e s t  vessels. 


13.6.5 Markers, waterproof - - f o r  marking conta iners.  


13.6.6 Reagents f o r  hardness and a l k a l i n i t y  t e s t s  - - see USEPA Methods 130.2 

and 310.1, USEPA, 1979b. 


13.6.7 Buf fe rs ,  pH 4, pH 7, and pH 10 ( o r  as per  i n s t r u c t i o n s  o f  instrument 

manufacturer) - - f o r  inst rument  c a l i b r a t i o n  check (see USEPA Method 150.1, 

USEPA, 1979b). 


13.6.8 Spec i f i c  c o n d u c t i v i t y  standards - - see USEPA Method 120.1, USEPA, 

1979b. 


13.6.9 Membranes and f i l l i n g  so lu t i ons  f o r  DO probe (see USEPA Method 360.1, 

USEPA, 1979b), o r  reagents - - f o r  mod i f ied  Winkler ana lys is .  


13.6.10 Laboratory qua1 i t y  c o n t r o l  samples and standards - - f o r  c a l i b r a t i o n  

o f  t h e  above methods. 


13.6.11 Reference t o x i c a n t  s o l u t i o n s  - - see Sect ion 4, Qua1 i t y  Assurance. 




13.6.12 Reagent water - - de f i ned  as d i s t i l l e d  o r  deionized water t h a t  does 
no t  con ta in  substances which are t o x i c  t o  t he  t e s t  organisms (see Sect ion 5, 
F a c i l i t i e s ,  Equipment, and Suppl ies) . 
13.6.13 Eff luent,  sur face water, and d i l u t i o n  water - - see Sect ion 7, 
D i l u t i o n  Water; and Sect ion 8, E f f l u e n t  and Receiving Water Sampling, Sample 
Hand1ing, and Sample Preparat ion f o r  T o x i c i t y  Tests. 

13.6.14 Trou t  chow, yeast, and CEROPHYL" food ( o r  s u b s t i t u t e  food) - - f o r  
feeding t h e  c u l t u r e s  and t e s t  organisms. 

13.6.14.1 Digested t r o u t  chow, o r  s u b s t i t u t e  f l a k e  food (TETRAMIN", BIORIL", 
o r  equ iva len t ) ,  i s  prepared as fo l lows:  

1. 	 Preparat ion o f  t r o u t  chow o r  s u b s t i t u t e  f l a k e  food requ i res  one week. 
Use s t a r t e r  o r  No. 1 p e l l e t s  prepared according t o  cu r ren t  U.S. F ish  and 
W i l d l i f e  Serv ice spec i f i ca t i ons .  Supp l ie rs  o f  t r o u t  chow inc lude  
Z e i g l e r  Bros., Inc.,  P.O. Box 95, Gardners, PA, 17324 (717-780-9009); 
Glencoe M i l l s ,  1011 E l l i o t t ,  Glencoe, MN, 55336 (612-864-3181); and 
Murray Elevators,  118 West 4800 South, Murray, UT 84107 (800-521-9092). 

2. 	 Add 5.0 g o f  t r o u t  chow p e l l e t s  o r  s u b s t i t u t e  f l a k e  food t o  1 L o f  
MILLI-Q0 water. Mix w e l l  i n  a b lender  and pour i n t o  a 2-L separatory 
funnel. Digest  p r i o r  t o  use by ae ra t i ng  cont inuous ly  from the  bottom o f  
t he  vessel f o r  one week a t  ambient l abo ra to ry  temperature. Water l o s t  
due t o  evaporat ion i s  replaced du r i ng  d iges t ion .  Because o f  t he  
o f f ens i ve  odor u s u a l l y  produced du r i ng  d iges t ion ,  t he  vessel should be 
p laced i n  a fume hood o r  o t h e r  i so la ted ,  v e n t i l a t e d  area. 

3. 	 A t  t h e  end o f  d i g e s t i o n  per iod ,  p lace  i n  a r e f r i g e r a t o r  and a l l ow  t o  
s e t t l e  f o r  a  minimum o f  1 h. F i l t e r  t h e  supernatant through a f i n e  mesh 
screen ( i  .e., NITEXO 110 mesh). Combine w i t h  equal volumes o f  
supernatant f rom CEROPHYLL" and yeast  preparat ions (below). The 
supernatant can be used f resh,  
sediment. 

o r  f rozen u n t i l  use, Discard t h e  

13.6.14.2 Yeast i s  prepared as fo l l ows :  

1. Add 5.0 g o f  d r y  yeast,  such as FLEISCHMANN'S" Yeast, Lake Sta te  Kosher 
C e r t i f i e d  Yeast, o r  equ iva len t ,  t o  1 L o f  MILLI-Q0 water. 

2. 	 S t i r  w i t h  a magnetic s t i r r e r ,  shake v igorous ly  by hand, o r  mix w i t h  a 
b lender  a t  low speed, u n t i l  t h e  yeast  i s  w e l l  dispersed. 

3. 	 Combine the  yeast  suspension immediately (do no t  a l l o w  t o  s e t t l e )  w i t h  
equal volumes o f  supernatant f rom the  t r o u t  chow (above) and CEROPHYLL" 
preparat ions (below). Discard excess m a t e r i a l .  

13.6.14.3 CEROPHYLL" i s  prepared as fo l lows:  

1. 	 Place 5.0 g o f  d r i ed ,  powdered, cereal  o r  a l f a l f a  leaves, o r  r a b b i t  
p e l l e t s ,  i n  a blender.  Cereal leaves are a v a i l a b l e  as "CEREAL LEAVES," 
from Sigma Chemical Company, P.O. Box 14508, S t .  Louis, MO 63178; 
800-325-3010; o r  as CEROPHYLL", f rom Ward's Natura l  Science 
Establishment, Inc.,  P.O. Box 92912, Rochester, NY 14692-9012; 



716-359-2502. Dried, powdered, a l f a l f a  leaves may be obta ined from 
hea l th  food stores, and r a b b i t  p e l l e t s  are ava i l ab le  a t  pe t  shops. 

2. 	 Add 1 L o f  MILLI-Q@ water. 
3. 	 Mix i n  a blender a t  h igh  speed f o r  5 min, o r  s t i r  overn igh t  a t  medium 

speed on a magnetic s t i r  p la te .  
4. 	 I f  a blender i s  used t o  suspend t h e  ma te r ia l ,  p lace  i n  a r e f r i g e r a t o r  

overn ight  t o  s e t t l e .  I f  a magnetic s t i r r e r  i s  used, a l l ow  t o  s e t t l e  f o r  
1 h. Decant the  supernatant and combine w i t h  equal volumes o f  
supernatant from t r o u t  chow and yeast  preparat ions (above). Discard 
excess ma te r ia l .  

13.6.14.4 Combined yeas t -cerophy l - t rou t  chow (YCT) i s  mixed as fo l lows:  

1. Thoroughly mix equal (approximately 300 mL) volumes o f  the  th ree  foods 
as described above. 

2. 	 Place a l i q u o t s  o f  t h e  mix ture  i n  small (50 mL t o  100 mL) screw-cap 

p l a s t i c  b o t t l e s  and f reeze u n t i l  needed. 


3. 	 Freshly  prepared food can be used immediately, o r  i t  can be f rozen u n t i l  
needed. Thawed food i s  s to red  i n  t h e  r e f r i g e r a t o r  between feedings, and 
i s  used f o r  a maximum o f  two weeks. Do no t  s to re  f rozen over th ree  
months. 

4. 	 It i s  advisable t o  measure the  d r y  weight o f  s o l i d s  i n  each batch o f  YCT 
before use. The food should conta in  1.7-1.9 g sol ids/L.  Cul tures o r  
t e s t  so lu t i ons  should conta in  12-13 mg sol ids/L.  

13.6.15 Algal  food - - f o r  feeding t h e  c u l t u r e s  and t e s t  organisms. 

13.6.15.1 A lga l  Cu l tu re  Medium i s  prepared as fo l lows:  

1. 	Prepare ( f i v e )  s tock n u t r i e n t  so lu t i ons  us ing reagent grade chemicals as 
described i n  Table 1. 

2. 	 Add 1 mL o f  each stock so lu t i on ,  i n  t h e  order  l i s t e d  i n  Table 1, t o  
approximately 900 mL o f  MILLI-Q@ water. Mix we l l  a f t e r  the  add i t i on  o f  
each so lu t i on .  D i l u t e  t o  1 L, mix we l l .  The f i n a l  concentrat ion o f  
macronutr ients and m ic ronu t r i en ts  i n  t h e  c u l t u r e  medium i s  g iven i n  
Table 2. 

3. 	 Immediately f i l t e r  t h e  medium through a 0.45 pm pore diameter membrane 
a t  a vacuum o f  no t  more than 380 mm (15 i n . )  mercury, o r  a t  a pressure 
o f  no t  more than one-hal f  atmosphere (8 p s i ) .  Wash the  f i l t e r  w i t h  500 
mL deionized water p r i o r  t o  use. 

4. 	 I f  the  f i l t r a t i o n  i s  c a r r i e d  ou t  w i t h  s t e r i l e  apparatus, f i l t e r e d  medium 
can be used immediately, and no f u r t h e r  s t e r i l i z a t i o n  steps are requ i red  
before the  i nocu la t i on  o f  the  medium. The medium can a lso  be s t e r i l i z e d  
by autoc lav ing a f t e r  i t  i s  placed i n  t h e  c u l t u r e  vessels. 

5. 	 Unused s t e r i l e  medium should n o t  be s to red more than one week p r i o r  t o  
use, because there  may be subs tan t i a l  l oss  o f  water by evaporat ion. 

13.6.15.2 Algal  Cul tures 

13.6.15.2.1 See Sect ion 6, Test Organisms, f o r  in fo rmat ion  on sources o f  
" s t a r t e r "  cu l t u res  o f  Selenastrum capricornutum, S. minutum, and Chlamydomonas 
re inha rd t i .  



-- -- 

TABLE 1. NUTRIENT STOCK SOLUTIONS FOR MAINTAINING ALGAL STOCK CULTURES 


STOCK COMPOUND AMOUNT DISSOLVED I N  
SOLUTION 500 mL MILLI-Q0 WATER 

1. 	MACRONUTRIENTS 

2. 	 MICRONUTRIENTS 

92.8 mg 
208.0 mgl 

1.64 mg 
79.9 mg2 
0.714 mg, 
3.63 mg4 
0.006 mg 

150.0 mg, 
1.196 mg 

I 	ZnCl - Weigh o u t  164 mg and d i l u t e  t o  100 mL. Add 1 mL o f  t h i s  
s o l u t i o n  t o  Stock 2, m ic ronu t r i en ts .  
CoC1,.6H20 - Weigh ou t  71.4 mg and d i l u t e  t o  100 mL. Add 1 mL o f  
t h i s  s o l u t i o n  t o  Stock 2, m ic ronu t r i en ts .  
Na2Mo0,.2H 0 - Weigh ou t  36.6 mg and d i l u t e  t o  10 mL. Add 1 mL 
o f  t h i s  so7ut ion t o  Stock 2, m ic ronu t r i en ts .  
CuC12.2H20 - Weigh ou t  60.0 mg and d i l u t e  t o  1000 mL. Take 1 mL o f  
t h i s  s o l u t i o n  and d i l u t e  t o  10 mL. Take 1 mL o f  t h e  second 
d i l u t i o n  and add t o  Stock 2, m ic ronu t r i en ts .  
Na SeO, - Weigh ou t  119.6 mg and d i l u t e  t o  100 mL. Add 1 mL o f  t h i s  
s o j u t i o n  t o  Stock 2, m ic ronu t r i en ts .  



TABLE 2 .  F INAL CONCENTRATION OF MACRONUTRIENTS AN0 MICRONUTRIENTS 
I N  THE CULTURE MEDIUM 

MACRONUTRI ENT CONCENTRATION ELEMENT CONCENTRATION 
(mu/L) Imu/L) 

NaNO, 2 5 . 5  N 4 . 2 0  

MICRONUTRIENT CONCENTRATION ELEMENT CONCENTRATION 
( u u / L )  (ua/L) 



13.6.15.2.2 Two types of algal cultures are maintained: "stock" cultures, and 

"food" cultures. 


13.6.15.2.2.1 Establishing and Maintaining Stock Cultures of Algae: 


1. Upon receipt of the "starter" culture (usually about 10 mL), 	a stock 

culture is initiated by aseptically transferring one milliliter to each 

of several 250-mL culture flasks containing 100 mL algal culture medium 

(prepared as described above). The remainder of the starter culture can 

be held in reserve for up to six months in a refrigerator (in the dark) 

at 4°C. 


2. The stock cultures are used as a source of algae to initiate "food" 

cultures for Ceriodaphnia dubia toxicity tests. The volume of stock 

culture maintained at any one time will depend on the amount of algal 

food required for the Ceriodaphnia dubia cultures and tests. Stock 

culture volume may be rapidly "scaled up" to several liters, if 

necessary, using 4-L serum bottles or similar vessels, each containing 3 

L of growth medium. 


3. Culture temperature is not critical. 	 Stock cultures may be maintained 
at 25°C in environmental chambers with cultures of other organisms if 
the illumination is adequate (continuoug "cool-white'' fluorescent 
liclhtinq of approximately 86 + 8.6 pE/m /s, or 400 ft-c). 

4. 	cujturei are k x e d  twice-daily by hand. 

5. Stock cultures can be held in the refrigerator until 	used to start 


"food" cultures, or can be transferred to new medium weekly. 

One-to-three millilite[s of 7-day old algal stock culture, containing 

approximately 1.5 X 10 cells/mL, are transferred to each 100 mL of 

fresh culture medium. The inoculum should provide an initial cell 

density of approximately 10,000-30,000 cells/mL in the new stock 

cultures. Aseptic techniques should be used in maintaining the stock 

algal cultures, and care should be exercised to avoid contamination by 

other microorganisms. 


6. Stock cultures should be examined microscopically weekly, at transfer, 

for microbial contamination. Reserve quantities of culture organisms 

can be maintained for 6-12 months if stored in the dark at 4°C. It is 

advisable to prepare new stock cultures from "starter" cultures obtained 

from established outside sources of organisms (see Section 6, Test 

Organisms) every four to six months. 


13.6.15.2.2.2 Establishing and Maintaining "Food" Cultures of Algae: 


1. 	"Food" cultures are started seven days prior to use for Ceriodaphnia 

dubia cultures and tests. Approximately 20 mL of 7-day-old algal gtock 

culture (described in the previous paragraph), containing 1.5 X 10 

cells/mL, are added to each liter of fresh algal culture medium ( i  .e., 

3 L of medium in a 4-L bottle, or 18 L in a 20-L bottle). The inoculum 

should provide an initial cell density of approximately 30,000 cell s/mL. 

Aseptic techniques should be used in preparing and maintaining the 

cultures, and care should be exercised to avoid contamination by other 

microorganisms. However, steri 1 i ty of food cultures is not as critical 

as in stock cultures because the food cultures are terminated in 




7-10 days. A one-month supply of algal food can be grown at one time, 

and stored in the refrigerator. 


2. Food cultures may be maintained at 25% in environmental chambers with 

the algal stock cultures or cultures of other organisms if the 

illumination is adequate (contjnuous ''cool -whiteq' fluorescent 1 ighting 

of approximately 86 f 8.6 pE/m /s or 400 ft-c). 


3. Cultures are mixed continuously on a magnetic stir plate (with a medium 

size stir bar) or in a moderately aerated separatory funnel, or are 

mixed twice daily by hand. If the cultures are placed on a magnetic 

stir plate, heat generated by the stirrer might elevate the culture 

temperature several degrees. Caution should be exercised to prevent the 

culture temperature from rising more than 2-3°C. 


13.6.15.2.3 Preparing Algal Concentrate for Use as Ceriodaphnia dubia Food: 


1. 	An algal concentrate containing 3.0 to 3.5 X 10' cells/mL is prepared 

from food cultures by centrifuging the algae with a plankton or 

bucket-type centrifuge, or by allowing the cultures to settle in a 

refrigerator for at least three weeks and siphoning off the supernatant. 


2. The cell density (cells/mL) in the concentrate is measured with an 

electronic particle counter, microscope and hemocytometer, fl uorometer, 

or spectrophotometer (see Section 14, Green Alga, Selenastrum 

capricornutum Growth Test), and used to determine the dilution (or 

further $oncentration) required to achieve a final cell count of 3.0 to 

3.5 X lO/mL. 


3. Assuming a cell density of approximately 1.5 X lo6 cells/mL in the 
algal food cultures at 7 days, and 100% recovery in thg concentration 
process, a 3-L, 7-10 day culture will provide 4.5 X 10 algal cells. 
This number of cells would provide approximately 150 mL of algal cell 
concentrate (1500 feedings at 0.1 mL/feeding) for use as food. This 
would be enough algal food for four Ceriodaphnia dubia tests. 

4. Algal concentrate may be stored in the refrigerator for one month. 


13.6.15.3 Food Quality 


13.6.15.3.1 USEPA recommends Fleishmann'so yeast, Cerophyllo, trout chow, and 

Selenastrum capricornutum as the preferred Ceriodaphnia dubia food 

combination. This recommendation is based on extensive data developed by many 

1 aboratories which indicated high Ceriodaphnia dubia survival and reproduction 

in culturing and testing. The use of substitute food(s) is acceptable only 

after side-by-side tests are conducted to determine that the quality of the 

substitute food(s) is equal to the USEPA recommended food combination based on 

survival and reproduction of Ceriodaphnia dubia. 


13.6.15.3.2 The quality of food prepared with newly acquired supplies of 

yeast, trout chow, dried cereal leaves, algae, and/or any substitute food(s) 

should be determined in side-by-side comparisons of Ceriodaphnia dubia 

survival and reproduction, using the new food and food of known, acceptable 

quality, over a seven-day period in control medium. 




13.6.16 TEST ORGANISMS, DAPHNIDS, CERIODAPHNIA DUBIA 

13.6.16.1 Cul tures o f  t e s t  organisms should be s t a r t e d  a t  l e a s t  t h ree  weeks 
before the  brood animals are needed, t o  ensure an adequate supply o f  neonates 
fo r  the  t e s t .  Only a few i n d i v i d u a l s  a re  needed t o  s t a r t  a c u l t u r e  because o f  
t h e i r  pro1 i f i c  reproduct ion.  

13.6.16.2 Neonates used f o r  t o x i c i t y  t e s t s  must be obtained from i n d i v i d u a l l y  
c u l t u r e d  organisms. Mass c u l t u r e s  may be maintained, however, t o  serve as a 
reserve source o f  organisms f o r  use i n  i n i t i a t i n g  i n d i v i d u a l  c u l t u r e s  and i n  
case o f  l oss  o f  i n d i v i d u a l  cu l t u res .  

13.6.16.3 S t a r t e r  animals may be obta ined from commercial sources and may be 
shipped i n  polyethy lene b o t t l e s .  Approximately 40 animals and 3 mL o f  food 
are placed i n  a 1-L  b o t t l e  f i l l e d  f u l l  w i t h  c u l t u r e  water f o r  shipment. 
Animals received from an outs ide  source should be t r a n s f e r r e d  t o  new c u l t u r e  
media gradua l ly  over a per iod  o f  1-2 days t o  avoid mass m o r t a l i t y .  

13.6.16.4 I t  i s  best t o  s t a r t  the  c u l t u r e s  w i t h  one animal, which i s  
s a c r i f i c e d  a f t e r  producing young, mounted on a microscope s l i d e ,  and re ta ined  
as a permanent s l i d e  mount t o  f a c i l i t a t e  i d e n t i f i c a t i o n  and permi t  f u t u r e  
reference. The species i d e n t i f i c a t i o n  o f  t h e  stock c u l t u r e  should be v e r i f i e d  
by prepar ing s l i d e  mounts, regardless o f  t h e  number o f  animals used t o  s t a r t  
the  cu l tu re .  The f o l l o w i n g  procedure i s  recommended f o r  making s l i d e  mounts 
o f  Ceriodaphnia dubia (modi f ied from Beckett  and Lewijs, 1982): 

1. 	 P ipe t  the  animal onto a watch glass. 
2. 	 Reduce the  water volume by withdrawing excess water w i t h  t h e  p ipe t .  
3 .  	 Add a few drops o f  carbonated water ( c lub  soda o r  s e l t z e r  water) o r  

70% ethanol t o  r e l a x  the  specimen so t h a t  t h e  post-abdomen i s  
extended. (Optional : w i t h  prac t ice ,  extension o f  the  postabdomen 
may be accomplished by p u t t i n g  pressure on the  cover s l i p ) .  

4. 	 Place a small amount (one t o  th ree  drops) o f  mounting medium on a 
g lass  ~ i c r o s c o p e  s l i d e .  The recommended mounting medium i s  CMCP-9/10 
Medium , prepared by mix ing  two p a r t s  o f  CMCP-9 w i t h  one p a r t  o f  
CMCP-10 s ta ined w i t h  enough ac id  fuchs in  dye t o  c o l o r  the  mix ture  a 
l i g h t  p ink .  For more v i s c o s i t y  and f a s t e r  dry ing,  CMC-10 s ta ined 
w i t h  ac id  fuchs in  may be used. 

5. 	 Using forceps o r  a p ipe t ,  t r a n s f e r  t h e  animal t o  t h e  drop o f  mounting 
medium on the  microscope s l i d e .  

6. 	 Cover w i t h  a 12 mm round cover s l i p  and e x e r t  minimum pressure t o  
remove any a i r  bubbles trapped under the  cover s l i p .  S l i g h t l y  more 
pressure w i l l  extend t h e  postabdomen. 

7 .  	 Al low mounting medium t o  dry .  
8. 	 Make s l i d e  permanent by p l a c i n g  varn ish  around t h e  edges o f  t h e  

covers1 i p .  

CMCP-9, CMCP-10 and Acid Fuchsin are ava i l ab le  from Polysciences, Inc.,  
Paul 	 Va l ley  I n d u s t r i a l  Park, Warrington, PA, 18976, 215-343-6484. 
Neonates from mass c u l t u r e s  are n o t  t o  be used d i r e c t l y  i n  t o x i c i t y  
t e s t s  (see Subsection 13.10.2.3). 



9. 

10. 
11. 

I d e n t i f y  t o  species (see Pennak, 1978; Pennak, 
1986). 
Label w i t h  waterproof  i n k  o r  diamond penc i l .  
Store f o r  permanent record. 

1989; and Berner, 

13.6.16.5 Mass Cu l tu re  

13.6.16.5.1 Mass c u l t u r e s  are used o n l y  as a "backup" r e s e r v o i r  o f  organisms. 

13.6.16.5.2 O n e - l i t e r  o r  2-L g lass beakers, c r y s t a l l i z a t i o n  dishes, "ba t te ry  
j a r s ,  " o r  aquaria may be used as c u l t u r e  vessels. Vessels are commonly f i l l e d  
t o  th ree - fou r ths  capaci ty .  Cul tures are fed  d a i l y .  Four o r  more c u l t u r e s  are 
maintained i n  separate vessels and w i t h  over lapping ages t o  serve as back-up 
i n  case one c u l t u r e  i s  l o s t  due t o  acc ident  o r  o the r  unant ic ipa ted  problems, 
such as low DO concentrat ions o r  poor q u a l i t y  o f  food o r  l abo ra to ry  water. 

13.6.16.5.3 ,Mass c u l t u r e s  which w i l l  serve as a source o f  brood organisms f o r  
i n d i v i d u a l  c u l t u r e  should be maintained i n  good c o n d i t i o n  by f requent  renewal 
w i t h  new c u l t u r e  medium a t  l e a s t  tw i ce  a week f o r  two weeks. A t  each renewal, 
the  adu l t  su rv i va l  i s  recorded, and t h e  o f f s p r i n g  and the  o l d  medium are 
discarded. A f t e r  two weeks, t h e  adu l t s  are a lso  discarded, and t h e  c u l t u r e  i s  
r e - s t a r t e d  w i t h  neonates i n  f r e s h  medium. Using t h i s  schedule, I - L  cu l tu res  
w i l l  produce 500 t o  1000 neonate Ceriodaphnia dubia each week. 

13.6.16.6 I n d i v i d u a l  Cu l tu re  

13.6.16.6.1 I n d i v i d u a l  cu l t u res  are used as t h e  immediate source o f  neonates 
f o r  t o x i c i t y  t es t s .  

13.6.16.6.2 I n d i v i d u a l  organisms are  c u l t u r e d  i n  15 mL o f  c u l t u r e  medium i n  
30-mL ( 1  oz) p l a s t i c  cups o r  30-mL g lass  beakers. One neonate i s  placed i n  
each cup. It i s  convenient t o  p lace  t h e  cups i n  the  same type o f  board used 
f o r  t o x i c i t y  t e s t s  (see Figure 1) .  

13.6.16.6.3 Organisms are fed  d a i l y  (see Subsection 13.6.16.9) and are 
t rans fe r red  t o  f resh  medium a minimum o f  th ree  t imes aweek, t y p i c a l l y  on 
Monday, Wednesday, and Friday. On t h e  t r a n s f e r  days,. food i s  added t o  t h e  new 
medium immediately before o r  a f t e r  t h e  organisms are t rans fer red .  

13.6.16.6.4 To prov ide  cu l tu res  o f  over lapping ages, new boards are s t a r t e d  
weekly, us ing neonates from adu l ts  which produce a t  l e a s t  e i g h t  young i n  t h e i r  
t h i r d  o r  f o u r t h  brood. These adu l ts  can be used as sources o f  neonates u n t i l  
14 days o f  age. A minimum o f  two boards are maintained concur ren t ly  t o  
prov ide backup suppl ies o f  organisms i n  case o f  problems. 

13.6.16.6.5 Cul tures which are p rope r l y  maintained should produce a t  l e a s t  
20 young per  a d u l t  i n  th ree  broods (seven days o r  l e s s ) .  Typ i ca l l y ,  60 adu l t  
females (one board) w i l l  produce more than t h e  minimum number o f  neonates 
(120) requ i red  f o r  two t e s t s .  

13.6.16.6.6 Records should be maintained on the  su rv i va l  o f  brood organisms 
and number o f  o f f s p r i n g  a t  each renewal. Greater than 20% m o r t a l i t y  o f  
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adul ts ,  o r  l e s s  than an average o f  20 young per  female would i n d i c a t e  
problems, such as poor q u a l i t y  o f  c u l t u r e  media o r  food. Cul tures t h a t  do no t  
meet these c r i t e r i a  should no t  be used as a source o f  t e s t  organisms. 

13.6.16.7 Cu l tu re  Medium 

13.6.16.7.1 Moderately hard syn the t i c  water prepared us ing MILLIPORE MILLI-Q@ 
o r  equ iva len t  deionized water and reagent grade chemicals o r  20% DMW i s  
recommended as a standard c u l t u r e  medium (see Sect ion 7, D i l u t i o n  Water). 

13.6.16.8 Cu l tu re  Condit ions 

13.6.16.8.1 The daphnid, Ceriodaphnia dubia, should be c u l t u r e d  a t  a 
temperature o f  25 + 1'C. 

13.6.16.8.2 Day/night cyc les p r e v a i l i n g  i n  most l a b o r a t o r i e s  w i l l  prov ide 
adequate i l l u m i n a t i o n  f o r  normal growth and reproduct ion.  A photoperiod o f  
16-h o f  l i ~ h t  and 8-h  o f  darkness i s  recommended. L i g h t  i n t e n s i t y  should be 
10-20 rE/m /s o r  50 t o  100 f t - c .  

13.6.16.8.3 Clear, double-st rength sa fe ty  g lass  o r  6 mm p l a s t i c  panels are 
placed on the  c u l t u r e  vessels t o  exclude dust  and d i r t ,  and reduce 
evaporation. 

13.6.16.8.4 The organisms are d e l i c a t e  and should be handled as c a r e f u l l y  and 
as l i t t l e  as poss ib le  so t h a t  they are  no t  unnecessari ly stressed. They are 
t rans fe r red  w i t h  a p i p e t  o f  approximately 2-mm bore, t ak ing  care t o  re lease 
the  animals under the  sur face o f  the  water. Any organism t h a t  i s  i n j u r e d  
dur ing  hand1 i n g  should be discarded. 

13.6.16.9 Food and Feeding 

13.6.16.9.1 Feeding t h e  proper amount o f  the  r i g h t  food i s  extremely 
important i n  Ceriodaphnia dubia c u l t u r i n g .  The key i s  t o  prov ide s u f f i c i e n t  
n u t r i t i o n  t o  support normal reproduct ion w i thout  adding excess food which may 
reduce the  t o x i c i t y  o f  the  t e s t  so lu t ions ,  c l o g  t h e  animal's f i l t e r i n g  
apparatus, o r  g r e a t l y  decrease the  DO concentrat ion and increase m o r t a l i t y .  
A combination o f  Yeast, CEROPHYLLm, and Trout  chow (YCT), along w i t h  the  
u n i c e l l u l a r  green alga, Selenastrum capricornutum, w i l l  prov ide s u i t a b l e  
n u t r i t i o n  i f  fed  d a i l y .  

13.6.16.9.2 Other a lga l  species (such as S. minutum o r  Chlamydomonas 
r e i n h a r d t i ) ,  o ther  s u b s t i t u t e  food combinations (such as Flake F ish  Food), o r  
d i f f e r e n t  feeding ra tes  may be acceptable as long as performance c r i t e r i a  are 
met and s ide-by-s ide comparison t e s t s  conf i rm acceptable qua1 i t y  (see 
Subsection 13.6.15.3). 

13.6.16.9.3 Cul tures should be fed  d a i l y  t o  main ta in  the  organisms i n  optimum 
cond i t i on  so as t o  prov ide maximum reproduct ion.  Stock cu l tu res  which are 
stressed because they are no t  adequately f ed  may produce low numbers o f  young, 
l a r g e  numbers o f  males, and/or eph ipp ia l  females. Also, t h e i r  o f f s p r i n g  may 
produce few young when used i n  t o x i c i t y  t e s t s .  



13.6.16.9.4 Feed as fo l lows:  

1. 	 IfYCT i s  frozen, remove a b o t t l e  o f  food from t h e  f reeze r  1 h before 
feeding t ime, and a l l ow  t o  thaw. 

2. 	 YCT food m ix tu re  and a l g a l  concentrates should both be thoroughly  mixed 
by shaking be fore  dispensing. 

3. 	Mass c u l t u r e s  are f e d  d a i l y  a t  t h e  r a t e  o f  7  mL YCT and 7 mL algae 

concentrate/L c u l t u r e .  


4. 	 I n d i v i d u a l  c u l t u r e s  are f e d  a t  t h e  r a t e  o f  0.1 mL YCT and 0.1 mL algae 
concentrate per  15 mL c u l t u r e .  

5. 	 Return unused YCT food mix tu re  and algae concentrate t o  t he  r e f r i g e r a t o r .  
Do no t  re - f reeze  YCT. Discard unused p o r t i o n  a f t e r  two weeks. 

13.6.16.10 It i s  recommended t h a t  chron ic  t o x i c i t y  t e s t s  be performed monthly 
w i t h  a reference t o x i c a n t .  Daphnid, Ceriodaphnia dubia, neonates l e s s  than 
24 h o ld ,  and a l l  w i t h i n  8 h o f  t h e  same age are used t o  moni tor  t h e  chron ic  
t o x i c i t y  o f  t h e  reference t o x i c a n t  t o  t h e  Ceriodaphnia dubia produced by the  
c u l t u r e  u n i t  (see Sect ion 4, Qual i t y  Assurance). 

13.6.16.11 Record Keeping 

13.6.16.11.1 Records, kept i n  a bound notebook, inc lude (1) source o f  
organisms used t o  s t a r t  t he  cu l t u res ,  (2) type o f  food and feeding t imes, (3)
dates c u l t u r e  were th inned and r e s t a r t e d ,  (4)  r a t e  o f  reproduc t ion  i n  
i n d i v i d u a l  cu l t u res ,  (5 )  d a i l y  observat ions o f  t h e  c o n d i t i o n  and behavior o f  
t he  organisms i n  t he  cu l t u res ,  and (6)  dates and r e s u l t s  o f  re fe rence t o x i c a n t  
t e s t s  performed (see Sect ion 4, Q u a l i t y  Assurance). 

13.7 EFFLUENT AND RECEIVING WATER COLLECTION, PRESERVATION, AND STORAGE 

13.7.1 See Sect ion 8, E f f l u e n t  and Receiving Water Sampling, Sample Hand1 ing ,  
and Sample Preparat ion f o r  T o x i c i t y  Tests.  

13.8 CALIBRATION AND STANDARDIZATION 

13.8.1 See Sect ion 4, Qual i t y  Assurance. 

13.9 QUALITY CONTROL 

13.9.1 See Sect ion 4, Q u a l i t y  Assurance. 

13.10 TEST PROCEDURES 

13.10.1 TEST SOLUTIONS 

13.10.1.1 Receiving Waters 

13.10.1.1.1 The sampling p o i n t  i s  determined by the  ob jec t i ves  o f  t he  t e s t .  
Receiving water t o x i c i t y  i s  determined w i t h  samples used d i r e c t l y  as c o l l e c t e d  
o r  a f t e r  samples are passed through a 60 pm NITEX@ f i l t e r  and compared w i thou t  
d i l u t i o n ,  against  a  c o n t r o l .  For a t e s t  c o n s i s t i n g  o f  s i n g l e  r e c e i v i n g  water 
and c o n t r o l ,  approximately 600 mL o f  sample would be requ i red  f o r  each t e s t ,  



assuming 10 r e p l i c a t e s  o f  15 mL, and s u f f i c i e n t  add i t i ona l  sample f o r  chemical 
ana lys is .  

13.10.1.2 E f f l u e n t s  

13.10.1.2.1 The s e l e c t i o n  o f  the  e f f l u e n t  t e s t  concentrat ions should be based 
on the  ob jec t i ves  o f  the  study. A d i l u t i o n  f a c t o r  o f  0.5 i s  commonly used. 
A d i l u t i o n  f a c t o r  o f  0.5 provides p r e c i s i o n  o f  + loo%, and t e s t i n g  o f  
concentrat ions between 6.25% and 100% e f f l u e n t  us ing on l y  f i v e  e f f l u e n t  
concentrat ions (6.25%, 12.5%, 25%, 50%, and 100%). Improvements i n  p rec i s ion  
dec l i ne  r a p i d l y  i f  t h e  d i l u t i o n  f a c t o r  i s  increased beyond 0.5, and p rec i s ion  
decl ines r a p i d l y  i f  a smal ler  d i l u t i o n  f a c t o r  i s  used. Therefore, USEPA 
recommends t h e  use o f  t h e  t 0.5 d i l u t i o n  fac to r .  

13.10.1.2.2 I f  the  e f f l u e n t  i s  known o r  suspected t o  be h i g h l y  t o x i c ,  a  lower 
range o f  e f f l u e n t  concentrat ions should be used (such as 25%, 12.5%, 6.25%, 
3.12%, and 1.56%). I f  a h igh  r a t e  o f  m o r t a l i t y  i s  observed dur ing  the  f i r s t  
1 t o  2 h o f  t h e  t e s t ,  add i t i ona l  d i l u t i o n s  should be added a t  the  lower range 
o f  e f f l u e n t  concentrat ions. 

13.10.1.2.3 The volume o f  e f f l u e n t  requ i red  f o r  d a i l y  renewal o f  10 
r e p l i c a t e s  per  concentrat ion,  each conta in ing  15 mL o f  t e s t  so lu t i on ,  w i t h  a 
d i l u t i o n  ser ies  o f  0.5, i s  approximately 1 L/day. A volume o f  15 mL o f  t e s t  
s o l u t i o n  i s  adequate f o r  the  organisms, and w i l l  prov ide a depth i n  which i t  
i s  poss ib le  t o  count t h e  animals under a stereomicroscope w i t h  a minimum o f  
re- focusing.  Ten t e s t  chambers are used f o r  each e f f l u e n t  d i l u t i o n  and f o r  
the  con t ro l .  S u f f i c i e n t  t e s t  s o l u t i o n  (approximately 550 mL) i s  prepared a t  
each e f f l u e n t  concentrat ion t o  p rov ide  400 mL add i t i ona l  volume f o r  chemical 
analyses a t  the  high, medium, and low t e s t  concentrat ions.  

13.10.1.2.4 Tests should begin as soon as possib le,  p re fe rab l y  w i t h i n  24 h o f  
sample c o l l e c t i o n .  The maximum ho ld ing  t ime f o l l o w i n g  r e t r i e v a l  o f  the  sample 
from the  sampling device should no t  exceed 36 h f o r  o f f - s i t e  t o x i c i t y  t e s t s  
unless permission i s  granted by the  p e r m i t t i n g  a u t h o r i t y .  I n  no case should 
the  sample be used i n  a t e s t  more than 72 h a f t e r  sample c o l l e c t i o n  (see 
Sect ion 8, E f f l u e n t  and Receiving Water Sampling, Sample Hand1 ing, and Sample 
Preparat ion f o r  T o x i c i t y  Tests) .  

13.10.1.2.5 Jus t  p r i o r  t o  t e s t  i n i t i a t i o n  (approximately one h) the  
temperature o f  s u f f i c i e n t  quan t i t y  o f  t h e  sample t o  make the  t e s t  so lu t i ons  
should be adjusted t o  the  t e s t  temperature and maintained a t  t h a t  temperature 
dur ing  the  prepara t ion  o f  the  t e s t  so lu t ions .  

13.10.1.2.6 The DO o f  the  t e s t  so lu t i ons  should be checked p r i o r  t o  t e s t  
i n i t i a t i o n .  I f  any o f  the  so lu t i ons  are supersaturated w i t h  oxygen o r  any 
s o l u t i o n  has a DO concentrat ion below 4.0 mg/L, a l l  the  so lu t i ons  and the  
con t ro l  must be g e n t l y  aerated. 



13.10.1.3 D i l u t i o n  Water 

13.10.1.3.1 D i l u t i o n  water may be uncontaminated r e c e i v i n g  water, a  standard 
syn the t i c  ( reconst i tu ted)  water, o r  some o the r  uncontaminated na tu ra l  water 
(see Sect ion 7, D i l u t i o n  Water). 

13.10.2 START OF THE TEST 

13.10.2.1 Label t h e  t e s t  chambers w i t h  a marking pen. Use o f  color-coded 
tape t o  i d e n t i f y  each treatment and r e p l i c a t e  i s  h e l p f u l .  A minimum o f  f i v e  
e f f l u e n t  concentrat ions and a c o n t r o l  are used f o r  each e f f l u e n t  t e s t .  Each 
treatment ( i nc lud ing  the  c o n t r o l )  must have t e n  r e p l i c a t e s .  

13.10.2.2 The t e s t  so lu t i ons  can be randomly assigned t o  a board us ing a 
template (F igure 1) o r  by us ing a t a b l e  o f  random numbers (see Appendix A). 
When using the  randomized b lock  design, t e s t  chambers are randomized on ly  
once, a t  t h e  beginning o f  the  t e s t .  A number o f  d i f f e r e n t  templates should be 
prepared, so t h a t  the  same template i s  no t  used f o r  every t e s t .  

13.10.2.3 Neonates l ess  than 24 h o ld,  and a l l  w i t h i n  8 h o f  the  same age, 
are requ i red  t o  begin t h e  t e s t .  The neonates are obta ined from i n d i v i d u a l  
cu l t u res  us ing brood boards, as described above (see Sect ion 6, Test 
Organisms). Neonates are taken on l y  from adu l t s  t h a t  have e i g h t  o r  more young 
i n  t h e i r  t h i r d  o r  subsequent broods. These adu l t s  can be used as brood stock 
u n t i l  they are 14 days o ld .  I f  the  neonates are he ld  more than one o r  two 
hours before us ing i n  the  t e s t ,  they  should be fed  (0.1 mL YCT and 0.1 mL 
a lga l  concentrate/ l5  mL o f  media). 

13.10.2.4 Ten brood cups, each w i t h  8 o r  more young, are randomly selected 
from a brood board f o r  use i n  s e t t i n g  up a t e s t .  To s t a r t  the  t e s t ,  one 
neonate from the  f i r s t  brood cup i s  t r a n s f e r r e d  t o  each o f  the  s i x  t e s t  
chambers i n  the  f i r s t  row on the  t e s t  board (F igure 1).  One neonate from the  
second brood cup i s  t rans fe r red  t o  each o f  t h e  s i x  t e s t  chambers i n  the  second 
row on the  t e s t  board. This  process i s  cont inued u n t i l  each o f  the  60 t e s t  
chambers conta ins one neonate. 

13.10.2.4.1 The cups and t e s t  chambers may be placed on a l i g h t  t a b l e  t o  
f a c i l i t a t e  count ing the  neonates. However, care must be taken t o  avoid 
temperature increase due t o  heat from t h e  l i g h t  t a b l e .  

13.10.2.5 This b lock ing  procedure a l lows the  performance o f  each female t o  be 
tracked. I f  a female produces one weak o f f s p r i n g  o r  male, the  l i k e l i h o o d  o f  
producing a l l  weak o f f s p r i n g  o r  a l l  males i s  greater .  By us ing t h i s  known 
parentage technique, poor performance o f  young from a g iven female can be 
omit ted from a l l  concentrat ions. 

13.10.3 LIGHT, PHOTOPERIOD, AND TEMPERATURE 

13.10.3.1 The l i g h t  q u a l i t y  andz in tens i t y  should be a t  ambient l abo ra to ry  
l eve l s ,  approximately 10-20 pE/m /s, o r  50 t o  100 f t - c ,  w i t h  a photoperiod o f  
16 h o f  l i g h t  and 8 h o f  darkness. 



13.10.3.2 It i s  c r i t i c a l  t h a t  t h e  t e s t  water temperature be maintained a t  
25 + 1% t o  ob ta in  th ree  broods i n  seven days. 

13.10.4 DISSOLVED OXYGEN (DO) CONCENTRATION 

13.10.4.1 Aerat ion may a f f e c t  t h e  t o x i c i t y  o f  e f f l u e n t s  and should be used 
on ly  as a l a s t  r e s o r t  t o  main ta in  s a t i s f a c t o r y  DO concentrat ions.  The DO 
concentrat ions should be measured i n  the  new so lu t i ons  a t  the  s t a r t  o f  the  
t e s t  (Day 0) and before  d a i l y  renewal o f  t h e  t e s t  so lu t i ons  on subsequent 
days. The DO concentrat ion should n o t  f a l l  below 4.0 mg/L (see Sect ion 8, 
E f f l u e n t  and Receiving Water Sampling, Sample Hand1 ing,  and Sample Preparat ion 
f o r  T o x i c i t y  Tests).  Aerat ion i s  genera l l y  no t  p r a c t i c a l  dur ing  the  daphnid, 
Ceriodaphnia dubia, t e s t .  I f  the  DO i n  the  e f f l u e n t  and/or d i l u t i o n  water i s  
low, aerate g e n t l y  before prepar ing t h e  t e s t  so lu t ions .  The aera t ion  r a t e  
should no t  exceed 100 bubbles/min us ing a p i p e t  w i t h  an o r i f i c e  o f  
approximately 1.5 mm, such as a 1 m l  KIMAX@ sero log ica l  p ipe t ,  No. 37033, o r  
equivalent .  Care should be taken t o  ensure t h a t  turbulence r e s u l t i n g  from 
aera t ion  does no t  cause undue phys ica l  s t ress  t o  the  organisms. 

13.10.5 FEEDING 

13.10.5.1 The organisms are fed  when t h e  t e s t  i s  i n i t i a t e d ,  and d a i l y  
t h e r e a f t e r .  'Food i s  added t o  t h e  f r e s h  medium immediately before o r  
immediately a f t e r  t h e  adu l t s  are t rans fe r red .  Each feeding cons is ts  o f  0.1 mL 
YCT and 0.1 mL Selenastrum capricornutum concentrate415 mL t e s t  s o l u t i o n  
(0.1 mL of,algal concentrate conta in ing  3.0-3.5 X 10 cells/mL w i l l  prov ide 
2-2.3 X 10 cells/mL i n  t h e  t e s t  chamber). 

13.10.5.2 The YCT and a lga l  suspension can be added accura te ly  t o  t h e  t e s t  
chambers by us ing automatic p i p e t t o r s ,  such as Gi lson, Eppendorf, Oxford, o r  
equivalent .  

13.10.6 OBSERVATIONS DURING THE TEST 

13.10.6.1 Routine Chemical and Physical Determinat ions 

13.10.6.1.1 DO i s  measured a t  the  beginning and end o f  each 24-h exposure 
per iod  i n  a t  l e a s t  one t e s t  chamber a t  each t e s t  concentrat ion and i n  the  
con t ro l .  

13.10.6.1.2 Temperature and pH are measured a t  the  end o f  each 24-h exposure 
per iod  i n  a t  l e a s t  one t e s t  chamber a t  each t e s t  concentrat ion and i n  the  
c o n t r o l .  Temperature should be monitored cont inuously  o r  observed and 
recorded d a i l y  f o r  a t  l e a s t  two l o c a t i o n s  i n  the  environmental c o n t r o l  system 
o r  the  samples. Temperature should be measured i n  s u f f i c i e n t  number o f  t e s t  
vessels a t  l e a s t  a t  t h e  end o f  t h e  t e s t  t o  determine the  temperature v a r i a t i o n  
i n  the  environmental chamber. 

13.10.6.1.3 The pH i s  measured i n  t h e  e f f l u e n t  sample each day before new 
t e s t  so lu t i ons  are made. 



13.10.6.1.4 Conduct iv i ty ,  a1 ka l  i n i t y  and hardness are measured i n  each new 
sample (100% e f f l u e n t  o r  r e c e i v i n g  water) and i n  t h e  c o n t r o l .  

13.10.6.1.5 Record t h e  data on data sheet (F igure 2).  

13.10.6.2 Routine B i o l o g i c a l  Observations 

13.10.6.2.1 Three o r  f o u r  broods are  usua l l y  obta ined i n  t h e  c o n t r o l s  i n  a  
7-day t e s t  conducted a t  25 + 1°C. A  brood i s  a  group o f  o f f s p r i n g  released 
from t h e  female over a  shor t  pe r iod  o f  t ime when the  carapace i s  discarded 
dur ing  mol t ing .  I n  the  con t ro l s ,  t h e  f i r s t  brood o f  t w o - t o - f i v e  young i s  
usua l l y  released on the  t h i r d  o r  f o u r t h  day o f  the  t e s t .  Successive broods 
are released every 30 t o  36 h  t h e r e a f t e r .  The second and t h i r d  broods u s u a l l y  
cons i s t  o f  e i g h t  t o  20 young each. The t o t a l  number o f  young produced by a  
hea l thy  con t ro l  organism i n  th ree  broods o f t e n  exceeds 30 per  female. 

13.10.6.2.2 The re lease o f  a  brood may be i nadve r ten t l y  i n t e r r u p t e d  dur ing  
the  d a i l y  t r a n s f e r  o f  organisms t o  f r e s h  t e s t  so lu t ions ,  r e s u l t i n g  i n  a  s p l i t  
i n  the  brood count between two successive days. For example, f o u r  neonates o f  
a  brood o f  f i v e  might be released on Day 3, j u s t  p r i o r  t o  t e s t  s o l u t i o n  
renewal, and t h e  f i f t h  re leased j u s t  a f t e r  renewal, and counted on Day 4. 
P a r t i a l  broods, released over a  two-day per iod,  should be counted as one 
brood. 

13.10.6.2.3 Each day, t h e  l i v e  adu l t s  are t rans fe r red  t o  f resh  t e s t  
so lu t ions ,  and the  numbers o f  l i v e  young are recorded (see data form, 
F igure 3) .  The young can be counted w i t h  t h e  a i d  o f  a  stereomicroscope w i t h  
substage l i g h t i n g .  Place the  t e s t  chambers on a  l i g h t  box over a  s t r i p  o f  
b lack tape t o  a i d  i n  count ing the  neonates. The young are discarded a f t e r  
counting. 

13.10.6.2.4 Some o f  t h e  e f f e c t s  caused by t o x i c  substances inc lude,  (1) a  
reduc t ion  i n  the  number o f  young produced, (2) young may develop i n  the  brood 
pouch o f  the  adul ts ,  bu t  may no t  be re leased du r ing  the  exposure period, and 
(3) p a r t i a l l y  o r  f u l l y  developed young may be released, bu t  are a l l  dead a t  
t h e  end o f  t h e  24-h per iod .  Such e f f e c t s  should be noted on the  data sheets 
(F igure 3) .  

13.10.6.2.5 Pro tec t  the  daphnids, Ceriodaphnia dubia, from unnecessary 
d is turbance dur ing  t h e  t e s t  by c a r r y i n g  out  the  d a i l y  t e s t  observat ions, 
s o l u t i o n  renewals, and t r a n s f e r  o f  females c a r e f u l l y .  Make sure the  females 
remain immersed dur ing  the  performance o f  these operat ions.  

13.10.7 DAILY PREPARATION OF TEST CHAMBERS 

13.10.7.1 The t e s t  i s  s t a r t e d  (Day 0)  w i t h  new disposable polystyrene cups o r  
precleaned 30-mL b o r o s i l i c a t e  g lass  beakers t h a t  are l abe led  and color-coded 
w i t h  tape. Each f o l l o w i n g  day, a  new s e t  o f  p l a s t i c  cups o r  precleaned g lass 
beakers i s  prepared, labeled, and color-coded w i t h  tape s i m i l a r  t o  the  
o r i g i n a l  se t .  New so lu t i ons  are p laced i n  the  new se t  o f  t e s t  chambers, and 
t h e  t e s t  organisms are t r a n s f e r r e d  from t h e  o r i g i n a l  t e s t  chambers t o  the  new 
ones w i t h  corresponding 1  abel s  and color-codes. Each day, p rev ious ly  used 



Discharger:  Analyst:  
Location: Dates: 
Temp1 a t e  No. : Food: 

-- 

Day 

Figure 2 .  Data form f o r  t h e  daphnid, Ceriodaphnia dubia,  surv iva l  
reproduct ion t e s t .  Routine chemical and physical  
determinat ions.  

and 



Discharger: 	 Analyst:

Location: 	 Dates: 

Temp1 ate No. : 	 Food : 

Dav 


Figure 2. 	 Data form for the daphnid, Ceriodaphnia dub ia ,  survival and 
reproduction test. Routine chemical and physical determinations 
(CONTINUED). 



glass beakers are recleaned (see Sect ion 5, F a c i l  it i e s ,  Equipment, and 
Supplies) f o r  t h e  f o l l o w i n g  day, and p rev ious l y  used p l a s t i c  cups are  
discarded. 

13.10.8 TEST SOLUTION RENEWAL 

13.10.8.1 Freshly prepared so lu t i ons  are used t o  renew t h e  t e s t  d a i l y .  For 
o n - s i t e  t o x i c i t y  s tudies,  f r e s h  e f f l u e n t  o r  rece i v ing  water samples should be 
c o l l e c t e d  d a i l y ,  and no more than 24 h should elapse between c o l l e c t i o n  o f  the  
samples and t h e i r  use i n  t h e  t e s t s  (see Sect ion 8, E f f l u e n t  and Receiving 
Water Sampling, Sample Handling, and Sample Preparat ion f o r  T o x i c i t y  Tests).  
For o f f - s i t e  t es t s ,  a minimum o f  t h ree  samples are co l l ec ted ,  p re fe rab l y  on 
days one, three, and f i v e .  No more than 36 h should elapse between c o l l e c t i o n  
o f  the  sample and t h e  f i r s t  use i n  t h e  t e s t .  Ma in ta in  the  samples i n  t h e  
r e f r i g e r a t o r  a t  4'C u n t i l  used. 

13.10.8.2 New t e s t  so lu t i ons  are prepared d a i l y ,  and the  t e s t  organisms are 
t rans fe r red  t o  the  f r e s h l y  prepared so lu t i ons  us ing a smal l-bore (2 mm) g lass 
o r  polyethy lene dropper o r  p i p e t .  The animals are re leased under the  surface 
o f  the  water so t h a t  a i r  i s  no t  trapped under the  carapace. Organisms t h a t  
are dropped o r  i n j u r e d  are discarded. 

13.10.9 TERMINATION OF THE TEST 

13.10.9.1 Tests should be terminated when 60% o f  t h e  con t ro l  organisms have 
produced t h e i r  t h i r d  brood, o r  a t  t h e  end o f  8 days, whichever occurs f i r s t .  
Because o f  t h e  r a p i d  r a t e  o f  development o f  Ceriodaphnia dubia, a t  t e s t  
te rminat ion  a l l  observat ions on organism s u r v i v a l  and numbers o f  o f f s p r i n g  
should be completed w i t h i n  two hours. An extension o f  more than a few hours 
i n  the  t e s t  pe r iod  would be a s i g n i f i c a n t  p a r t  o f  the  brood product ion cyc le  
o f  the  animals, and cou ld  r e s u l t  i n  add i t i ona l  broods. 

13.10.9.2 Count t h e  young, conduct requ i red  chemical measurements, and 
complete the  data sheets (F igure 3).  

13.10.9.3 Any animal n o t  producing young should be examined t o  determine i f  
i t  i s  a male (Berner, 1986). I n  most cases, the  animal w i l l  need t o  be placed 
on a microscope s l i d e  before examining (see Subsection 13.6.16.4). 

13.11 SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA 

13.11.1 A summary o f  t e s t  cond i t ions  and t e s t  a c c e p t a b i l i t y  c r i t e r i a  i s  
presented i n  Table 3. 

13.12 ACCEPTABILITY OF TEST RESULTS 

13.12.1 For the  t e s t  r e s u l t s  t o  be acceptable, a t  l e a s t  80% o f  the c o n t r o l  
organisms must surv ive,  and 60% o f  s u r v i v i n g  adu l t s  i n  the  con t ro l s  must have 
had a t  l e a s t  th ree  broods, w i t h  an average t o t a l  number o f  15 o r  more 
o f f s p r i n g  per  s u r v i v i n g  a d u l t .  



Discharger: Analyst: 

Location: Test Start-Date/Time: 

Date Sample Coll ected: Test Stop -Date/Time: 


Figure 3. 	 Data form for the daphnid, Ceriodaphnia dub ia ,  survival and 
reproduction test. Daily summary of data. 
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Discharger: Analyst:  

Locat ion: Test Start-Date/Time: 

Date Sample C o l l  ected: Test Stop -Date/Time: 


F igure  3. 	 Data form f o r  t he  daphnid, Ceriodaphnia dubia, s u r v i v a l  and 
reproduc t ion  t e s t .  D a i l y  summary o f  da ta  (CONTINUED). 
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TABLE 3. 	 SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR 
DAPHNID, CERIODAPHNIA DUBIA, SURVIVAL AND REPRODUCTION TOXICITY 
TESTS WITH EFFLUENTS AND RECEIVING WATERS 

1. Test type: 	 S t a t i c  renewal 

2. Temperature ("C): 	 25 f 1°C 

3. L i g h t  q u a l i t y :  	 Ambient 1  aboratory i l l u m i n a t i o n  

4. 	 L i g h t  i n t e n s i t y :  10-20 p ~ / m ~ / s ,  o r  50-100 f t - c  

(ambient l abo ra to ry  l e v e l s )  


5. Photoperiod: 	 16 h  l i g h t ,  8 h  dark 

6. Test chamber s ize :  	 30 mL (minimum) 

7 .  Test s o l u t i o n  volume: 	 15 mL (minimum) 

8. Renewal o f  t e s t  so lu t i ons :  	 D a i l y  

9. 	 Age o f  t e s t  organisms: Less than 24 h; and a l l  re leased 
w i t h i n  a 8-h pe r i od  

10. No. 	 neonates per  

t e s t  chamber: 


11. 	 No. r e p l i c a t e  t e s t  

chambers per  concentrat ion:  10 


12. 	 No. neonates per  

t e s t  concentrat ion:  10 


13. 	 Feeding regime: Feed 0.1 mL each o f  YCT and a lga l  
suspension per  t e s t  chamber d a i l y  

14. 	Cleaning: Use f r e s h l y  cleaned g lass  beakers o r  
new p l a s t i c  cups d a i l y  

15. Aerat ion:  	 None 

16. 	 D i l u t i o n  water: Uncontaminated source o f  r e c e i v i n g  o r  
o the r  na tu ra l  water, syn the t i c  water 
prepared us ing  MILLIPORE MILLI-Qm o r  
equ iva len t  deionized water and reagent 
grade chemicals o r  DMW (see Sect ion 
7, D i l u t i o n  Water) 



-- 

TABLE 3. 	 SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA 
FOR DAPHNID, CERIODAPHNIA DUBIA, SURVIVAL AND REPRODUCTION 
TOXICITY TESTS WITH EFFLUENTS AND RECEIVING WATERS (CONTINUED) 

17. Test concentrat ions:  

18. D i l u t i o n  fac to r :  

19. Test dura t ion :  

20. Endpoints: 

21. Test a c c e p t a b i l i t y  c r i t e r i a :  

22. Sampling requirements: 

22. Sample volume requ i red :  

E f f l uen ts :  Minimum o f  5  and a  con t ro l  
Receiving Water: 100% r e c e i v i n g  water 
o r  minimum o f  5 and a  con t ro l  

E f f l uen ts :  r 0.5 
Receiving Waters: None o r  r 0.5 

U n t i l  60% o f  s u r v i v i n g  con t ro l  
organisms have th ree  broods (maximum 
t e s t  du ra t i on  8  days) 

Surv iva l  and reproduct ion 

80% o r  g reater  su rv i va l  and an average 
o f  15 o r  more young per  s u r v i v i n g  
female i n  the  con t ro l  so lu t ions .  60% 
o f  su rv i v ing  con t ro l  organisms must 
produce th ree  broods. 

For o n - s i t e  t es t s ,  samples c o l l e c t e d  
d a i l y ,  and used w i t h i n  24 h o f  the  
t ime they are removed from the  
sampling device. For o f f - s i t e  t es t s ,  
a minimum o f  t h ree  samples c o l l e c t e d  
on days one, three, and f i v e  w i t h  a 
maximum ho ld ing  t ime o f  36 h before 
f i r s t  use (see Sect ion 8, E f f l u e n t  and 
Receiving Water Sampling, Sample 
Hand1 ing, and Sample Preparat ion f o r  
T o x i c i t y  Tests, Subsection 8.5.4) 



13.13 DATA ANALYSIS 

13.13.1 GENERAL 

13.13.1.1 Tabulate and summarize t h e  data. A sample se t  o f  su rv i va l  and 
reproduct ion data i s  l i s t e d  i n  Table 4. 

TABLE 	 4. SUMMARY OF SURVIVAL AND REPRODUCTION DATA FOR THE DAPHNID, 
CERIODAPHNIA DUBJA, EXPOSED TO AN EFFLUENT FOR SEVEN DAYS 

No. o f  Young per  Adu l t  No. 
E f f l u e n t  Reol i c a t e  L i ve  
Concentrat ion 1 2 3 4 5 6 7 8 9 10 Adul ts  

Control  27 30 29 31 16 15 18 17 14 27 10 
1.56 32 35 32 26 18 29 27 16 35 13 10 
3.12 39 30 33 33 36 33 33 27 38 44 10 
6.25 27 34 36 34 31 27 33 31 33 31 10 

12.5 10 13 7 7 7 10 10 16 12 2 10 
25.0 	 0 0 0 0 0 0 0 0 0 0 3 

13.13.1.2 The endpoints o f  t o x i c i t y  t e s t s  us ing t h e  daphnid, Ceriodaphnia 
dubia,  are based on the  adverse e f f e c t s  on su rv i va l  and reproduct ion.  The 
LC50, the  IC25, the  IC50 and t h e  EC50 are ca l cu la ted  us ing p o i n t  es t imat ion  
techniques, and LOEC and NOEC values f o r  su rv i va l  and reproduct ion are 
obtained us ing a hypothesis t e s t  approach such as F isher 's  Exact Test (Finney, 
1948; Pearson and Har t ley ,  1962), Dunnett 's Procedure (Dunnett, 1955) o r  
S tee l ' s  Many-one Rank Test (Steel ,  1959; M i l l e r ,  1981) (see Sect ion 9, Chronic 
T o x i c i t y  Test Endpoints and Data Ana lys is ) .  Separate analyses are performed 
f o r  t h e  es t imat ion  o f  t h e  LOEC and NOEC endpoints and f o r  t h e  es t imat ion  o f  
the  LC50, IC25, IC50 and EC50. Concentrations a t  which there  i s  no su rv i va l  
i n  any o f  the  t e s t  chambers are excluded from the  s t a t i s t i c a l  ana lys is  o f  the  
NOEC and LOEC f o r  reproduct ion, bu t  inc luded i n  t h e  es t imat ion  o f  t h e  LC50, 
IC25, IC50, and EC50. See the  Appendices f o r  examples o f  the  manual 
computations, program l i s t i n g s ,  and examples o f  data i npu t  and program output .  

13.13.1.3 The s t a t i s t i c a l  t e s t s  described here must be used w i t h  a knowledge 
o f  the  assumptions upon which the  t e s t s  are cont ingent .  Tests f o r  no rma l i t y  
and homogeneity o f  var iance are inc luded i n  Appendix B. The assistance o f  a 
s t a t i s t i c i a n  i s  recommended f o r  ana lys ts  who are n o t  p r o f i c i e n t  i n  s t a t i s t i c s .  



13.13.2 EXAMPLE OF ANALYSIS OF THE DAPHNID, CERIODAPHNIA DUBIA, SURVIVAL DATA 

13.13.2.1 Formal s t a t i s t i c a l  ana lys is  o f  t h e  s u r v i v a l  data i s  o u t l i n e d  on the  
f lowchar t  i n  F igure 4. The response used i n  t h e  ana lys is  i s  t h e  number o f  
animals su rv i v ing  a t  each t e s t  concentrat ion.  Separate analyses are performed 
f o r  t h e  es t imat ion  o f  t h e  NOEC and LOEC endpoints and f o r  the  es t imat ion  o f  
the  EC50, LC50, IC25, o r  IC50 endpoints. Concentrat ions a t  which the re  i s  no 
su rv i va l  i n  any o f  t h e  t e s t  chambers are excluded from t h e  s t a t i s t i c a l  
ana lys is  o f  the  NOEC and LOEC, bu t  inc luded i n  t h e  es t imat ion  o f  t h e  LC, EC, 
and I C  endpoints. 

13.13.2.2 F isher 's  Exact Test i s  used t o  determine the  NOEC and LOEC 
endpoints. I t  provides a conservat ive t e s t  o f  t h e  e q u a l i t y  o f  any two 
su rv i va l  p ropor t ions  assuming on ly  t h e  independence o f  responses from a 
Bernou l l i  (binomial ) populat ion.  Add i t i ona l  in fo rmat ion  on Fisher 's  Exact 
Test i s  prov ided i n  Appendix 6. 

13.13.2.3 P r o b i t  Analys is  (Finney, 1971; Appendix I)i s  used t o  est imate t h e  
concentrat ion t h a t  causes a s p e c i f i e d  percent decrease i n  su rv i va l  from t h e  
c o n t r o l .  I n  t h i s  analys is ,  t h e  t o t a l  number dead a t  a g iven concentrat ion i s  
the  response. 

13.13.2.4 Example o f  Analys is  o f  Surv iva l  Data 

13.13.2.4.1 The data i n  Table 4 w i l l  be used t o  i l l u s t r a t e  the  ana lys is  o f  
su rv i va l  data from t h e  daphnid, Ceriodaphnia dubia, Surv iva l  and Reproduction 
Test. As can be seen from the  data i n  Table 4, t he re  were no deaths i n  the  
1.56%, 3.12%, 6.25%, and 12.5% concentrat ions.  These concentrat ions are 
obviously  no t  d i f f e r e n t  from t h e  c o n t r o l  i n  terms o f  su rv i va l .  This  leaves 
on ly  t h e  25% e f f l u e n t  concentrat ion t o  be tes ted  s t a t i s t i c a l l y  f o r  a 
d i f f e r e n c e  i n  su rv i va l  from t h e  c o n t r o l .  

13.13.2.5 F isher 's  Exact Test 

13.13.2.5.1 The bas is  f o r  F isher 's  Exact Test i s  a 2x2 contingency tab le .  
From t h e  2x2 t a b l e  prepared by comparing t h e  con t ro l  and the  e f f l u e n t  
concentrat ion, determine s t a t i s t i c a l  s i g n i f i c a n c e  by l ook ing  up a value i n  the  
t a b l e  prov ided i n  Appendix G (Table 6.5). However, t o  use t h i s  t a b l e  t h e  
contingency t a b l e  must be arranged i n  the  format i l l u s t r a t e d  i n  Table 5. 

13.13.2.5.2 Arrange t h e  t a b l e  so t h a t  t h e  t o t a l  number o f  observat ions f o r  
row one i s  g rea te r  than o r  equal t o  the  t o t a l  f o r  row two (A s 8). Categorize 
a success such t h a t  t h e  p ropo r t i on  o f  successes f o r  row one i s  g rea ter  than o r  
equal t o  t h e  p ropo r t i on  o f  successes f o r  row two (a/A s b/B). For these data, 
a success may be ' a l i v e '  o r  'dead' whichever causes a/A 2 b/B. The t e s t  i s  
then conducted by l ook ing  up a value i n  t h e  t a b l e  o f  s i gn i f i cance  l e v e l s  o f  b 
and comparing i t  t o  the  b value g iven i n  t h e  contingency tab le .  The t a b l e  o f  
s i gn i f i cance  l e v e l s  o f  b i s  inc luded i n  Appendix 6, Table 6.5. Enter 
Table 6.5 i n  the  sec t i on  f o r  A, subsect ion f o r  B, and t h e  l i n e  f o r  a. I f  the  
b value o f  the  contingency t a b l e  i s  equal t o  o r  l e s s  than t h e  i n t e g e r  i n  t h e  
column headed 0.05 i n  Table 6.5, then t h e  su rv i va l  p ropo r t i on  f o r  the  e f f l u e n t  
concentrat ion i s  s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  o f  t h e  con t ro l .  A dash o r  



STATISTICAL ANALYSIS OF CERIODAPHNIA 
SURVIVAL AND REPRODUCTION TEST 

SURVIVAL 

NO 
PARTIAL MORTALITIES? NOEC, LOEC 

APPROPRIATE? 	 ONE OR MORE PARTIAL MORTALITIES? 

ZERO MORTALITY IN THE 

PROBIT METHOD LOWEST EFFLUENT CONC. NO 


AND 100% MORTALITY IN M E  

HIGHEST EFFLUENT CONC.? 


CONFIDENCE 

Figure 4. 	 Flowchart for statistical analysis of the daphnid, Ceriodaphnia 

dubia, survival data. 
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TABLE 5. FORMAT OF THE 2x2 CONTINGENCY TABLE 

Number o f  
Number o f  

Successes Fai 1 ures Observations 

Condi t ion 1 a A - a  A 

Condi t ion 2 b B - b  B 

Tota l  	 a t b  [(A+B) - a - b] A + B  

absence o f  e n t r y  i n  Table 6.5 i n d i c a t e s  t h a t  no contingency t a b l e  i n  t h a t  
c lass  i s  s i g n i f i c a n t .  

13.13.2.5.3 To compare t h e  c o n t r o l  and t h e  e f f l u e n t  concentrat ion o f  25%, t h e  
appropr ia te  cont ingency t a b l e  f o r  t h e  t e s t  i s  g iven i n  Table 6. 

13.13.2.5.4 Since 10/10 s. 3/10, the  category ' a l i v e '  i s  regarded as a 
success. For A = 10, B - 10 and, a = 10, under t h e  column headed 0.05, the  
value from Table 6.5 i s  b = 6. Since t h e  value o f  b (b = 3) from t h e  
contingency t a b l e  (Table 6),  i s  l e s s  than t h e  value o f  b (b = 6) from 
Table 6.5 i n  Appendix 6, t h e  t e s t  concludes t h a t  t h e  p ropo r t i on  s u r v i v i n g  i n  
the  25% e f f l u e n t  concentrat ion i s  s i g n i f i c a n t l y  d i f f e r e n t  from the  c o n t r o l .  
Thus t h e  NOEC f o r  s u r v i v a l  i s  12.5% and t h e  LOEC i s  25%. 

TABLE 6. 2x2 CONTINGENCY TABLE FOR CONTROL AND 25% EFFLUENT 

Number o f  	 Number o f  
Observations

4 
Control  10 0 	 10 

25% E f f l u e n t  3 7 	 10 

Tota l  13 7 	 20 



13.13.2.6 Ca lcu la t i on  o f  the  LC50 

13.13.2.6.1 The data used f o r  t h e  Trimmed Spearman-Karber Method are 
summarized i n  Table 7. To perform t h e  Trimmed Spearman-Karber Method, run  t h e  
USEPA Trimmed Spearman-Karber Program. An example o f  t h e  program i n p u t  and 
output  i s  suppl ied i n  Appendix J. 

TABLE 7, DATA FOR TRIMMED SPEARMAN-KARBER ANALYSIS 

E f f l u e n t  Concentrat ion (%I 

Control  1.56 3.12 6.25 12.5 25.0 

Number Dead 0 0 0 0 0 8 

Number Exposed 10 10 10 10 10 10 


13.13.2.6.2 For this.example, w i t h  o n l y  one p a r t i a l  m o r t a l i t y ,  Trimmed 
Spearman-Karber ana lys is  appears appropr ia te  f o r  t h i s  data. 

13.13.2.6.3 F igure 5 shows the  ou tput  f o r  t h e  Trimmed Spearman-Karber 
Analysis o f  t h e  data i n  Table 7 us ing  the  USEPA Program. 

13.13.3 	 EXAMPLE OF ANALYSIS OF THE DAPHNID, CERIODAPHNIA DUBIA, REPRODUCTION 
DATA 

13.13.3.1 Formal s t a t i s t i c a l  ana lys is  o f  the  reproduct ion data i s  o u t l i n e d  on 
t h e  f lowchar t  i n  F igure 6. The response used i n  the  s t a t i s t i c a l  ana lys is  i s  
the  number o f  young produced per  a d u l t  female, which i s  determined by t a k i n g  
t h e  t o t a l  number o f  young produced u n t i l  e i t h e r  t h e  t ime o f  death o f  t h e  a d u l t  
o r  the  end o f  t h e  experiment, whichever comes f i r s t .  An animal t h a t  d ies  
before producing young, i f  i t  has n o t  been i d e n t i f i e d  as a male, would be 
inc luded i n  the  ana lys is  w i t h  zero entered as t h e  number o f  young produced. 
The subsequent c a l c u l a t i o n  o f  the  mean number o f  l i v e  young produced per  a d u l t  
female f o r  each t o x i c a n t  concentrat ion prov ides a combined measure o f  t h e  
tox i can t ' s  e f f e c t  on both m o r t a l i t y  and reproduct ion.  An I C  est imate can be 
ca l cu la ted  f o r  the  reproduct ion data us ing a p o i n t  es t imat ion  technique (see 
Sect ion 9, Chronic T o x i c i t y  Test Endpoints and Data Analys is) .  Hypothesis 
t e s t i n g  can be used t o  ob ta in  an NOEC f o r  reproduct ion.  Concentrations above 
the  NOEC f o r  su rv i va l  are excluded from t h e  hypothesis t e s t  f o r  reproduct ion 
e f f e c t s .  

13.13.3.2 The s t a t i s t i c a l  ana lys is  us ing  hypothesis t e s t s  cons is ts  o f  a 
parametr ic t e s t ,  Dunnett 's Procedure, and a nonparametric t e s t ,  S tee l ' s  
Many-one Rank Test. The under ly ing  assumptions o f  the  Dunnett 's Procedure, 
normal it y  and homogeneity o f  var iance, are fo rma l l y  t es ted  us ing t h e  Shapiro 



- - - - - - - 

TRIMMED SPEARMAN-KARBER METHOD. VERSION 1.5 

DATE: 1 TEST NUMBER: 2 DURATION: 7 Days  
TOXICANl: e f f l u e n t  
SPECIES: c e r i o d a p h n i a  d u b i a  

RAW DATA: 	 C o n c e n t r a t i o n  Number M o r t a l i t i e s  

(%I Exposed 


.oo 	 10 0 
1.25 	 10 0 
3.12 	 10 0 
6.25 	 10 0 

12.5 	 10 0 
25.0 	 10 8 

SPEARMAN-KARBER TRIM: 	 20.41 % 

SPEARMAN-KARBER ESTIMATES : LC50: 77.28 

95% CONFIDENCE L I M I T S  

ARE NOT RELIABLE. 


NOTE: 	 MORTALITY PROPORTIONS WERE NOT MONOTONICALLY INCREASING. 

ADJUSTMENTS WERE MADE PRIOR TO SPEARMAN-KARBER ESTIMATION. 


F i g u r e  5. O u t p u t  f o r  USEPA Tr immed S p e a r m a n - K a r b e r  p r o g r a m .  



STATISTICAL ANALYSIS OF CERIODAPHNIA 

SURVIVAL AND REPRODUCTION TEST 


1 REPRODUCTION DATA 
NO. OF YOUNG PRODUCED 

HYPOTHESIS TESTINQ 
(MCWDING CONCENTRATIONS 
ABOVE NOEC FOR SURVIVAL) 

ENDPOINT ESTIMATE NON-NORMAL DISTRIBUTION 1 f I
IC20,lC. SHAPIRO-WINS TEST 1 

1 HETEROGENEOUS 
"ARUNCE 

EQUAL NUMBER OF 

REPLICATES? 
 1
 -1
 EQUAL NUMBER OF 


REPLICATES? 
 I 


ADJUSTMENT BONRRRONI ADJUSTMENT 


ENDPOINT ESTIMATES 
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Figure 6. Flowchart for the statistical analysis of the daphnid, Ceriodaphnia 

dubia, reproduction data. 
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W i l  k's Test f o r  normal i ty ,  and B a r t l e t t ' s  Test f o r  homogeneity o f  var iance. 
Ife i t h e r  o f  these t e s t s  f a i l s ,  a  nonparametric t e s t ,  S tee l ' s  Many-one Rank 
Test, i s  used t o  determine the  NOEC and LOEC. I f  t h e  assumptions o f  Ounnett's 
Procedure are met, t h e  endpoints are determined by the  parametr ic t e s t .  

13.13.3.3 Add i t i ona l l y ,  i f  unequal numbers o f  rep1 i c a t e s  occur among the  
concentrat ion l e v e l s  t es ted  the re  are  parametr ic and nonparametric a l t e r n a t i v e  
analyses. The parametr ic  ana lys is  i s  a t t e s t  w i t h  the  Bonferroni  adjustment 
(see Appendix D). The Wilcoxon Rank Sum Test w i t h  t h e  Bonferroni  adjustment 
i s  the  nonparametric a l t e r n a t i v e  (see Appendix F). 

13.13.3.4 The data, mean, and var iance o f  t h e  observat ions a t  each 
concentrat ion i n c l u d i n g  the  con t ro l  a re  1 i s t e d  i n  Table 8. A p l o t  o f  the  
number o f  young per  a d u l t  female f o r  each concentrat ion i s  prov ided i n  
Figure 7. Since there  i s  s i g n i f i c a n t  m o r t a l i t y  i n  the  25% e f f l u e n t  
concentrat ion,  i t s  e f f e c t  on reproduct ion  i s  no t  considered. 

TABLE 8. THE DAPHNID, CERIODAPHNIA DUBIA, REPRODUCTION DATA 

E f f l u e n t  Concentrat ion (%) 

Rep1 i c a t e  Contro l  1.56 3.12 6.25 12.5 

Mepn(vi) 22.4 26.3 34.6 31.7 9.4 
'i 48.0 64.0 23.4 8.7 15.1
i 1 2 3 4 5 

13.13.3.5 Test f o r  Normal i ty  

13.13.3.5.1 The f i r s t  s tep o f  the  t e s t  f o r  no rma l i t y  i s  t o  center  t h e  
observat ions by sub t rac t i ng  t h e  mean o f  a l l  the  observat ions w i t h i n  a 
concentrat ion from each observat ion i n  t h a t  concentrat ion.  The centered 
observat ions are summarized i n  Table 9. 



CONNECTSM E  MEAN VALUE FOR EACHWNCENTMTlON 

.--..-.----..-.--REPRESENTSMECRITICNVAWEFOR WNNl3TSTEST 
(ANY MEAN NO. OF OFFSPRINGBELOW THIS VALUEWOULD 
BE SIGNIFICANTLY DIFFERENTFROMM ECONTROL) 

EFFLUENT CONCENTRATION (%) 

Figure 7 .  	 P l o t  o f  number o f  young per a d u l t  female from a daphnid, Ceriodaphnia dubia, survival  
and reproduction t e s t .  



TABLE 9. CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 

E f f l u e n t  Concentrat ion (%I 

Rep1 i c a t e  Contro l  1.56 3.12 6.25 12.5 

13.13.3.5.2 Calcu la te  t h e  denominator, D, o f  t h e  t e s t  s t a t i s t i c :  

Where: 	 X, = t h e  i t h  centered observat ion 


X = t h e  o v e r a l l  mean o f  t h e  centered observat ions 


n = t h e  t o t a l  number o f  centered observat ions. 


For t h i s  s e t  o f  data, 
n - 50 

13.13.3.5.3 	 Order t h e  centered observat ions from smal lest  t o  l a r g e s t  

X"' X'Z' . . .s X (n) 

Where x"' i s  the  i t h  ordered observat ion. These ordered observat ions are 
l i s t e d  i n  Table 10. 



TABLE 10. ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 


13.13.3.5.4 From Table 4, Appendix 0 ,  f o r  t he  number o f  observat ions, n, 
ob ta in  t he  c o e f f i c i e n t s  a,, a,, ..., a, where k i s  n/2 i f  n i s  even and 
(n-1)/2 i f  n i s  odd. For t h e  da ta  i n  t h i s  example, n = 50, k = 25. The ai 
values are l i s t e d  i n  Table 11. 

13.13.3.5.5 Compute t h e  t e s t  s t a t i s t i c ,  W, as fo l lows:  

The d i f f e rences  X (n.i+t) - x"' are l i s t e d  i n  Table 11. 

For t h i s  se t  o f  data: 



TABLE 11. COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE 


13.13.3.5.6 The dec i s ion  r u l e  f o r  t h i s  t e s t  i s  t o  compare W w i t h  t h e  c r i t i c a l  
value found i n  Table 6, Appendix B. I f  t h e  computed W i s  l e s s  than the  
c r i t i c a l  value, conclude t h a t  t h e  da ta  are  n o t  normal ly  d i s t r i b u t e d .  For t h i s  
example, the  c r i t i c a l  value a t  a s i g n i f i c a n c e  l e v e l  o f  0.01 and 50 
observat ions (n) i s  0.930. Since W = 0.97 i s  g rea ter  than t h e  c r i t i c a l  value, 
the  conclus ion o f  t h e  t e s t  i s  t h a t  t h e  data are normal ly d i s t r i b u t e d .  

13.13.3.6 Test f o r  Homogeneity o f  Variance 

13.13.3.6.1 The t e s t  used t o  examine whether the  v a r i a t i o n  i n  number o f  young 
produced i s  t h e  same across a l l  e f f l u e n t  concentrat ions i nc lud ing  t h e  con t ro l ,  
i s  B a r t l e t t ' s  Test (Snedecor and Cochran, 1980). The t e s t  s t a t i s t i c  i s  as 
fo l lows:  



Where: Vi = degrees o f  freedom f o r  each e f f l u e n t  concentrat ion and 

con t ro l ,  Vi = (n, - 1) 


p = 	 number o f  l e v e l s  o f  e f f l u e n t  concentrat ion and c o n t r o l  

n.I = 	 the  number o f  r e p l i c a t e s  f o r  concentrat ion i 

I n =  	 log, 

i = 	 1, 2, ..., p where p i s  t h e  number of concentrat ions 
i nc lud ing  the  c o n t r o l  

13.13.3.6.2 For t h e  data i n  t h i s  example (see Table 8 ) ,  a l l  e f f l u e n t  
concentrat ions i n c l u d i n g  t h e  con t ro l  have t h e  same number o f  rep1 i c a t e s  
(n, = 10 f o r  a l l  i ) .  Thus, Vi  = 9 f o r  a l l  i. 

13.13.3.6.3 B a r t l e t t ' s  s t a t i s t i c  i s  there fore :  

13.13.3.6.4 B i s  approximately d i s t r i b u t e d  as chi-square w i t h  p - 1 degrees 
o f  freedom, when the  variances are i n  f a c t  t h e  same. Therefore, t h e  
appropr iate c r i t i c a l  value f o r  t h i s  t e s t ,  a t  a  s i g n i f i c a n c e  l e v e l  o f  0.01 w i t h  
fou r  degrees o f  freedom, i s  13.3. Since B = 12.1 i s  l e s s  than the  c r i t i c a l  
value o f  13.3, conclude t h a t  the  variances are  n o t  d i f f e r e n t .  

13.13.3.7 Dunnett 's Procedure 

13.13.3.7.1 To ob ta in  an est imate o f  the  pooled variance f o r  the  Dunnett 's 
Procedure, cons t ruc t  an ANOVA t a b l e  as described i n  Table 12. 



TABLE 12. ANOVA TABLE 


Source df Sum of Squares Mean Square(MS) 

(SS) (SS/df 


2 
Between P - 1  SSB S, = SSB/(p-1) 

Within N - P SSW S: = SSW/(N-p) 

Total N - 1  SST 


Where: p = number effluent concentrations including the control 

N = total number of observations n, + n, ... + n, 

ni - number of observations in concentration i 

SSB = fi T;/n, -GZ/N Between Sum of Squares 
1-1 


SST = fi 3Y;~-G~/N ~ o t a l  Sum of Squares 
i-1j.l 


SSW = SST-SSB Within Sum of Squares 

G = the grand total of all sample observations, G = fi Ti 
i-1 


Ti the total of the replicate measurements for concentration i 

Yij -	 the jth observation for concentration i (represents the 
number of young produced by female j in effluent 
concentration i )  



13.13.3.7.2 	 For t h e  da ta  i n  t h i s  example: 


n, - n, = n, = n, = n, = 10 


N = 50 


T, = Y,, + Y,, + . . . + Y,,, = 224 

T, = Y,, + Y,, + . . 	. + Y,,, = 263 

T, = Y,, + Y,, + . . . + Y,,, = 346 

T, = Yhl + Y,, + . . 	. + Y4,, = 317 

T, = Y,, + Y,, + . . 	. + Y,,, = 94 


SSW = SST-SSB = 5321.28 - 3887.88 = 1433.40 

S: = SSW/(N-p) = 1433.40/(50-5) = 31.85 

13.13.3.7.3 Summarize these c a l c u l a t i o n s  i n  an ANOVA t a b l e  (Table 13). 

13.13.3.7.4 To per form t h e  i n d i v i d u a l  comparisons, c a l c u l a t e  t h e  t s t a t i s t i c  
f o r  each concent ra t ion  and c o n t r o l  combinat ion as fo l lows:  

Where: 	 vi = mean number o f  young produced f o r  e f f l u e n t  concent ra t ion  i 


v, = mean number o f  young produced f o r  t h e  c o n t r o l  


S, = square r o o t  o f  w i t h i n  mean square 


n, = number o f  r e p l i c a t e s  f o r  t he  c o n t r o l  


n, = number o f  r e p l i c a t e s  f o r  concent ra t ion  i. 




TABLE 13. ANOVA TABLE FOR DUNNETT'S PROCEDURE EXAMPLE 

Source Sum o f  Squares Mean Square(MS) 
(SS) (SS/df 

Between 4 3887.88 971.97 

With in  45 1433.40 31.85 

Tota l  49 5321.28 

Since we are l o o k i n g  f o r  a decrease i n  reproduct ion from t h e  con t ro l ,  t h e  mean 
f o r  concentrat ion i i s  subtracted from t h e  c o n t r o l  mean i n  t h e  t s t a t i s t i c  
above. However, i f  we were l o o k i n g  f o r  an increased response over t h e  
con t ro l ,  t h e  c o n t r o l  mean would be subtracted from t h e  mean a t  a 
concentration.. 

13.13.3.7.5 Table 14 inc ludes t h e  ca l cu la ted  t values f o r  each concentrat ion 
and con t ro l  combination. I n  t h i s  example, comparing the  1.56% concentrat ion 
w i t h  t h e  c o n t r o l  t h e  c a l c u l a t i o n  i s  as fo l lows:  

TABLE 14. CALCULATED T VALUES 

E f f l u e n t  Concentrat ion (%) i 'i 

13.13.3.7.6 Since t h e  purpose o f  t h i s  t e s t  i s  t o  de tec t  a s i g n i f i c a n t  
reduc t ion  i n  mean reproduct ion, a one-sided t e s t  i s  appropriate. The c r i t i c a l  
value f o r  t h i s  one-sided t e s t  i s  found i n  Table 5, Appendix C. Since an e n t r y  
f o r  45 degrees o f  freedom f o r  e r r o r  i s  no t  prov ided i n  the  tab le ,  the  e n t r y  
f o r  40 degrees o f  freedom f o r  e r r o r ,  an alpha l e v e l  o f  0.05 and f o u r  
concentrat ions (exc luding t h e  c o n t r o l )  w i l l  be used, 2.23. The mean 



reproduct ion f o r  concentrat ion "i"i s  considered s i g n i f i c a n t l y  l e s s  than t h e  
mean reproduct ion f o r  t h e  con t ro l  i f  t. i s  g rea te r  than t h e  c r i t i c a l  Lalue. 
Since t, i s  g reater  than 2.23, the  12.{% concentrat ion has s i g n i f i c a n t l y  lower 
reproduct ion than t h e  c o n t r o l .  Hence t h e  NOEC and t h e  LOEC f o r  reproduct ion 
are 6.25% and 12.5%, respect ive ly .  

13.13.3.7.7 To q u a n t i f y  t h e  s e n s i t i v i t y  o f  t h e  t e s t ,  the  minimum s i g n i f i c a n t  
d i f f e r e n c e  (MSD) t h a t  can be s t a t i s t i c a l l y  detected may be ca lcu la ted :  

MSD = d Sd(l/n,) + (l/n) 

Where: d = t h e  c r i t i c a l  value f o r  t h e  Dunnett 's Procedure 

S, = 	the  square r o o t  o f  the  w i t h i n  mean square 

n = 	t h e  common number o f  r e p l i c a t e s  a t  each concentrat ion 
( t h i s  assumes equal r e p l i c a t i o n  a t  each concentrat ion)  

n, = 	t h e  number o f  r e p l i c a t e s  i n  t h e  con t ro l  

13.13.3.7.8 I n  t h i s  example: 

MSD = 2 . 2 3  (5.64),/(1/10)+(1/107 

13.13.3.7.9 Therefore, f o r  t h i s  se t  o f  data, t h e  minimum d i f f e r e n c e  t h a t  can 
be detected as s t a t i s t i c a l l y  s i g n i f i c a n t  i s  5.62. 

13.13.3.7.10 This represents a 25% decrease i n  mean reproduct ion from the  
c o n t r o l .  

13.13.3.8 Ca lcu la t i on  o f  t h e  I C  

13.13.3.8.1 The reproduct ion data i n  Table 4 are u t i l i z e d  i n  t h i s  example. 
As can be seen from Figure 8, t h e  observed means are no t  monotonical ly  
non- increasing w i t h  respect  t o  concentrat ion.  Therefore, the  means must be 
smoothed p r i o r  t o  c a l c u l a t i n g  t h e  I C .  

-
13.13.3.8.2 S t a r t i n g  w i t h  the  observed con t ro l  mean,-Y,= 22.4, and the  
observed mean-for the  lowest e f f l u e n t  concentrat ion, Y, = 26.3, we see t h a t  v,  
i s  l e s s  than Y,. 

13.13.3.8.3 Ca lcu la te  t h e  smoothed means: 





13.13.3.8.4 Since v, = 34.6 i s  l a r g e r  than M,, average v3 w i t h  t h e  prev ious 
concentrat ions:  

13.13.3.8.5 Add i t i ona l l y ,  v, = 31.7 i s  l a r g e r  than M,, and i s  pooled w i t h  t h e  
f i r s t  th ree  means. Thus: 

13.13.3.8.6 Since M, > v, = 9.4, se t  M, = 9.4. Likewise, M, > v, = 0, and M, 
becomes 0. Table 15 conta ins t h e  smoothed means and Figure 8 g ives  a p l o t  o f  
the  smoothed means and t h e  i n t e r p o l a t e d  response curve. 

TABLE 15. 	 DAPHNID, CERIODAPHNIA DUBIA ,  REPRODUCTION 
MEAN RESPONSE AFTER SMOOTHING 

Response Smoothed 
E f f l u e n t  Means, Y. Means, Mi 
Conc. (%) i (young/fema! e) (young/femal e) 

Control  1 22.4 
1.56 2 26.3 
3.12 3 34.6 
6.25 4 31.7 

12.5 5 9.4 
25.0 6 0.0 

13.13.3.8.7 Estimates o f  the  IC25 and IC50 can be ca l cu la ted  us ing the  L inear  
I n t e r p o l  a t i o n  Method. A 25% reduct ion  i n  reproduct ion,  compared t o  the  
cont ro ls ,  would r e s u l t  i n  a mean reproduct ion o f  21.56 young per  adu l t ,  where 
M,(1 - p/100) = 28.75(1 - 25/100). A 50% reduct ion  i n  reproduct ion, compared 
t o  the  con t ro l s ,  would r e s u l t  i n  a mean reproduct ion o f  14.38 young per  adu l t ,  
where Ml(l - p/100) = 28.75(1 - 50/100). Examining t h e  smoothed means and 
t h e i r  associated concentrat ions (Table 15), t h e  two e f f l u e n t  concentrat ions 
bracket ing  21.56 young per  a d u l t  are Cq = 6.25% e f f l u e n t  and C, = 12.5% 
e f f l u e n t .  The two e f f l u e n t  concen t ra t~ons  bracket ing  a response o f  14.38 
young per  adu l t  are a l so  C, = 6.25% and C, = 12.5%. 



13.13.3.8.8 Using equation from Section 4.2 in Appendix M, the estimate of 

the IC25 is as follows: 


IC25 = 6.25+128.75 (1-25/100)-28.751 (g(12.5-6.25) 
.75) 


= 8.57% effluent 

13.13.3.8.9 The estimate of the IC50 is as follows: 


ICp = Cj+[MI(1-p/100)-M 1 (C,,+l,-C,) 
j (M -Mj)
(j+~) 


= 10.89% effluent 

13.13.3.8.10 When the ICPIN program was used to analyze this data set for 

the IC25, requesting 80 resamples, the estimate of the IC25 was 8.5715% 

effluent. The empirical 95% confidence interval for the true mean was 8.3112% 

and 9.0418% effluent. The computer output for this data'set is provided in 

Figure 9. 


13.13.3.8.11 When the ICPIN program was used to analyze this data set for 

the IC50, requesting 80 resamples, the estimate of the IC50 was 10.8931% 

effluent. The empirical 95% confidence interval for the true mean was 

10.4373% and 11.6269% effluent. The computer output for this data set is 

provided in Figure 10. 


13.14 PRECISION AND ACCURACY 


13.14.1 PRECISION 


13.14.1.1 Single-Laboratory Precision 


13.14.1.1.1 Information on the sing1 e-laboratory precision of the daphnid, 

Ceriodaphnia dubia, survival and reproduction test based on the NOEC and LOEC 

values from nine tests with the reference toxicant sodium pentachlorophenate 

(NaPCP) is provided in Table 16. The NOECs and LOECs of all tests fell in the 

same concentration range, indicating maximum possible precision. Table 17 

gives precision data for the IC25 and IC50 values for seven tests with the 

reference toxicant NaPCP. Coefficient of variation was 41% for the IC25 and 

28% for the IC50. 


13.14.1.1.2 Ten sets of data from six laboratories met the acceotabilitv 

criteria, and were statistically analyzed using nonparametric prbcedures"to 

determine NOECs and LOECs. 




Conc. ID  1 2 3 4 5 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Conc. Tested 0 1.56 3.12 6.25 12.5 25.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Response 1 
Response 2 
Response 3 

27 
30 
29 

32 
35 
32 

39 
30 
33 

2 7 
34 
36 

10 
13 
7 

0 
0 
0 

Response 4 31 26 33 34 7 0 
Response 5 16 18 36 31 7 0 
Response 6 15 29 33 2 7 10 0 
Response 7 18 27 33 33 10 0 
Response 8 17 16 2 7 31 16 0 
Response 9 14 35 38 33 12 0 
Response 10 2 7 13 44 31 2 0 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*** I n h i b i t i o n  Concentrat ion Percentage Est imate *** 
Tox icant /E f f luen t :  E f f l u e n t  
Test S t a r t  Date: Example Test Ending Date: 
Test Species: Ceriodaphnia dubia 
Test Durat ion:  7-d 
DATA FILE: cdmanual .i c p  
OUTPUT FILE: cdmanual .i25 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Conc. Number Concentrat ion Response Std. Pooled 

ID Rep1 i c a t e s  % Means Dev. Response Means 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


1 10 0.000 22.400 6.931 28.750 

2 10 1.560 26.300 8.001 28.750 

3 10 3.120 34.600 4.835 28.750 

4 10 6.250 31.700 2.946 28.750 

5 10 12.500 9.400 3.893 9.400 

6 10 25.000 0.000 0.000 0.000 


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The L inear  I n t e r p o l a t i o n  Estimate: 8.5715 Entered P Value: 25 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Number o f  Resamplings: 80 
The Bootst rap Estimates Mean: 8.5891 Standard Deviat ion:  0.1831 
O r i g i n a l  Confidence L i m i t s :  Lower: 8.3112 Upper: 9.0418 
Resampl i n g  t ime i n  Seconds: 2.53 Random Seed: -641671986 

Figure  9. Example o f  ICPIN program outpu t  f o r  t he  IC25. 
e 




Conc. I D  1 2 3 4 5 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Conc. Tested 0 1.56 3.12 6.25 12.5 25.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Response 
Response 

1 
2 

27 
30 

32 
35 

39 
30 

27 
34 

10 
13 

0 
0 

Response 
Response 
Response 
Response 

3 
4 
5 
6 

29 
31 
16 
15 

32 
26 
18 
29 

33 
33 
36 
33 

36 
34 
31 
27 

7 
7 
7 
10 

0 
0 
0 
0 

Response 7 18 27 33 33 10 0 
Response 
Response 

8 
9 

17 
14 

16 
35 

27 
38 

31 
33 

16 
12 

0 
0 

Response 10 27 13 44 31 2 0 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*** I n h i b i t i o n  Concentrat ion Percentage Est imate *** 
Tox icant /E f f luen t :  E f f l u e n t  
Test S t a r t  Date: Example Test Ending Date: 
Test Species: Ceriodaphnia dubia 
Test Durat ion:  7-d 
DATA FILE: cdmanual .i c p  
OUTPUT FILE: cdmanual.i50 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Conc. Number Concentrat ion Response Std. Pooled 

ID Rep1 i c a t e s  % Means Dev. Response Means 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


1 10 0.000 22.400 6.931 28.750 

2 10 1.560 26.300 8.001 28.750 

3 10 3.120 34.600 4.835 28.750 

4 10 6.250 31.700 2.946 28.750 

5 10 12.500 9.400 3.893 9.400 

6 10 25.000 0.000 0.000 0.000 


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The L inear  I n t e r p o l a t i o n  Estimate: 10.8931 Entered P Value: 50 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Number o f  Resampl ings: 80 
The Bootst rap Estimates Mean: 10.9316 Standard Deviat ion:  0.3357 
O r i g i n a l  Confidence L i m i t s :  Lower: 10.4373 Upper: 11.6269 
Resampl i n g  t ime i n  Seconds: 2.58 Random Seed: 172869646 

Figure  10. Example o f  ICPIN program outpu t  f o r  t h e  IC50. 
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TABLE 16. 	 SINGLE LABORATORY PRECISION OF THE DAPHNID, CERIODAPHNIA 
DUBIA, SURVIVAL AN? REPRODUCTION TEST, USING NAPCP AS A 
REFERENCE TOXICANT '' 

Chronic 
NOEC LOEC Value 

Test (mg/L) (mg/L) (mg/L) 

' For a d iscuss ion  o f  t he  p r e c i s i o n  o f  da ta  from chron ic  t o x i c i t y  

t e s t s  see Sect ion 4, Q u a l i t y  Assurance. 

Data from t e s t s  performed by P h i l i p  Lewis, Aquat ic  B io logy  Branch, 

EMSL-Cincinnati , OH. Tests were conducted i n  r e c o n s t i t u t e d  hard water 

(hardness = 180 mg CaCO L; pH = 8.1). 

Concentrat ions used i n  e s t  1 were: 0.03, 0.06, 0.12, 0.25, 0.50,
J 
1.0 mg NaPCP/L . 

Concentrat ions used i n  Tests 2 and 3 were: 0.007, 0.022, 0.067, 0.20, 

0.60 mg NaPCP/L. 

Concentrat ions used i n  Tests 4 through 9 were: 0.0375, 0.075, 0.150, 

0.30, 0.60 mg NaPCP/L. 


13.14.1.2 	 Mu1 t i l a b o r a t o r y  P rec i s i on  

13.14.1.2.1 A mu1 t i l abo ra to ry  study was performed by t h e  Aquat ic  B io logy  
Branch, EMSL-Cincinnati i n  1985e, i n v o l v i n g  a t o t a l  o f  11 ana lys ts  i n  10 
d i f f e r e n t  l a b o r a t o r i e s  (Neiheise l  e t .  a1 ., 1988; USEPA, 1988e). Each ana lys t  
performed one- to - th ree  seven-day t e s t s  us ing  a1 iquots o f  a copper-spi  ked 
e f f l u e n t  sample, f o r  a t o t a l  o f  25 t e s t s .  The t e s t s  were performed on the  
same day i n  a1 1 p a r t i c i p a t i n g  l abo ra to r i es ,  us ing  a pre-pub1 i c a t i o n  d r a f t  o f  
Method 1002.0. The NOECs and LOECs f o r  these t e s t s  were w i t h i n  one 
concent ra t ion  i n t e r v a l  which, w i t h  a d i l u t i o n  f a c t o r  o f  0.5, i s  equ iva len t  t o  
a two - fo ld  range i n  concent ra t ion  (Table 18).  



TABLE 17. 	 THE DAPHNID, CERIODAPHNIA DUBIA, SEVEN-DAY SURVIVAL AND 

REPRODUCTION TEST PRECISION FOR A SINGLE LABORATORY 

USING NAPCP AS THE REFERENCE TOXICANT (USEPA, 1991a) 


Test Number NOEC (mg/L) IC25 (mg/L) IC50 (mg/L) 

n 

Mean 

cv (%) 


13.14.1.2.2 A second m u l t i l a b o r a t o r y  study o f  Method 1002.0 (us ing the  f i r s t  
e d i t i o n  of t h i s  manual; USEPA, 1985c), was coordinated by Battelle, 'Columbus 
D iv i s ion ,  and invo lved 11 p a r t i c i p a t i n g  l a b o r a t o r i e s  (Table 19) (DeGraeve e t  
a l . ,  1989). A l l  p a r t i c i p a n t s  used 10% DMW (10% PERRIERm' Water) as the  c u l t u r e  
and d i l u t i o n  water, and used t h e i r  own fo rmula t ion  o f  food f o r  c u l t u r i n g  and 
t e s t i n g  the  Ceriodaphnia dubia. Each l abo ra to ry  was t o  conduct a t  l e a s t  one 
t e s t  w i t h  each o f  e i g h t  b l i n d  samples. Each t e s t  consis ted o f  10 r e p l i c a t e s  
o f  one organism each f o r  f i v e  t o x i c a n t  concentrat ions and a c o n t r o l .  O f  the  
116 t e s t s  planned, 91 were success fu l l y  i n i t i a t e d ,  and 70 (77%) met t h e  
su rv i va l  and reproduct ion c r i t e r i a  f o r  a c c e p t a b i l i t y  o f  the  r e s u l t s  (80% 
su rv i va l  and n ine  young per  i n i t i a l  female). I f  the  reproduct ion c r i t e r i a  o f  
15 young/female, used i n  t h i s  e d i t i o n  o f  t h e  method, had been app l ied  t o  t h e  
r e s u l t s  o f  the  i n t e r l a b o r a t o r y  study, 22 a d d i t i o n a l  t e s t s  would have been 
unacceptable. The o v e r a l l  p r e c i s i o n  (CV) o f  t h e  t e s t  was 27% f o r  t h e  su rv i va l  
data (7-day LC50s) and 37.5% and 39.0% f o r  t h e  reproduct ion data (IC50s and 
IC25s, respec t i ve l y ) .  

13.14.2 ACCURACY 

13.14.2.1 	 The accuracy o f  t o x i c i t y  t e s t s  cannot be determined. 



TABLE 18. INTERLABORATORY PRECISION FOR THE DAPHNID, CERIODAPHNIA 
DUBIA, SURVIVAL AND REPRODUCTION TEST WITH COPPER SPIKED 
EFFLUENT (USEPA, 1988e)  

E n d ~ o i n t sI% E f f l u e n t )
R e ~ r o d u c t i o n  S u r v i v a l  

Ana lys t  T e s t  NOEC LOEC NOEC LOEC 



TABLE 19. 	 INTERLABORATORY PRECISION DATA FOR THE DAPHNID, CERIODAPHNIA 
WBIA, SUMMARIZED FOR EIGHT REFERENCE TOXICANTS AND EFFLUENTS 
(USEPA, 1991a) 

Test  M a t e r i a l  Mean IC50 CV% Mean IC25 CV% 

Sodium c h l o r i d e  


I n d u s t r i  a1 


Sodium c h l o r i d e  


Pulp and Paper 


Potassium dichromate 


Pulp and Paper 


Potassium dichromate 


I n d u s t r i a l  


n 
Mean 

Standard Dev ia t ion  



SECTION 14 

TEST METHOD 

GREEN ALGA, SELENASTRUH CAPRICORNUTUH, GROWTH TEST 
METHOD 1003.0 

14.1 SCOPE AND APPLICATION 

14.1.1 Th is  method measures t h e  chron ic  t o x i c i t y  o f  e f f l u e n t s  and rece i v ing  
water t o  the  freshwater green alga, Selenastrum capricornutum, i n  a four-day 
s t a t i c  t e s t .  The e f f e c t s  inc lude t h e  syne rg i s t i c ,  an tagon is t i c ,  and a d d i t i v e  
e f f e c t s  o f  a l l  t h e  chemical, phys ica l ,  and b i o l o g i c a l  components which 
adversely a f f e c t  t h e  phys io log ica l  and biochemical func t ions  o f  t h e  t e s t  
organisms. 

14.1.2 Detect ion l i m i t s  o f  t h e  t o x i c i t y  o f  an e f f l u e n t  o r  pure substance are 
organism dependent. 

14.1.3 B r i e f  excursions i n  t o x i c i t y  may no t  be detected us ing 24-h composite 
samples. Also, because o f  t h e  long sample c o l l e c t i o n  pe r iod  invo lved i n  
composite sampl ing, and because the  t e s t  chambers are n o t  sealed, h i g h l y  
degradable o r  h i g h l y  v o l a t i l e  t o x i c a n t s  present i n  the  source may no t  be 
detected i n  the  t e s t .  

14.1.4 This t e s t  method i s  commonly used i n  one o f  two forms: (1) a 
d e f i n i t i v e  t e s t ,  cons i s t i ng  o f  a minimum o f  f i v e  e f f l u e n t  concentrat ions and a 
con t ro l ,  and (2) a r e c e i v i n g  water t e s t ( s ) ,  cons i s t i ng  o f  one o r  more 
rece i v ing  water concentrat ions and a c o n t r o l .  

14.1.5 This t e s t  i s  very v e r s a t i l e  because i t  can a lso  be used t o  i d e n t i f y  
wastewaters which are  b ios t imu la to ry  and may cause nuisance growths o f  algae, 
aquat ic  weeds, and o the r  organisms a t  h igher  t r o p h i c  l e v e l s .  

14.2 SUMMARY OF METHOD 

14.2.1 A green alga, Selenastrum capricornutum, popu la t ion  i s  exposed i n  a 
s t a t i c  system t o  a se r ies  o f  concentrat ions o f  e f f l u e n t ,  o r  t o  rece i v ing  
water, f o r  96 h. The response o f  t h e  popu la t ion  i s  measured i n  terms o f  
changes i n  c e l l  dens i t y  ( c e l l  counts per  mL), biomass, ch lo rophy l l  content,  o r  
absorbance. 

14.3 INTERFERENCES 

14.3.1 Toxic substances may be in t roduced by contaminants i n  d i l u t i o n  water, 
glassware, sample hardware, and t e s t i n g  equipment (see Sect ion 5, F a c i l i t i e s ,  
Equipment, and Suppl ies) . 
14.3.2 Adverse e f f e c t s  o f  h igh  concentrat ions o f  suspended and/or d isso lved 
so l ids ,  co lo r ,  and extremes o f  pH may mask t h e  presence o f  t o x i c  substances. 



14.3.3 Improper e f f l u e n t  sampling and hand1 i n g  may adversely a f f e c t  t e s t  

r e s u l t s  (see Sect ion 8, E f f l u e n t  and Receiving Water Sampling, Sample 

Handl ing, and Sample Preparat ion f o r  T o x i c i t y  Tests).  


14.3.4 Pathogenic organisms and/or p lank t i vo res  i n  t h e  d i l u t i o n  water and 

e f f l u e n t  may a f f e c t  t e s t  organism s u r v i v a l  and growth, and confound t e s t  

r e s u l t s .  


14.3.5 Nu t r i en ts  i n  t h e  e f f l u e n t  o r  d i l u t i o n  water may confound t e s t  r e s u l t s .  


14.4 SAFETY 


14.4.1 See Sect ion 3, Safety and Health. 


14.5 APPARATUS AND EQUIPMENT 


14.5.1 Laboratory Selenastrum capricornutum c u l t u r e  u n i t  - - see c u l t u r i n g  

methods below and USEPA, 1993b. To t e s t  e f f l u e n t  t o x i c i t y ,  s u f f i c i e n t  numbers 

o f  log-phase-growth organisms must be ava i lab le .  


14.5.2 Samplers - - automatic sampler, p re fe rab l y  w i t h  sample coo l i ng  

c a p a b i l i t y ,  t h a t  can c o l l e c t  a 24-h composite sample o f  5 L o r  more. 


14.5.3 Sample conta iners - - f o r  sample shipment and storage (see Sect ion 8, 

E f f l u e n t  and Receiving Water Sampling, Sample Handl ing, and Sample Preparat ion 

f o r  T o x i c i t y  Tests).  


14.5.4 Environmental chamber, incubator,  o r  equ iva len t  f a c i l i t y  - - w i t h  

"cool -whi teu f luorescent  i l l u m i n a t i o n  (86 + 8.6 r E / m  /s, 400 ? 40 f t - c ,  o r  

4306 l u x )  and temperature c o n t r o l  (25 + 1°C). 


14.5.5 Mechanical shaker - - capable o f  p rov id ing  o r b i t a l  motion a t  t h e  r a t e  

o f  100 cyc les per  minute (cpm). 


14.5.6 L i g h t  meter - - w i t h  a range o f  0-200 r~/m'/s (0-1000 f t - c ) .  


14.5.7 Water p u r i f i c a t i o n  system - - MILLIPORE MILLI-QO, deionized water o r  

equivalent  (see Sect ion 5, F a c i l i t i e s ,  Equipment, and Suppl ies).  


14.5.8 Balance - - a n a l y t i c a l ,  capable o f  accura te ly  weighing 0.00001 g. 


14.5.9 Reference weights, c l ass  S - - f o r  checking' performance o f  balance. 


14.5.10 Volumetr ic f l a s k s  and graduated c y l i n d e r s  - - c lass  A, 10-1000 mL, 

b o r o s i l i c a t e  glass, f o r  c u l t u r e  work and prepara t ion  o f  t e s t  so lu t ions .  


14.5.11 Volumetr ic p i p e t s  - - c lass  A, 1-100 mL. 


14.5.12 Serological  p i p e t s  - - 1-10 mL, graduated. 


14.5.13 P ipe t  bulbs and f i l l e r s  - - PROPIPET@', o r  equivalent .  




14 .5 .14  Wash bottles - - for rinsing small glassware, instrument electrodes, 

and probes. 


14 .5 .15  Test chambers - - four (minimum of three) 125 or 250 mL borosilicate, 

Erlenmeyer flasks, with foam plugs or stainless steel or Shumadzu closures. 

For special glassware cleaning requirements (see Section 5 ,  Facilities, 

Equipment, and Suppl ies) . 

14 .5 .16  Culture chambers - - 1 -4  L borosil icate, Erlenmeyer flasks. 


14 .5 .17  Thermometers, glass or electronic, laboratory grade - - for measuring 

water temperatures. 


14.5 .18  Bulb-thermograph or electronic-chart type thermometers - - for 

continuously recording temperature. 


14 .5 .19  Thermometer, National Bureau of Standards Certified, (see USEPA 

Method 170 .1 ,  USEPA, 1979b) - - to cal i brate laboratory thermometers. 


1 4 . 5 . 2 0  Meters, pH and specific conductivity - - for routine physical and 

chemical measurements. 


1 4 . 5 . 2 1  Tissue grinder - - for chlorophyll extraction. 


14 .5 .22  Fluorometer (Optional) - - equipped with chlorophyll detection 1 ight

source, filters, and photomul tip1 ier tube (Turner Model 110 or equivalent). 


14 .5 .23  UV-VIS spectrophotometer - - capable of accommodating 1 -5  cm cuvettes. 


14.5 .24  Cuvettes for spectrophotometer - - 1 -5  cm light path. 


14 .5 .25  Electronic particle counter (Optional) - - Coulter Counter, Model ZBI, 

or equivalent, with mean cell (particle) volume determination. 


14 .5 .26  Microscope - - with 10X, 45X, and lOOX objective lenses, 10X ocular 

lenses, mechanical stage, substage condenser, and light source (inverted or 

conventional microscope). 


14 .5 .27  Counting chamber - - Sedgwick-Rafter, Palmer-Maloney, or 

hemocytometer. 


14.5 .28  Centrifuge - - with swing-out buckets having a capacity of 15-100 mL. 


1 4 . 5 . 2 9  Centrifuge tubes - - 15-100 mL, screw-cap. 


14 .5 .30  Filtering apparatus - - for membrane and/or glass fiber filters. 


14.6  REAGENTS AND CONSUMABLE MATERIALS 


1 4 . 6 . 1  Sample containers - - for sample shipment and storage (see Section 8, 

Effluent and Receiving Water Sampl ing , Sample Hand1 ing, and Sample Preparation 

for Toxicity Tests). 
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14.6.2 Data sheets (one s e t  per  t e s t )  - - f o r  record ing  data.  

14.6.3 Tape, co lored - - f o r  l a b e l i n g  t e s t  chambers 

14.6.4 Markers, waterproof - - f o r  marking conta iners,  e t c .  

14.6.5 Reagents f o r  hardness and a l k a l i n i t y  t e s t s  - - see USEPA Methods 130.2 
and 310.1, USEPA, 1979b. 

14.6.6 Bu f fe rs  pH 4, pH 7, and pH 10 (o r  as per  i n s t r u c t i o n s  o f  instrument 
manufacturer) f o r  instrument c a l i b r a t i o n  (see USEPA Method 150.1, USEPA, 
1979b). 

14.6.7 S p e c i f i c  c o n d u c t i v i t y  standards (see USEPA Method 120.1, USEPA, 
1979b). 

14.6.8 Standard p a r t i c l e s  - - such as chicken,or tu rkey  f i b r o b l a s t s  o r  polymer 
microspheres, 5.0 ? 0.03 pm diameter, 65.4 pm volume, f o r  c a l i b r a t i o n  o f  
e l e c t r o n i c  p a r t i c l e  counters ( a v a i l a b l e  from Duke S c i e n t i f i c  Co., 1135D, San 
Antonio Road, Palo A l to ,  CA 94303). 

14.6.9 Membranes and f i l l i n g  so lu t i ons  f o r  DO probe (see USEPA Method 360.1, 
USEPA, 1979b), o r  reagents - - f o r  mod i f ied  Winkler analys is .  

14.6.10 Laboratory qua1 i t y  con t ro l  samples and standards - - f o r  c a l i b r a t i o n  
o f  the  above methods. 

14.6.11 Reference t o x i c a n t  so lu t i ons  - - see Sect ion 4, Qua1 i t y  Assurance. 

14.6.12 Reagent water - - de f ined as d i s t i l l e d  o r  deionized water t h a t  does 
not  conta in  substances which are t o x i c  t o  t h e  t e s t  organisms (see Sect ion 5, 
F a c i l i t i e s ,  Equipment, and Suppl ies) . 
14.6.13 E f f l u e n t  o r  rece i v ing  water and d i l u t i o n  water - - see Sect ion 7, 
D i l u t i o n  Water; and Sect ion 8, E f f l u e n t  and Receiving Water Sampling, Sample 
Hand1 ing,  and Sample Preparat ion f o r  T o x i c i t y  Test ing. 

14.6.14 Acetone - - pes t ic ide-grade o r  equivalent .  

14.6.15 D i l u t e  (10%) hyd roch lo r i c  a c i d  - - c a r e f u l l y  add 10 mL o f  concentrated 
HC1 t o  90 mL o f  MILLI-Q@ water. 

14.6.16 TEST ORGANISMS, GREEN ALGA, SELENASTRUN CAPRICORNUTUM 

14.6.16.1 Selenastrum capricornutum, a u n i c e l l u l a r  coccoid green a lga  i s  t h e  
t e s t  organism. 

14.6.16.2 Algal  Cu l tu re  Medium i s  prepared as fo l lows:  

1. 	 Prepare ( f i v e )  s tock n u t r i e n t  so lu t i ons  us ing reagent grade chemicals as 
described i n  Table 1. Cautionary note: EDTA may a f f e c t  metal t o x i c i t y .  
It i s  recommended t h a t  t e s t s  be conducted w i t h  and w i thout  EDTA i n  t h e  
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TABLE 1. NUTRIENT STOCK SOLUTIONS FOR MAINTAINING ALGAL STOCK CULTURES 
AND TEST CONTROL CULTURES 

STOCK COMPOUND AMOUNT DISSOLVED I N  
SOLUTION 500 mL MILLI-Q@ WATER 

1. MACRONUTRI ENTS 

2. MICRONUTRIENTS 

92.8 mg 
208.0 mg, 

1.64 mg 
79.9 mg, 
0.714 mg, 
3.63 mg, 
0.006 mg 

150.0 mg, 
1.196 mg 

ZnCl - Weigh ou t  164 mg and d i l u t e  t o  100 mL. Add 1 mL of t h i s  
s o l u t i o n  t o  Stock 2, m ic ronu t r i en ts  
CoC1,.6H20 - Weigh ou t  71.4 mg and d i l u t e  t o  100 mL. Add 1 mL o f  
t h i s  s o l u t i o n  t o  Stock 2, m ic ranu t r i en ts .  
Na2MoO,.2H 0 - Weigh ou t  36.6 mg and d i l u t e  t o  10 mL. Add 1 mL 
o f  t h i s  soZlution t o  Stock 2, m ic ronu t r i en ts .  
CuC1,.2H20 - Weigh ou t  60.0 mg and d i l u t e  t o  1000 mL. Take 1 mL o f  
t h i s  s o l u t i o n  and d i l u t e  t o  10 mL. Take 1 mL o f  t he  second d i l u t i o n  
and add t o  Stock 2, m ic ronu t r i en ts .  
Na SeO, - Weigh ou t  119.6 mg and d i l u t e  t o  100 mL. Add 1 mL o f  t h i s  
s o f u t i o n  t o  Stock 2, m ic ronu t r i en ts .  



c u l t u r e  media i f  metals are suspected i n  the  e f f l u e n t  o r  rece i v ing  . 
water. 

2. 	 Add 1 mL o f  each stock so lu t i on ,  i n  t h e  order  l i s t e d  i n  Table 1, t o  
approximately 900 mL o f  MILLI-Q@ water. Mix we l l  a f t e r  t h e  a d d i t i o n  o f  
each so lu t i on .  D i l u t e  t o  1 L, mix we l l ,  and ad jus t  t h e  pH t o  7.5 + 0.1, 
us ing 0.1N NaOH o r  HC1, as appropr iate.  The f i n a l  concentrat ion o f  
macronutr ients and m ic ronu t r i en ts  i n  t h e  c u l t u r e  medium i s  g iven i n  
Table 2. 

3. 	 Immediately f i l t e r  t h e  pH-adjusted medium through a 0.45 pm pore 
diameter membrane a t  a vacuum o f  n o t  more than 380 mm (15 i n . )  mercury, 
o r  a t  a pressure o f  no t  more than one-ha l f  atmosphere (8 p s i ) .  Wash t h e  
f i l t e r  w i t h  500 mL deionized water p r i o r  t o  use. 

4. 	 I f  the  f i l t r a t i o n  i s  c a r r i e d  ou t  w i t h  s t e r i l e  apparatus, f i l t e r e d  medium 
can be used immediately, and no f u r t h e r  s t e r i l i z a t i o n  steps are requ i red  
before the  i nocu la t i on  o f  the  medium. The medium can a lso  be s t e r i l i z e d  
by autoc lav ing a f t e r  i t  i s  p laced i n  the  c u l t u r e  vessels. I f  a 0.22 pg 
f i l t e r  i s  used no s t e r i l i z a t i o n  i s  needed. 

5. 	 Unused s t e r i l e  medium should n o t  be stored more than one week p r i o r  t o  
use, because the re  may be subs tan t i a l  l o s s  o f  water by evaporat ion. 

14.6.16.3 Stock Algal  Cul tures 

14.6.16.3.1 See Sect ion 6, Test Organisms, f o r  in fo rmat ion  on sources o f  
" s t a r t e r "  c u l t u r e s  o f  the  green alga, Selenastrum capricornutum. 

14.6.16.3.2 Upon r e c e i p t  o f  the  " s t a r t e r "  cuyture (usua l l y  about 10 mL), a 
stock c u l t u r e  i s  i n i t i a t e d  by a s e p t i c a l l y  t r a n s f e r r i n g  1 mL t o  a c u l t u r e  f l a s k  
conta in ing  con t ro l  a l g a l  c u l t u r e  medium (prepared as described above). The 
volume o f  s tock c u l t u r e  medium i n i t i a l l y  prepared w i l l  depend upon the  number 
o f  t e s t  f l a s k s  t o  be inocu la ted  l a t e r  from the  stock, o r  o ther  planned uses, 
and may range from 25 mL i n  a 125 mL f l a s k  t o  2 L i n  a 4-L f l a s k .  The 
remainder o f  the  s t a r t e r  c u l t u r e  can be he ld  i n  reserve f o r  up t o  s i x  months 
i n  a r e f r i g e r a t o r  ( i n  the  dark) a t  4'C. 

14.6.16.3.3 Main ta in  t h e  stock c u l t u r e s  a t  25 + 1;C, under continuous 
"Cool-White" f luorescent  l i g h t i n g  o f  86 f 8.6 rE/m /s (400 ? 40 f t - c ) .  Shake 
cont inuously  a t  100 cpm o r  tw i ce  d a i l y  by hand. 

14.6.16.3.4 Transfer  1 t o  2 mL o f  s tock c u l t u r e  weekly t o  50 - 100 mL o f  new 
c u l t u r e  medium t o  main ta in  a continuous supply o f  "heal thy"  c e l l s  f o r  t es t s .  
Asept ic techniques should be used i n  main ta in ing  the  a lga l  cu l tu res ,  and 
extreme care should be exerc ised t o  avoid contamination. Examine the  stock 
cu l tu res  w i t h  a microscope f o r  contaminat ing microorganisms a t  each t r a n s f e r .  

14.6.16.3.5 Viable u n i a l g a l  c u l t u r e  ma te r ia l  may be maintained f o r  long 
per iods o f  t ime i f  placed i n  a r e f r i g e r a t o r  a t  4'C. 

14.6.16.4 It i s  recommended t h a t  chron ic  t o x i c i t y  t e s t s  be performed monthly 
w i t h  a reference t o x i c a n t .  A lgal  c e l l s  f o u r  t o  seven days o l d  are used t o  
moni tor  t h e  chronic  t o x i c i t y  (growth) o f  t h e  reference t o x i c a n t  t o  the  a lga l  
stock produced by the  c u l t u r e  u n i t  (see Sect ion 4, Q u a l i t y  Assurance, 
Subsection 4.17). 



-- - - 

TABLE 2 .  FINAL CONCENTRATION OF MACRONUTRIENTS AND MICRONUTRIENTS 

I N  THE CULTURE MEDIUM 

MACRONUTRIENT CONCENTRATION 
Imcl/LI 

NaN03 25 .5  

MgC12.6H20 1 2 . 2  

MICRONUTRIENT CONCENTRATION 
(uq/L) 

185 .0H3B03 

MnC12.4H20 416.0  

ZnC1, 3 .27  

CoC1,. 6H20 1 . 4 3  

ELEMENT 

N 

Mg 

ELEMENT 

B 


Mn 


Zn 


Co 


CONCENTRATION 
Ima/L) 

4 . 2 0  

2 .90  

CONCENTRATION 
(rrcllL) 

32 .5  

115 .0  

1 .57  

0 .354 



14.6.16.5 Record Keeping 

14.6.16.5.1 Records, kept  i n  a bound notebook, inc lude (1) dates c u l t u r e  
media was prepared, (2) source o f  " s t a r t e r "  cu l t u res ,  (3) date stock c u l t u r e s  
were s ta r ted ,  (4) c e l l  dens i t y  i n  s tock  cu l tu res ,  and (5) dates and r e s u l t s  o f  
reference t o x i c a n t  t e s t s  performed (see Sect ion 4, Qua1 i t y  Assurance). 

14.7 EFFLUENT AND RECEIVING HATER COLLECTION, PRESERVATION, AND STORAGE 

14.7.1 See Sect ion 8, E f f l u e n t  and Receiving Water Sampling, Sample Hand1 ing, 
and Sample Preparat ion f o r  T o x i c i t y  Tests. 

14.8 CALIBRATION AND STANDARDIZATION 

14.8.1 See Sect ion 4, Q u a l i t y  Assurance. 

14.9 QUALITY CONTROL 

14.9.1 See Sect ion 4, Q u a l i t y  Assurance. 

14.10 TEST PROCEDURES 

14.10.1 TEST SOLUTIONS 

14.10.1.1 Receiving Waters 

14.10.1.1.1 The sampling p o i n t  i s  determined by t h e  ob jec t i ves  o f  t h e  t e s t .  
Receiving water t o x i c i t y  i s  determined w i t h  samples used d i r e c t l y  as c o l l e c t e d  
o r  a f t e r  samples are passed through a 60 pm NITEXm f i l t e r  and compared w i thout  
d i l u t i o n  against  a con t ro l .  Using f o u r  r e p l i c a t e  chambers per  t e s t ,  each 
conta in ing  100 m l  and 400 m l  f o r  chemical analyses, would r e q u i r e  
approximately 1 L o r  more o f  sample f o r  t h e  t e s t .  

14.10.1.2 E f f l u e n t s  

14.10.1.2.1 The se lec t i on  o f  t h e  e f f l u e n t  t e s t  concentrat ions should be based 
on the  ob jec t i ves  o f  t h e  study. A d i l u t i o n  f a c t o r  o f  0.5 i s  commonly used. A 
d i l u t i o n  f a c t o r  o f  0.5 provides p r e c i s i o n  o f  + loo%, and t e s t i n g  o f  
concentrat ions between 6.25% and 100% e f f l u e n t  us ing f i v e  e f f l u e n t  
concentrat ions (6.25%, 12.5%, 25%, 50%, and 100%). Improvements i n  p rec i s ion  
dec l i ne  r a p i d l y  i f  t h e  d i l u t i o n  f a c t o r  i s  increased beyond 0.5 and p r e c i s i o n  
dec l ines  r a p i d l y  i f  a smal ler  d i l u t i o n  f a c t o r  i s  used. Therefore, USEPA 
recommends us ing  a 2 0.5 d i l u t i o n  f a c t o r .  

14.10.1.2.2 I f  the  e f f l u e n t  i s  known o r  suspected t o  be h i g h l y  t o x i c ,  a  lower 
range o f  e f f l u e n t  concentrat ions should be used (such as 25%, 12.5%, 6.25%, 
3.12%, and 1.56%). I f  a h igh  r a t e  o f  m o r t a l i t y  i s  observed dur ing  t h e  f i r s t  
1  t o  2 h o f  the  t e s t ,  add i t i ona l  d i l u t i o n s  should be added a t  the  lower range 
o f  the  e f f l u e n t  concentrat ions. 



14.10.1.2.3 The volume o f  e f f l u e n t  requ i red  f o r  the  t e s t  i s  1  t o  2  L. 
S u f f i c i e n t  t e s t  s o l u t i o n  (approximately 900 o r  1500 mL) i s  prepared a t  each 
e f f l u e n t  concentrat ion t o  p rov ide  400 mL add i t i ona l  volume f o r  chemical 
analyses a t  t h e  high, medium, and low t e s t  concentrat ions.  There i s  no d a i l y  
renewal o f  t e s t  so lu t i on .  

14.10.1.2.4 Tests should begin as soon as possib le,  p re fe rab l y  w i t h i n  24 h  o f  
sample c o l l e c t i o n .  The maximum ho ld ing  t ime f o l l o w i n g  r e t r i e v a l  o f  t h e  sample 
from t h e  sampling device should n o t  exceed 36 h  f o r  o f f - s i t e  t o x i c i t y  t e s t s  
unless permission i s  granted by the  p e r m i t t i n g  a u t h o r i t y .  I n  no case should 
t h e  sample be used i n  a  t e s t  more than 72 h  a f t e r  sample c o l l e c t i o n  (see 
Sect ion 8, E f f l uen t  and Receiving Water Sampling, Sample Handling, and Sample 
Preparat ion f o r  T o x i c i t y  Tests) .  

14.10.1.2.5 J u s t  p r i o r  t o  t e s t  i n i t i a t i o n  (approximately 1 h) t h e  temperature 
o f  s u f f i c i e n t  q u a n t i t y  o f  t h e  sample t o  make t e s t  so lu t i ons  should be adjusted 
t o  the  t e s t  temperature and maintained a t  t h a t  temperature dur ing  the  a d d i t i o n  
o f  d i l u t i o n  water. 

14.10.1.2.6 The DO o f  the  t e s t  so lu t i ons  should be checked p r i o r  t o  t e s t  
i n i t i a t i o n .  I f  any o f  t h e  so lu t i ons  are supersaturated w i t h  oxygen o r  any 
s o l u t i o n  has a  DO concentrat ion below 4.0 mg/L, a l l  o f  t h e  so lu t i ons  and the 
con t ro l  must. be g e n t l y  aerated. 

14.10.1.2.7 E f f l u e n t s  may be t o x i c  and/or n u t r i e n t  poor. "Poor" growth i n  an 
a l g a l  t o x i c i t y  t e s t ,  there fore ,  may be due t o  t o x i c i t y  o r  n u t r i e n t  l i m i t a t i o n ,  
o r  both. To e l im ina te  f a l s e  negat ive r e s u l t s  due t o  low n u t r i e n t  
concentrat ions, 1  mL o f  each stock n u t r i e n t  s o l u t i o n  i s  added per  l i t e r  o f  
e f f l u e n t  p r i o r  t o  use i n  prepar ing t h e  t e s t  d i l u t i o n s .  Thus, a l l  t e s t  
t reatments and con t ro l s  w i l l  con ta in  a t  a  minimum the  concentrat ion o f  
n u t r i e n t s  i n  the  stock c u l t u r e  medium. 

14.10.1.2.8 I f  samples conta in  v o l a t i l e  substances, t h e  t e s t  sample should be 
added below the  sur face o f  the  d i l u t i o n  water towards t h e  bottom o f  the  t e s t  
conta iner  through an appropr iate d e l i v e r y  tube. 

14.10.1.3 ~ i l u t i o n 'Water 

14.10.1.3.1 D i l u t i o n  water may be s tock  c u l t u r e  medium, any uncontaminated 
rece i v ing  water, a  standard syn the t i c  ( recons t i t u ted )  water, o r  some o ther  
na tura l  water (see Sect ion 7, D i l u t i o n  Water). However, i f  water o ther  than 
the  stock c u l t u r e  medium i s  used f o r  d i l u t i o n  water, 1  mL o f  each stock 
n u t r i e n t  s o l u t i o n  should be added per  l i t e r  o f  d i l u t i o n  water. Natura l  waters 
used as d i l u t i o n  water must be f i l t e r e d  through a prewashed f i l t e r ,  such as a 
GF/A, GF/C, o r  equ iva len t  f i l t e r ,  t h a t  provides 0.45 pm p a r t i c l e  s i ze  
re ten t i on .  

14.10.1.3.2 I f  t h e  growth o f  the  algae i n  the  t e s t  so lu t i ons  i s  t o  be 
measured w i t h  an e l e c t r o n i c  p a r t i c l e  counter,  t h e  e f f l u e n t  and d i l u t i o n  water 
must be f i l t e r e d  through a  GF/A o r  GF/C f i l t e r ,  o r  o ther  f i l t e r  p rov id ing  
0.45 pm p a r t i c l e  s i ze  re ten t i on ,  and checked f o r  "background" p a r t i c l e  count 



before it is used in the test. Glass-fiber filters generally provide more 

rapid filtering rates and greater filtrate volume before plugging. 


14.10.1.4 Preparation of Inoculum 


14.10.1.4.1 The inoculum is prepared no more than 2 to 3 h prior to the 

beginning of the test, using Selenastrum capricornutum harvested from a four- 

to-seven-day stock culture. Each milliliter of inoculum must contain enough 

cells to provide an initial cell density of approximately 10,000 cells/mL 

(t 10%) in the test flasks. Assuming the use of 250 mL flasks, each 

containing 100 mL of test solution, the inoculum must contain 1,000,000 

cell s/mL. 


14.10.1.4.2 Estimate the volume of stock culture required to prepare the 

inoculum. As an example, if the four-to-seven-day-old stock culture used as 

the source of the inoculum has a cell density of 2,000,000 cells/mL, a test 

employing 24 flasks, each containing 100 mL of test medium and inoculated with 

a total of 1,000,000 cells, would require 24,000,000 cells or 15 mL of stock 

solution (24,000,000/2,000,000) to provide sufficient inoculum. It is 

advisable to prepare a volume 20% to 50%'in excess of the minimum volume 

required, to cover accidental loss in transfer and handling. 


14.10.1.4.3 Prepare the inoculum as follows: 


1. Centrifuge 15 mL of stock culture at 1000 x g for 5 min. This volume 

will provide a 50% excess in the number of cells. 


2. Decant the supernatant and resuspend the cells in 10 mL of control 

medium. 


3. Repeat the centrifugation and decantation step, and resuspend the cells 
' in 10 mL control medium. 

4. Mix well and determine the cell density in the algal concentrate. Some 

cells will be lost in the concentration process. 


5. 	Determine the density of cells (cells/mL) in the stock culture (for this 
example, assume 2,000,000 per mL) . 

6. 	Calculate the required volume of stock culture as follows: 


Volume (mL) of Number test flasks Volume of test 10,000 
Stock Culture 
Required 

= to be used 
Cell density (cells/mL) in the stock culture 

el 1 s/mL 

-- 24 flasks x 100 mL/flask x 10,000 cells/mL 
2,000,000 cell s/mL 

= 12,O mL Stock Culture 

7. Dilute the cell concentrate as needed to obtain a cell density of 

1,000,000 cells/mL, and check the cell density in the final inoculum. 


8. The volume of the algal inoculum should be considered in calculating the 

dilution of toxicant in the test flasks. 




14.10.2 START OF THE TEST 

14.10.2.1 Label t h e  t e s t  chambers w i t h  a marking pen and use t h e  color-coded 
tape t o  i d e n t i f y  each treatment and r e p l i c a t e .  A minimum o f  f i v e  e f f l u e n t  
concentrat ions and a c o n t r o l  are used f o r  each e f f l u e n t  t e s t .  Each treatment 
( i n c l u d i n g  the  c o n t r o l )  should have f o u r  (minimum o f  th ree)  r e p l i c a t e s .  

14.10.2.2 Randomize the  p o s i t i o n  o f  t he  t e s t  f l a s k s  a t  t h e  beginning o f  t he  
t e s t  (see Appendix A). Preparat ion o f  a  p o s i t i o n  c h a r t  may be h e l p f u l .  

14.10.2.3 The t e s t  begins when the  algae are added t o  t he  t e s t  f l a s k s .  Mix 
t he  inoculum we l l ,  and add 1 mL t o  t h e  t e s t  s o l u t i o n  i n  each randomly arranged 
f l a s k .  Make a f i n a l  check o f  t he  c e l l  dens i t y  i n  t h ree  o f  t he  t e s t  so lu t i ons  
a t  t ime "zero"  ( w i t h i n  2 h o f  t he  i n o c u l a t i o n ) .  

14.10.2.3.1 A1 k a l  i n i t y ,  hardness, and c o n d u c t i v i t y  are measured a t  t h e  
beginning of t he  t e s t  i n  t h e  high, medium, and low e f f l u e n t  concentrat ions and 
c o n t r o l  be fore  they are dispensed t o  t he  t e s t  chambers and the  data recorded 
on the  da ta  sheet (F igure  1) .  

Discharger:  Test Dates: 

Locat ion: Analyst :  


E f f l u e n t  Concentrat ion 

F igure  1. 	 Data form f o r  t he  green alga, Selenastrum capricornutum, 
growth t e s t .  Routine chemical and phys ica l  determinat ions.  

14.10.3 LIGHT, PHOTOPERIOD, AND TEMPERATURE 

14.10.3.J Test f l a s k s  are incubated under continuous i l l u m i n a t i o n  a t  86 + 
8.6 pE/m /s (400 ? 40 f t - c ) ,  a t  25 + l 0 C ,  and should be shaken cont inuous ly  a t  
100 cpm on a mechanical shaker o r  t w i c e  d a i l y  by hand. F lask  p o s i t i o n s  i n  t h e  
incubator  should be randomly r o t a t e d  each day t o  minimize poss ib le  s p a t i a l  
d i f f e rences  i n  i l l u m i n a t i o n  and temperature on growth ra te .  I f  i t  can be 
v e r i f i e d  t h a t  t e s t  s p e c i f i c a t i o n s  are met a t  a l l  p o s i t i o n s ,  t h i s  need no t  be 
done. 



14.10.4 DISSOLVED OXYGEN (DO) CONCENTRATION 


14.10.4.1 Because of the continuous illumination of the test flasks, DO 

concentration should never be a problem during the test and no aeration will 

be required. 


14.10.5 OBSERVATIONS DURING THE TEST 


14.10.5.1 Routine Chemical and Physical Determinations 


14.10.5.1.1 Temperature should be monitored continuously or observed and 

recorded daily for at least two locations in the environmental control system 

or the samples. Temperature should be checked in a sufficient number of test 

vessels at least at the end of the test to determine variability in the 

environmental chamber. 


14.10.5.1.2 Temperature and pH are measured at the end of each 24-h exposure 

period in at least one test flask at each concentration and in the control. 


14.10.5.1.3 Record all the measurements on the data sheet (Figure 1). 


14.10.5.2 Biological Observations 


14.10,5.2.1 Toxic substances in the test solutions may degrade or volatilize 

rapidly, and the inhibition in algal growth may be detectable only during the 

first one or two days in the test. It may be desirable, therefore, to 

determine the algal growth response daily. Otherwise, biological observations 

are not required until the test is terminated and the test solutions are not 

renewed during the test period. 


14.10.6 TERMINATION OF THE TEST 


14.10.6.1 The test is terminated 96 h after initiation. The algal growth in 

each flask is measured by one of the following methods: (a) cell counts, (b) 

chlorophyll content, or (c) turbidity (light absorbance). 


14.10.6.2 Cell counts 


14.10.6.2.1 Automatic Particle Counters 


14.10.6.2.1.1 Several types of automatic electronic and optical particle 

counters are available for use in the ra~id~determination 
of cell density 

(cell s/mL) and mean cell volume (MCV) in pm /cell. The Coul ter Counter is 

widely used and is discussed in detail in USEPA (1978b). 


14.10.6.2.1.2 If biomass data are desired for algal growth potential 

measurements, a Model ZM Coulter Counter is used. However, the instrument 

must be calibrated with a reference sample of particles of known volume. 


14.10.6.2.1.3 When the Coulter Counter is used, an aliquot (usually 1 mL) of 

the test culture is diluted 10X to 20X with a 1% sodium chloride electrolyte 

solution, such as ISOTONm, to facilitate counting. The resulting dilution is 




counted us ing an aper ture tube w i t h  a  100-pm diameter aperture. Each c e l l  
( p a r t i c l e )  passing through the  aper ture causes a  vo l tage drop p ropo r t i ona l  t o  
i t s  volume. Depending on t h e  model, t h e  instrument s to res  t h e  in fo rmat ion  on 
the  number o f  p a r t i c l e s  and the  volume o f  each, and ca l cu la tes  t h e  mean c e l l  
volume. The f o l l o w i n g  procedure i s  used: 

1. 	 Mix the  a lga l  c u l t u r e  i n  the  f l a s k  thoroughly by s w i r l i n g  t h e  contents 
o f  the  f l a s k  approximately s i x  t imes i n  a  clockwise d i r e c t i o n ,  and then 
s i x  t imes i n  t h e  reverse d i r e c t i o n ;  repeat  the  two-step process a t  l e a s t  
once. 

2. 	 A t  the  end o f  the  mix ing process, stop t h e  motion o f  the  l i q u i d  i n  the  
f l a s k  w i t h  a  s t rong b r i e f  reverse mix ing act ion,  and q u i c k l y  remove 1  mL 
o f  c e l l  c u l t u r e  from t h e  f l a s k  w i t h  a  s t e r i l e  p i p e t .  

3. 	 Place the  a l i q u o t  i n  a  count ing beaker, and add 9  mL ( o r  19 mL) o f  
e l e c t r o l y t e  s o l u t i o n  (such as Coul t e r  ISOTON@). 

4. 	 Determine the  c e l l  dens i t y  (and MCV, i f  des i red) .  

14.10.6.2.2 Manual microscope count ing method 

14,10.6.2.2.1 Ce l l  counts may be determined us ing a  Sedgwick-Rafter, 
Palmer-Ma1 oney, hemocytometer, i nve r ted  microscope, o r  s i m i l a r  methods. For 
d e t a i l s  on microscope count ing methods, see APHA (1992) and USEPA (1973). 
Whenever feas ib le ,  400 c e l l s  per  r e p l i c a t e  are counted t o  ob ta in  + 10% 
p rec i s ion  a t  .the 95% confidence l e v e l .  This method has the  advantage o f  
a l low ing f o r  the  d i r e c t  examination o f  the  c o n d i t i o n  o f  the  c e l l s .  

14.10.6.3 Chlorophyl l  Content 

14.10.6.3.1 Chlorophyl l  may be est imated i n - v i v o  f l u o r o m e t r i c a l l y ,  o r  
i n - v i t r o  e i t h e r  f l u o r o m e t r i c a l l y  o r  spectrophotometr ica l ly .  I n - v i v o  
f l uo romet r i c  measurements are recommended because o f  t h e  s i m p l i c i t y  and 
s e n s i t i v i t y  o f  the  technique and r a p i d i t y  w i t h  which the  measurements can be 
made (Rehnberg e t  a l . ,  1982). 

14.10.6.3.2 The i n - v i v o  ch lo rophy l l  measurements are made as fo l l ows :  

1. Adjust  the  "b lank"  reading o f  t h e  f luorometer  us ing the  f i l t r a t e  from an 
equ iva len t  d i l u t i o n  o f  e f f l u e n t  f i l t e r e d  through a  0.45 pm p a r t i c l e  
r e t e n t i o n  f i l t e r .  

2. 	 Mix the  contents o f  the  t e s t  c u l t u r e  f l a s k  by s w i r l i n g  successively i n  
opposite d i r e c t i o n s  ( a t  l e a s t  t h r e e  t imes) ,  and remove 1  mL o f  c u l t u r e  
from t h e  f l a s k  w i t h  a  s t e r i l e  p i p e t .  

3. 	 Place the  a l i q u o t  i n  a  small disposable v i a l  and record  the  f luorescence 
as soon as t h e  reading s t a b i l i z e s .  (Do not  a l l ow  the  sample t o  stand i n  
the  instrument more than 1  min) .  

4. 	 Discard the  sample. 

14.10.6.3.3 For add i t i ona l  in fo rmat ion  on ch lo rophy l l  measurement methods, 
(see APHA, 1992). 

mailto:ISOTON@)


14.10.6.4 	 T u r b i d i t y  (Absorbance) 

14.10.6.4.1 A second r a p i d  technique f o r  growth measurement invo lves  the  use 
o f  a  spectrophotometer t o  determine t h e  t u r b i d i t y ,  o r  absorbance, o f  t h e  
c u l t u r e s  a t  a  wavelength o f  750 nm. Because absorbance i s  a  complex func t i on  
o f  t h e  volume, size, and p igmentat ion o f  t he  algae, i t  would be use fu l  t o  
cons t ruc t  a  c a l i b r a t i o n  curve t o  e s t a b l i s h  the  r e l a t i o n s h i p  between absorbance 
and c e l l  dens i ty .  

14.10.6.4.2 The a l g a l  growth measurements a re  made as fo l lows:  

1. 	A b lank i s  prepared as descr ibed f o r  t he  f l uo romet r i c  ana lys is .  
2. 	 The c u l t u r e  i s  thoroughly  mixed as descr ibed above. 
3 .  	 S u f f i c i e n t  sample i s  withdrawn from the  t e s t  f l a s k  w i t h  a  s t e r i l e  p i p e t  

and t r a n s f e r r e d  t o  a  1-  t o  5-cm cuvet te .  
4. 	The absorbance i s  read a t  750 nm and d i v i d e d  by t h e  l i g h t  path l e n g t h  o f  

the cuvet te,  t o  o b t a i n  an "absorbance-per-centimeter" value. 
5. 	The 1-cm absorbance values are used i n  t he  same manner as the  c e l l  


counts. 


14.10.6.5 	 Record the  da ta  as i n d i c a t e d  i n  F igure  2. 

Discharger:  Test Dates: 

Locat ion: Analyst :  


Concentrat ion 

Contro l  
Conc: 

C e l l  Densi tv  Measurement 
R e ~ li c a t e  

1 2 3 4 

Treatment 
Mean CommentsL 

Conc: 
Conc: 
Conc: 
Conc: -

Comments: 

F igure 2. 	 Data form f o r  t he  green alga, Selenastrum capricornutum, 
growth t e s t ,  c e l l  dens i t y  determinat ions.  

14.11 SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA 

14.11.1 A summary o f  t e s t  cond i t i ons  and t e s t  a c c e p t a b i l i t y  c r i t e r i a  i s  
presented i n  Table 3. 

14.12 ACCEPTABILITY OF TEST RESULTS 

14.12.1 For t he  t e s t  r e s u l t s  t o  ge acceptable, t he  a l g a l  c e l l  t e n s i t y  i n  t he  
con t ro l  f l a s k s  must exceed 1  X 10 cel ls/mL w i t h  EDTA o r  2 X 10 cells/mL 
w i thout  EDTA a t  t he  end o f  t he  t e s t ,  and no t  vary more than 20% among 
rep1 i ca tes .  



TABLE 3. 	 SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR 
GREEN ALGA, SELENASTRUM CAPRICORNUTUM, GROWTH TOXICITY TESTS 
WITH EFFLUENTS AND RECEIVING WATERS 

1. Test type: 	 S t a t i c  non-renewal 

2. Temperature: 	 25 f 1'C 

3. 	 L i g h t  q u a l i t y :  "Cool wh i te "  f l uo rescen t  

1 i g h t i n g  


4. 	 L i g h t  i n t e n s i t y :  86 + 8.6 p ~ / m ~ / s  (400 ? 40 f t - c  
o r  4306 l u x )  

5. Photoperiod: 	 Continuous i l l u m i n a t i o n  

6. Test chamber s ize:  	 125 mL o r  250 mL 

7. Test s o l u t i o n  volume: 	 50 mL o r  100 m ~ '  

8. Renewal o f  t e s t  so lu t i ons :  	 None 

9. Age o f  t e s t  organisms: 	 4 t o  7 days 

9. 	 I n i t i a l  c e l l  dens i t y  i n  

t e s t  chambers: 10,000 c e l l  s/mL 


10. 	 No. r e p l i c a t e  chambers 

per  concentrat ion:  4 (minimum o f  3) 


11. 	 Shaking r a t e :  100 cpm continuous, o r  tw i ce  
d a i l y  by hand 

12. Aerat ion:  	 None 

13. 	D i l u t i o n  water:. A lga l  s tock  c u l t u r e  medium, 
enr iched uncontaminated source 
o f  r e c e i v i n g  o r  o the r  na tu ra l  
water, s y n t h e t i c  water prepared 
us ing  MILLIPORE MILLI-Q@ o r  
equ iva len t  deionized water and 
reagent  grade chemicals, o r  DMW 
(see Sect ion 7, D i l u t i o n  Water) 

' For t e s t s  no t  con t inuous ly  shaken use 25 mL i n  125 mL f l a s k s  and 50 mL 
i n  250 mL f l asks .  



TABLE 3. 	 SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR 
GREEN ALGA, SELENASTRUN CAPRICORNUTUM, GROWTH TOXICITY TESTS 
WITH EFFLUENTS AND RECEIVING WATERS (CONTINUED) 

14. Test concentrat ions: 

15. Test d i l u t i o n  f a c t o r :  

16. Test dura t ion :  

17. Endpoint: 

18. 	 Test a c c e p t a b i l i t y  
c r i t e r i a :  

19. Sampling requirements: 

20. Sample volume requi red:  

E f f l uen ts :  Minimum o f  5 and a c o n t r o l  
Receiving Water: 100% r e c e i v i n g  water 
o r  minimum o f  5 and a con t ro l  

E f f l uen ts :  2 0.5 
Receiving Waters: None o r  2 0.5 

Growth ( c e l l  counts, ch lo rophy l l  
f luorescence, absorbance, biomass) 

1 X l o 6  cells/mL w i t h  EDTA o r  2 X 10' 
cells/mL w i thou t  EDTA i n  the  cont ro ls :  
V a r i a b i l i t y  o f  c o n t r o l s  should no t  
exceed 20% 

For o n - s i t e  t es t s ,  one sample c o l l e c t e d  
a t  t e s t  i n i t i a t i o n ,  and used w i t h i n  24 
h o f  t h e  t ime i t  i s  removed from t h e  
sampling device. For o f f - s i t e  t es t s ,  
ho ld ing  t ime must n o t  exceed 36 h (see 
Sect ion 8, E f f l u e n t  and Receiving Water 
Sampling, Sample Hand1 ing, and Sample 
Preparat ion f o r  T o x i c i t y  Tests, 
Subsection 8.5.4) 

1 o r  2 L depending on t e s t  volume 



14.13 DATA ANALYSIS 

14.13.1 GENERAL 

14.13.1.1 Tabulate and summarize t h e  data. A sample se t  o f  a l g a l  growth 
response data i s  shown i n  Table 4. 

TABLE 4. GREEN ALGA, SELENASTRUM CAPRICORNUTUM, GROWTH RESPONSE DATA 

Toxicant  Concentrat ion Iuq Cd/L) 

Rep1 i c a t e  Control  5 10 20 40 80 

Log,, A 3.082 3.084 2.917 2.693 2.104 1.693 
Trans- B 3.072 3.074 2.798 2.619 2.167 1.602 
formed C 3.127 3.081 2.912 2.616 2.167 1.643 

14.13.1.2 The endpoints o f  t o x i c i t y  t e s t s  us ing t h e  green alga, Selenastrum 
capricornutum, are based on the  adverse e f f e c t s  on c e l l  growth (see Sect ion 9, 
Chronic T o x i c i t y  Test Endpoints and Data Analys is) .  The EC50, the  IC25, and 
the  IC50 are ca l cu la ted  us ing the  p o i n t  es t imat ion  techniques, and LOEC and 
NOEC values f o r  growth are obtained us ing  a hypothesis t e s t i n g  approach such 
as Dunnett 's Procedure (Dunnett, 1955) o r  S tee l ' s  Many-one Rank Test (Steel ,  
1959; M i l l e r ,  1981). Separate analyses are performed f o r  the  es t imat ion  o f  
the  LOEC and NOEC endpoints and f o r  t h e  es t imat ion  o f  the  EC50, IC25, and 
IC50. See t h e  Appendices f o r  examples o f  t h e  manual computations, and 
examples o f  data i npu t  and program output .  

14.13.1.3 The s t a t i s t i c a l  t e s t s  described here must be used w i t h  a knowledge 
o f  the  assumptions upon which t h e  t e s t s  are cont ingent .  Tests f o r  no rma l i t y  
and homogeneity o f  var iance are inc luded i n  Appendix B. The assistance o f  a 
s t a t i s t i c i a n  i s  recommended f o r  ana lys ts  who are no t  p r o f i c i e n t  i n  s t a t i s t i c s .  

14.13.2 EXAMPLE OF ANALYSIS OF ALGAL GROWTH DATA 

14.13.2.1 Formal s t a t i s t i c a l  ana lys is  o f  t h e  growth data i s  o u t l i n e d  on the  
f lowchar t  i n  F igure 3. The response used i n  the  s t a t i s t i c a l  ana lys is  i s  the  
number o f  c e l l  s per  m i  11i1it e r  per rep1 i c a t e .  Separate analyses are performed 
f o r  the  es t imat ion  o f  t h e  NOEC and LOEC endpoints and f o r  the  es t imat ion  o f  
the  IC25 and IC50 endpoints. 



STATISTICAL ANALYSIS OF ALGAL GROWTH TEST 

I GROWTH RESPONSE DATA 
CEuslML 

4 

POINT ESTIMATION 

ENDPOINT ESTIMATE NON-NORMAL DISTRIBUTION 1 . 
lC25, Icm SHAPIRO-WINS TEST I 

NORMAL DISTRIBUTION 

BARTWSTEST 

HOMOGENEOUS HmROQENEOUS 
VARIANCE VARIANCE 

EQUAL NUMBER OF 1 EQUAL NUMBER OF 1REPLICATES? REPLICATES? 

T-TEST WITH DUNNElTS STEEL'S MANY-ONE WILCOXON RANK SUM 
'ONFERRXI TEST TESTWITH/ 
ADJUSTMENT 

I I I I RANKTEST I 1 
BONFERRONI ADJUSTMENT 

ENDPOINT ESTIMATES 

NOEC, LOEC 
I I 


Figure 3 .  Flowchart f o r  s t a t i s t i c a l  analysis  o f  the green alga, Selenastrum 
capricornutum, growth response data.  



14.13.2.2 The s t a t i s t i c a l  ana lys is  us ing hypothesis t e s t s  cons is ts  o f  a 
parametr ic t e s t ,  Dunnett 's Procedure, and a nonparametric t e s t ,  Steel ' s  
Many-one Rank Test. The under ly ing  assumptions o f  t h e  Dunnett 's Procedure, 
normal i ty  and homogeneity o f  var iance, are fo rma l l y  tes ted .  The t e s t  f o r  
normal i ty  i s  t h e  Shapiro-Wilk 's Test, and B a r t l e t t ' s  Test i s  used t o  t e s t  f o r  
homogeneity o f  var iance. I f  e i t h e r  o f  these t e s t s  f a i l s ,  the  nonparametric 
t e s t ,  Steel 's  Many-one Rank Tests, i s  used t o  determine the  NOEC and LOEC 
endpoints. I f  t h e  assumptions o f  Dunnett 's Procedure are met, t h e  endpoints 
are determined by the  parametr ic t e s t .  

14.13.2.3 Add i t i ona l l y ,  i f  unequal numbers o f  r e p l i c a t e s  occur among t h e  
concentrat ion l e v e l s  tes ted  there  are  parametr ic and nonparametric a l t e r n a t i v e  
analyses. The parametr ic ana lys is  i s  a t t e s t  w i t h  t h e  Bonferroni  adjustment 
(see Appendix D) . The Wilcoxon Rank Sum Test w i t h  the  Bonferroni  adjustment 
i s  the  nonparametric a l t e r n a t i v e  (see Appendix F). 

14.13.2.4 Data from an a lga l  growth t e s t  w i t h  cadmium c h l o r i d e  w i l l  be used 
t o  i l l u s t r a t e  the  s t a t i s t i c a l  analys is .  The c e l l  counts were log,, 
transformed i n  an e f f o r t  t o  s t a b i l i z e  t h e  variance f o r  the  ANOVA ana lys is .  
The raw data, log,, transformed data, mean and standard dev ia t i on  o f  the  
observat ions a t  each concentrat ion i n c l u d i n g  the  con t ro l  are l i s t e d  i n  
Table 4. A p l o t  o f  the  log,, transformed c e l l  counts f o r  each treatment i s  
provided i n  F igure 4. 

14.13.2.5 Test f o r  Normal i ty  

14.13.2.5.1 The f i r s t  step o f  the  t e s t  f o r  no rma l i t y  i s  t o  center  the  
observat ions by sub t rac t i ng  the  mean o f  a l l  t h e  observat ions w i t h i n  a 
concentrat ion from each observat ion i n  t h a t  concentrat ion.  The centered 
observat ions are summarized i n  Table 5. 

TABLE 5. CENTERED OBSERVATIONS FOR SHAPIRO-MILK'S EXAMPLE 

Toxicant Concentrat ion (uq Cd/L) 

Rep1 i c a t e  Control  5 10 20 40 80 
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Figure 4 .  P l o t  o f  the  log,, transformed c e l l  count da ta  
capricornutum, growth response t e s t  i n  Table 4 .  

from the  green a lga,  Selenastrum 



14.13.2.5.2 Ca lcu la te  t h e  denominator, D, o f  t h e  t e s t  s t a t i s t i c :  

Where: 	 Xi - t h e  i t h  centered observat ion 


X = t h e  o v e r a l l  mean o f  t h e  centered observat ions 


n = t h e  t o t a l  number o f  centered observat ions. 


For t h i s  se t  o f  data, n = 18 
- 1x = -(O.OOO) = 0.000 

18 


14.13.2.5.3 Order t h e  centered observat ions from smal lest  t o  l a r g e s t :  

X (1) 5 x(,) 5 ... 5 x(") 

Where x"' i s  the  i t h  ordered observat ion. These ordered observat ions are 
l i s t e d  i n  Table 6. 

TABLE 6. ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 

i 	 X(i) i X(i) 

14.13.2.5.4 From Table 4, Appendix 0, f o r  t h e  number o f  observat ions, n, 
ob ta in  t h e  c o e f f i c i e n t s  a,, a,, ..., a, where k i s  n/2 i f  n i s  even and 
(n-1)/2 i f  n i s  odd. For t h e  da ta  i n  t h i s  example, n = 18, k = 9. The ai 
values are l i s t e d  i n  Table 7. 



14.13.2.5.5 Compute t h e  t e s t  s t a t i s t i c ,  W, as fo l lows:  

The d i f f e rences  X cn-i*l) - XCi) are l i s t e d  i n  Table 7. 

TABLE 7. COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE 

For t h i s  se t  o f  data: 

14.13.2.5.6 The dec i s ion  r u l e  f o r  t h i s  t e s t  i s  t o  compare W w i t h  t he  c r i t i c a l  
value found i n  Table 6, Appendix B. I f  t h e  computed W i s  l e s s  than t h e  
c r i t i c a l  value, conclude t h a t  t he  da ta  are n o t  normal ly  d i s t r i b u t e d .  For t h i s  
example, t he  c r i t i c a l  va lue a t  a  s i g n i f i c a n c e  l e v e l  o f  0.01 and 18 
observat ions (n) i s  0.858. Since W = 0.964 i s  g rea te r  than t h e  c r i t i c a l  
value, t he  conclus ion o f  t he  t e s t  i s  t h a t  t he  da ta  a re  normal ly  d i s t r i b u t e d .  

14.13.2.6 Test f o r  Homogeneity o f  Variance 

14.13.2.6.1 The t e s t  used t o  examine whether t h e  v a r i a t i o n  i n  mean c e l l  count 
i s  t he  same across a l l  t o x i c a n t  concent ra t ions  i n c l u d i n g  t h e  c o n t r o l ,  i s  
B a r t l e t t ' s  Test (Snedecor and Cochran, 1980). The t e s t  s t a t i s t i c  i s  as 
fo l lows:  



Where: Vi = degrees of freedom f o r  each t o x i c a n t  concentrat ion and 
con t ro l ,  Vi = (ni - 1) 

p = number o f  l e v e l s  o f  t o x i c a n t  concentrat ion i nc lud ing  t h e  
con t ro l  

ni = t h e  number o f  rep1 i c a t e s  f o r  concentrat ion i 

I n  = log, 

i = 1, 2, ..., p, where p  i s  t h e  number o f  concentrat ions 
i n c l u d i n g  the  c o n t r o l  

14.13.2.6.2 For t h e  data i n  t h i s  example, (see Table 4)  a l l  t ox i can t  
concentrat ions i n c l u d i n g  the  con t ro l  have t h e  same number o f  r e p l i c a t e s  
(ni = 3  f o r  a l l  i ) .  Thus, Vi = 2  f o r  a l l  i. 

14.13.2.6.3 B a r t l e t t ' s  s t a t i s t i c  i s  there fore :  

14.13.2.6.4 B  i s  approximately d i s t r i b u t e d  as chi-square w i t h  p - 1 degrees 
o f  freedom, when t h e  variances are i n  f a c t  t h e  same. Therefore, the  
appropr iate c r i t i c a l  value f o r  t h i s  t e s t ,  a t  a  s i g n i f i c a n c e  l e v e l  o f  0.01 w i t h  
f i v e  degrees o f  freedom, i s  15.09. Since B  = 6.6804 i s  l e s s  than t h e  c r i t i c a l  
value o f  15.09, conclude t h a t  t h e  variances are no t  d i f f e r e n t .  



14.13.2.7 Dunnett's Procedure 


14.13.2.7.1 To obtain an estimate of the pooled variance for Dunnett's 

Procedure, construct an ANOVA table as described in Table 8. 


TABLE 8. ANOVA TABLE 


Source df Sum of Squares Mean Square(MS) 

(SS) (SS/df) 


Between P - 1  SSB S: = SSB/(p-1) 

Within N - P SSW st = SSW/(N-p) 

Total N - 1  SST 


Where: 	 p = number of toxicant concentrations including the control 

N - total number of observations n, + n, ... + n, 

ni = number of observations in concentration i 

SSB = 5 T;/~,-GZ/N Between Sum of Squares 
f-1 


SST = 5 3 Y;,-G~/N Total Sum of Squares 
i-1j-1 


SSW = SST-SSB Within Sum of Squares 

G - the grand total of all sample observations, G = 5 Ti 
i-1 


T i  - the total of the replicate measurements for 
concentration i 


Y,)  = the jth observation for concentration i (represents
the cell count for toxicant concentration i in test 
chamber j) 



14.13.2.7.2 For t h e  data i n  t h i s  example: 

n 1 = n 2 = n 3 = n 4 = n 5 = n " 6 3  

N = 18 

G = T l  + T 2 + T 3 + T 4 + T 5 + T 6 =  46.451 

SSB = 5~ ; / n ,- G2/N  
i-1 


= -1 (374.606) - ~46.4511' = 4.997 
3 18 

SSW = SST-SSB = 5.018 - 4.997 = 0.0210 

S: = SSB/(p-1) = 4.996/(6-1) = 0.9990 

S: = SSW/(N-p) = 0.021/(18-6) = 0.0018 

14.13.2.7.3 Summarize these c a l c u l a t i o n s  i n  t h e  ANOVA t a b l e  (Table 9) .  

TABLE 9. ANOVA TABLE FOR DUNNETT'S PROCEDURE EXAMPLE 

Source df Sum o f  Squares Mean Square(MS) 
(SS) (SS/df 

Between 5 4.997 


Wi th in  12 0.021 


Tota l  17 5.017 



1 4 . 1 3 . 2 . 7 . 4  To perform the  i n d i v i d u a l  comparisons, c a l c u l a t e  t he  t s t a t i s t i c  
f o r  each concentrat ion,  and c o n t r o l  combination as fo l l ows :  

-
Where: Yi = mean c e l l  count f o r  t o x i c a n t  concent ra t ion  i 

-
Y, = mean c e l l  count f o r  t h e  c o n t r o l  

S, = square r o o t  o f  t h e  w i t h i n  mean square 

n, = number o f  r e p l i c a t e s  f o r  t h e  c o n t r o l  

n, = number o f  r e p l i c a t e s  f o r  concent ra t ion  i 

1 4 . 1 3 . 2 . 7 . 5  Table 10 inc ludes t h e  c a l c u l a t e d  t values f o r  each concent ra t ion  
and c o n t r o l  combination. I n  t h i s  example, comparing the  5 pg/L concent ra t ion  
w i t h  t he  c o n t r o l  t he  c a l c u l a t i o n  i s  as fo l lows:  

TABLE 10. CALCULATED T VALUES 

Toxicant  Concentrat ion i ti 

Cd/L) 

14.13 .2 .7 .6  Since the  purpose o f  t h i s  t e s t  i s  t o  de tec t  a  s i g n i f i c a n t  
reduc t ion  i n  mean c e l l  count, a  one-sided t e s t  i s  appropr ia te.  The c r i t i c a l  
value f o r  t h i s  one-sided t e s t  i s  found i n  Table 5,  Appendix C. For an o v e r a l l  
a lpha l e v e l  o f  0 . 0 5 ,  12 degrees o f  freedom f o r  e r r o r  and f i v e  concentrat ions 
(exc lud ing  the  c o n t r o l )  t he  c r i t i c a l  value i s  2 .50 .  The mean count f o r  
concent ra t ion  i i s  considered s i g n i f i c a n t l y  l e s s  than the  mean count f o r  t he  
c o n t r o l  i f  ti i s  g rea te r  than t h e  c r i t i c a l  value. Since t,, t,, t, and t, are 
g rea te r  than 2 .50 ,  t he  10, 20, 40 and 80  pg/L concentrat ions have 
s i g n i f i c a n t l y  lower mean c e l l  counts than t h e  con t ro l .  Hence the  NOEC and the  
LOEC f o r  t he  t e s t  are 5 pg/L and 10 pg/L, respec t i ve l y .  



14.13.2.7.7 To q u a n t i f y  the  s e n s i t i v i t y  o f  t h e  t e s t ,  t h e  minimum s i g n i f i c a n t  
d i f f e r e n c e  (MSD) t h a t  can be s t a t i s t i c a l l y  detected may be calculated.  

MSD = d S d \ l ( l / n , ) + ( l / n )  

Where: d - t h e  c r i t i c a l  value f o r  Dunnett 's Procedure 

S, 	 = the  square r o o t  o f  t h e  w i t h i n  mean square 

n = 	t h e  common number o f  r e p l i c a t e s  a t  each concentrat ion 
( t h i s  assumes equal r e p l i c a t i o n  a t  each concentrat ion)  

n, 	 = the  number o f  r e p l i c a t e s  i n  the  c o n t r o l .  

14.13.2.7.8 I n  t h i s  example: 

MSD = 2 . 5 0  ( 0 . 0 4 2 4 ) J ( 1 / 3 )  + ( 1 / 3 )  

14.13.2.7.9 The MSD (0.086) i s  i n  transformed u n i t s .  An approximate MSD i n  
terms o f  c e l l  count per  100 mL may be ca l cu la ted  v i a  the  f o l l o w i n g  
conversion. 

1. 	Subtract  t h e  MSD from t h e  transformed c o n t r o l  mean. 

2. 	Obtain t h e  untransformed values f o r  the  con t ro l  mean and t h e  d i f f e r e n c e  
ca l cu la ted  i n  1. 

10(3.094) = 1241.6 

10(3.008) = 1018.6 

3 .  	The untransformed MSD (MSD ) i s  determined by sub t rac t i ng  t h e  

untransformed values from y .  


MSU, = 1241.6 - 1018.6 - 223 

14.13.2.7.10 Therefore, f o r  t h i s  s e t  o f  data, t h e  minimum d i f f e r e n c e  i n  mean 
c e l l  count between t h e  con t ro l  and any t o x i c a n t  concentrat ion t h a t  can be 
detected as s t a t i s t i c a l l y  s i g n i f i c a n t  i s  223. 

14.13.2.7.11 This represents a decrease i n  growth o f  18% from the  con t ro l .  

14.13.2.8 Ca lcu la t i on  o f  the  ICp 



14.13.2.8.1 The growth da ta  i n  Table 4 are u t i l i z e d  i n  t h i s  example. 
Table 11 conta ins t h e  means f o r  each t o x i c a n t  concentrat ion.  As can be seen, 
the  observed means are monotonical ly  non- increasing w i t h  respect  t o  
concentrat ion.  Therefore, i t  i s  no t  necessary t o  smooth t h e  means p r i o r  t o  
c a l c u l a t i n g  the  ICp. See F igure  5 f o r  a p l o t  o f  t h e  response curve. 

TABLE 11. ALGAL MEAN GROWTH RESPONSE AFTER SMOOTHING 

Toxicant 
Conc. 
( r g  Cd/L) i 

Response 
means,vi 
( c e l l  s/mL) 

Smoothed 
mean, Mi 
( c e l l  s/mL) 

Control  
5 

1 
2 

1243 
1201 

1243 
1201 

14.13.2.8.2 An IC25 and IC50 can be est imated us ing the  L inear  I n t e r p o l a t i o n  
Method (Appendix M). A 25% reduc t i on  i n  c e l l  count, compared t o  the  con t ro l s ,  
would r e s u l t  i n  a mean count o f  932 c e l l s ,  where M (1-p/100) = 1243(1-25/100). 
A 50% reduct ion  i n  c e l l  count, compared t o  the  con t ro l s ,  would r e s u l t  i n  a 
mean count o f  622 c e l l s .  Examining t h e  means and t h e i r  associated 
concentrat ions (Table l l ) ,  t h e  response, 932 c e l l s ,  i s  bracketed by C, = 5 pg 
Cd/L and C, = 10 pg Cd/L. The response, 622 c e l l s ,  i s  bracketed by C, = 10 pg 
Cd/L and C, = 20 pg Cd/L. 

14.13.2.8.3 Using the  equat ion from sec t i on  4.2 o f  Appendix M, the  est imate 
o f  the  IC25 i s  ca l cu la ted  as fo l lows:  

= 8 pg Cd/L. 

14.13.2.8.4 The IC50 est imate i s  14 pg Cd/L: 





14.13.2.8.5 When t h e  ICPIN program was used t o  analyze t h i s  s e t  o f  data, 
request ing 80 resamples, t h e  est imate o f  t h e  IC25 was 8.0227 pg Cd/L. The 
empi r ica l  95% conf idence i n t e r v a l  f o r  t h e  t r u e  mean was 6.4087 pg CdLL and 
10.0313 fig Cd/L. The ICPIN computer program output  f o r  the  IC25 f o r  t h i s  data 
se t  i s  shown i n  F igure 6. 

14.13.2.8.6 When t h e  ICPIN program was used t o  analyze t h i s  s e t  o f  data, 
request ing 80 resamples, t h e  est imate o f  t h e  IC50 was 14.2774 pg Cd/L. The 
empi r ica l  95% conf idence i n t e r v a l  f o r  t h e  t r u e  mean was 9.7456 pg Cd/L and 
18.5413 r g  Cd/L. The computer program output  f o r  the IC50 f o r  t h i s  data se t  
i s  shown i n  F igure 7. 

14.13.3 BIOSTIMULATION 

14.13.3.1 Where t h e  growth response i n  e f f l u e n t  ( o r  sur face water) exceeds 
growth i n  t h e  c o n t r o l  f lasks ,  t h e  percent  s t imu la t i on ,  S(%), i s  ca l cu la ted  as 
shown below. Values which are s i g n i f i c a n t l y  g rea te r  than t h e  c o n t r o l  i n d i c a t e  
a  poss ib le  degrading enrichment e f f e c t  on t h e  rece i v ing  water (Walsh e t  al . ,  
1980) : 

Where: T = Mean e f f l u e n t  o r  sur face water response 

-C Mean c o n t r o l  response 

14.14 PRECISION AND ACCURACY 

14.14.1 PRECISION 

14.14.1.1 Single-Laboratory Precison 

14.14.1.1.1 Data from r e p e t i t i v e  96-h t o x i c i t y  t e s t s  conducted w i t h  cadmium 
c h l o r i d e  as t h e  reference tox i can t ,  us ing  medium conta in ing  EDTA, are shown i n  
Table 12. The p r e c i s i o n  (CV) o f  t h e  10 EC50s was 10.2%. 

14.14.1.2 Mul t iLabora tory  Prec is ion  

14.14.1.2.1 Data on t h e  m u l t i l a b o r a t o r y  p r e c i s i o n  o f  t h i s  t e s t  are n o t  y e t  
ava i l ab le .  

14.14.2 ACCURACY 

14.14.2.1 The accuracy o f  t o x i c i t y  t e s t s  cannot be determined. 



Conc. I D  1 2 3 4 5 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Conc. Tested 0 5 10 20 40 80 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Response 1 1209 1212 826 493 127 49.3 
Response 2 1180 1186 628 416 147 40.0 
Response 3 1340 1204 816 413 147 44.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*** I n h i b i t i o n  Concentrat ion Percentage Est imate *** 
Tox icant /E f f l  uent: Cadmium 
Test S t a r t  Date: Example Test Ending Date: 
Test Species: Selenastrum capricornutum 
Test Durat ion: 96 h 
DATA FILE: scmanual.icp 
OUTPUT FILE: scmanual.iZ5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Conc. Number Concentrat ion Response Std. Pooled 

ID Rep1 i ca tes  ug/l Means Dev. Response Means 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


1 3 0.000 1243.OOO 85.247 1243.000 
2 3 5.000 1200.667 13.317 1200.667 

3 3 10.000 756.667 111.541 756.667 

4 3 20.000 440.667 45.347 440.667 

5 3 40.000 140.333 11.547 140.333 

6 3 80.000 44.433 4.665 44.433 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The L inear  I n t e r p o l a t i o n  Estimate: 8.0227 Entered P Value: 25 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Number o f  Resamplings: 80 
The Bootst rap Estimates Mean: 8.1627 Standard Deviat ion:  0.4733 
O r i g i n a l  Confidence L im i t s :  Lower: 7.2541 Upper: 8.9792 
Expanded Confidence L im i t s :  Lower: 6.4087Upper: 10.0313 
Resampl i n g  t ime i n  Seconds: 1.65 Random Seed: -1575623987 

Figure 6. ICPIN program output  f o r  t h e  IC25. 



Conc. ID 1 2 3 4 5 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Conc. Tested 0 5 10 20 40 80 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Response 1 1209 1212 826 493 127 49.3 
Response 2 1180 1186 628 416 147 40.0 
Response 3 1340 1204 816 413 147 44.0 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*** I n h i b i t i o n  Concentrat ion Percentage Est imate *** 
Tox icant /E f f l  uent: Cadmium 
Test S t a r t  Date: Example Test Ending Date: 
Test Species: Selenastrum capricornutum 
Test Durat ion: 96 h 
DATA FILE: scmanual .i c p  
OUTPUT FILE: scmanual.i50 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Conc. Number Concentrat ion Response Std. Pooled 

ID Rep1 i ca tes  ug/ l  Means Dev. Response Means 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


1 3 0.000 1243.000 85.247 1243 .OOO 

2 3 5.000 1200.667 13.317 1200.667 

3 3 10.000 756.667 111.541 756.667 

4 3 20.000 440.667 45.347 440.667 

5 3 40.000 140.333 11.547 140.333 

6 3 80.000 44.433 4.665 44.433 


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The L inear  I n t e r p o l a t i o n  Estimate: 14.2774 Entered P Value: 50 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Number o f  Resamplings: 80 
The Bootst rap Estimates Mean: 14.2057 Standard Deviat ion:  1.1926 
O r i g i n a l  Confidence L i m i t s :  Lower: 12.1194 'Upper: 16.3078 
Expanded Confidence L i m i t s :  Lower: 9.7456 Upper: 18.5413 
Resampl i n g  t ime i n  Seconds: 1.65 Random Seed: -1751550803 

Figure  7. ICPIN program output  f o r  the  IC50. 



TABLE 12.  	 SINGLE LABORATORY PRECISION OF THE GREEN ALGA, SELENASTRUM 
CAPRICORNUTUN, 96-H TOXICITY TESTS, USING THE REFERENCE 
TOXICANT CADMIUM CHLORIDE (USEPA, 1991a) 

T e s t  Number 	 ECw (mg/L) 

1 	 2 .3  

n 1 0 . 0  
Mean 2 .37  
cv (%) 10.2  
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APPENDIX A 

INDEPENDENCE, RANDOMIZATION, AND OUTLIERS 

1. STATISTICAL INDEPENDENCE 

1.1  Dunnett 's Procedure and the  t t e s t  w i t h  Bonferroni 's  adjustment are 
parametr ic procedures based on the  assumptions t h a t  (1) t h e  observat ions 
w i t h i n  treatments are independent and normal ly d i s t r i b u t e d ,  and (2) t h a t  the  
variance o f  the  observat ions i s  homogeneous across a l l  t o x i c a n t  concentrat ions 
and the  c o n t r o l .  O f  the  th ree  poss ib le  departures from the  assumptions, non-
normal i ty ,  heterogenei ty  o f  variance, and l a c k  o f  independence, those caused 
by l a c k  o f  independence are the  most d i f f i c u l t  t o  reso lve  (see Scheffe, 1959). 
For t o x i c i t y  data, s t a t i s t i c a l  independence means t h a t  g iven knowledge o f  the  
t r u e  mean f o r  a g iven concentrat ion o r  c o n t r o l ,  knowledge o f  the  e r r o r  i n  any 
one actual  observat ion would prov ide no in fo rmat ion  about the  e r r o r  i n  any 
o ther  observat ion. Lack o f  independence i s  d i f f i c u l t  t o  assess and d i f f i c u l t  
t o  t e s t  f o r  s t a t i s t i c a l l y .  It may a l so  have ser ious e f f e c t s  on the  t r u e  alpha 
o r  beta l e v e l .  Therefore, i t  i s  o f  utmost importance t o  be aware o f  the  need 
f o r  s t a t i s t i c a l  independence between observat ions and t o  be cons tant ly  
v i g i l a n t  i n  avoid ing any pat terned experimental procedure t h a t  might 
compromise independence. One o f  t h e  best ways t o  help ensure independence i s  
t o  f o l l o w  proper randomization procedures throughout the  t e s t .  

2. RANDOMIZATION 

2.1 Randomization o f  the  d i s t r i b u t i o n  o f  t e s t  organisms among t e s t  chambers 
and the  arrangement o f  t reatments and r e p l i c a t e  chambers i s  an important p a r t  
o f  conduct ing a v a l i d  t e s t .  The purpose o f  randomization i s  t o  avoid 
s i t u a t i o n s  where t e s t  organisms are placed s e r i a l l y  i n t o  t e s t  chambers, o r  
where a l l  r e p l i c a t e s  f o r  a t e s t  concentrat ion are loca ted adjacent t o  one 
another, which could in t roduce b ias  i n t o  t h e  t e s t  r e s u l t s .  

2.2 An example o f  randomization o f  the  d i s t r i b u t i o n  o f  t e s t  organisms among 
t e s t  chambers, and an example o f  randomizat ion o f  arrangement o f  t reatments 
and r e p l i c a t e  chambers are described us ing t h e  Fathead Minnow Larval Surv iva l  
and Growth t e s t .  For the  purpose o f  the  example, t h e  t e s t  design i s  as 
fo l lows:  f i v e  e f f l u e n t  concentrat ions are tes ted  i n  a d d i t i o n  t o  the  c o n t r o l .  
The e f f l u e n t  concentrat ions are as fo l l ows :  6.25%, 12.5%, 25.0%, 50.0%, and 
100.0%. There are f o u r  r e p l i c a t e  chambers per treatment.  Each r e p l i c a t e  
chamber conta ins ten  f i s h .  

2.3 RANDOMIZATION OF FISH TO REPLICATE CHAMBERS EXAMPLE 

2.3.1 Consider f i r s t  the  random assignment o f  t h e  f i s h  t o  the  r e p l i c a t e  
chambers. The f i r s t  step i s  t o  l a b e l  each o f  the  r e p l i c a t e  chambers w i t h  the  
con t ro l  o r  e f f l u e n t  concentrat ion and the  r e p l i c a t e  number. The next step i s  
t o  assign each r e p l i c a t e  chamber f o u r  doub le -d ig i t  numbers. An example o f  
t h i s  assignment i s  prov ided i n  Table A.1. Note t h a t  the  double d i g i t s  00 and 
97 through 99 were no t  used. 



TABLE A.1. 	 RANDOM ASSIGNMENT OF FISH TO REPLICATE CHAMBERS EXAMPLE 
ASSIGNED NUMBERS FOR EACH REPLICATE CHAMBER 

Assigned Numbers 	 Rep1 i c a t e  Chamber 

01, 25, 49, 73 Contro l ,  rep1 i c a t e  chamber 1 
02, 26, 50, 74 Contro l ,  r e p l i c a t e  chamber 2 
03, 27, 51, 75 Contro l ,  r e p l i c a t e  chamber 3 
04, 28, 52, 76 Contro l ,  rep1 i c a t e  chamber 4 
05, 29, 53, 77 6.25% e f f l u e n t ,  r e p l i c a t e  chamber 1 
06, 30, 54, 78 6.25% e f f l u e n t ,  rep1 i c a t e  chamber 2 
07, 31, 55, 79 6.25% e f f l u e n t ,  r e p l i c a t e  chamber 3 
08, 32, 56, 80 6.25% e f f l u e n t ,  rep1 i c a t e  chamber 4 
09, 33, 57, 81 12.5% e f f l u e n t ,  r e p l i c a t e  chamber 1 
10, 34, 58, 82 12.5% e f f l u e n t ,  rep1 i c a t e  chamber 2 
11, 35, 59, 83 12.5% e f f l u e n t ,  r e p l i c a t e  chamber 3 
12, 36, 60, 84 12.5% e f f l u e n t ,  r e p l i c a t e  chamber 4 
13, 37, 61, 85 25.0% e f f l u e n t ,  r e p l i c a t e  chamber 1 
14, 38, 62, 86 25.0% e f f l u e n t ,  r e p l i c a t e  chamber 2 
15, 39, 63, 87 25.0% e f f l u e n t ,  r e p l i c a t e  chamber 3 
16, 40, 64, 88 25.0% e f f l u e n t ,  rep1 i c a t e  chamber 4 
17, 41, 65, 89 50.0% e f f l u e n t ,  r e p l i c a t e  chamber 1 
18, 42, 66, 90 50.0% e f f l u e n t ,  rep1 i c a t e  chamber 2 
19, 43, 67, 91 50.0% e f f l u e n t ,  rep1 i c a t e  chamber 3 
20, 44, 68, 92 50.0% e f f l u e n t ,  rep1 i c a t e  chamber 4 
21, 45, 69, 93 100.0% e f f l u e n t ,  rep1 i c a t e  chamber 1 
22, 46, 70, 94 100.0% e f f l u e n t ,  r e p l i c a t e  chamber 2 
23, 47, 71, 95 100.0% e f f l u e n t ,  rep1 i c a t e  chamber 3 
24, 48, 72, 96 100.0% e f f l u e n t ,  r e p l i c a t e  chamber 4 

2.3.2 The random numbers used t o  c a r r y  ou t  the  random assignment o f  f i s h  t o  
r e p l i c a t e  chambers are prov ided i n  Table A.2. The t h i r d  step i s  t o  choose a  
s t a r t i n g  p o s i t i o n  i n  Table A.2, and read the  f i r s t  double d i g i t  number. The 
f i r s t  number read i d e n t i f i e s  t h e  r e p l i c a t e  chamber f o r  the  f i r s t  f i s h  taken 
from t h e  tank. For t h e  example, t h e  f i r s t  e n t r y  i n  row 2 was chosen as the  
s t a r t i n g  p o s i t i o n .  The f i r s t  number i n  t h i s  row i s  37. According t o  
Table A . l ,  t h i s  number corresponds t o  r e p l i c a t e  chamber 1 o f  t h e  25.0% 
e f f l u e n t  concentrat ion.  Thus, t h e  f i r s t  f i s h  taken from t h e  tank  i s  t o  be 
placed i n  r e p l i c a t e  chamber 1 o f  the  25.0% e f f l u e n t  concentrat ion.  

2.3.3 The next  step i s  t o  read the  double d i g i t  number t o  the  r i g h t  o f  the  
f i r s t  one. The second number i d e n t i f i e s  the  r e p l i c a t e  chamber f o r  the  second 
f i s h  taken from the  tank. Continuing the  example, the  second number read i n  
row 2 of Table A.2 i s  54. According t o  Table A.1, t h i s  number corresponds t o  
r e p l  i c a t e  chamber 2 o f  t h e  6.25% e f f l u e n t  concentrat ion.  Thus, t h e  second 
f i s h  taken from t h e  tank i s  t o  be placed i n  r e p l i c a t e  chamber 2 o f  the  6.25% 
e f f l u e n t  concentrat ion.  



TABLE A .2 .  TABLE OF RANDOM NUMBERS (Dixon and Massey, 1983) 



2.3.4 Continue i n  t h i s  fash ion  u n t i l  a l l  t h e  f i s h  have been randomly assigned 
t o  a r e p l i c a t e  chamber. I n  order  t o  f i l l  each r e p l i c a t e  chamber w i t h  ten  
f i s h ,  t h e  assigned numbers w i l l  be used more than once. I f  a number i s  read 
from the  t a b l e  t h a t  was no t  assigned t o  a r e p l i c a t e  chamber, then ignore i t  
and cont inue t o  t h e  next  number. I f  a r e p l  i c a t e  chamber becomes f i l l e d  and a 
number i s  read from t h e  t a b l e  t h a t  corresponds t o  it, then ignore t h a t  value 
and cont inue t o  t h e  next number. The f i r s t  t en  random assignments o f  f i s h  t o  
r e p l i c a t e  chambers f o r  t h e  example are  summarized i n  Table A.3. 

TABLE A.3. 	 EXAMPLE OF RANDOM ASSIGNMENT OF FIRST TEN FISH TO REPLICATE 
CHAMBERS 

F ish  Assignment 

F i r s t  f i s h  taken from tank 25.0% e f f l u e n t ,  r e p l i c a t e  chamber 1 
Second f i s h  taken from tank 6.25% e f f l u e n t ,  r e p l i c a t e  chamber 2 
T h i r d  f i s h  taken from tank 50.0% e f f l u e n t  r e p l  i c a t e  chamber 4 
Fourth f i s h  taken from tank 100.0% e f f l u e n t ,  r e p l i c a t e  chamber 4 
F i f t h  f i s h  taken from tank 6.25% e f f l u e n t ,  r e p l i c a t e  chamber 1 
S i x t h  f i s h  taken from tank 25.0% e f f l u e n t ,  r e p l  i c a t e  chamber 4 
Seventh f i s h  taken from tank 50.0% e f f l u e n t ,  r e p l  i c a t e  chamber 1 
Eighth 
N in th  

f i s h  taken from tank 
f i s h  taken from tank 

100.0% e f f l u e n t ,  
50.0% e f f l u e n t ,  

r e p l  i c a t e  chamber 3 
r e p l  i c a t e  chamber 2 

Tenth f i s h  taken from tank 100.0% e f f l u e n t ,  r e p l i c a t e  chamber 4 

2.3.5 Four d o u b l e - d i g i t  numbers were assigned t o  each r e p l i c a t e  chamber 
( ins tead o f  one, two, o r  t h ree  d o u b l e - d i g i t  numbers) i n  o rder  t o  make 
e f f i c i e n t  use o f  t h e  random number t a b l e  (Table A.2). To i l l u s t r a t e ,  consider 
the assignment o f  on l y  one d o u b l e - d i g i t  number t o  each r e p l i c a t e  chamber: the  
f i r s t  column o f  assigned numbers i n  Table A.1. Whenever the  numbers 00 and 25 
through 99 are read from Table A.2, they w i l l  be disregarded and the  next  
number w i l l  be read. 

2.4 RANDOMIZATION OF REPLICATE CHAMBERS TO POSITIONS EXAMPLE 

2.4.1 Next consider t h e  random assignment o f  the  24 r e p l i c a t e  chambers t o  
pos i t i ons  w i t h i n  the  water bath ( o r  equ iva len t ) .  Assume t h a t  t h e  r e p l i c a t e  
chambers are t o  be pos i t ioned i n  a f o u r  row by s i x  column rec tangu lar  array.  
The f i r s t  step i s  t o  l a b e l  the  p o s i t i o n s  i n  the  water bath. Table A.4 
provides an example layout .  

2.4.2 The second step i s  t o  assign each o f  the  24 p o s i t i o n s  fou r  d o u b l e - d i g i t  
numbers. An example o f  t h i s  assignment i s  prov ided i n  Table A.5. Note t h a t  
the  double d i g i t s  00 and 97 through 99 were no t  used. 

2.4.3 The random numbers used t o  c a r r y  out  t h e  random assignment o f  r e p l i c a t e  
chambers t o  p o s i t i o n s  are prov ided i n  Table A.2. The t h i r d  step i s  t o  choose 
a s t a r t i n g  p o s i t i o n  i n  Table A.2, and read the  f i r s t  d o u b l e - d i g i t  number. The 



TABLE A.4. RANDOM ASSIGNMENT OF REPLICATE CHAMBERS TO POSITIONS: EXAMPLE 

LABELLING THE POSITIONS WITHIN THE WATER BATH 


TABLE A.5. RANDOM ASSIGNMENT OF REPLICATE CHAMBERS TO POSITIONS: EXAMPLE 
ASSIGNED NUMBERS FOR EACH POSITION 

Assigned Numbers P o s i t i o n  

f i r s t  number read i d e n t i f i e s  the  p o s i t i o n  f o r  t h e  f i r s t  r e p l i c a t e  chamber o f  
t h e  con t ro l .  For t h e  example, the  f i r s t  e n t r y  i n  row 10 o f  Table A.2 was 
chosen as the  s t a r t i n g  p o s i t i o n .  The f i r s t  number i n  t h i s  row was 73. 
According t o  Table A.5, t h i s  number corresponds t o  p o s i t i o n  1. Thus, the  
f i r s t  r e p l i c a t e  chamber f o r  the  c o n t r o l  w i l l  be placed i n  p o s i t i o n  1. 
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2.4.4 The next  step i s  t o  read t h e  d o u b l e - d i g i t  number t o  the  r i g h t  o f  t h e  
f i r s t  one. The second number i d e n t i f i e s  t h e  p o s i t i o n  f o r  the  second r e p l i c a t e  
chamber o f  t h e  con t ro l .  Cont inuing t h e  example, the  second number read i n  row 
10 o f  Table A.2 i s  79. According t o  Table A.5, t h i s  number corresponds t o  
p o s i t i o n  7. Thus, t h e  second r e p l i c a t e  chamber f o r  t h e  con t ro l  w i l l  be placed 
i n  p o s i t i o n  7. 

2.4.5 Continue i n  t h i s  fash ion  u n t i l  a l l  t h e  r e p l i c a t e  chambers have been 
assigned t o  a pos i t i on .  The f i r s t  f o u r  numbers read w i l l  i d e n t i f y  the  
pos i t i ons  f o r  the  c o n t r o l  r e p l i c a t e  chambers, the  second f o u r  numbers read 
w i l l  i d e n t i f y  t h e  p o s i t i o n s  f o r  the  lowest  e f f l u e n t  concentrat ion r e p l  i c a t e  
chambers, and so on. I f  a number i s  read from t h e  t a b l e  t h a t  was no t  assigned 
t o  a pos i t i on ,  then ignore  t h a t  value and cont inue t o  t h e  next number. I f  a 
number i s  repeated i n  Table A.2, then ignore  t h e  repeats and cont inue t o  the  
next number. The complete randomizat ion o f  r e p l  i c a t e  chambers t o  p o s i t i o n s  
f o r  the  example i s  d isp layed i n  Table A.6. 

TABLE A.6. 	 RANDOM ASSIGNMENT OF REPLICATE CHAMBERS TO POSITIONS: EXAMPLE 
ASSIGNMENT OF ALL 24 POSITIONS 

Control  100 .O% 6.25% 6.25% 6.25% 12.5% 

Control  12.5% Control  25.0% 12.5% 25.0% 

100 .O% 50.0% 100.0% Control  100.0% 25.0% 

2.4.6 Four d o u b l e - d i g i t  numbers were assigned t o  each p o s i t i o n  ( ins tead o f  
one, two, o r  three)  i n  o rder  t o  make e f f i c i e n t  use o f  the random number t a b l e  
(Table A.2). To i l l u s t r a t e ,  consider t h e  assignment o f  on l y  one d o u b l e - d i g i t  
number t o  each p o s i t i o n :  the  f i r s t  column o f  assigned numbers i n  Table A.5. 
Whenever the  numbers 00 and 25 through 99 are read from Table A.2, they w i l l  
be disregarded and the  next  number w i l l  be read. 

3. OUTLIERS 

3.1 An o u t l i e r  i s  an i ncons i s ten t  o r  quest ionable data p o i n t  t h a t  appears 
unrepresentat ive o f  the  general t r end  exh ib i t ed  by the  m a j o r i t y  o f  the  data. 
O u t l i e r s  may be detected by t a b u l a t i o n  o f  the  data, p l o t t i n g ,  and by an 
ana lys is  o f  the  res idua ls .  An explanat ion should be sought f o r  any 
quest ionable data po in t s .  Without an explanat ion, data po in t s  should be 
discarded on l y  w i t h  extreme caut ion. I f  there  i s  no explanat ion, the  ana lys is  
should be performed both w i t h  and w i thout  t h e  o u t l i e r ,  and the  r e s u l t s  o f  both 
analyses should be repor ted.  

3.2 Gentleman-Wilk's A s t a t i s t i c  g i ves  a t e s t  f o r  t h e  cond i t i on  t h a t  the  
extreme observat ion may be considered an o u t l i e r .  For a d iscussion o f  t h i s ,  
and o the r  techniques f o r  eva lua t ing  out1 i e r s ,  see Draper and John (1981). 



APPENDIX B 


VALIDATING NORMALITY AND HOMOGENEITY OF VARIANCE ASSUMPTIONS 


1.1 Dunnett 's Procedure and t h e  t t e s t  w i t h  Bonfer ron i ' s  adjustment are 
parametr ic procedures based on the  assumptions t h a t  the  observat ions w i t h i n  
treatments are independent and normal ly  d i s t r i b u t e d ,  and t h a t  t h e  var iance o f  
the  observat ions i s  homogeneous across a l l  t o x i c a n t  concentrat ions and the  
con t ro l .  These assumptions should be checked p r i o r  t o  us ing these tes ts ,  t o  
determine i f  they have been met. Tests f o r  v a l i d a t i n g  the  assumptions are 
provided i n  t h e  f o l l o w i n g  d iscussion.  I f  t h e  t e s t s  f a i l  ( i f  the  data do no t  
meet t h e  assumptions), a  nonparametric procedure such as Steel 's  Many-one Rank 
Test may be more appropr iate.  However, t h e  dec i s ion  on whether t o  use 
parametr ic o r  nonparametric t e s t s  may be a judgment c a l l ,  and a s t a t i s t i c i a n  
should be consul ted i n  se lec t i ng  t h e  analys is .  

2. TEST FOR NORMAL DISTRIBUTION OF DATA 

2.1 SHAPIRO-MILK'S TEST 

2.1.1 One formal t e s t  f o r  no rma l i t y  i s  t h e  Shapiro-Wilk's Test (Conover, 
1980). The t e s t  s t a t i s t i c  i s  obta ined by d i v i d i n g  t h e  square o f  an 
appropr iate l i n e a r  combination o f  t h e  sample order  s t a t i s t i c s  by t h e  usual 
symmetric est imate o f  variance. The ca l cu la ted  W must be g rea te r  than zero 
and l ess  than o r  equal t o  one. Th is  t e s t  i s  recommended f o r  a sample s i z e  o f  
50 o r  less .  I f  t h e  sample s i z e  i s  g rea te r  than 50, the  Kolmogorov "D" 
s t a t i s t i c  (Stephens, 1974) i s  recommended. An example o f  t h e  Shapiro-Wil k 's  
t e s t  i s  prov ided below. 

2.2 The example uses growth data from the  Fathead Minnow Larval  Surv iva l  and 
Growth Test. The same data are used i n  t h e  d iscussion o f  the  homogeneity o f  
var iance determinat ion i n  Paragraph 3 and Dunnett 's Procedure i n  Appendix C.  
The data, t h e  mean and variance o f  t h e  observat ions a t  each concentrat ion,  
i nc lud ing  t h e  con t ro l ,  are l i s t e d  i n  Table B.1. 

2.3 The f i r s t  s tep o f  the  t e s t  f o r  no rma l i t y  i s  t o  center  t h e  observat ions by 
sub t rac t i ng  the  mean o f  a l l  t h e  observat ions w i t h i n  a concentrat ion from each 
observat ion i n  t h a t  concentrat ion.  The centered observat ions are l i s t e d  i n  
Table 8.2. 

2.4 Calculate t h e  denominator, D, o f  the  t e s t  s t a t i s t i c :  

Where: X i  = 	 the  centered observat ions and X i s  t h e  o v e r a l l  mean o f  
t h e  centered observat ions. For t h i s  se t  o f  data, X = 0, 
and D = 0.0412. 



TABLE 8.1. 	 FATHEAD LARVAL, PIMEPHALES PROMELAS, LARVAL GROWTH DATA 
(WEIGHT IN  MG) FOR THE SHAPIRO-WILK'S TEST 

NaPCP Concentrat ion f ~ a / L )  


Rep1 i c a t e  Contro l  32 64 128 256 


TABLE 8.2. EXAMPLE OF SHAPIRO-WILK'S TEST: CENTERED OBSERVATIONS 

NaPCP Concentrat ion ( u ~ / L )  

Rep1 i c a t e  Contro l  32 64 128 256 


2.5 Order t h e  centered observat ions from smal lest  t o  l a r g e s t .  

where x"' denotes t h e  i t h  ordered observat ion. The ordered observat ions are 
l i s t e d  i n  Table B.3. 

2.6 From Table 8.4, f o r  t h e  number o f  observations, n, ob ta in  t h e  
c o e f f i c i e n t s  a,, a,, ..., a,, where k i s  n/2 i f  n i s  even, and (n-1)/2 i f  n i s  
odd. For t h e  data i n  t h i s  example, n = 20, k = 10. The ai values are l i s t e d  
i n  Table 8.5. 



TABLE 8.3. EXAMPLE OF THE SHAPIRO-WILK'S TEST: ORDERED OBSERVATIONS 


2.7 Compute the  t e s t  s t a t i s t i c ,  W, as fo l lows:  

The d i f f e rences ,  X (n- i+ l )  - x"', a re  l i s t e d  i n  Table 8.5. 

2.8 The dec i s ion  r u l e  f o r  t h i s  t e s t  i s  t o  compare t h e  c r i t i c a l  value from 
Table 8.6 t o  t h e  computed W. I f  the  computed value i s  l e s s  than t h e  c r i t i c a l  
value, conclude t h a t  t h e  da ta  are n o t  normal ly  d i s t r i b u t e d .  For t h i s  example, 
t h e  c r i t i c a l  va lue a t  a  s i g n i f i c a n c e  l e v e l  o f  0.01 and 20 observat ions (n) i s  
0.868. The ca l cu la ted  value, 0.959, i s  n o t  l e s s  than t h e  c r i t i c a l  value. 
Therefore, conclude t h a t  t h e  da ta  are normal ly  d i s t r i b u t e d .  

2.9 I n  general ,  i f  the  da ta  f a i l  t he  t e s t  f o r  normal i t y ,  a  t rans format ion  
such as t o  l o g  values may normal ize t h e  data. A f t e r  t rans forming  t h e  data, 
repeat  t h e  Shapiro-Wil  k ' s  Test f o r  no rma l i t y .  

2.10 KOLMOGOROV "D" TEST 

2.10.1 A formal two-sided t e s t  f o r  n o r m a l i t y  i s  t he  Kolmogorov "D" Test.  The 
t e s t  s t a t i s t i c  i s  ca l cu la ted  by ob ta in ing  t h e  d i f f e r e n c e  between t h e  
cumulat ive d i s t r i b u t i o n  f u n c t i o n  est imated from the  da ta  and t h e  standard 
normal cumulat ive d i s t r i b u t i o n  f u n c t i o n  f o r  each standardized observat ion.  
This  t e s t  i s  recommended f o r  a  sample s i z e  g rea te r  than 5'8. I f  the  sample 
s i z e  i s  l e s s  than o r  equal t o  50, then  t h e  Shapiro W i l  k ' s  Test i s  recommended. 
An example o f  t he  Kolmogorov "D" t e s t  i s  prov ided below. 

2.10.2 The example uses reproduc t ion  da ta  f rom t h e  daphnid, Ceriodaphnia 
dub ia ,  Surv iva l  and Reproduction Test.  The observed da ta  and t h e  mean o f  



TABLE 8 .4 .  COEFFICIENTS FOR THE SHAPIRO-WILK'S TEST (Conover, 1980) 

Nunber o f  Observations 
i\" 2 3 4 5 6 7 8 9 10 

-

Nunber o f  Observations 
i\" 11 I 2  13 14 15 16 17 18 19 20 

1 0.5601 0.5475 0.5359 0.5251 0.5150 0.5056 0.4968 0.4886 0.4808 0.4734 
2 0.3315 0.3325 0.3325 0.3318 0.3306 0.3209 0.3273 0.3253 0.3232 0.3211 
3 0.2260 0.2347 0.2412 0.2460 0.2495 0.2521 0.2540 0.2553 0.2561 0.2565 
4 0.1429 0.1586 0.1707 0.1802 0.1878 0.1939 0.1988 0.2027 0.2059 0.2085 
5 0.0695 0.0922 0.1099 0.1240 0.1353 0.1447 0.1524 0.1587 0.1641 0.1686 
6 0.0000 0.0303 0.0539 0.0727 0.0880 0.1005 0.1109 0.1197 0.1271 0.1334 
7 - 0,0000 0.0240 0.0433 0.0593 0.0725 0.0837 0.0932 0.1013 
8 - 0.0000 0.0196 0.0359 0.0496 0.0612 0.0711 
9 - 0.0000 0.0163 0.0303 0.0422 

10 . 0.0000 0.0140 

Nunber of  Observations 
i\" 21 22 23 24 25 26 27 28 29 30 

1 0.4643 0.4590 0.4542 0.4493 0.4450 0.4407 0.4364 0.4328 0.4291 0.4254 
2 0.3185 0.3156 0.3126 0.3098 0.3069 0.3043 0.3018 0.2992 0.2968 0.2944 
3 0.2578 0.2571 0.2563 0.2554 0.2543 0.2533 0.2522 0.2510 0.2499 0.2487 
4 0.2119 0.2131 0.2139 0.2145 0.2148 0.2151 0.2152 0.2151 0.2150 0.2148 
5 0.1736 0.1764 0.1787 0.1807 0.1822 0.1836 0.1848 0.1857 0.1864 0.1870 
6 0.1399 0.1443 0.1480 0.1512 0.1539 0.1563 0.1584 0.1601 0.1616 0.1630 
7 0.1092 0.1150 0.1201 0.1245 0.1283 0.1316 0.1346 0.1372 0.1395 0.1415 
8 0.0804 0.0878 0.0941 0.0997 0.1046 0.1089 0.1128 0.1162 0.1192 0.1219 
9 0.0530 0.0618 0.0696 0.0764 0.0923 0.0876 0.0923 0.0965 0.1002 0.1036 

10 0.0263 0.0368 0.0459 0.0539 0.0610 0.0672 0.0728 0.0778 0.0822 0.0862 



TABLE 8 . 4 .  COEFFICIENTS FOR THE SHAPIRO WILK'S TEST (CONTINUED) 


Number of Observations 
i\' 31 32 33 34 35 36 37 38 39 40 

1 0.4220 0.4188 0.4156 0.4127 0.4096 0.4068 0.4040 0.4015 0.3989 0.3964 
2 0.2921 0.2898 0.2876 0.2854 0.2834 0.2813 0.2794 0.2774 0.2755 0.2737 
3 0.2475 0.2462 0.2451 0.2439 0.2427 0.2415 0.2403 0.2391 0.2380 0.2368 
4 0.2145 0.2141 0.2137 0.2132 0.2127 0.2121 0.2116 0.2110 0.2104 0.2098 
5 0.1874 0.1878 0.1880 0.1882 0.1883 0.1883 0.1883 0.1881 0.1880 0.1878 
6 0.1641 0.1651 0.1660 0.1667 0.1673 0.1678 0.1663 0.1686 0.1689 0.1691 
7 0.1433 0.1449 0.1463 0.1475 0.1487 0.1496 0.1505 0.1513 0.1520 0.1526 
8 0.1243 0.1265 0.1284 0.1301 0.1317 0.1331 0.1344 0.1356 0.1366 0.1376 
9 0.1066 0.1093 0.1118 0.1140 0.1160 0.1179 0.1196 0.1211 0.1225 0.1237 

10 0.0899 0.0931 0.0961 0.0988 0.1013 0.1036 0.1056 0.1075 0.1092 0.1108 
11 0.0739 0.0777 0.0812 0.0844 0.0873 0.0900 0.0924 0.0947 0.0967 0.0986 
12 0.0585 0.0629 0.0669 0.0706 0.0739 0.0770 0.0798 0.0824 0.0848 0.0870 
13 0.0435 0.0485 0.0530 0.0572 0.0610 0.0645 0.0677 0.0706 0.0733 0.0759 
14 0.0289 0.0344 0.0395 0.0441 0.0484 0.0523 0.0559 0.0592 0.0622 0.0651 
15 0.0144 0.0206 0.0262 0.0314 0.0361 0.0404 0.0444 0.0481 0,0515 0.0546 
16 0.0000 0.0068 0.0131 0.0187 0.0239 0.0287 0.0331 0.0372 0.0409 0.0444 
17 - 0.0000 0.0062 0.0119 0.0172 0.0220 0.0264 0.0305 0.0343 
18 - 0.0000 0.0057 0.0110 0.0158 0.0203 0.0244 
19 - 0.0000 0.0053 0.0101 0.0146 
20 . 0.0000 0.0049 

Number of Observations 
i\" 31 32 33 34 35 36 37 38 39 40 



TABLE 8.5. EXAMPLE OF THE SHAPIRO-MILK'S TEST: 
TABLE OF COEFFICIENTS AND DIFFERENCES 

the  observat ions a t  each concentrat ion,  i nc lud ing  t h e  con t ro l ,  are l i s t e d  i n  
Table 8.7. 

2.10.3 The f i r s t  step o f  t h e  t e s t  f o r  no rma l i t y  i s  t o  center  the  observat ions 
by sub t rac t i ng  t h e  mean o f  a l l  t h e  observat ions w i t h i n  a concentrat ion from 
each observat ion i n  t h a t  concentrat ion.  The centered observat ions f o r  the  
example are l i s t e d  i n  Table 8.8. 

2.10.4 Order t h e  centered observat ions from smal lest  t o  1 argest:  

x"' 5 X (2 )  .. . 5 xCn)5 

where x"' denotes the  i t h  ordered observat ion, and n denotes the  t o t a l  number 
o f  centered observat ions. The ordered observat ions f o r  t h e  example are l i s t e d  
i n  Table 8.9. 

2.10.5 The next  step i s  t o  standardize t h e  ordered observat ions. Le t  zi 
denote t h e  standardized value o f  the  i t h  ordered observat ion. Then, 

zi = -x( i )
and sZ = C [ X ( ~ ) ]  

s (n-1) 

For the  example, s = 5.3, and t h e  standardized observat ions are l i s t e d  i n  
Table 8.9. 

2.10.6 From Table B. 10, ob ta in  the  value o f  the  standard normal cumulat ive 
d i s t r i b u t i o n  func t i on  (standard normal CDF) a t  z.. Denote t h i s  value as p i .  
Note t h a t  negat ive z are no t  l i s t e d  i n  Table 8. lb .  The value o f  t h e  standard 
normal CDF a t  a negat ive number i s  one minus t h e  value o f  the  standard normal 



TABLE 8.6.  QUANTILES OF THE SHAPIRO-WILK'S TEST STATIST IC  (Conover, 1980) 

n 0.01 0.02 0.05 0.10 0.50 0.90 0.95 0.98 0.99 



- - -- 

TABLE 8.7. CERIODAPHNIA DUBIA REPRODUCTION DATA 
FOR THE KOLMOGOROV "DM TEST 

E f f l u e n t  Concentrat ion (%) 

Rep1 i c a t e  Contro l  1 .56  3 .12  6 .25 12.5 25 .0  

Mean 22.4  26.3 34.6  31.7 19.0 9 . 4  

CDF a t  t h e  absolute value o f  t h a t  number. For example, s ince the  value o f  the  
standard normal CDF a t  3.21 i s  0.9993,  t h e  value o f  the  standard normal CDF a t  
-3 .21 i s  1 - 0.9993 = 0.0007.  The pi values f o r  the  example da ta  are 1 i s t e d  
i n  Table B.9. 

TABLE 8.8. CENTERED OBSERVATIONS FOR KOLMOGOROV "D" EXAMPLE 

E f f l u e n t  Concentrat ion (%) 

Rep1 i c a t e  Contro l  1.56 3 .12  6 .25 12.5  25.0  



TABLE B.9. EXAMPLE CALCULATION OF THE KOLMOGOROV "D" STATIST IC  

i X(i) Z i  P i  Di+ Di-



TABLE B.9. EXAMPLE CALCULATION OF THE KOLMOGOROV "D" STATISTIC (CONTINUED) 


2.10.7 Next, c a l c u l a t e  t h e  f o l l o w i n g  d i f f e rences  f o r  each ordered 
observat ion: 

Di+ = ( i / n )  - pi 

Di- = pi - [ ( i - l ) / n ]  

The d i f f e rences  f o r  t h e  example are  l i s t e d  i n  Table B.9. 

2.10.8 Obtain t h e  maximum o f  t h e  Di+, and denote i t  as Dt .  Obtain t h e  
maximum o f  t h e  Di-, and denote i t as D-. For t h e  example, D+.= 0.0525, and D- 
= 0.0597. 

2.10.9 Next, ob ta in  t h e  maximum o f  D+ and D-, and denote i t  as D. For t h e  
example, D = 0.0597. 

2.10.10 The t e s t  s t a t i s t i c ,  D*, i s  ca l cu la ted  as fo l lows:  

D* = D(fi-0,01+0.85/fi) 

For t h e  example, D* = 0.4684. 

2.10.11 The dec i s ion  r u l e  f o r  t h e  two t a i l e d  t e s t  i s  t o  compare t h e  c r i t i c a l  
value from Table B.11 t o  t h e  computed D*. I f  t h e  computed value i s  g rea te r  
than the  c r i t i c a l  value, conclude t h a t  t h e  data are n o t  normal ly d i s t r i b u t e d .  
For t h i s  example, the  c r i t i c a l  value a t  a s i g n i f i c a n c e  l e v e l  o f  0.01 i s  1.035. 
The ca l cu la ted  value, 0.4684, i s  no t  g rea te r  than t h e  c r i t i c a l  value. Thus, 
the  conclus ion o f  t h e  t e s t  i s  t h a t  t h e  data are normal ly  d i s t r i b u t e d .  

2.10.12 I n  general, i f  t h e  da ta  f a i l  the  t e s t  f o r  normal i ty ,  a  t rans format ion  
such as t h e  l o g  t rans format ion  may normal ize t h e  data. A f t e r  t ransforming t h e  
data, repeat t h e  Kolmogorov "D" t e s t  f o r  normal i ty .  



TABLE B . l O .  P I S  THE VALUE OF THE STANDARD NORMAL CUMULATIVE D ISTRIBUTION 
AT Z 



TABLE 0 . 1 0 .  P I S  THE VALUE OF THE STANDARD NORMAL CUMULATIVE DISTRIBUTION 
AT Z (CONTINUED) 



TABLE 6.10. P I S  THE VALUE OF THE STANDARD NORMAL CUMULATIVE DISTRIBUTION 
AT Z (CONTINUED) 

TABLE 8.11. CRITICAL VALUES FOR THE KOLMOGOROV "D" TEST 

A1 pha C r i t i c a l  
Level Value 

3. TEST FOR HOMOGENEITY OF VARIANCE 

3.1 For Dunnett 's Procedure and the  t t e s t  w i t h  Bonfer ron i ' s  adjustment, the 
var iances of t he  da ta  obta ined from each t o x i c a n t  concent ra t ion  and the  
c o n t r o l  are assumed t o  be equal. B a r t l e t t ' s  Test i s  a formal t e s t  o f  t h i s  
assumption. I n  us ing  t h i s  t e s t ,  i t  i s  assumed t h a t  t he  da ta  are normal ly  
d i s t r i b u t e d .  



3.2 The data  used i n  t h i s  example a r e  growth da ta  from a Fathead Minnow 
Larval Surv iva l  and Growth Test, and are  t h e  same data used i n  Appendices C 
and D. These data  are  l i s t e d  i n  Table 0.12, together  w i t h  the  ca l cu la ted  
variance f o r  t h e  c o n t r o l  and each t o x i c a n t  concentrat ion.  

TABLE 8.12. 	 FATHEAD LARVAL GROWTH DATA (WEIGHT I N  MG) USED FOR 
BARTLETT'S TEST FOR HOMOGENEITY OF VARIANCE 

NaPCP Concentrat ion (UCI/L) 

Rep1 i c a t e  Contro l  	 32 64 128 256 

3.3 The t e s t  s t a t i s t i c  f o r  B a r t l e t t ' s  Test (Snedecor and Cochran, 1980) i s  as 
fo l lows:  

Where: V, = degrees o f  freedom f o r  each t o x i c a n t  concentrat ion and c o n t r o l  

p = number o f  l e v e l s  o f  t o x i c a n t  concentrat ion i nc lud ing  t h e  
c o n t r o l  

I n  = log, 

i = 1, 2, ..., p where p i s  t h e  number o f  concentrat ions 

ni - . the  number o f  r e p l i c a t e s  f o r  concentrat ion i. 



3.4 Since B i s  approximately d i s t r i b u t e d  as chi-square w i t h  p - 1 degrees o f  
freedom when the  variances are equal, t h e  appropr iate c r i t i c a l  value i s  
obtained from a t a b l e  o f  the  chi-square d i s t r i b u t i o n  f o r  p - 1 degrees o f  
freedom and a s i g n i f i c a n c e  l e v e l  o f  0.01. I f  B i s  l e s s  than t h e  c r i t i c a l  
value then the  variances are assumed t o  be equal. 

3.5 For the  da ta  i n  t h i s  example, Vi = 3, p = 5, '5' = 0.0027, and 
C = 1.,133. The ca l cu la ted  B value i s :  

(15)[ln(0.0027)] -3 5 ln(s:) 
B = i-1 

1.133 


3.6 Since B i; approximately d i s t r i b u t e d  as chi-square w i t h  p - 1 degrees o f  
freedom when t h e  variances are equal, t h e  appropr iate c r i t i c a l  value f o r  the  
t e s t  i s  13.277 f o r  a s i g n i f i c a n c e  l e v e l  o f  0.01. Since B = 7.691 i s  l ess  than 
the  c r i t i c a l  value o f  13.277, conclude t h a t  t h e  variances are not  d i f f e r e n t .  

4. TRANSFORMATIONS OF THE DATA 

4.1 When t h e  assumptions o f  no rma l i t y  and/or homogeneity o f  var iance are n o t  
met, t ransformat ions o f  t h e  data may remedy t h e  problem, so t h a t  the  data can 
be analyzed by parametr ic  procedures, r a t h e r  than by nonparametric technique 
such as Stee l ' s  Many-one Rank Test o r  Wilcoxon's Rank Sum Test. Examples o f  
t ransformat ions inc lude log,  square r o o t ,  a rc  s ine  square roo t ,  and 
rec ip roca ls .  A f t e r  t h e  data have been transformed, Shapiro-Wil k ' s  and 
B a r t l e t t ' s  t e s t s  should be performed on t h e  transformed observat ions t o  
determine whether the  assumptions o f  no rma l i t y  and/or homogeneity o f  var iance 
are met. 

4.2 ARC SINE SQUARE ROOT TRANSFORMATION (USEPA, 1993) 

4.2.1 For data cons i s t i ng  o f  p ropor t ions  from a binomial (response/no 
response; l ive/dead) response var iab le ,  t h e  var iance w i t h i n  the  i t h  treatment 
i s  p ropo r t i ona l  t o  Pi ( 1  - P.), where Pi i s  t h e  expected p ropo r t i on  f o r  the  
treatment.  This  c l e a r l y  v i o j a t e s  the  homogeneity o f  var iance assumption 
requ i red  by parametr ic procedures such as Dunnett 's Procedure o r  the  t t e s t  
w i t h  Bonferroni 's  adjustment, s ince t h e  ex is tence o f  a treatment e f f e c t  
imp l i es  d i f f e r e n t  values o f  Pi f o r  d i f f e r e n t  treatments, i. Also, when the  
observed propor t ions  are based on small samples, o r  when Pi i s  c lose t o  zero 



or one, the normali ty assumption may be inva l id .  The arc sine square root  
(arc sine f f )  transformation i s  commonly used f o r  such data t o  s tab i l i ze  the 
variance and sa t i s f y  the normal it y  requirement. 

4.2.2 Arc sine transformation consists o f  determining the angle ( i n  radians) 
represented by a sine value. I n  the case o f  arc sine square roo t  
transformation o f  mor ta l i t y  data, the proport ion o f  dead (or affected) 
organisms i s  taken as the sine value, the square root  o f  the sine value i s  
calculated, and the angle ( i n  radians) f o r  the square roo t  o f  the sine value 
i s  determined. Whenever the proport ion dead i s  0 o r  1, a special modif icat ion 
of the arc sine square roo t  transformation must be used (Bar t le t t ,  1937). An 
explanation o f  the arc sine square roo t  transformation and the modif icat ion i s  
provided below. 

4.2.3 Calculate the response proport ion (RP) a t  each e f f luen t  concentration, 
where: 

RP = (number o f  surviv ing o r  "unaffected" organisms)/(number exposed) 

Examole: I f  12 o f  20 animals i n  a given treatment rep l i ca te  survive: 

RP = 12/20 

4.2.4 Transform each RP t o  i t s  arc sine square root, as follows: 

4.2.4.1 For RPs greater than zero o r  less than one: 

Angle (radians) = arc sine 

Angle = arc sine 

= arc sine 0.7746 

= 0.8861 radians 

4.2.4.2 Modif icat ion o f  the arc sine square roo t  when RP = 0: 

Angle ( i n  radians) = arc sine 

Where: N = Number o f  animals/treatment rep1 i ca te  



Examole: 	 If 20 animals are used: 

Angle = arc sine ,FC7iZj 

= arc sine 0.1118 

= 0.1120 radians 

4.2.4.3 	 Modif icat ion o f  the  arc sine square root  when RP = 1.0: 

Angle = 1.5708 radians - (radians f o r  RP = 0 )  

Examole: Using above value: 

Angle 	= 1.5708 - 0.1120 

= 1.4588 radians 



APPENDIX C 

DUNNETT'S PROCEDURE 

1. MANUAL CALCULATIONS 

1.1 Dunnett 's Procedure (Dunnett, 1955; Dunnett, 1964) i s  used t o  compare 
each concentrat ion mean w i t h  t h e  c o n t r o l  mean t o  decide i f  any o f  t h e  
concentrat ions d i f f e r  from t h e  con t ro l .  Th is  t e s t  has an o v e r a l l  e r r o r  r a t e  
of alpha, which accounts f o r  t h e  m u l t i p l e  comparisons w i t h  t h e  con t ro l .  It i s  
based on t h e  assumptions t h a t  t h e  observat ions are  independent and normal ly  
d i s t r i b u t e d  and t h a t  t h e  var iance o f  t h e  observat ions i s  homogeneous across 
a l l  concentrat ions and c o n t r o l  (see Appendix B f o r  a d iscussion on v a l i d a t i n g  
the  assumptions). Dunnett 's Procedure uses a pooled est imate o f  t h e  variance, 
which i s  equal t o  t h e  e r r o r  value ca l cu la ted  i n  an ana lys is  o f  var iance. 
Dunnett 's Procedure can o n l y  be used when t h e  same number o f  r e p l i c a t e  t e s t  
vessels have been used a t  each concent ra t ion  and t h e  c o n t r o l .  When t h i s  
cond i t i on  i s  n o t  met, a t t e s t  w i t h  Bonferroni 's  adjustment i s  used (see 
Appendix D). 

1.2 The data used i n  t h i s  example are  growth da ta  from a Fathead Minnow 
Larval Surv iva l  and Growth Test, and are t h e  same data  used i n  Appendices B 
and D. These data are l i s t e d  i n  Table C.1. 

TABLE C. 1. 	 FATHEAD MINNOW, PIMEPHALES PROMELAS, LARVAL GROWTH DATA 

(WEIGHT IN  MG) USED FOR DUNNETT'S PROCEDURE 


NaPCP Concentrat ion Iua/LI  

Rep1 i c a t e  Contro l  	 3 2 64 128 256 

Tota l  (Ti) 2.709 2.301 2.641 2.260 1.817 

1.3 One way t o  ob ta in  an est imate o f  t h e  pooled variance i s  t o  cons t ruc t  an 
ANOVA t a b l e  i n c l u d i n g  a l l  sums o f  squares, us ing the  f o l l o w i n g  formulas: 



Where: p = number of effluent concentrations including: 


SST = Yij2-G2/N Total Sum of Squares 

ij 


SSB = 	
i Between Sum of Squares 

SSW = SST-SSB Within Sum of Squares 

G = the grand total of all sample observations; G = f Ti 
i-1 


Ti = the total of the replicate measurements for concentration i 

N = the total sample size; = Cni
i 


n i  = the number of replicates for concentration i 


Yij = the jth observation for concentration i 


1.4 	 For the data in this example: 

n, = n, = n, = n, = n, = 4 

n = 20 

T, = Y,, + Y,, + Y,, + Y,, = 2.709 
T, = Y,, + Y,, + Y,, + Y,, = 2.301 
T, = Y,, + Y,, + Y,, t Y,, = 2.641 
T, = Y,, + Y,? + Y43 + Y,, = 2.260 
T, = Y,, + Y,, + Y,, + Y,, = 1.817 



SSB = 	 - G = / NC T ~ ~ / ~ ~
i 

SSW = SST-SSB 

= 0.2687 - 0.1270 


= 0.1417 


1.5 	 Summarize these da ta  i n  t he  ANOVA t a b l e  (Table C.2). 

TABLE C.2. ANOVA TABLE FOR DUNNETT'S PROCEDURE 

Source d f  Sum o f  Mean Square (MS) 
Squares (SS) (SS/df 

Between P - 1  SSB S; = SSB/(p-1) 

Wi th in  N - P SSW S: = SSW/(N-p) 

To ta l  	 N - 1  SST 

1.6 	 Summarize da ta  f o r  ANOVA (Table C.3) 

TABLE C. 3. COMPLETED ANOVA TABLE FOR DUNNETT'S PROCEDURE 

Source d f  	 SS Mean Square 

Between 5 - 1 - 4 0.1270 0.0318 


Wi th in  20 - 5 = 15 0.1417 0.0094 


To ta l  	 19 0.2687 



1.7 To per form t h e  i n d i v i d u a l  comparisons, c a l c u l a t e  t he  t s t a t i s t i c  f o r  each 
concent ra t ion  and c o n t r o l  combination, as fo l lows:  

Where: 	 Y, = mean f o r  concent ra t ion  i 


Y, = mean f o r  t h e  c o n t r o l  


S, = square r o o t  o f  t h e  w i t h i n  mean square 


n, = number o f  r e p l i c a t e s  i n  t h e  c o n t r o l  

ni = number o f  rep1 i c a t e s  f o r  concent ra t ion  i. 

1.8 Table C.4 inc ludes the  ca l cu la ted  t values f o r  each concent ra t ion  and 
c o n t r o l  combination. 

TABLE C.4. CALCULATED T VALUES. 

NaPCP 

Concentrat ion i 


(rg/L) 


1 .9  Since the  purpose o f  t he  t e s t  i s  o n l y  t o  de tec t  a decrease i n  growth from 
the  con t ro l ,  a one-sided t e s t  i s  appropr ia te.  The c r i t i c a l  va lue f o r  t he  
one-sided comparison (2.36), w i t h  an o v e r a l l  a lpha l e v e l  o f  0.05, 15 degrees 
o f  freedom and f o u r  concentrat ions exc lud ing  t h e  c o n t r o l  i s  read from the  
t a b l e  o f  Dunnett 's "T" values (Table C.5; t h i s  t a b l e  assumes an equal number 
o f  r e p l i c a t e s  i n  a l l  t reatment concent ra t ions  and the  c o n t r o l ) .  The mean 
weight f o r  concent ra t ion  i i s  considered s i g n i f i c a n t l y  l e s s  than the  mean 
weight f o r  t h e  c o n t r o l  i f  ti i s  g rea te r  than the  c r i t i c a l  value. Since T, i s  
g rea te r  than 2.36, t h e  256 pg/L concent ra t ion  has s i g n i f i c a n t l y  lower growth 
than the  c o n t r o l .  Hence t h e  NOEC and LOEC f o r  growth are 128 pg/L and 256 
pg/L, respec t i ve l y .  





1.10 To quantify the sensitivity of the test, the minimum significant 

difference (MSD) may be calculated. The formula is as follows: 


MSD = d S,,,l(l/n,) + (l/n) 

Where: 	 d = critical value for the Dunnett's Procedure 

S, = the square root of the within mean square 

n = the number of replicates at each concentration, 
assuming an equal number of replicates at all treatment 
concentrations 

n, = number of replicates in the control 

For example: 

MSD = 2.36 (0.097)[34(1/4) +(1/4)1 = 2.36 (0.097)(v) 

1.11 For this set of data, the minimum difference between the control mean 

and a concentration mean that can be detected as statistically significant is 

0.087 mg. This represents a decrease in growth of 24% from the control. 


1.11.1 If the data have not been transformed, the MSD (and the percent 

decrease from the control mean that it represents) can be reported as is. 


1.11.2 In the case where the data have been transformed, the MSD would be in 

transformed units. In this case carry out the following conversion to 

determine the MSD in untransformed units. 


1.11.2.1 Subtract the MSD from the transformed control mean. Call this 

difference D. Next, obtain untransformed values for the control mean and the 

difference, D. 


MSD, = control, - D, 

Where: MSD, = the minimum significant difference for untransformed data 

Control, = the untransformed control mean 

D, = the untransformed difference 



1.11.2.2 Calculate the percent reduction from the control that MSD, 

represents as: 


MSD, 

Percent Reduction = X 100 


Control, 


1.11.3 An example of a conversion of the MSD to untransformed units, when the 

arc sine square root transformation was used on the data, follows: 


Step 1. Subtract the MSD from the transformed control mean. As an 

example, assume the data in Table C.l were transformed by the arc 

sine square root transformation. Thus: 


Step 2. Obtain untransformed values for the control mean (0.677) and the 

difference (0.515) obtained in Step 1 above. 


[ Sine (0.677)]: = 0.392 

[ Sine (0.515)] = 0.243 


Step 3. The untransformed MSD (MSD,) is determined by subtracting the 

untransformed values obtained in Step 2. 


MSD, = 0.392 - 0.243 = 0.149 

In this case, the MSD would represent a 38.0% decrease in survival 

from the control [(0.149/0.392) (loo)]. 


2. COMPUTER CALCULATIONS 


2.1 This computer program incorporates two analyses: an analysis of variance 

(ANOVA), and a multiple comparison of treatment means with the control mean 

(Dunnett's Procedure). The ANOVA is used to obtain the error value. 

Dunnett's Procedure indicates which toxicant concentration means (if any) are 

statistically different from the control mean at the 5% level of significance. 

The program also provides the minimum difference between the control and 

treatment means that could be detected as statistically significant, and tests 

the validity of the homogeneity of variance assumption by Bartlett's Test. 

The multiple comparison is performed based on procedures described by Dunnett 

(1955). 


2.2 The source code for the Dunnett's program is structured into a series of 

subroutines, controlled by a driver routine. Each subroutine has a specific 

function in the Dunnett's Procedure, such as data input, transforming the 

data, testing for equality of variances, computing p values, and calculating 

the one-way analysis of variance. 


2.3 The program compares up to seven toxicant concentrations against the 

control, and can accommodate up to 50 replicates per concentration. 




2.4 I f  t h e  number o f  r e p l i c a t e s  a t  each t o x i c a n t  concentrat ion and c o n t r o l  
are no t  equal, a t t e s t  w i t h  Bonferroni 's  adjustment i s  performed ins tead o f  
Dunnett 's Procedure (see Appendix D) . 
2.5 The program was w r i t t e n  i n  IBM-PC FORTRAN by Computer Sciences 
Corporation, 26 W. Mar t i n  Luther  K ing  Dr ive,  C inc innat i ,  OH 45268. A compiled 
executable vers ion  o f  t h e  program can be obta ined from EMSL-CTncinnati by 
sending a w r i t t e n  request t o  EMSL a t  3411 Church St ree t ,  C inc inna t i ,  OH 
45244. 

2.6 DATA INPUT AND OUTPUT 

2.6.1 Reproduction da ta  from a daphnid, Ceriodaphnia dubia, s u r v i v a l  and 
reproduct ion t e s t  (Table C.6) are used t o  i l l u s t r a t e  the  da ta  i npu t  and output  
f o r  t h i s  program. 

TABLE C.6. 	 SAMPLE DATA FOR DUNNETT'S PROGRAM 

CERIODAPHNIA DUBIA REPRODUCTION DATA 


Rep1 i c a t e  Contro l  1.56 3.12 6.25 12.5 

2.6.2 Data Input  

2.6.2.1 When t h e  program i s  entered, t h e  user i s  asked t o  se lec t  t h e  type o f  
data t o  be entered: 

1. 	Response propor t ions,  1ike s u r v i v a l  o r  f e r t i l i z a t i o n  propor t ions .  
2. 	 Counts and measurements, 1 i k e  o f f s p r i n g  counts, cystocarp counts , o r  

weights. 



2.6.2.2 A f t e r  t h e  type o f  da ta  i s  chosen, t h e  user has t h e  f o l l o w i n g  opt ions: 

1. Create a da ta  f i l e  
2. E d i t  a  da ta  f i l e  
3. Perform ana lys is  on e x i s t i n g  da ta  se t  
4. Stop 

2.6.2.3 When Option 1 (Create a da ta  f i l e )  i s  se lected f o r  counts and 
measurements, t h e  program prompts t h e  user f o r  t h e  f o l l o w i n g  in format ion:  

1. Number o f  concentrat ions, i n c l u d i n g  c o n t r o l  
2. For each concentrat ion:  

- number o f  observat ions 
- data f o r  each observat ion 

2.6.2.4 A f t e r  t h e  data have been entered, t h e  user may save t h e  f i l e  on a 
disk, and the  program r e t u r n s  t o  t h e  menu (see below). 

2.6.2.5 Sample data i npu t  i s  shown i n  F igure  C.1. 

2.6.3 Program Output 

2.6.3.1 When Option 3 (Perform ana lys is  on e x i s t i n g  da ta  se t )  i s  se lected 
from t h e  menu, t h e  user i s  asked t o  s e l e c t  t h e  t rans format ion  desired, and 
i n d i c a t e  whether they expect the  means o f  the  t e s t  groups t o  be l e s s  o r  
g rea ter  than t h e  mean f o r  t h e  c o n t r o l  group (see Figure C.2). 

2.6.3.2 Summary s t a t i s t i c s  (F igure C.3) f o r  t h e  raw and transformed data, i f  
appl icable,  t h e  ANOVA tab le ,  r e s u l t s  o f  B a r t l e t t ' s  Test, t h e  r e s u l t s  o f  t h e  
m u l t i p l e  comparison procedure and t h e  minimum detec tab le  d i f f e r e n c e  are 
inc luded i n  the  program output .  



EMSL C inc inna t i  Dunnett Software 

Vers ion 1.5 


1) Create a da ta  f i l e  

2) E d i t  a da ta  f i l e  

3) Perform ANOVA on e x i s t i n g  da ta  

4) Stop 


Your choice ? 1 

Number o f  groups, i n c l u d i n g  con t ro l  ? 5 

Number o f  observat ions f o r  group 1 ? 10 

Enter the  data f o r  group 1 one observat ion a t  a t ime. 

NO. l? 27 

NO. 2? 30 

NO. 3? 29 

NO. 4? 31 

NO. 5? 16 

NO. 6? 15 

NO. 7? 18 

NO. 8? 17 

NO. 9? 14 

NO. lo? 27 

Number o f  observat ions f o r  group 2 ? 10 

Do you wish t o  save t h e  data on d i s k  ?y 

Disk f i l e  f o r  output  ? c e r i o  

F igure  C.  1. 	 Sample Data Inpu t  f o r  Dunnett 's Program . fo r  Reproduction 
Data from Table C.6. 



EMSL C inc inna t i  Dunnett Software 
Vers ion 1.5 

1) Create a da ta  f i l e  

2) E d i t  a da ta  f i l e  

3) Perform ana lys is  on e x i s t i n g  da ta  set  

4) Stop 

Your choice ? 3 

F i l e  name ? c e r i o  

A v a i  1 ab le  Transformations 

1) no t ransform 

2) square r o o t  

3) log10 


Your choice ? 1 

Dunnett 's t e s t  as implemented i n  t h i s  program i s  
a one-sided t e s t .  You must spec i f y  t h e  d i r e c t i o n  
the  t e s t  i s  t o  be run; t h a t  i s ,  do you expect t h e  
means f o r  the  t e s t  groups t o  be l e s s  than o r  
g rea ter  than t h e  mean f o r  t h e  c o n t r o l  group mean. 

D i r e c t i o n  f o r  Dunnett 's t e s t  : L=less than, G=greater than ? L 

Figure C.2. Example o f  Choosing Option 3 from the  Menu o f  the  Dunnett 
Program. 



Ceriodaphnia Reproduction Data from Table C.6 


Summary Statistics and ANOVA 


Transformation = None 

Group n Mean 	 s.d. CV% 


1 = 	control 10 22.4000 6.9314 30.9 
2 10 26.3000 8.0007 30.4 
3 10 34.6000 4.8351 14.0 
4 10 31.7000 2.9458 9.3 
5* 10 9.4000 3.8930 41.4 

*) 	the mean for this group is significantly less than the control 
mean at alpha = 0.05 (1-sided) by Dunnett's test 

Minimum detectable difference for Dunnett's test = -5.628560 
This difference corresponds to -25.13 percent of control 

Between concentrations 

Sum of squares = 3887.880000 with 4 degrees of freedom. 


Error mean square = 31.853333 with 45 degrees of freedom. 

Bartlett's test p-value for equality of variances = .029 

Do you wish to restart the program ? 

Figure C.3. Example of Program Output for the Dunnett's Program Using the 

Reproduction Data from Table C.6. 




APPENDIX D 

T TEST WITH BONFERRONI'S ADJUSTMENT 

1. The t t e s t  w i t h  Bonferroni 's  adjustment i s  used as an a l t e r n a t i v e  t o  
Dunnett 's Procedure when t h e  number o f  r e p l i c a t e s  i s  no t  t h e  same f o r  a l l  
concentrat ions. This  t e s t  se ts  an upper bound o f  alpha on t h e  o v e r a l l  e r r o r  
rate,  i n  con t ras t  t o  Dunnett 's Procedure, f o r  which t h e  o v e r a l l  e r r o r  r a t e  i s  
f i x e d  a t  alpha. Thus, Dunnett 's Procedure i s  a more powerful  t e s t .  

2. The t t e s t  w i t h  Bonfer ron i ' s  adjustment i s  based on t h e  same assumptions o f  
no rma l i t y  and homogeneity o f  var iance as Dunnett 's Procedure (see Appendix B 
f o r  t e s t i n g  these assumptions), and, l i k e  Dunnett 's Procedure, uses a pooled 
est imate o f  the  variance, which i s  equal t o  t h e  e r r o r  value ca l cu la ted  i n  an 
ana lys is  o f  var iance. 

3. An example o f  t h e  use o f  the  t t e s t  w i t h  Bonfer ron i ' s  adjustment i s  
prov ided below. The data used i n  t h e  example are the  same as i n  Appendix C, 
except t h a t  the  t h i r d  r e p l i c a t e  from t h e  256 pg/L concentrat ion i s  presumed t o  
have been l o s t .  Thus, Dunnett 's Procedure cannot be used. The weight da ta  
are presented i n  Table 0.1. 

TABLE 13.1. 	 FATHEAD MINNOW, PIMEPHALES PROMELAS, LARVAL GROWTH DATA 

(WEIGHT IN  MG) USED FOR THE T-TEST WITH BONFERRONI'S 

ADJUSTMENT 


NaPCP Concentrat ion (uq/L) 

Rep1icate  Control  	 3 2 64 128 256 

A 0.711 0.517 0.602 0.566 0.455 
B 0.662 0.501 0.669 0.612 0.502 
C 0.646 0.723 0.694 0.410 (LOST) 

Tota l  (Ti) 2.709 2.301 2.641 2.260 1.211 



3 .1  .One way t o  ob ta in  an est imate o f  t h e  pooled variance i s  t o  cons t ruc t  an 
ANOVA t a b l e  i n c l u d i n g  a l l  sums o f  squares, us ing t h e  f o l l o w i n g  formulas: 

Where: p = number o f  e f f l u e n t  concentrat ions i n c l u d i n g  the  con t ro l  

iN = t h e  t o t a l  sample s ize;  = Cni 

ni = t h e  number o f  r e p l i c a t e s  f o r  concentrat ion i 

SST = C Y ~ ~ ~ - G ~ / N  Tota l  Sum o f  Squares 
ij 

S S B  = C T 1 2 / n i - G 2 / N  Between Sum o f  Squares 
i 


SSW = S S T - S S B  With in  Sum o f  Squares 

Where: G = The grand t o t a l  o f  a l l  sample observat ions; G = 5 Ti 
i - I  

Ti = The t o t a l  o f  the  r e p l i c a t e  measurements f o r  concentrat ion i 

Yij  = The j t h  observat ion f o r  concentrat ion i 

3.2 For the  data i n  t h i s  example: 

T, = Y,, + Y,, + Y,, + Y,, = 2.709 
T, = Y,, + Y,, + Y2, + Y2, = 2.301 
T, = Y,, + Y,, + Y,, + Y,, = 2.641 
T4 = Y4( + Y,, + Y,, + Y4& = 2.260 
T5 = Y5, + Y5, + Y5, + Y5, = 1.211 

S S B  = C T i 2 / n , - G 2 / N  
i 




SSW = SST-SSB 

3.3 	 Summarize these data  i n  t h e  ANOVA t a b l e  (Table D.2): 

TABLE D.2. ANOVA TABLE FOR BONFERRONI'S ADJUSTMENT 

Source d f  Sum o f  Mean Square (MS) 

Squares (SS) (SS/df 


Between P - 1  SSB S: = SSB/(p-1) 


Wi th in  N - P SSW s t  = SSW/(N-p) 


To ta l  N - 1  SST 

3.4 Summarize these data i n  t h e  ANOVA t a b l e  (Table D.3): 

3.5 To perform the  i n d i v i d u a l  comparisons, c a l c u l a t e  t h e  t s t a t i s t i c  fo r  each 
concentrat ion and c o n t r o l  combination, as fo l lows:  

Where: 	 Yi = mean f o r  each concent ra t ion  


Y, = mean f o r  t h e  c a n t r o l  


S, = square r o o t  of t h e  w i t h i n  mean square 


n, = number o f  rep1 i c a t e s  i n  t h e  con t ro l .  


ni = number o f  r e p l i c a t e s  f o r  concentrat ion i. 


285 



TABLE D.3. 	 COMPLETED ANOVA TABLE FOR THE T-TEST WITH 

BONFERRONI'S ADJUSTMENT 


Source d f  	 SS Mean Square 

Between 5 - 1 =  4 0.158 	 0.0395 

Wi th in  19 - 5 = 14 0.111 	 0.0029 

Tota l  18 	 0.269 

3.6 Table D.4 inc ludes the  ca l cu la ted  t values f o r  each concentrat ion and 
con t ro l  combination. 

TABLE D.4. CALCULATED T VALUES 

NaPCP 
Concentrat ion i 'i 

(rg/L) 

3.7 Since t h e  purpose o f  t h e  t e s t  i s  on ly  t o  de tec t  a decrease i n  growth from 
the  con t ro l ,  a one-sided t e s t  i s  appropr iate.  The c r i t i c a l  value f o r  t h e  
one-sided comparison (2.510), w i t h  an o v e r a l l  alpha l e v e l  o f  0.05, four teen 
degrees o f  freedom and f o u r  concentrat ions excluding the  cont ro l ,  was obtained 
from Table D.5. The mean weight f o r  concentrat ion "i"i s  considered 
s i g n i f i c a n t l y  l e s s  than t h e  mean weight f o r  t h e  c o n t r o l  i f  ti i s  g rea ter  than 
the  c r i t i c a l  value. Since t i s  g rea te r  than 2.510, t h e  256 pg/L 
concentrat ion has s i g n i f i c a n t l y  lower growth than the  con t ro l .  Hence t h e  NOEC 
and LOEC f o r  growth are 128 pg/L and 256 rg/L, respect ive ly .  



TABLE D . 5 .  CRIT ICAL VALUES FOR "T"  FOR THE T TEST WITH BONFERRONI'S ADJUSTMENT 
P = 0 . 0 5  CRIT ICAL LEVEL, ONE TAILED 



TABLE D.5. 	 CRITICAL VALUES FOR "T" FOR THE T TEST WITH BONFERRONI'S ADJUSTMENT 
P = 0.05 CRITICAL LEVEL, ONE TAILED (CONTINUED) 

3 2 1.694 
33 1.693 
34 1.691 
35 1.690 
36 1.689 
3 7 1.688 
38 1.686 
39 1.685 
40 1.684 
50 1.676 
60 1.671 
70 1.667 
80 1.665 
90 1.662 


100 1.661 

110 1.659 

120 1.658 


I n f i n i t e  1.645 

d . f .  	 = Degrees o f  freedom f o r  MSE (Mean Square E r ro r )  from ANOVA. 

K = Number o f  concentrat ions t o  be compared t o  t he  con t ro l .  




APPENDIX E 

STEEL'S MANY-ONE RANK TEST 

1. Steel 's  Many-one Rank Test i s  a nonparametric t e s t  f o r  comparing 
treatments w i t h  a con t ro l .  This  t e s t  i s  an a l t e r n a t i v e  t o  Dunnett's 
Procedure, and may be app l ied  t o  da ta  when t h e  no rma l i t y  assumption has no t  
been met. S tee l ' s  Test requ i res  equal var iances across the  treatments and the  
con t ro l ,  bu t  i t  i s  thought t o  be f a i r l y  i n s e n s i t i v e  t o  dev ia t ions  from t h i s  
cond i t i on  (Steel,  1959). The tab les  f o r  S tee l ' s  Test r e q u i r e  an equal number 
o f  rep1 i ca tes  a t  each concentrat ion.  I f  t h i s  i s  no t  t h e  case, use Wilcoxon's 
Rank Sum Test, w i t h  Bonferroni 's  adjustment (see Appendix F). 

2. For an ana lys is  us ing Stee l ' s  Test, f o r  each con t ro l  and concentrat ion 
combination, combine t h e  data and arrange the  observat ions i n  o rder  o f  s i z e  
from smal lest  t o  l a rges t .  Assign t h e  ranks t o  the  ordered observat ions ( 1  t o  
the  smal lest,  2  t o  t h e  next  smal lest,  e tc . ) .  I f  t i e s  occur i n  t h e  ranking, 
assign the  average rank t o  t h e  observat ion. (Extensive t i e s  would i n v a l i d a t e  
t h i s  procedure). The sum o f  t h e  ranks w i t h i n  each concentrat ion and w i t h i n  
t h e  c o n t r o l  i s  then calculated.  To determine i f  t h e  response i n  a 
concentrat ion i s  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  response i n  the  con t ro l ,  the  
minimum rank sum f o r  each concentrat ion and c o n t r o l  combination i s  compared t o  
t h e  s i g n i f i c a n t  values o f  rank sums g iven l a t e r  i n  t h i s  sect ion.  I n  t h i s  
tab le ,  k  equals the  number o f  t reatments exc luding t h e  c o n t r o l  and n equals 
t h e  number o f  r e p l i c a t e s  f o r  each concent ra t ion  and the  c o n t r o l .  

3. AII example o f  t h e  use o f  t h i s  t e s t  i s  prov ided below. The t e s t  employs 
reproduct ion data from a Ceriodaphnia dubia  7-day, chronic  t e s t .  The data are 
l i s t e d  i n  Table E.1. S i g n i f i c a n t  m o r t a l i t y  was detected v i a  F isher 's  Exact 
Test i n  t h e  50% e f f l u e n t  concentrat ion.  The data f o r  t h i s  concentrat ion i s  
no t  inc luded i n  t h e  reproduct ion ana lys is .  

TABLE E.1. 	 EXAMPLE OF STEEL'S MANY-ONE RANK TEST: DATA FOR THE 
DAPHNID, CERIODAPHNIA DUBIA, 7-DAY CHRONIC TEST 

No. 
E f f l u e n t  R e ~ li c a t e  L ive  
Concentrat ion 1 2 3 4 5 6 7 8 9 10 Adul ts  

Control  20 26 26 23 24 27 26 23 27 24 10 
3% 13 15 14 13 23 26 0 25 26 27 9 
6% 18 22 13 13 23 22 20 22 23 22 10 

12% 14 22 20 23 20 23 25 24 25 21 10 
2 5% 9 0 9 7 6 1 0 1 2 1 4  9 1 3  8 
50% 0 0 0 0 0 0 0 0 0 0 0 



4. For each con t ro l  and concentrat ion combination, combine the  data and 
arrange the  observat ions i n  order  o f  s i z e  from smal lest  t o  l a r g e s t .  Assign 
ranks (1, 2, 3,. .., 16) t o  t h e  ordered observat ions ( 1  t o  t h e  smal lest,  2 t o  
t h e  next smal lest,  e tc . ) .  I f  t i e s  occur i n  the  ranking, assign the  average 
rank t o  each t i e d  observat ion. 

5 .  An example o f  assigning ranks t o  the  combined data f o r  t h e  c o n t r o l  and 3% 
e f f l u e n t  concentrat ion i s  g iven i n  Table E.2. This  rank ing  procedure i s  
repeated f o r  each con t ro l  and concentrat ion combination. The complete se t  o f  
rankings i s  l i s t e d  i n  Table E.3. The ranks are then summed f o r  each e f f l u e n t  
concentrat ion,  as shown i n  Table E.4. 

TABLE E.2. 	 EXAMPLE OF STEEL'S MANY-ONE RANK TEST: ASSIGNING 
RANKS TO THE CONTROL AND 3% EFFLUENT CONCENTRATION 

Rank Number o f  Young Control  o r  % E f f l u e n t  
Produced 

3 
3 
3 
3 
3 

Control  
Contro l  
Contro l  

3 
con t ro l  
Contro l  

3 
Contro l  
Control  
Contro l  

3 
3 

Control  
Control  

3 

6. For t h i s  se t  o f  data, determine i f  the  reproduct ion i n  any o f  the  e f f l u e n t  
concentrat ions i s  s i g n i f i c a n t l y  lower than the  reproduct ion by the  c o n t r o l  
organisms. I f  t h i s  occurs, t h e  rank sum a t  t h a t  concentrat ion would be 
s i g n i f i c a n t l y  lower than t h e  rank  sum o f  t h e  c o n t r o l .  Thus, compare the  rank 
sums f o r  t h e  reproduct ion o f  each o f  t h e  var ious e f f l u e n t  concentrat ions w i t h  
some "minimum" o r  c r i t i c a l  rank sum, a t  o r  below which t h e  reproduct ion would 
be considered t o  be s i g n i f i c a n t l y  lower than t h e  c o n t r o l .  A t  a p r o b a b i l i t y  



TABLE E.3. TABLE OF RANKS 


Rep1 i c a t e  con t ro l1  E f f l u e n t  Concentrat ion (%I 
(Organi sm) 3 6 12 25 

' Contro l  ranks are g iven i n  the  order  o f  t h e  concentrat ion w i t h  which they 
were ranked. 

TABLE E.4. RANK SUMS 

E f f l u e n t  Rank Sum 
Concentrat ion 

(%I 

l e v e l  o f  0.05, t h e  c r i t i c a l  rank  i n  a t e s t  w i t h  four concentrat ions and ten  
rep1 i ca tes  i s  76 (see Table E.5, f o r  R=4). 

7. Comparing t h e  rank sums i n  Table E.4 t o  t h e  appropr iate c r i t i c a l  rank, the  
6%, 12% and 25% e f f l u e n t  concentrat ions are found t o  be s i g n i f i c a n t l y  
d i f f e r e n t  from t h e  con t ro l .  Thus t h e  NOEC and LOEC f o r  reproduct ion are 3% 
and 6%, respec t i ve l y .  



- - - - - - - - - - - - - -  - - 

TABLE E.5. SIGNIFICANT VALUES OF RANK SUMS: JOINT CONFIDENCE 

COEFFICIENTS OF 0.95 (UPPER) and 0.99 (LOWER) FOR 

n 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

ONE-SIDED ALTERNATIVES (S tee l ,  1959) 

k = number o f  t rea tments  l e x c l u d i n q  c o n t r o l )  

2 3 4 5 6 7 8 9 

11 10 10 10 10 - - - - - -

18 17 17 16 16 16 16 15 
15 - - - - - - - - - - - - - -
27 26 2 5 25 24 24 24 23 
23 22 21 21 - - - - - - - -
3 7 36 35 3 5 34 34 33 33 
32 3 1  30 30 29 29 29 29 
49 48 47 46 46 45 45 44 
43 42 41 40 40 40 39 39 
63 62 61 60 59 59 58 58 
56 55 54 53 52 52 51 51 
79 77 76 75 74 74 73 72 
71 69 68 67 66 66 65 65 
97 95 93 92 91 90 90 89 
87 85 84 83 82 81 81 80 

116 114 112 111 110 109 108 108 
105 103 102 100 99 99 98 98 
138 135 133 132 130 129 129 128 
125 123 121 120 119 118 117 117 
161 158 155 154 153 152 151 150 
147 144 142 141 140 139 138 137 
186 182 180 178 177 176 175 174 
170 167 165 164 162 161 160 160 
213 209 206 204 203 201 200 199 
196 192 190 188 187 186 185 184 
241 237 234 232 231 229 228 227 
223 219 217 215 213 212 211 210 
272 267 264 262 260 259 257 256 
252 248 245 243 241 240 239 238 
304 299 296 294 292 290 288 287 
282 278 275 273 272 270 268 267 
339 333 330 327 325 323 322 320 
315 310 307 305 303 301 300 299 



APPENDIX F 


WILCOXON RANK SUM TEST 


1. Wilcoxon's Rank Sum Test is a nonparametric test, to be used as an 
alternative to Steel's Many-one Rank Test when the number of replicates are 
not the same at each concentration. A Bonferroni's adjustment of the pairwise 

error rate for comparison of each concentration versus the control is used to 

set an upper bound of alpha on the overall error rate, in contrast to Steel's 

Many-one Rank Test, for which the overall error rate is fixed at alpha. Thus, 

Steel's Test is a more powerful test. 


2. An example of the use of the Wilcoxon Rank Sum Test is provided in Table 
F.1.  The data used in the example are the same as in Appendix E, except that 

two males are presumed to have occurred, one in the control and one in the 25% 

effluent concentration. Thus, there is unequal rep1 ication for the 

reproduct ion analysis. 


3. For each concentration and control combination, combine the data and 

arrange the values in order of size, from smallest to largest. Assign ranks 

to the ordered observations (a rank of 1 to the smallest, 2 to the next 

smallest, etc.). If ties in rank occur, assign the average rank to each tied 

observation. 


TABLE F.1. 	 EXAMPLE OF WILCOXON'S RANK SUM TEST: DATA FOR THE 

DAPHNID, CERIODAPHNIA DUBIA, 7-DAY CHRONIC TEST 


No. 

Effluent R e ~ licate Live 

Concentration 1 2 3 4 5 6 7 8 9 10 Adults 


Cont M 26 26 23 24 27 26 23 27 24 10 

3% 13 15 14 13 23 26 0 25 26 27 9 

6% 18 22 13 13 23 22 20 22 23 22 10 


12% 14 22 20 23 M 23 25 24 25 21 10 

2 5% 9 0 9 7 6 1 0 1 2 1 4  9 1 3  8 

50% 0 0 0 0 0 0 0 0 0 0 0 


4. An example of assigning ranks to the combined data for the control and 
3% effluent concentration is given in Table F.2. This ranking procedure is 
repeated for each of the three remaining control versus test concentration 
combinations. The complete set of ranks is listed in Table F.3. The ranks 
are then summed for each effluent concentration, as shown in Table F.4. 

5. For this set of data, determine if the reproduction in any of the effluent 

concentrations is significantly lower than the reproduction by the control 




TABLE F.2. EXAMPLE OF WILCOXON'S RANK SUM TEST: ASSIGNING 

RANKS TO THE CONTROL AND EFFLUENT CONCENTRATIONS 


Rank Number of Young Control or % Effluent 
Produced 


. 

3 

Control 

Control 


3 

Control 

Control 


3 

Control 

Control 

Control 


3 

3 


Control 

Control 


3 


organisms. If this occurs, the rank sum at that concentration would be 

significantly lower than the rank sum for the control. Thus, compare the rank 

sums for the reproduction of each of the various effluent concentrations with 

some "minimum" or critical rank sum, at or below which the reproduction would 

be considered to be significantly lower than the control. At a probability 

level of 0.05, the critical rank in a test with four concentrations and nine 
replicates in the control is 72 for those concentrations with ten replicates, 
and 60 for those concentrations with nine replicates (see Table F.5, for K = 
4 ) .  

6. Comparing the rank sums in Table F.4 to the appropriate critical rank, the 

6%, 12% and 25% effluent concentrations are found to be significantly 

different from the control. Thus, the NOEC and LOEC for reproduction are 3% 

and 6%, respectively. 




TABLE F.3. TABLE OF RANKS 


Repl i c a t e  control '  E f f luen t  Concentration 1%)  
(Organism) 3 6 12 25 

' Control ranks are given i n  the  order o f  the  concentration wi th  which they 
were ranked. 

TABLE F.4. RANK SUMS 

E f f luen t  Rank Sum No. o f  C r i t i c a l  
Concentration Rep1 i ca tes  Rank Sum 



TABLE F.5. 	 CRITICAL VALUES FOR WILCOXON'S RANK SUM TEST WITH 
BONFERRONI'S ADJUSTMENT OF ERROR RATE FOR COMPARISON OF TREATMENTS .A 	 - PERCENT. 
LEVEL (ONE-SIDED ALTERNATIVE: TREATMENT CONTROL) 

K No. Rep1 i c a t e s  &. o f  R e ~ l i c a t e s  Per E f f l u e n t  Concentrat ion 
i n  Control  

3 4 5 6 7 8 9 1 0 



TABLE F.5. CRITICAL VALUES FOR WILCOXON'S RANK SUM TEST WITH BONFERRONI'S 
ADJUSTMENT OF ERROR RATE FOR COMPARISON OF "K" TREATMENTS 

~~~ 

VERSUS A C ~ N T R ~ ~ F I V EPERCENT CRITICA~LEVEL (ONE~SIDED
ALTERNATIVE: TREATMENT CONTROL) (CONTINUED) 

K No. Rep1 i c a t e s  
i n  Control 

l o .  o f  Real i c a t e s  Per E f f l u e n t  Concentration 

3 4 5 6 7 8 9 1 0 



TABLE F.5. CRITICAL VALUES FOR WILCOXON'S RANK SUM TEST WITH BONFERRONI'S 
ADJUSTMENT OF ERROR RATE FOR COMPARISON OF "K" TREATMENTS 
VERSUS A CONTROL FIVE PERCENT CRITICAL LEVEL (ONE-SIDED 
ALTERNATIVE: TREATMENT CONTROL) (CONTINUED) 

K No. R e p l i c a t e s  
i n  Cont ro l  

No. o f  R e ~ l i c a t e  Per  E f f l u e n t  Concentrat ion 

3 4 5 6 7 8 9 1 0 



APPENDIX G 


FISHER'S EXACT TEST 


1. F isher 's  Exact Test (Finney, 1948; Pearson and Har t ley ,  1962) i s  a 
s t a t i s t i c a l  method based on t h e  hypergeometric p r o b a b i l i t y  d i s t r i b u t i o n  t h a t  
can be used t o  t e s t  i f  t h e  p ropo r t i on  o f  successes i s  the  same i n  two 
Bernou l l i  (binomial)  populat ions.  When used w i t h  t h e  Ceriodaphnia dubia data, 
i t  provides a conservat ive t e s t  o f  t h e  e q u a l i t y  o f  any two su rv i va l  
p ropor t ions  assuming on l y  t h e  independence o f  responses from a B e r n o u l l i  
populat ion.  Add i t i ona l l y ,  s ince i t i s  a conservat ive t e s t ,  a  pa i r -w ise  
comparison e r r o r  r a t e  o f  0.05 i s  suggested r a t h e r  t h a t  an experiment-wise 
e r r o r  r a t e .  

2. The bas is  f o r  F isher 's  Exact Test  i s  a 2x2 contingency tab le .  However, i n  
order  t o  use t h i s  t a b l e  t h e  cont ingency t a b l e  must be arranged i n  t h e  format 
shown i n  Table G.1.  From t h e  2x2 tab le ,  se t  up f o r  the  con t ro l  and t h e  
concentrat ion you wish t o  compare, you can determine s t a t i s t i c a l  s i gn i f i cance  
by l ook ing  up a value i n  t h e  t a b l e  prov ided l a t e r  i n  t h i s  sect ion.  

TABLE G. 1. FORMAT FOR CONTINGENCY TABLE 

Number o f  
Number o f  

Successes Fai 1 ures Observations 

Row 1 a A - a  A 

Row 2 b B - b  B 

Tota l  a t b  [ ( A t B )  - a - b ]  A t B  

3. Arrange the  t a b l e  so t h a t  the  t o t a l  number o f  observat ions f o r  row one i s  
g rea ter  than o r  equal t o  t h e  t o t a l  f o r  row two (A r 8). Categorize a success 
such t h a t  the  p ropo r t i on  o f  successes f o r  row one i s  g rea ter  than o r  equal t o  
the  p ropo r t i on  o f  successes f o r  row two (a/A r b/B). For the  Ceriodaphnia 
dubia su rv i va l  data, a success may be ' a l i v e '  o r  'dead', whichever causes 
a/A r b/B. The t e s t  i s  then conducted by l ook ing  up a value i n  t h e  t a b l e  o f  
s i gn i f i cance  l e v e l s  o f  b and comparing i t  t o  t h e  b value g iven i n  t h e  
contingency tab le .  The t a b l e  o f  s i g n i f i c a n c e  l e v e l s  o f  b i s  Table 6.5. Enter 
Table 6.5 i n  t h e  sec t i on  f o r  A, subsect ion f o r  B, and t h e  l i n e  f o r  a. I f  the  
b value o f  t h e  contingency t a b l e  i s  equal t o  o r  l ess  than t h e  i n t e g e r  i n  the  
column headed 0.05 i n  Table 6.5, then t h e  s u r v i v a l  p ropo r t i on  f o r  t h e  e f f l u e n t  
concentrat ion i s  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  su rv i va l  p ropo r t i on  f o r  the  
c o n t r o l .  A dash o r  absence o f  e n t r y  i n  Table 6.5 i nd i ca tes  t h a t  no 
contingency t a b l e  i n  t h a t  c lass  i s  s i g n i f i c a n t .  



4. To i l l u s t r a t e  F isher 's  Exact Test, a  s e t  o f  su rv i va l  d a t i  (Table 6.2) from 
the  daphnid, Ceriodaphnia dubia, s u r v i v a l  and reproduct ion t e s t  w i l l  be used: 

TABLE 6.2. 	 EXAMPLE OF FISHER'S EXACT TEST: 
CERIODAPHNIA DUBIA MORTALITY DATA 

E f f l u e n t  
Concentrat ion (%) No. Dead Tota l ' 

Contro l  

1 

3 

6 

12 

25 

' Tota l  number o f  l i v e  adu l ts  a t  t h e  beginning o f  t h e  t e s t .  

5. For each c o n t r o l  and e f f l u e n t  concentrat ion cons t ruc t  a 2x2 contingency 
tab le .  

6.  For the  con t ro l  and e f f l u e n t  concent ra t ion  o f  1% the  appropr iate 
contingency t a b l e  f o r  the  t e s t  i s  g iven i n  Table 6.3. 

7 .  Since 10/10 > 8/9, the  category ' a l i v e '  i s  regarded as a success. For A = 
10, B = 9 and, a - 10, under t h e  column headed 0.05, t h e  value from Table 6.5 
i s  b = 5. Since the  value o f  b (b = 8)  from t h e  contingency t a b l e  
(Table 6.3), i s  g rea ter  than t h e  value o f  b (b = 5) from Table 6.5, t h e  t e s t  
concludes t h a t  the  p ropo r t i on  o f  su rv i va l  i s  no t  s i g n i f i c a n t l y  d i f f e r e n t  f o r  
the  con t ro l  and 1% e f f l u e n t .  

8. The contingency tab les  f o r  t h e  combinations o f  con t ro l  and e f f l u e n t  
concentrat ions o f  3%, 6%, 12% are i d e n t i c a l  t o  Table 6.3. The conclus ion o f  
no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  p ropo r t i on  o f  su rv i va l  f o r  the  con t ro l  and 
t h e  l e v e l  o f  e f f l u e n t  would a l so  remain the  same. 

9. For the  combination of c o n t r o l  and 25% e f f l u e n t ,  t h e  contingency t a b l e  
would be constructed as Table 6.4. The category 'dead' i s  regarded as a 
success, s ince 10/10 > 1/9. The b value (b = 1) from the  contingency t a b l e  
(Table 6.4) i s  l e s s  than the  b value (b  = 5) from t h e  t a b l e  o f  s i gn i f i cance  
l e v e l s  o f  b (Table 6.5). 



Thus, t h e  percent m o r t a l i t y  f o r  25% e f f l u e n t  i s  s i g n i f i c a n t l y  g rea te r  than t h e  
percent m o r t a l i t y  f o r  t h e  con t ro l .  Thus, t h e  NOEC and LOEC f o r  su rv i va l  are 
12% and 25%, respec t i ve l y .  

TABLE 6.3. 2x2 CONTINGENCY TABLE FOR CONTROL AND 1%EFFLUENT 

Number o f  

A1 i v e  Dead 
Number o f  

Observations 

1% E f f l u e n t  10 0 10 

Control  8 1 9 

To ta l  18 1 19 

Table 6.4. 2x2 CONTINGENCY TABLE FOR CONTROL AND 25% EFFLUENT 

Number o f  
Number o f  

Dead A l i v e  Observations 

25% E f f l u e n t  10 0 10 

Contro l  1 8 9 

Tota l  11 8 19 



TABLE 6.5.  	 SIGNIFICANT LEVELS OF B: VALUES OF B (LARGE TYPE) 
AND CORRESPONDING PROBABILITIES (SMALL TYPE) 

Probability 

1 .ow 
0 402-
-

1 we-

' The table shows:(l) I n  bold type, for given a, A and B,  the value of b ([a) uhich i s  just signif icant 
at the probabil i ty level quoted (one-tailed test); and (2) I n  small type, for  given A, B and r = a + 
b, the exact probabil i ty ( i f  there i s  independence) that b i s  equal to  or less than the integer shown 
I n  bold type. From Pearson and Hartley (1962). 
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TABLE 6 . 5 .  SIGNIFICANT LEVELS OF B: 
CORRESPONDING PROBABILITIES 

VALUES OF , B  (LARGE TYPE) 
(SMALL TYPE) (CONTINUED) 
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TABLE 6 . 5 .  S IGNIF ICANT LEVELS OF B: VALUES OF B (LARGE TYPE) 


A l l  6 

5 

4 

3 

2 

A112 8 4 2  

11 

10 

9 

8 
7 
6 
11 
10 
9 
8 
7 
11 
10 
9 
8 
11 
10 
9 
11 
10 

12 
11 
10 
9 
8 
7 
6 

5 
4 
12 
11 
10 
9 
8 
7 
6 
5 
12 
11 
10 
9 
8 
7 
6 

5 
12 
11 
10 
9 
8 

AND CORRESPONDING 
(CONTINUED) 

ProbabiLity 

0-05 0.025 0-01 0-005 
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10 0 .wr 0 .o.. 0 408 -
9 0 430 0 .Ole - -
8 0 -ore - - .  -
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11 0 .wo 0 .we 0 ..OD -
10 0 422 0 411 - -
9 0 .OW - - -
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A=13 8.13 	 13 9 .OU 8 7 .oar 6 .ow 
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TABLE 6.5. SIGNIFICANT LEVELS OF 6: VALUES OF B (LARGE TYPE) 

AND CORRESPONDING PROBABILITIES 
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TABLE 6 . 5 .  	 S IGNIFICANT LEVELS OF B: VALUES OF B (LARGE TYPE) 

AND CORRESPONDING PROBABILITIES (SMALL TYPE) 
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APPENDIX H 

SINGLE CONCENTRATION TOXICITY TEST - COMPARISON OF CONTROL 
WITH 100% EFFLUENT OR RECEIVING WATER 

1. To s t a t i s t i c a l l y  compare a c o n t r o l  w i t h  one concentrat ion, such as 100% 
ef f luent  o r  t h e  instream waste concentrat ion,  a t - t e s t  i s  the  recommended 
analys is .  The t - t e s t  i s  based on t h e  assumptions t h a t  the  observat ions are 
independent and normal 1 y  d i s t r i b u t e d  and t h a t  t h e  variances o f  the  
observat ions are equal between the  two groups. 

2. Shapiro Wi lk 's  t e s t  may be used t o  t e s t  t h e  no rma l i t y  assumption (see 
Appendix B f o r  d e t a i l s ) .  I f  t h e  da ta  do n o t  meet t h e  no rma l i t y  assumption, 
the  nonparametric t e s t ,  Wilcoxon's Rank Sum Test, may be used t o  analyze t h e  
data. An example o f  t h i s  t e s t  i s  g iven i n  Appendix F. Since a con t ro l  and 
one concentrat ion are being compared, t h e  K = 1 sec t ion  o f  Table F.5 conta ins 
t h e  needed c r i t i c a l  values. 

3 .  The F t e s t  f o r  e q u a l i t y  o f  var iances i s  used t o  t e s t  t h e  homogeneity o f  
var iance assumption. When conduct ing t h e  F t e s t ,  the  a l t e r n a t i v e  hypothesis 
o f  i n t e r e s t  i s  t h a t  t h e  variances are no t  equal. 

4. To make the  t w o - t a i l e d  F t e s t  a t  the  0.01 l e v e l  o f  s ign i f i cance,  pu t  the  
l a r g e r  o f  t h e  two variances i n  the  numerator o f  F. 

5 .  Compare F w i t h  t h e  0.005 l e v e l  o f  a tab led  F value w i t h  n, - 1 and n2 - 1 
degrees o f  freedom, where n, and n, are t h e  number o f  r e p l i c a t e s  f o r  each o f  
the  two groups. 

6.  A s e t  o f  Ceriodaphnia dubia reproduct ion data from an e f f l u e n t  screening 
t e s t  w i l l  be used t o  i l l u s t r a t e  t h e  F t e s t .  The raw data, mean and var iance 
f o r  the  con t ro l  and 100% e f f l u e n t  a re  g iven i n  Table H.1. 

7.  Since the  v a r j a b i l i t y  o f  t h e  100% e f f l u e n t  i s  g rea ter  than the  v a r i a b i l i t y  
o f  the  con t ro l ,  S f o r  the  100% e f z l u e n t  concentrat ion i s  placed i n  the  
numerator o f  t h e  F s t a t i s t i c  and S f o r  t h e  c o n t r o l  i s  placed i n  t h e  
denominator. 

8. There are 9 r e p l i c a t e s  f o r  the  e f f l u e n t  concentrat ion and 8 r e p l i c a t e s  f o r  
the  con t ro l .  Thus, t h e  numerator degrees o f  freedom i s  8 and t h e  denominator 
degrees o f  freedom i s  7. For a t w o - t a i l e d  t e s t  a t  t h e  0.01 l e v e l  o f  
s ign i f i cance,  t h e  c r i t i c a l  F value i s  obtained from a t a b l e  o f  t h e  F 



TABLE H.l.	CERIODAPHNIA DUBIA REPRODUCTION DATA 
FROM AN EFFLUENT SCREENING TEST 

icate  
1 2 3 4 pD16 7 8 9 1 0  X SZ 

Control  36 38 35 35 28 41 37 33 . 35.4 14.5 
1 0 0 % E f f l u e n t  23 14 21 7 12 17 23 8 18 . 15.9 36.6 

d i s t r i b u t i o n  (Snedecor and Cochran, 1980). The c r i t i c a l  F value f o r  t h i s  t e s t  
i s  8.68. Since 2.52 i s  n o t  g rea ter  than 8.68, t h e  conclus ion i s  t h a t  the  
variances o f  t h e  c o n t r o l  and 100% e f f l u e n t  a re  homogeneous. 

9. EQUAL VARIANCE T-TEST 

9.1 To perform t h e  t - t e s t ,  ' c a l c u l a t e  t h e  f o l l o w i n g  t e s t  s t a t i s t i c :  

Where: 	 Y, = Mean f o r  t h e  c o n t r o l  


7, = Mean f o r  the  e f f l u e n t  concentrat ion 


S: = 	 Est imate o f  t h e  variance f o r  the  con t ro l  

S: 	 = Estimate o f  t h e  var iance f o r  the  e f f l u e n t  
concent ra t ion  

n, = 	 Number o f  r e p l i c a t e s  f o r  the  con t ro l  

n, 	 = Number o f  r e p l i c a t e s  f o r  the  e f f l u e n t  
concent ra t ion  

9.2 Since we are u s u a l l y  concerned w i t h  a decreased response from the  



con t ro l ,  such as a decrease i n  s u r v i v a l  o r  a decrease i n  reproduct ion,  a 
one - ta i l ed  t e s t  i s  appropriate. Thus, compare t h e  ca l cu la ted  t w i t h  a 
c r i t i c a l  t, where t h e  c r i t i c a l  t i s  a t  t h e  5% l e v e l  o f  s i g n i f i c a n c e  w i t h  n, t 
n, - 2 degrees o f  freedom. I f  the  ca l cu la ted  t exceeds t h e  c r i t i c a l  t, the  
mean responses are declared d i f f e r e n t .  

9.3 Using t h e  data from Table H.l t o  i l l u s t r a t e  t h e  t - t e s t ,  the  c a l c u l a t i o n  
o f  t i s  as fo l lows:  

35.4-15.9 = 7.82t = 
7 

Where: 

9.4 For an 0.05 l e v e l  o f  s i g n i f i c a n c e  t e s t  w i t h  15 degrees o f  freedom the  
c r i t i c a l  t i s  1.754 (Note: Table 0.5 f o r  K = 1 inc ludes the  c r i t i c a l  t values 
f o r  comparing two groups). Since 7.82 i s  g rea ter  than 1.754, the  conclus ion 
i s  t h a t  t h e  reproduct ion i n  the  100% e f f l u e n t  concentrat ion i s  s i g n i f i c a n t l y  
lower than the  con t ro l  reproduct ion.  

10. UNEQUAL VARIANCE T-TEST 

10.1 I f  the  F t e s t  f o r  e q u a l i t y  o f  var iance f a i l s ,  t h e  t - t e s t  i s  s t i l l  a 
v a l i d  t e s t .  However, the  denominator o f  the  t s t a t i s t i c  i s  adjusted as 
fo l lows:  

Where: Y, = Mean f o r  the  c o n t r o l  

Y, = 	 Mean f o r  t h e  e f f l u e n t  concentrat ion 

S: = 	 Est imate o f  t h e  variance f o r  the  con t ro l  

S: 	 = Estimate o f  t h e  var iance f o r  the  e f f l u e n t  
concentrat ion 

n, = 	 Number o f  r e p l i c a t e s  f o r  the  con t ro l  

n, = 	 Number o f  r e p l i c a t e s  f o r  t h e  e f f l u e n t  
concentrat ion 



10.2 Add i t i ona l l y ,  t h e  degrees o f  freedom f o r  t h e  t e s t  are adjusted us ing the  
f o l l o w i n g  formula: 

(nl-1) (n2-l) 
df' = 

n - 1  C2+(1-C) (n,-1) 

Where: 

10.3 The modi f ied  degrees o f  freedom i s  u s u a l l y  n o t  an i n tege r .  Common 
p r a c t i c e  i s  t o  round down t o  t h e  nearest  i n tege r .  

10.4 The t - t e s t  i s  then conducted as t h e  equal var iance t - t e s t .  The 
ca l cu la ted  t i s  compared t o  t h e  c r i t i c a l  t a t  t h e  0.05 s i g n i f i c a n c e  l e v e l  w i t h  
the  mod i f ied  degrees o f  freedom. I f  t h e  ca l cu la ted  t exceeds t h e  c r i t i c a l  t, 
the  mean responses are found t o  be s t a t i s t i c a l l y  d i f f e r e n t .  



APPENDIX I 


PROBIT ANALYSIS 


1. This program ca l cu la tes  t h e  ECl and EC50 ( o r  LC1 and LC50), and the  
associated 95% conf idence i n t e r v a l s .  

2. The program i s  w r i t t e n  i n  IBM PC Basic f o r  t h e  IBM compatible PC by 
Computer Sciences Corporat ion, 26 W. Mar t i n  Luther  King Drive, C inc innat i ,  OH 
45268. A compiled, executable ve rs ion  o f  t h e  program can be obta ined from 
EMSL-Cincinnati by sending a w r i t t e n  request t o  EMSL a t  3411 Church St ree t ,  
C inc innat i ,  OH 45244. 

2 . 1  Data i npu t  i s  i l l u s t r a t e d  by a s e t  o f  t o t a l  m o r t a l i t y  data (F igure 1.1) 
from a fathead minnow embryo-larval s u r v i v a l  and t e r a t o g e n i c i t y  t e s t .  The 
program requests the  f o l l o w i n g  i npu t :  

1. Desired output  o f  abbreviated (A) 	 o r  f u l l  (F) output? (Note: on l y  
abbreviated output  i s  shown below.) 

2. 	 Output designat ion (P = p r i n t e r ,  D = d i s k  f i l e ) .  
3. 	 T i t l e  f o r  the  output.  
4. 	 The number o f  exposure concentrat ions. 
5. 	 Toxicant concentrat ion data. 

2.2 The program output  f o r  t h e  abbreviated output  inc ludes t h e  fo l l ow ing :  

1. A t a b l e  o f  the  observed p ropo r t i on  responding and t h e  p ropo r t i on  

responding adjusted f o r  t h e  c o n t r o l s  (see Figure 1.2). 


2. 	 The ca l cu la ted  chi-square s t a t i s t i c  f o r  heterogenei ty  and t h e  t a b u l a r  
value. This  t e s t  i s  one i n d i c a t o r  o f  how w e l l  t h e  data f i t  t h e  model. 
The program w i l l  issue a warning when t h e  t e s t  i nd i ca tes  t h a t  the  data 
do no t  f i t  t h e  model. 

3. 	 Estimated LC1 and LC50 values and associated 95% confidence i n t e r v a l s  
(see Figure 1.2). 



~ ~ ~~ ~ ~ 

USEPA PROBIT ANALYSIS PROGRW 

USED FOR ULWLATIYG LCIEC VALUES 


Version 1.5 


Do you uish abbreviated (A) or f u l l  (F) inputloutput? A 
Output to  pr inter (P) or disk f i l a  (0)7 P 
T i t l e  7 Ex.nple of Probit A r u 1 y . i ~  

N h r  responding i n  the control g r a p  = ? 2 

N h r  of animals exposed i n  tho concurrent control orow = 7 20 

N h r  of exposure concentrations, exclusive of controls ? 5 


Input data start ing with the lows t  exposure concentration 

concentration = 7 0.5 

N h r  responding = ? 2 

N h r  exposed = ? 20 


Concentration - 7 1.0 

N h r  responding = ? 1 

N W r  exposed = ? 20 


Concentration = 7 2.0 

N h r  responding = 7 4 

N h r  exposed = 7 20 


Concentration = 7 4.0 

N h r  responding = ? 16 

N d e r  exposed = 7 20 


Concentration = 7 8.0 

N h r  responding = 
N h r  exposed - 7 

7 20 

20 

N h r  U h r  

N h r  Conc. Rap. Exposed 


-7- m - 2 0  
2 1.0000 1 20 

3 2.0000 4 20 

4 4.0000 16 20 

5 8.0000 20 20 


00 you uish to  m d i f y  your data 7 N 

The mnber of control an imls  which respondd = 2 

The mr*1.r of control aninsls exposed = 20 

Do you uish t o  modify these values 7 N 


Figure 1.1. Sample Data Input f o r  USEPA Probi t  Analysis Program, Version 
1.5.  



Example o f  Probi t Analys is  

Propor t ion  
Observed Responding 

Number . Number Propor t ion  Adjusted f o r  
Conc . Exposed Resp. Responding Contro ls  

Control  20 2 0.1000 0.0000 
0.5000 20 2 0.1000 0.0174 
1.0000 20 1 0.0500 - .0372 
2.0000 20 4 0.2000 0.1265 

Chi - Square f o r  Heterogeneity (ca lcu la ted)  = 0.441 
Chi - Square f o r  Heterogeneity 

( t abu la r  value a t  0.05 l e v e l )  = 7.815 

Example o f  P r o b i t  Analys is  

Estimated LC/EC Values and Confidence L i m i t s  

Exposure Lower Upper
Po in t  Conc. 95% Confidence L i m i t s  

F igure 1.2. USEPA P r o b i t  Analys is  Program Used f o r  Ca lcu la t i ng  LC/EC 
Values, Version 1.5. 



APPENDIX J 


SPEARMAN-KARBER METHOD 


1. The Spearman-Karber Method i s  a nonparametric s t a t i s t i c a l  procedure f o r  
es t imat ing  the  LC50 and t h e  associated 95% conf idence i n t e r v a l  (Finney, 1978). 
The Spearman-Karber Method est imates t h e  mean o f  t h e  d i s t r i b u t i o n  o f  the  loglo 
o f  t h e  to lerance.  I f  t h e  l o g  to le rance d i s t r i b u t i o n  i s  symmetric, t h i s  
est imate o f  t h e  mean i s  equ iva len t  t o  an est imate o f  t h e  median o f  t h e  l o g  
to lerance d i s t r i b u t i o n .  

2. I f  the  response propor t ions  are n o t  monotonical ly  non-decreasing w i t h  
increas ing  concentrat ion (constant o r  s t e a d i l y  inc reas ing  w i t h  concentrat ion) ,  
t h e  da ta  must be smoothed. Abbott 's procedure i s  used t o  "ad jus t "  t h e  
concentrat ion response propor t ions  f o r  m o r t a l i t y  occur r ing  i n  t h e  c o n t r o l  
rep1 ica tes .  

3 .  Use o f  the  Spearman-Karber Method i s  recommended when p a r t i a l  m o r t a l i t i e s  
occur i n  the  t e s t  so lu t ions ,  bu t  t h e  data do no t  f i t  t h e  P r o b i t  model. 

4. To c a l c u l a t e  t h e  LC50 us ing  t h e  Spearman-Karber Method, t h e  f o l l o w i n g  must 
be t rue :  1) the  smoothed adjusted p ropo r t i on  m o r t a l i t y  f o r  the  lowest 
e f f l u e n t  concentrat ion (not  i n c l u d i n g  t h e  c o n t r o l )  must be zero, and 2) the  
smoothed adjusted p ropo r t i on  m o r t a l i t y  f o r  t h e  h ighest  e f f l u e n t  concentrat ion 
must be one. 

5. To c a l c u l a t e  t h e  95% confidence i n t e r v a l  f o r  t h e  LC50 est imate, one o r  
more o f  t h e  smoothed adjusted p ropo r t i on  m o r t a l i t i e s  must be between zero and 
one. 

6. The Spearman-Karber Method i s  i l l u s t r a t e d  below using a se t  o f  m o r t a l i t y  
data from a Fathead Minnow Larval  Surv iva l  and Growth t e s t .  These data are 
l i s t e d  i n  Table J.1. 

TABLE J. 1. 	EXAMPLE OF SPEARMAN-KARBER METHOD: MORTALITY DATA FROM 
A FATHEAD MINNOW LARVAL SURVIVAL AND GROWTH TEST 
(40 ORGANISMS PER CONCENTRATION) 

E f f l u e n t  Number o f  M o r t a l i t y 

Concentrat ion M o r t a l i t i e s  Propor t ion  


Contro l  
6.25% 


12.5% 

25.0% 

50.0% 


100.0% 



7. Le t  p,, p,, .. . , pk denote t h e  observed response p ropo r t i on  m o r t a l i t i e s  
f o r  t h e  c o n t r o l  and k e f f l u e n t  concentrat ions.  The f i r s t  s tep i s  t o  smooth 
t h e  pi i f  they do n o t  s a t i s f y  p, 5 p, 5 ... 5 p,. The smoothing process 
replaces any adjacent pi's t h a t  do n o t  conform t o  p, 5 p, 5 . . . s p, w i t h  t h e i r  
average. For example, i f  pi i s  l e s s  than pi., then: 

Where: p; = 	t h e  smoothed observed p ropo r t i on  m o r t a l i t y  f o r  e f f l u e n t  
concentrat ion i. 

7.1 For the  da ta  i n  t h i s  example, because t h e  observed m o r t a l i t y  p ropor t ions  
f o r  t h e  c o n t r o l  and t h e  6.25% e f f l u e n t  concentrat ion are greater  than the  
observed response propor t ions  f o r  t h e  12.5% and 25.0% e f f l u e n t  concentrat ions, 
the  responses f o r  these f o u r  groups must be averaged: 

7.2 Since pbs- 0.65 i s  l a r g e r  than ps, se t  pa = 0.65. S i m i l a r l y ,  p, = 1.00 i s  
l a r g e r  than p,, so se t  pz = 1.00. ~ d d i t i o n a l  smoothing i s  no t  necessary. The 
smoothed observed p ropo r t i on  m o r t a l i t i e s  are shown i n  Table 5.2. 

8. Adjust  t h e  smoothed observed p ropo r t i on  m o r t a l i t y  i n  each e f f l u e n t  
concentrat ion f o r  m o r t a l i t y  i n  t h e  c o n t r o l  group us ing  Abbott 's formula 
(Finney, 1971). The adjustment takes t h e  form: 

Where: py = ( p i  - p:) / (I - p i )  

p: = 	t h e  smoothed observed p ropo r t i on  m o r t a l i t y  f o r  the  c o n t r o l  

p; = 	t h e  smoothed observed p ropo r t i on  m o r t a l i t y  f o r  e f f l u e n t  
concentrat ion i. 

8.1 For the  data i n  t h i s  example, t h e  data f o r  each e f f l u e n t  concentrat ion 
must be adjusted f o r  c o n t r o l  m o r t a l i t y  us ing Abbott 's formula, as fo l lows:  



The smoothed, adjusted response proportions f o r  the e f f l uen t  concentrations 
are shown i n  Table 5.2. A p l o t  o f  the smoothed, adjusted data i s  shown i n  
Figure J.1. 

TABLE 5.2. 	 EXAMPLE OF SPEARMAN-KARBER METHOD: SMOOTHED, ADJUSTED 
MORTALITY DATA FROM A FATHEAD MINNOW LARVAL SURVIVAL 
AND GROWTH TEST 

Smoothed, 

Ef f luent  Mortalit y  
Smoothed 
Mortalit y  

Adjusted 
Mor ta l i t y  

Concentration Proportion Proportion Proportion 

Control 0.05 0.025 
6.25% 0.05 0.025 

12.5% 0.00 0.025 
25.0% 0.00 0.025 
50.w 0.65 0.650 

100.0% 1.00 1.ooo 

9. Calculate the loglo o f  the estimated LC50, m, as follows: 

Where: p; - the smoothed adjusted proport ion mor ta l i t y  a t  concentration i 

X, = the loglo o f  concentration i 

k = the number o f  e f f luen t  concentrations tested, not including the 
control .  

9.1 For t h i s  example, the loglo o f  the estimated LC50, m, i s  calculated as 
follows: 



OBSERVED PROPORTION MORTALITY 
SMOOTHED PROPORTON MORTALITY 

-.-.--.-......SMOOTHEDADJUSTED PROFORTONMORTALITY 

W 
C 
(D 

I I I I I
h3 0.00 6.25 12.50 25.00 50.00 100.00 
0 
 EFFLUENT CONCENTRATION (%)a, 
id 
0 F i g u r e  J.1. P l o t  o f  t h e  smoothed, ad jus ted  d a t a  f o r  t h e  fa thead  minnow l a r v a l  s u r v i v a l  and growth t e s t .  



10. Ca lcu la te  the  est imated var iance o f  m as fo l lows:  

Where: 	 Xi = t h e  lag,, o f  concent ra t ion  i 

ni = the  number o f  organisms tes ted  a t  e f f l u e n t  concentrat ion i 

p: 	 = the  smoothed adjusted observed p ropo r t i on  m o r t a l i t y  a t  e f f l u e n t  
concentrat ion i-

k 	 = t h e  number o f  e f f l u e n t  concentrat ions tested,  no t  i n c l u d i n g  t h e  
con t ro l .  

10.1 For t h i s  example, t h e  est imated variance o f  m, V(m), i s  ca l cu la ted  as 
fo l lows:  

11. Ca lcu la te  the  95% conf idence i n t e r v a l  f o r  m: mi2.o p 0 -

11.1 For t h i s  example, t h e  95% conf idence i n t e r v a l  f o r  m i s  ca l cu la ted  as 
fo l lows:  

1.656527i2JO.00053477 = (1.610277, 1.702777) 

12. The est imated LC50 and a 95% conf idence i n t e r v a l  f o r  t h e  est imated LC50 
can be found by t a k i n g  base,, a n t i l o g s  o f  t h e  above values. 

12.1 For t h i s  example, t h e  est imated LC50 i s  ca l cu la ted  as fo l lows:  

12.2 The l i m i t s  o f  t h e  95% conf idence i n t e r v a l  f o r  t h e  est imated LC50 are 
ca l cu la ted  by t a k i n g  t h e  a n t i l o g s  o f  the  upper and lower l i m i t s  o f  t h e  95% 
confidence i n t e r v a l  f o r  m as fo l lows:  

lower l i m i t :  anti log(1.610277) = 40.8% 

upper 1 i m i t :  anti log(1.702777) = 50.4% 



APPENDIX K 


TRIMMED SPEARMAN-KARBER METHOD 


1. The Trimmed Spearman-Karber Method i s  a mod i f i ca t i on  o f  the  Spearman- 
Karber Method, a nonparametric s t a t i s t i c a l  procedure f o r  es t imat ing  t h e  LC50 
and the  associated 95% conf idence i n t e r v a l  (Hamilton e t  a l ;  1977). Appendix 
The Trimmed Spearman-Karber Method est imates t h e  trimmed mean o f  the  
d i s t r i b u t i o n  o f  the  log,, o f  the  to lerance.  I f  t h e  l o g  to le rance d i s t r i b u t i o n  
i s  symmetric, t h i s  est imate o f  t h e  trimmed mean i s  equ iva len t  t o  an est imate 
o f  the  median o f  the  l o g  to le rance d i s t r i b u t i o n .  

2. I f  t h e  response propor t ions  are n o t  monotonical ly  non-decreasing w i t h  
increasing concentrat ion (constant o r  s t e a d i l y  inc reas ing  w i t h  concentrat ion) ,  
the  data must be smoothed. Abbott 's procedure i s  used t o  "ad jus t "  t h e  
concentrat ion response propor t ions  f o r  m o r t a l i t y  occur r ing  i n  the  con t ro l  
rep1icates. 

3 .  Use of t h e  Trimmed Spearman-Karber Analys is  i s  recommended on l y  when the  
requirements f o r  the  P r o b i t  Method and t h e  Spearman-Karber Method are no t  met. 

4 .  To c a l c u l a t e  the  LC50 using t h e  Trimmed Spearman-Karber Method, the  
smoothed, adjusted, observed p ropo r t i on  m o r t a l i t i e s  must bracket  0.5. 

5. To ca l cu la te  the  95% confidence i n t e r v a l  f o r  t h e  LC50 est imate, one o r  
more o f  the  smoothed, adjusted, observed p ropo r t i on  m o r t a l i t i e s  must be 
between zero and one. 

6. Le t  p,, p , . . . , p denote t h e  observed p ropo r t i on  m o r t a l i t i e s  f o r  the  
con t ro l  and the  k e f f f u e n t  concentrat ions.  The f i r s t  s tep i s  t o  smooth the  pi 
i f  they do no t  s a t i s f y  p, 5 p ... 5 p,. The smoothing process replaces any . 
adjacent p i ts  t h a t  do no t  con korm t o  p, 5 pl 5 ... 5 pk, w i t h  t h e i r  average. 
For example, i f  pi i s  l e s s  than pi., then: 

Where: 	 pi.,s = P; = (pi + pi.,)/2 

pf = 	 t h e  smoothed observed p ropo r t i on  m o r t a l i t y  f o r  e f f l u e n t  
concentrat ion i. 

7. Adjust  t h e  smoothed observed p ropo r t i on  m o r t a l i t y  i n  each e f f l u e n t  
concentrat ion f o r  m o r t a l i t y  i n  t h e  c o n t r o l  group us ing Abbott '  s  formula 
(Finney, 1971). The adjustment takes the  form: 

Where: 	 py = ( p i  - p i )  / (1 - p i )  

p: = 	 t h e  smoothed observed p ropo r t i on  m o r t a l i t y  f o r  the  con t ro l  

p: 	 = t h e  smoothed observed p ropo r t i on  m o r t a l i t y  f o r  e f f l u e n t  
concentrat ion i. 



8. Calcu la te  t h e  amount o f  t r i m  t o  use i n  t h e  es t imat ion  o f  t h e  LC50 as 
fo l lows:  

Where: Tr im - max(p:, 1-p;) 

-p; t h e  smoothed, adjusted p ropo r t i on  m o r t a l i t y  f o r  t h e  lowest 
e f f l u e n t  concentrat ion, exc lus ive  o f  t h e  con t ro l  

-p t  t h e  smoothed, adjusted p ropo r t i on  m o r t a l i t y  f o r  t h e  h ighest  
e f f l u e n t  concent ra t ion  

k = t h e  number o f  e f f l u e n t  concentrat ions, exc lus ive  o f  t h e  
con t ro l .  

The minimum t r i m  should be ca l cu la ted  f o r  each data s e t  r a t h e r  than us ing a 
f i xed  amount o f  t r i m  f o r  each data  set .  

9. Due t o  t h e  i n tens i ve  nature o f  t h e  c a l c u l a t i o n  f o r  t h e  est imated LC50 and 
the  c a l c u l a t i o n  o f  t h e  associated 95% conf idence i n t e r v a l  us ing t h e  Trimmed 
Spearman-Karber Method, i t  i s  recommended t h a t  t h e  da ta  be analyzed by 
computer. 

10. A computer program which est imates t h e  LC50 and associated 95% conf idence 
i n t e r v a l  us ing t h e  Trimmed Spearman-Karber Method, can be obtained from EMSL- 
C inc inna t i  by sending a w r i t t e n  request t o  EMSL, 3411 Church St ree t ,  
C inc innat i ,  OH 45244. 

11. The Trimmed Spearman-Karber program automat ica l l y  performs t h e  f o l l o w i n g  
funct ions:  

a. Smoothing. 
b. Adjustment f o r  m o r t a l i t y  i n  t h e  con t ro l .  
c .  Ca lcu la t i on  o f  t h e  necessary t r i m .  
d. Ca lcu la t i on  o f  t h e  LC50. 
e. Ca lcu la t i on  o f  t h e  associated 95% conf idence i n t e r v a l .  

12. To i l l u s t r a t e  the  Trimmed Spearman-Karber method us ing  t h e  Trimmed 
Spearman-Karber computer program, a s e t  o f  data from a Fathead Minnow Larval  
Surv iva l  and Growth t e s t  w i l l  be used. The data  are l i s t e d  i n  Table K.1. 

12.1 The program requests t h e  f o l l o w i n g  i n p u t  (F igure K. l ) :  
a. 	 Output d e s t i n a t i o n  (D = d i s k  f i l e ,  P = p r i n t e r ) .  
b. 	 Contro l  data. 
c .  	 Data f o r  each t o x i c a n t  concentrat ion.  

12.2 The program output  inc ludes t h e  f o l l o w i n g  (F igure K.2): 
a. 	 A t a b l e  o f  t h e  concentrat ions tested, number o f  organisms 

exposed, and m o r t a l i t i e s .  
b. 	 The amount o f  t r i m  used i n  t h e  c a l c u l a t i o n .  
c .  	 The est imated LC50 and the  associated 95% confidence i n t e r v a l .  



.E K.1. 	 EXAMPLE OF TRIMMED SPEARMAN-KARBER METHOD: MORTALITY 
DATA FROM A FATHEAD MINNOW LARVAL SURVIVAL AND GROWTH 
TEST (40 ORGANISMS PER CONCENTRATION) 

E f f l u e n t  
Concentration 

Number o f  
M o r t a l i t i e s  

Mortal  it y
Proportion 

% 

Control 



TRIMMED SPEARMAN-KARBER METHOD. VERSION 1.5 

ENTER DATE OF TEST: 
1 
ENTER TEST NUMBER: 
2 
WHAT I S  TO BE ESTIMATED? 

(ENTER "L "  FOR LC50 AND "En FOR EC50) 

I ' 
L 

ENTER TEST SPECIES NAME: 
F a t h e a d  minnow 
ENTER TOXICANT NAME: 
E f f l u e n t  
ENTER UNITS FOR EXPOSURE CONCENTRATION OF TOXICANT: -

% 
ENTER THE NUMBER OF INDIVIDUALS I N  THE CONTROL: 
4 0  
ENTER THE NUMBER OF MORTALITIES I N  THE CONTROL: 
2 
ENTER THE NUMBER OF CONCENTRATIONS 
(NOT INCLUDING THE CONTROL; MAX - 10): 
5 
ENTER THE 5 EXPOSURE CONCENTRATIONS ( I N  INCREASING ORDER): 
6 .25  12.5 2 5  5 0  100  
ARE THE NUMBER OF INDIVIDUALS AT EACH EXPOSURE CONCENTRATION EQUAL(Y/N)? 
Y 
ENTER THE NUMBER OF INDIVIDUALS AT EACH EXPOSURE CONCENTRATION: 
4 0  
ENTER UNITS FOR DURATION OF EXPERIMENT 
(ENTER "H" FOR HOURS, "D" FOR DAYS, ETC.): 
Days 
ENTER DURATION OF TEST: 
7 
ENTER THE NUMBER OF MORTALITIES AT EACH EXPOSURE CONCENTRATION: 
0 2 0 0 3 2  
WOULD YOU L I K E  THE AUTOMATIC TRIM CALCULATION(Y/N)? 
Y 

F i g u r e  K. 1. Example input f o r  Tr immed Spearman-Karber  Method.  
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TRIMMED SPEARMAN-KARBER METHOD. VERSION 1.5 

DATE: 1 TEST NUMBER: 2 DURATION: 7 Days 
TOX ICAN1 : e f f l u e n t  
SPECIES: fathead minnow 

RAW DATA: Concentrat ion Number M o r t a l i t i e s  - - - - - - - (%I Exposed 

.oo 40 2 


6.25 	 40 0 
12.50 	 40 2 
25.00 	 40 0 
50.00 	 40 0 

100.00 	 40 32 

SPEARMAN-KARBER TRIM: 	 20.41% 

SPEARMAN-KARBER ESTIMATES: LC50: 77.28 

95% CONFIDENCE LIMITS 

ARE NOT RELIABLE. 


NOTE: 	 MORTALITY PROPORTIONS WERE NOT MONOTONICALLY INCREASING. 

ADJUSTMENTS WERE MADE PRIOR TO SPEARMAN-KARBER ESTIMATION. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


F igure K.2. Example output  f o r  Trimned Spearman-Karber Method. 



APPENDIX L 


GRAPHICAL METHOD 


1. The Graphical Method i s  used t o  c a l c u l a t e  t h e  LC50. It i s  a mathematical 
procedure which est imates t h e  LC50 by 1 i n e a r l  y i n t e r p o l a t i n g  between po in t s  o f  
a p l o t  o f  observed percent m o r t a l i t y  versus t h e  base 10 l oga r i t hm (log,,) o f  
percent e f f l u e n t  concentrat ion.  Th is  method does no t  p rov ide  a conf idence 
i n t e r v a l  f o r  t h e  LC50 est imate and i t s  use i s  on ly  recommended when the re  are 
no p a r t i a l  m o r t a l i t i e s .  The on l y  requirement f o r  t h e  Graphical Method i s  t h a t  
the  observed percent m o r t a l i t i e s  bracket  50%. 

2 .  For an ana lys is  us ing t h e  Graphical Method t h e  data must f i r s t  be smoothed 
and adjusted fo r  m o r t a l i t y  i n  the  c o n t r o l  r e p l i c a t e s .  The procedure f o r  
smoothing and ad jus t i ng  t h e  da ta  i s  d e t a i l e d  i n  t h e  f o l l o w i n g  steps. 

3 .  The Graphical Method i s  i l l u s t r a t e d  below using a set  o f  m o r t a l i t y  data 
from an Fathead Minnow Larval  Surv iva l  and Growth t e s t .  These data are l i s t e d  
i n  Table L.1. 

TABLE L. 1. 	 EXAMPLE OF GRAPHICAL METHOD: MORTALITY DATA FROM A 
FATHEAD MINNOW LARVAL SURVIVAL AND GROWTH TEST (40 
ORGANISMS PER CONCENTRATION) 

E f f l u e n t  .Number o f  Morta l it y  
Concentrat ion M o r t a l i t i e s  Proport ion 

% 

4. Le t  p,, p , ..., p denote the  observed p ropo r t i on  m o r t a l i t i e s  f o r  the  
con t ro l  and t h e  k e f f f u e n t  concentrat ions.  The f i r s t  s tep i s  t o  smooth the  pi 
i f  they do no t  s a t i s f y  p, 5 p < ... s p,. The smoothing process replaces any 
adjacent pits t h a t  do n o t  conFGm t o  p, 5 p, c ... 5 pk w i t h  t h e i r  average. 
For example, i f  pi i s  l e s s  than pi., then: 

Where: 

= t h e  smoothed observed p ropo r t i on  m o r t a l i t y  f o r  e f f l u e n t  py 
concentrat ion i. 

4.1 For the  data i n  t h i s  example, because the  observed m o r t a l i t y  p ropor t ions  
f o r  t h e  6.25%, 12.5%, and 25.0% e f f l u e n t  concentrat ions are l ess  than the  
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observed response p r o p o r t i o n  f o r  t h e  con t ro l ,  t h e  va lues f o r  these f o u r  groups 
must be averaged: 

4.2 Since p, = p, = 1.00 are l a r g e r  then 0.0125, se t  pz - ps = 1.00. 
Add i t i ona l  smoothing i s  n o t  necessary. The smoothed observed p ropo r t i on  
m o r t a l i t i e s  are shown i n  Table L.2. 

TABLE L.2. 	 EXAMPLE OF GRAPHICAL METHOD: SMOOTHED, ADJUSTED 
MORTALITY DATA FROM A FATHEAD MINNOW LARVAL 
SURVIVAL AND GROWTH TEST 

Smoothed, 
Smoothed Adjusted 

E f f l u e n t  Morta l  it y  Mor ta l it y  M o r t a l i t y  
Concentrat ion Propor t ion  Propor t ion  Propor t ion  

% 

Contro l  0.05 0.0125 0.00 
6.25 0.00 0.0125 0.00 

12.5 0.00 0.0125 0.00 
25.0 0.00 0.0125 0.00 
50.0 1.00 1.0000 1.00 

100.0 1.00 1.0000 1.00 

5. Ad jus t  t he  smoothed observed p ropo r t i on  m o r t a l i t y  i n  each e f f l u e n t  
concent ra t ion  f o r  m o r t a l i t y  i n  t h e  c o n t r o l  group us ing Abbott 's formula 
(Finney, 1971). The adjustment takes the  form: 

Where: 
p: -	 the  smoothed observed p ropo r t i on  m o r t a l i t y  f o r  t h e  c o n t r o l  

p; -	 t h e  smoothed observed p ropo r t i on  m o r t a l i t y  f o r  e f f l u e n t  
concent ra t ion  i. 

5.1 Because the  smoothed observed p r o p o r t i o n  m o r t a l i t y  f o r  t he  c o n t r o l  group 
i s  g rea te r  than zero, t h e  responses must be adjusted us ing  Abbott 's formula, 
as fo l lows:  



A table of the smoothed, adjusted response proportions for the effluent 
concentrations are shown in Table L.2 .  

5.2 Plot the smoothed, adjusted data on 2-cycle semi-log graph paper with the 
logarithmic axis (the y axis) used for percent effluent concentration and the 
linear axis (the x axis) used for observed percent mortality. A plot of the 
smoothed, adjusted data is shown in Figure L.1. 

6.  Locate the two points on the graph which bracket 50% mortality and connect 
them with a straight line. 


7. On the scale for percent effluent concentration, read the value for the 
point where the plotted line and the 50% mortality line intersect. This value 
is the estimated LC50 expressed as a percent effluent concentration. 

7.1 For this example, the two points on the graph which bracket the 50% 
mortality 1ine (0% mortality at 25% effluent, and 100% mortality at 50% 
effluent) are connected with a straight line. The point at which the plotted 
line intersects the 50% mortality line is the estimated LC50. The estimated 
LC50 = 35% effluent. 
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APPENDIX M 

LINEAR INTERPOLATION METHOD 

1. GENERAL PROCEDURE 

1.1 The Linear Interpolation Method is used to calculate a point estimate of 

the effluent or other toxicant concentration that causes a given percent 

reduction (e.g., 25%, 50%, etc.) in the reproduction or growth of the test 

organisms (Inhibition Concentration, or IC). The procedure was designed for 

general applicability in the analysis of data from short-term chronic toxicity 

tests, and the generation of an endpoint from a continuous model that allows a 

traditional quantitative assessment of the precision of the endpoint, such as 

confidence limits for the endpoint o f  a single test, and a mean and 

coefficient of variation for the endpoints of multiple tests. 


1.2 The Linear Interpolation Method assumes that the responses (1) are 

monotonically non-increasing, where the mean response for each higher 

concentration is less than or equal to the mean response for the previous 

concentration, (2) follow a piecewise linear response function, and (3) are 

from a random, independent, and representative sample of test data. If the 

data are not monotonically nonincreasing, they are adjusted by smoothing 

(averaging). In cases where the responses at the low toxicant concentrations 

are much higher than in the controls, the smoothing process may result in a 

large upward adjustment in the control mean. Also, no assumption is made 

about the distribution of the data except that the data within a group being 

resampled are independent and identically distributed. 


2. DATA SUMMARY AND PLOTS 

2.1 Calculate the mean responses for the control and each toxicant 

concentration, construct a summary table, and plot the data. 


3. MONOTONICITY 

3.1 If the assumption of monotonicity of test results is met, the observed 

response means (Yi)should stay the same or decrease as the toxicant 

concentration increases. If the means do not decrease monotonically, the 

responses are "smoothed" by averaging (pooling) adjacent means. 


3.2 Observed means at each concentration are considered in order of 

increasing concentration, starting with the control mean (Y1). If the mean 

observed response at the lowest toxicant concentration (Y,) is equal to or 

smaller than the control mean (Y,), it is used as the response. If it is 

larger than the control mean, it is averaged with the control, and this 

average is used for both the control response (MI) and the lowest toxicant 
concentration response (M ). This mean is then compared to the mean observed 
response for the next higter toxicant concentration (Y3). Again, if the mean 
observed response for the next higher toxicant concentration is smaller than 
the mean of the control and the lowest toxicant concentration, it is used as 
the response. If it is higher than the mean of the first two, it is averaged 
with the first two, and the mean is used as the response for the control and 




two lowest concentrat ions o f  t ox i can t .  This  process i s  cont inued f o r  data 
from t h e  remaining t o x i c a n t  concentrat ions.  A numerical example o f  smoothing 
t h e  da ta  i s  prov ided below. (Note: Unusual pa t te rns  i n  t h e  dev ia t i ons  from 
monotonic i ty  may r e q u i r e  an add i t i ona l  step o f  smoothing). Where Yi decrease 
monotonical ly,  t h e  Yi become Mi w i thou t  smoothing. 

4 ,  LINEAR INTERPOLATION METHOD 

4.1 The method assumes a l i n e a r  response from one concentrat ion t o  the  next .  
Thus, the  ICp i s  est imated by l i n e a r  i n t e r p o l a t i o n  between two concentrat ions 
whose responses bracket  t h e  response o f  i n t e r e s t ,  t h e  (p) percent reduc t ion  
from t h e  con t ro l .  

4.2 To ob ta in  t h e  estimate, determine t h e  concentrat ions C, and C,, which 
bracket  the  response M, (1 - p/100), where M, i s  t h e  smoothed cont ro t  mean 
response and p i s  t h e  percent reduc t i on  i n  response r e l a t i v e  t o  the  con t ro l  
response. These ca l cu la t i ons  can e a s i l y  be done by hand o r  w i t h  a computer 
program as described below. The 1 i nea r  i n t e r p o l a t i o n  est imate i s  ca l cu la ted  
as fo l lows:  

ICp = C, + [ MI (1 - p/lOO) - M, ] (CJ*1 - CJ) 
(M,+1 - M,) 

Where: C, = 	 t es ted  concentrat ion whose observed mean response i s  
g rea ter  than Ml(l - p/100). 

c~ + 1 
= 	 t es ted  concentrat ion whose observed mean response i s  l ess  

than Ml(l - p/100). 

M~ = 	 smoothed mean response f o r  the  c o n t r o l .  - smoothed mean response f o r  concentrat ion J." J  

= MJ + 1 smoothed mean response f o r  concentrat ion J t 1. 

P - percent  reduc t i on  i n  response r e l a t i v e  t o  the  con t ro l  
response. 

ICP = est imated concentrat ion a t  which the re  i s  a percent 
reduc t i on  from t h e  smoothed mean con t ro l  response. 
The ICp i s  repor ted  f o r  the  t e s t ,  together  w i t h  the  95% 
conf idence i n t e r v a l  ca l cu la ted  by the  ICPIN.EXE program 
described be1 ow. 

4.3 I f  t h e  C, i s  the  h ighest  concentrat ion tested,  the  ICp would be spec i f i ed  
as g rea te r  than C . If the  response a t  the  lowest  concentrat ion tes ted  i s  
used t o  ex t rapo la te  the  ICp value, t h e  ICp should be expressed as a l ess  than 
the  lowest t e s t  concentrat ion.  



5. CONFIDENCE INTERVALS 

5.1 Due t o  the  use o f  a  l i n e a r  i n t e r p o l a t i o n  technique t o  c a l c u l a t e  an 
est imate o f  the  ICp, standard s t a t i s t i c a l  methods f o r  c a l c u l a t i n g  conf idence 
i n t e r v a l s  are no t  app l icab le  f o r  the  ICp. Th is  l i m i t a t i o n  i s  avoided by use a  
technique known as t h e  bootst rap method as proposed by Efron (1982) f o r  
d e r i v i n g  p o i n t  est imates and conf idence i n t e r v a l s .  

5.2 I n  t h e  L inear  I n t e r p o l a t i o n  Method, t h e  smoothed response means are used 
t o  ob ta in  the  ICp est imate repor ted  f o r  t h e  t e s t .  The bootst rap method i s  
used t o  ob ta in  t h e  95% confidence i n t e r v a l  f o r  t h e  t r u e  mean. I n  t h e  
bootst rap method, the  t e s t  data Y j i  i s  randomly resampled w i t h  replacement t o  
produce a  new se t  o f  data Yji*, t h a t  i s  s t a t i s t i c a l l y  equ iva len t  t o  the  
o r i g i n a l  data, bu t  a  new and s l i g h t l y  d i f f e r e n t  est imate o f  the  ICp (ICp*) i s  
obtained. This  process i s  repeated a t  l e a s t  80 times (Marcus and Holtzman, 
1988) r e s u l t i n g  i n  m u l t i p l e  "data" sets, each w i t h  an associate ICp* est imate. 
The d i s t r i b u t i o n  o f  t h e  ICp* est imates der ived from t h e  se ts  o f  resampled data 
approximates the  sampling d i s t r i b u t i o n  o f  t h e  ICp est imate. The standard 
e r r o r  o f  the  ICp i s  est imated by the  standard dev ia t i on  o f  the  i n d i v i d u a l  ICp* 
est imates. Empir ica l  confidence i n t e r v a l s  are der ived from t h e  quan t i l es  o f  
the  ICp* empi r ica l  d i s t r i b u t i o n .  For  example, i f  t h e  t e s t  da ta  are  resampled 
a  minimum o f  80 time, the  empi r ica l  2.5% and the  97.5% conf idence 1  i m i t s  are 
approximately t h e  second smal lest  and second l a r g e s t  ICp* est imates (Marcus 
and Holtzman, 1988). 

5.3 The w id th  o f  the  confidence i n t e r v a l s  ca l cu la ted  by t h e  bootst rap method 
i s  r e l a t e d  t o  t h e  v a r i a b i l i t y  o f  the  data. When conf idence i n t e r v a l s  are 
wide, t h e  r e l i a b i l i t y  o f  the  I C  est imate i s  i n  quest ion. However, narrow 
i n t e r v a l s  do n o t  necessar i l y  i n d i c a t e  t h a t  the  est imate i s  h i g h l y  r e l i a b l e ,  
because o f  undetected v i o l a t i o n s  o f  assumptions and the  f a c t  t h a t  t h e  
confidence 1  i m i t s  based on the  empi r ica l  quan t i l es  o f  a  boots t rap  d i s t r i b u t i o n  
o f  80 samples may be unstable. 

5.4 The bootst rapping method o f  c a l c u l a t i n g  confidence i n t e r v a l s  i s  
computat ional ly  in tens ive .  For t h i s  reason, a l l  o f  the  c a l c u l a t i o n s  
associated w i t h  determin ing t h e  conf idence i n t e r v a l s  f o r  the  ICp est imate have 
been incorporated i n t o  a  computer program. Computations are most e a s i l y  done 
w i t h  a  computer program such as the  r e v i s i o n  o f  t h e  BOOTSTRP program (USEPA, 
1988; USEPA, 1989) which i s  now c a l l e d  "ICPIN" which i s  described below i n  
subsect ion 7. 

6 .  MANUAL CALCULATIONS 

6.1 DATA SUMMARY AND PLOTS 

6.1.1. The data used i n  t h i s  example are t h e  Ceriodaphnia dubia reproduct ion 
data used i n  the  example i n  Sect ion 13. Table M . l  inc ludes the  raw data and 
the  mean reproduct ion f o r  each concentrat ion.  Data are inc luded f o r  a l l  
animals tes ted  regardless o f  death o f  t h e  organism. I f  an animal d ied  dur ing  
the  t e s t  w i thout  producing young, a  zero i s  entered. I f  death occurred a f t e r  
producing young, t h e  number o f  young produced p r i o r  t o  death i s  entered. A 
p l o t  o f  the  data i s  prov ided i n  F igure  M.1. 



TABLE M. 1. CERIODAPHNIA DUBIA REPRODUCTION DATA 

E f f l u e n t  Concentrat ion I%)  

Rep1 i c a t e  Contro l  1.56 3.12 6.25 12.5 2 5 . 0  


Mean (7,) 22.4 26.3 34.6 31.7 9.4 0' 

i 1 2 3 4 5 6 

6.2 MONOTONICITY 

6.2.1 As can be seen from t h e  p l o t  i n  F igure  M.1, t h e  observed means are no t  
monotonical ly  non- increasing w i t h  respect  t o  concentrat ion.  Therefore, the  
means must be smoothed p r i o r  t o  c a l c u l a t i n g  t h e  I C .  

6.2.2 S t a r t i n g  w i t h  t h e  c o n t r o l  mean Y, = 22.4 and Y, - 26.3, we see t h a t  Y, 
< Y, . Calcu la te  the  smoothed means: 

Ml = 4 = (q+ m, /2 = 24.35 

6.2.3 Since V3 - 34.6 i s  l a r g e r  than M,, average Y, w i t h  t h e  prev ious 
concentrat ions: 

M , = M , = M 3 =  ( M , + M , + T )  /3=27.7 

6.2.4 Add i t i ona l l y ,  Y, = 31.7 i s  l a r g e r  than M,, and i s  pooled w i t h  t h e  f i r s t  
th ree  means. Thus, 

Ml = M ,  = M ,  = M  4 = . (  M1 + M ,  + M 3  + x )/ 4  = 2 8 . 7  

6.2.5 Since M, > Y, = 9.4, s e t  M, = 9.4. Likewise, M > Yq = 0 and M, becomes 
0. Table M.2 conta ins t h e  smoothed means and F igure  h.1  g ~ v e s  a p l o t  o f  the  
smoothed response curve. 
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TABLE M.2. CERIODAPHNIA DUBIA REPRODUCTION MEAN 
RESPONSE AFTER SMOOTHING 

E f f l u e n t  
Concentrat ion 

i Response 
Mean (Y i )  

Smoothed 
Mean (Mi) 

% (Young/female) (Young/female) 

Contro l  1 22.4 28.75 
1.56 2 26.3 28.75 

6.3 LINEAR INTERPOLATION 

6.3.1 Estimates o f  the  IC25 and IC50 are ca l cu la ted  us ing t h e  L inear  
I n t e r p o l a t i o n  Method. A 25% reduct ion  i n  reproduct ion, compared t o  the  
con t ro l s ,  would r e s u l t  i n  a mean reproduct ion  o f  21.56 young per  adu l t ,  where 
M (1-p/100) = 28.75(1-25/100). A 50% reduct ion  i n  reproduct ion, compared t o  
the  cont ro ls ,  would r e s u l t  i n  a mean reproduct ion o f  14.38 young per  adu l t ,  
where M (1-p/100) = 28.75(1-50/100). Examining t h e  smoothed means and t h e i r  
associated concentrat ions (Table M.2), t h e  two e f f l u e n t  concentrat ions 
bracket ing  t h e  reproduct ion o f  21.56 young per  a d u l t  are C, - 6.25% e f f l u e n t  
and C, = 12.5% e f f l u e n t .  The two e f f l u e n t  concentrat ions bracket ing  a 
response o f  14.38 young per  a d u l t  a re  a l so  C, = 6.25% e f f l u e n t  and C, = 12.5% 

I C p  CJ + [ MI (1 - p / l O O )  

e f f l u e n t .  

6.3.2 Using Equation 1 from 4.2, t h e  est imate o f  t h e  IC25 i s  ca l cu la ted  as 
fo l lows:  

= - MJ I (CJ+1 - CJ) 
(MJ+ 1 - 4) 

= 8.57% e f f l u e n t  



6.3.3 Using t h e  equat ion from sec t i on  4.2, t h e  est imate o f  t h e  IC50 i s  
ca l cu la ted  as fo l l ows :  

ICp = CJ + [ MI ( 1 - p/lOO) - M, I (CJ+ 1 - Cj) 

(Mj+ 1 - Mj) 

(12.5 - 6.25IC50 = 6.25 + L28.75 ( 1  - 50/100) - 28.751 
(9.40 - 28.7f 

= 10.89% e f f l u e n t  

6.4 CONFIDENCE INTERVALS 

6.4.1 Confidence i n t e r v a l s  f o r  t h e  ICp are der ived us ing t h e  boots t rap  
method. As described above, t h i s  method invo lves  randomly resampling t h e  
i n d i v i d u a l  observat ions and r e c a l c u l a t i n g  t h e  ICp a t  l e a s t  80 times, and 
determining the  mean ICp, standard dev ia t ion ,  and empi r ica l  95% conf idence 
i n t e r v a l s .  For t h i s  reason, t h e  conf idence i n t e r v a l s  are ca l cu la ted  us ing a  
computer program c a l l e d  ICPIN. Th is  program i s  described below and i s  
ava i l ab le  t o  c a r r y  ou t  a l l  the  c a l c u l a t i o n s  o f  both the  i n t e r p o l a t i o n  est imate 
(ICp) and t h e  confidence i n t e r v a l s .  

7. COMPUTER CALCULATIONS 

7.1 The computer program, ICPIN, prepared f o r  the  L inear  I n t e r p o l a t i o n  Method 
was w r i t t e n  i n  TURBO PASCAL f o r  IBM compatible PCs. The program (vers ion  2.0) 
has been modi f ied  by Computer Science Corporat ion, Duluth, MN w i t h  funding 
prov ided by the  Environmental Research Laboratory, Duluth, MN (Norberg-King, 
1993). The program was o r i g i n a l l y  developed by B a t t e l l e  Laborator ies, 
Columbus, OH through a  government con t rac t  supported by the  Environmental 
Research Laboratory, Duluth, MN (USEPA, 1988). To ob ta in  t h e  program and 
support ing documentation, send a  w r i t t e n  request t o  EMSL-Cincinnati a t  3411 
Church St ree t ,  C inc inna t i ,  OH 45244. 

7.2 The 1CPIN.EXE program performs the  f o l l o w i n g  funct ions:  1) i t ca lcu la tes  
the  observed response means ( Y , )  (response means) ; 2) i t ca lcu la tes  t h e  
standard dev ia t ions ;  3) checks the  responses f o r  monotonici ty;  4) ca l cu la tes  
smoothed means (Mi) (pooled response means) i f  necessary; 5) uses t h e  means, 
Mi, t o  c a l c u l a t e  the  i n i t i a l  ICp o f  choice by l i n e a r  i n t e r p o l a t i o n ;  6) 
performs a  use r -spec i f i ed  number o f  bootst rap resamples between 80 and 1000 
(as m u l t i p l e s  o f  40); 7) ca l cu la tes  the  mean and standard dev ia t i on  o f  t h e  
bootstrapped ICp estimates; and 8) prov ides an o r i g i n a l  95% conf idence 
i n t e r v a l s  t o  be used w i t h  t h e  i n i t i a l  ICp when t h e  number o f  r e p l i c a t e s  per  
concentrat ion i s  over s i x  and prov ides both o r i g i n a l  and expanded confidence 
i n t e r v a l s  when t h e  number o f  r e p l i c a t e s  per  concentrat ion are l e s s  than seven 
(Norberg-King, 1993). 

7.3 For t h e  ICp ca lcu la t i on ,  up t o  twelve treatments can be used (which 
inc ludes t h e  c o n t r o l ) .  There can be up t o  40 r e p l i c a t e s  per  concentrat ion, 
and the  program does no t  r e q u i r e  an equal number o f  r e p l i c a t e s  per  
concentrat ion.  The value o f  p  can range from 1% t o  99%. 



7.4 DATA INPUT. 

7.4.1 Data i s  entered d i r e c t l y  i n t o  t h e  program onscreen. A sample data 
e n t r y  screen i n  shown i n  F igure M.2. The program documentation provides 
guidance on t h e  en te r i ng  and ana lys is  o f  da ta  f o r  t h e  L inear  I n t e r p o l a t i o n  
Method (Norberg-King, 1993). 

7.4.2 The user se lec ts  t h e  ICp est imate des i red  (e.g., IC25 o r  IC50) and the  
number o f  resamples t o  be taken f o r  the  boots t rap  method o f  c a l c u l a t i n g  t h e  
conf idence i n t e r v a l s .  The program has t h e  capabi 1 it y  o f  performing any number 
of resamples from 80 t o  1000 as m u l t i p l e s  o f  40. However, Marcus and Holtzman 
(1988) recommend a minimum o f  80 resamples f o r  t h e  bootst rap method be used 
and a t  l e a s t  250 resamples are b e t t e r  (Norberg-King, 1993). 

7.5 DATA OUTPUT 

7.5.1 The program output  inc ludes t h e  f o l l o w i n g  (Figures M.3 and M.4): 

1. A t a b l e  o f  the  concentrat ion i d e n t i f i c a t i o n ,  	the  concentrat ion tes ted  
and raw data response f o r  each r e p l i c a t e  and concentrat ion.  

2. 	 A t a b l e  o f  t e s t  concentrat ions, number o f  rep l i ca tes ,  concentrat ion 
( u n i t s ) ,  response means (vi), standard dev ia t ions  f o r  each response 
mean, and t h e  pooled response means (smoothed means; Mi).

3. 	 The l i n e a r  i n t e r p o l a t i o n  est imate o f  the  ICp us ing t h e  means (Mi). Use 
t h i s  value f o r  the  ICp est imate. 

4. 	 The mean ICp and standard d e v i a t i o n  from the  bootst rap resampl ing. 
5. 	 The conf idence i n t e r v a l s  ca l cu la ted  by t h e  bootst rap method f o r  the  ICp. 

Provides an o r i g i n a l  95% conf idence i n t e r v a l s  t o  be used w i t h  the  
i n i t i a l  ICp when t h e  number o f  r e p l i c a t e s  per  concentrat ion i s  over s i x  
and provides both o r i g i n a l  and expanded conf idence i n t e r v a l s  when the  
number o f  r e p l i c a t e s  per  concentrat ion are l e s s  than seven. 

7.6 ICPIN program output  f o r  t h e  ana lys is  o f  t h e  Ceriodaphnia,dubia 
reproduct ion data i n  Table M. 1 i s  prov ided i n  Figures M.3 and M.4. 

7.6.1 When t h e  ICPIN program was used t o  analyze t h i s  s e t  o f  data, request ing 
80 resamples, t h e  est imate o f  the  IC25 was 8.57% e f f l u e n t .  The empi r ica l  95% 
confidence i n t e r v a l s  f o r  the  t r u e  mean were 8.30% t o  8.85% e f f l u e n t .  

7.6.2 When the  ICPIN program was used t o  analyze t h i s  se t  o f  data, request ing 
80 resamples, t h e  est imate of t h e  IC50 was 10.89% e f f l uen t .  The empi r ica l  95% 
confidence i n t e r v a l s  f o r  t h e  t r u e  mean were 10.36% t o  11.62% e f f l u e n t .  



ICp Data Ent ry /Ed l t  Screen Current  File: 
Conc. ID I 1 I 2 I 3 1 4 1 5 1 6 
Conc. Tested 
Response 1 
Response 2 
Response 3 
Response 4 
Response 5 
Response 6 
Response 7 
Response 8 
Response 9 
Response 10 
Response 11 
Response 12 
Response 13 
Response 14 
Response 15 
Response 16 
Response 17 
Response 18 
Response 19 
Response 20 1 1 I 1 I 1 

F10 f o r  Connnand Menu Use Arrow Keys t o  Switch F i e l d s  

Figure M . 2 .  ICp data e n t r y / e d i t  screen. Twelve concentrat ion i d e n t i f i c a t i o n s  
can be used. Data f o r  concentrat ions are entered i n  columns 1 
through 6. For concentrat ions 7 through 12 and responses 21-40 
the  data i s  entered i n  add i t i ona l  f i e l d s  o f  t h e  same screen. 
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Conc. ID  1 2 3 4 5 6 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Conc. Tested 0 1.56 3.12 6.25 12.5 25.0 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Response 1 27 32 39 27 10 0 
Response 2 30 35 30 34 13 0 
Response 3 29 32 33 36 7 0 
Response 4 31 26 33 34 7 0 
Response 5 16 18 36 3 1  7 0 
Response 6 15 29 33 27 10 0 
Response 7 18 27 33 33 10 0 
Response 8 17 16 2 7 31 16 0 
Response 9 14 35 38 33 12 0 
Response 10 2 7 13 44 31 2 0 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

*** I n h i b i t i o n  Concentrat ion Percentage Est imate *** 

Tox icant /E f f luen t :  

Test S t a r t  Date: app M Test Ending Date: 

Test Species: Ceriodaphnia dubia 

Test Durat ion:  7-d 

DATA FILE: cerioman.icp 

OUTPUT FILE: cerioman. i 2 5  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Conc. Number Concentrat ion Response Std. Pooled 

ID Rep1 i c a t e s  % Means Dev. Response Means 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


6 10 25.000 0.000 0.000 0.000 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The L inear  I n t e r p o l a t i o n  Estimate: 8.5715 Entered P Value: 25 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Number o f  Resamplings: 80 
The Bootst rap Estimates Mean: 8.6014 Standard Deviat ion:  0.1467 
O r i g i n a l  Confidence L im i t s :  Lower: 8.3040 Upper: 8.8496 
Resampl i n g  t ime i n  Seconds: 2.53 Random Seed: -1652543090 

F igure  M.3. Example o f  ICPIN program outpu t  f o r  t h e  IC25. 

338 



Conc. ID 1 2 3 4 5 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Conc. Tested 0 1.56 3.12 6.25 12.5 25.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Response 1 27 32 39 27 10 0 
Response 2 30 35 30 34 13 0 
Response 3 29 32 33 36 7 0 
Response 4 
Response 5 

31 
16 

26 
18 

33 
36 

34 
31 

7 
7 

0 
0 

Response 6 15 29 33 27 10 0 
Response 7 18 27 33 33 10 0 
Response 8 17 16 27 31 16 0 
Response 9 14 35 38 33 12 0 
Response 10 27 13 44 31 2 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

*** I n h i b i t i o n  Concentrat ion Percentage Est imate *** 

Toxicant /Ef f luent :  

Test S t a r t  Date: app M Test Ending Date: 

Test Species: Ceriodaphnia dubia 

Test Durat ion: 7-d 

DATA FILE: cerioman.icp 

OUTPUT FILE: cerioman.i50 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Conc. Number Concentrat ion Response Std. Pooled 

ID Rep1 i ca tes  % Means Dev. Response Means . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 10 0.000 22.400 6.931 28.750 

2 10 1.560 26.300 8.001 28.750 

3 10 3.120 34.600 4.835 28.750 

4 10 6.250 31.700 2.946 28.750 

5 10 12.500 9.400 3.893 9.400 

6 10 25.000 0.000 0.000 0.000 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The L inear  I n t e r p o l a t i o n  Estimate: 10.8931 Entered P Value: 50 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Number o f  Resampl ings: 80 
The Bootst rap Estimates Mean: 10.9108 Standard Deviat ion:  0.3267 
O r i g i n a l  Confidence L imi ts :  Lower: 10.3618 Upper: 11.6201 
Resampl i n g  t ime i n  Seconds: 2.58 Random Seed: 340510286 

Figure  M.4. Example of ICPIN program output  f o r  t h e  IC50. 
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