Table 5. Percent Differences of Quant'ria.tion Limits to tﬁe EPAIACS QL

for the Episode 6000 Dataset

0

Anatyte Method [Procedure i.sowm SLIQEAL
1, 2-csertar apropans 524.2 ' 29.8% 1.9%
13 5eunb H- chicratotiane 5022 |PID 25.7% -5.5%
1,3, 5-virmmstryibansene 524:2 13.6% 199.2%
1, 3-aienirobanzans 5022 |ELED 114.2% 161.4%
1,3-atcnirobenzana 5022 - |PID 74.5% 79.7%
1, 3-icnmronansane 5242 22.2% -21.3%
1,3 dichioropropans 5022 [ELCD -22.9% 7.5%
1,3-aicnmropropans 5242 13.0% 32.7%
14 iohiotanenzana 5022 |ELCD 120.8% 1.0%
18- ieriaromanzens 524.2 37.2% -24.2%
T-emiorobumme 5242 A8.8% 199.3%
22 stahioropropana 5242 178.4% 116.7%
Z-taanane 524.2 -34.2% -76.6%
2-emtoratauane s022  |ELCD -109.9% 1.4%
Pemterowiuane |soz2  |PiD 24.6% -16.4%
P-chtorotauane 5242 -7.6% 6.3% -
Zemaxanons 524.2 152.8%  -167.5%
Zenitropropans 5242 433%|  -108.9%
Hechieroreirons 5022 |ELCD 116.3%  -111.5%
A-ahtororaiuana 524.2 ' -29.1% 199.2%
Asopropyrciuens 5242 i54%  -101.7%
Syt Fpantanons 524.2 3.2% 11.3%
Beatone 5242 5.5% 31.3%
Acesranisran 524.2 9.7% 173.4%
Rutyt chiorice 524.2 25.5% 198.7%
Atumipmisen 1620 -27.0% 129.7%
Asrminarn 2008 |icPms 136.6% 51.0%
Armmonin a5 wirogen 350.3 -30.9% -34.19
Antimony 1620 44% 62.6%
Animony 2008 |ICPMS A86.6%  -174.7%
Aremnic’ 1620 -30.3% -47.0%
Arsaric 2008 |(CPiMS -32.5% -22.5%
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Tabie 5. Percent Differen ces of Quantitaiion Eimits to the EPAIACS QL

for the Episode 6000 Dataset

{Analyte lm:tnod Procedure. :.s(?QfML SLQEML

' Bariurm 1620 7 5.7% 19.3%

S i PN 2008 licPmS " 46.6%)| 71.5%
Banzone 5022 {PID 53.7% 58.1%
Benzane 524.2 40.5% -13.1%
Bearyttium 1620 C51.9% -68.5%
Buwryttiarm 2008 ficPims | 09% 75.0%
Baren - 1620 B2% - 229
Bromotanzana 5022 [ELCD 180%  150.4%
1Brometronzane 5022 [PID -0.9% 67.0%
Bromebensana 524.2 18.3% -35.4%
Brimeoiioremetians 5022 - {ELCD 25.8% 187.9%
[Bromecnisiometiane 5282 - 9.3% -30.3%
Brome aichiaramanane 5022 |ELCD -25.6% 182.0%)
Bramedishioromanare 524.2 387% . 43.9%
Bromorarm. 522 IELCD i2.0% 197.7%
Bramorons 524.2 ' 54.2% -3.7%
Bromarotnane 5022 IELCD NJA 176.9%
Bromemetfians - 524.2 23.2% 1229
ACadmium 1620 -36.4% -18.7%

* {Coiteniiam 2008 ICPIMS 79.2% 103.6%
Coteserrn 1620 60.4%} -0.0%

J [ 524.2 -26.2% . 1.3%
Carbon wasrachionian 524.2 23.9% 33.4%
Carpoment1,T-acp 5022 [ELCD -14.3% 37.3%
Criorance toninia 524.2 70.3% 49.3%
Chiorabonzana s022  [ElCD 15.7% 189.0%
Crtorobenzans 522 |PID 35.2% 17.4%
Chiorabaniens 5242 7.4% -50.8%
Chisrocthans 502.2  |ELCP -161.8%| 168.4%
Cotoramthane 5242 -8.0% 24.2%
Criarororm §022  |ELCD -149.4% -155.3%
Craarororm 524.2 C317% 19.2%
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 Table 5. Percent Differences of Quantitation Limits to the EPAIACS OL

for the Episode 6000 Dataset

. 1
Analyte Method {Procedure Lsé)QIML_ SL-IQEML -

Jerorometnans - lso22  feLco 52.5% 158.6%}"
Chioromeinans 24z 08%  -349%
Chmormtum 1620 0.7% 22.9%
Coromitim . |eoos  icemes 493%)  134.9%
Cinr1,2-memt2, 2ot 5022 {ELED 9.5% -24.7%
Cixel,Z-dicntarosthone’ 524.2 42.4%| 36.1%

) IET E— 5022 [ELCD 45.8% 181.6%
Cra-1,3-ascrroronropons - 5022 |PID “oozgw|  1887%
Ciar,3-tantoropropane ° 4.2 153% 34.2%
Caban |1620 -82.0% -20.2%
Cotran 2008 |icPiMs NIA N/A
Copper 1620 _316% 81.5%
Coppar 2008 |ICPIMS 34.6% 179.2%
Ditromacniorommans 5022  |ELCD 01.1% 193.7% -

|Piremecnicramanans 524.2 -20.0% 36.0%
Dibromomethana 5022 |ELcD 7% . 194.3%

ADiromaimethane 524.2 22.2% $.3%
Dichiaroattueromeiiians 5022 {ELCD 53.2% 192.8%

[Dramiorcamusreinamnans 5222 36.7% 82.3%

jIS— {5242 11.9% 21.3% .
Funyt e thaceyia o 5242 -35.7% - B9%
Funpthenzone 5022 |pip 11.5% 44.6%
Etnytbenzans 5242 | 20.4% . 25.4%
Haranoss ~h302 39.1% 82 8%
Haxachlorohutadine js02.2  fELCD C14% 19.4%
Hoxmahtioromutasions 524.2 -22.3% "13.3%
Hoxachiorosthane |524.2 14.8% -17.7%
Hexettobutadionstmpninatone |5022  |PID 82.3% -25.9%
e 1620 152.7% 133.1%
leaprapytanmne 15022 (PID -10.4% 25.3%
fo oprepyibanmne 524.2 11.9% 199.2%
Lona 1620. 1.2% 13.1%
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Table 5. Percent Dﬂerences of Quantitatlon Limits io the EPAJACS QL

for the Episode 60{)0 Dataset

Analyte Method Procedure ILSOOQa'ML SL-QEML
Lame 2002 JiICPINS -145.2% -98.0%
Mt ctana 5022 |PID. -98.3% 10.6%
Mtp xyiena 5242 “11.7% 189.2%
M orrm st 1620 9% - -60.7%
Marganose 1620 86.2% 26.9%
(I— 2008 icpMs 28.0% 84.1%)
Mercurs 2008 [ICPIMS 04.2% B3.6%
Ime.h,crg,onalf.., A 5242 A% 180.1%
Morhuyt todsan h24.2 7.3% -18.1%
im;.h,r vorebutst oter 5242 31.2% 20.1%
(—— 6242 3.5% -31,7%
I&..h,‘.m., N 5022 [eicp nA|  169.4%
T 5242 55.6% 73.6%
[Marios cimacrot e 5242 89.5%] - 1B1.6%
Motybcdarmimn 1620 2.5% 27.3%
Morybdnnum . 2008  JICP/MS - 135.3% 193.5%
N-tunyinanzens 5022 |PID 24.5% 152.7%
N-menyibanzans 524.2 42.2% 29.5%)
: w-_,;mp,.b.,n,.,.., 5022 |PID -44.1% -7.3%
N-propytbanzene 5242 9.9% 198.7%
INaptiratons 524.2 82% . -59.5%
Nrcsor 1620 -40.3% 3929
Niokor 2008 [ICPIMS 54.2% -92.9%
O-sytoms 524.2 21.3% 21.4%
- xytonetsiymmne 5022 |PD 4.9% 10.0%
P-tnoproptortT,4-aen 5022  [|PiD 45.6% 78.1%
Pantasniorontana 524.2 A835%  <113.6%
Sec-mutyibenzans 5022 |PID 34% 2429
P 524.2 22.8% -5.2%
Serantum 1620 63.5% - 89.4%
S cposinien 2008 [ICPIMS 46.8% 70.6%
Sirvar 1620 A7.8% - 255%
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Tabie 5. Percenf Diﬁer_encgs of Quantitation Limits to the EPA/ACS QL

for the Episode 6000 Datasei

i

Analyie Method |Procedure LS(?QIML SL-IQEML

ISurvar 2008 [ICPIMS 59.2%] 94.7%
TS canim 1620 22.8% 51.2%
Seyrons 524.2 6.9% -20.6%
Torvbuybenzons 5022 . [P 19.2%] - 67.9%
T ort-butybsnzons 524.2 -44 8% -30:6%)
Totrachtoraahans s02.2  ELCD 40.9% 83.5%
Totrmchioroatons 5022 |PID 19.6% 115.8%
Tawrmemorotians 524.2 61.5% 197.4%
Tewiam 1620 60.8% 33.3%
Trattivem 2008 [ICPIMS 3.8% 16.3%
Thorivm 2008 ICPIMS 90.3% 74.9%
Tin 1620 -7.9% © 6.
| 1620 40% -33.7%)
L spz2 . [P 211% -3.6%
Tonsens 524.2 -57.9% -9,3%.
Torst phonphore oss2 17.2% 39.9%
Terat sunpondod sotds 1602 - 0.2% 29.5% -
Teanar1,2-dcrioroatnens 5022 [ELCD 15.7% -4.9%
Trane-1,2-aktiore athans 524.2 . 33.7% 41.7%
Trara-1,3-denlerapropone 5022 JELCD -101.5% 174.3%
Trans+T,3-amnioraprapens 5022 {PID 19.8% -13.4%
Trane-T,3-dientorapropana 524,72 -49.5% 8.7%)
Trana-T.4-dihiore-2-bune 5242 10.4% 175.1%
Triehtaraatnans 5022 (ELCD -144.3% 193.8%
Tyictiorosmons 5022 |PID 7.8% 120.2%
Trichtorashane - 524.2 34.6% -17.8%
Trienioratuaramathana 5022 [ELCD 105.3% 161.3%
Telchtorafuaramethana 524.2 33.0% 198.1%
Uranium {2008 [ICPIMS -33.2% 2.6%
Virndium - 1620 7.6% 19.6%
|V 008 {ICPIMS 27.1% -3.4%
Viriys artontan o2z ELCD -116.4%, 156.7%

B-50




) | | {3

Table 5. Percent Differences of Quantitation Limits to the EFNACS QL
forthe Episode 6000 Dataset

{Analyte :  [Method. Procedure :.S';qmn. SLIQERIL

.. Minss emionas sz y | asy% eaw
Wou oy urtca . e JwapcN 80.5%)  -208%
Xyrarm {torer) . |5242 ST 2Ba%] o 199.7%
Vicrsom C 1620 | T varam| s6eu
Toe - 1620 - | 1.3% 4%
Zine 0 Poos Jieems | 7am| 11w

Now: ELCD or PID in'the Proce dure cotum n indientes the phateisnixa ton getectar (PID) or aloctrolytie |

condu vty veta ctor (ELC D) in EPA Moo 4 502.2

Summary Statistics for Table 5

lIsoLoanL jsi-kEaL -
T : o maT% A74.T7%
250 prorcanne _ o - A50% 18w
Modion , A% - 19.6%
' H5un percenie . ‘ Sl 230%[ . 1114%
Masximum o ' 152.7% 199.7%
Comparisen ‘ . Sign Test Wilcoxan
: ] p-value p-valure.
LOQ v.. QL 0.390 0.043
SL-QE...QL - , Lo 0.0001} <0.0001
Comparison =~ = | # " ‘Median% | SignTest Wilcoxon
' analytes Difference - p-value p-value |
Si4QEv. QL 1 22 | 17e.6% 00001 - <0.0001
[consisnt moaaiysea rar SL-IOEj : o - .
SLAQE va. OL 65 67:9% 00007 . <0.000%
(Linoar model usaa for SL-QE) - ) '
SL-0E va. QL 100 -1.7% , 0.533 0.150
(Hybrld rnodsl usad for SL'IQ E) ' ‘




Table 6. Detection and Quantitation Limits for EPA Methods 1631 and 1638

‘as Compuied by EPA and by EPRI {ng/t)}

Dete;fion limits o 'Quan!ita'ti-on limrits
. | 1DE computed by EQE t-:ompuied'by
Ambient MDL in — ML in :
| Elements | WQCt:  § . Method EPA | EPRL | . Method EPA EFR!
Aeamemy | w000 [ 87 | 7 1 1o T R R 7
Coadrmiim a0 |0 s} 60 . 150 100 54 380°
Coppor . 2400 o a0 | 0. 200 _3_900'. 3000
Loadi o :5407 e 15 140 160 s 420 370
Morcury 12 0.2 0.1 l 043 | 0.5 055 | 16
T Niowen - D200 3w 230 130 1000 15000 | 330
Stentum 5000 50 810 600 1000 630 720
Sme | 320 29 430 100 ss00 | —
Temmem weo | 78 28 20 S0 88 | S0
Zoe 32000 140 1800 2100 0 | 21000 26100

" "Mercury dotomined by EPA Mathoa 1631; ws sinors by EPAMenes 1638
2 Lowanst nmbiont water quakty créiteskon ‘WQC) in tha Navona Tc_xics Ruie (40 CFR 131 .35)




Table 7. Comparison of IDEs and-lQEs resulting from atl modet types for EPA Methods 1631 and 1638

Calculated IDEs
- iDE, Based on Given Model 7 RSD {%)

Analyte ] . '

. Constant - Linear Exponential Hybrid
Arsimeony Cas00 a0 | 170 <100 L] 148%
Cotmtuin T 130 160 T 129%
Coppar o0 | 1000 800" 20 | 2%
Leaa’ L A0 150 . Mo 150 61%
Marcury T3 ooss | os1 o5z 182%
Niwr 7000 | 48’ - 230 - %1%
Seremtam: 4500 720 810 om0 |
Swer ] w0 | om0 | 110 650 Bo%
Terattiom 230 22 R 17| 0%
e | 10000 1600 1800 1700 110%

- Calcuiated 1QEs (10%) A '

Analyte ) IQE, Based on Given Model ' . RED{%} |
‘ Constant Lingar ' E);ponen'!iai . I;berid
Armiemny L L 380 Ca | wsw
Codipium 2600 s0 | W | 380 112%
Coppor 5900 3800 2100 2300 50%
Loaa 860 a0 340 330 52%
Mevcrry T 0.55 21 |- 16 150%
Mickor - 15000 ' - 160" T L5000 | 270 190%
Swermgm 900 | 7600 200 | e30° B6%
S 5500 . 1500°* 4500 | undetinea? B2%
oot 500 o W U VYT
Zoe 22000 21,000 4800° 6700 67%

1 ; .
Nogelive duwo io nagative’ intarcepl asiimata in precision modok

2 'DE oF IQE did nol sonvaig e Lo _z. single vajue for aeimated n:u:d;l:-.
3QE 10% wnaaninad, IQE 20% raportea
HQE 10% nogatives HOE 20% reporcad



7 Table 8. Comparison of 16-point and 5-point
Single-laboratory IDE5 (SL-IDEs) for the Episode 6000 Dataset
" (poiL except where footnoted)

SL-IDE 5

: ) o ‘ Percent S1L-IDE 16
Analyte HMethod j Procedure | SL-IDE | SL-IDE {5) Difference | - Model Model
, (16) o
11,1, 2rerrachisrosinane 5022 | ELCD 0034  0011]  996%| Eepononin Linoor
11,1, 240 rmemiorctioane - 524.2 ' 0.244 070" -358%| Ewponemin| Exponcnti
1,1, Tsramorcotmans 5022 | ELCD 0.041 0.044 6.2%|  Exponomint}  Exponnum
R LR Fe— sa42 | 0308]  .0.035| -158.4%| Frponene Hytia
11,2 2000t1,2,3en 5022 | ELCD " 0.179 3.548] © 180.8% | Exponensier|  Commam
1,1,2,210wachirosthans - 5242 0.436 0538]  20.8%| Exponemusi|l Exponentiol
R I — 502.2 | ELGD. 0.032 0013 8E7%| Exponanial Livvenr
1,1, Zvicnioramtane | | 524.2 0319].  0.220)  -328%| Ecronertia| Exponeniar
1, T-dichiorocthone 502.2, ELCD 0.083 . 0.036 788% | Exponeria| FErponemie
1,1-ateniorasthans 524.2 0.229 0084  027%] Exponortiat| Exponantas
1,1 dicnioreenone 5022 | -ELGD 0.234 0120]  -650%| Exponansm| Exponemia
1o T sieniorastnane 5242 0.335 0.080| 122.6%| Exponorum Hybric
1,1 aseroropropaions 5242 . £.372 8.941 33.6%| Exponentini| Exponentist
1, T-ainioropropans 524.2 ) - 0.287 44350 175.7%| Exponommmt] Conmarm
11,2, 3wiemorobansene 5022 | ELCD 0:134] 0169 23.9%| Expomomse|  Conmam
1,2, Fwichorobenzens | 502.2 PID . 0.115 0.069| 48.9%| Exponontiai| Expononus
1,2, 3 viehiorohensene 524.2 0.275 0.150]  -59.2%] Exponentiat| Expanenta
1,2, 3 wicrarapmpans 5242 1.263 16.238]  171.1%| Exponessm] Constam '
{12 A wsemtaranernmne 502.2 ELCD- 0.088 0.100 13.1%| Enponeriat|  Constem
1,2 d-sicmiorobanzana 502.2 PID 0.124 0075  489%| Exponseuatl Exponanua
1,2, dwichtaribensene 5242 0.224 0.115]  646%]| Exponamiai] Exponanusi
Y R — 502.2 PID 0.125 0,143]  128%| Exponomiat]  Consiam
| X S — 5242 0,144 0.050]  B46%| FExponemiat] Exponsmio]
1 2-eremori-amtoromronmre | 524.2 1.749 0432] 120.8%| Exmonarar " Hyha
1,2-atbrormosnans 5022 | ELCD. 0.164 0.025]  -1478%|  Expomenca Linear
| [ —— 5242 8,326 0316] - 3.1%| Exegnentor| Exponomie
1,2-dtemiorobanzans 5022 { ELCD 0.065 0057  -13.4%| Exponenum Linaar
1, Z-siamsrabanions 5022 | PID 0,148 0077  625%| Exponeniail Exponenio
T, Z-aremiromammone 5242 0.130 0.063|  61.3%| Expomemsier] Expomorim:
([ SR— 5022 | ELCD 0.042 48.3% |  Exporentia} Exponenier
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, Tabie 8. Comparison of 16-point and'5-point
Single-laboratory IDEs (SL-IDEs) for the Episode 6000 Dataset
' (Hg/L except where footnoted)

. : Percent SL-IDE 16 SL-IDE 5
Analyte Method | Procedure | SL-DE | SL-IDE (5}| Difference Model Model
{16) '

112-gictiorosthans 524.2 0.258 0.211 -18.9%| Exponwniiat] Exponantal
1,2-gicriorepropans 502.2 ELCD 0.043 0.087 67.5%| Expanara Constant
1,2-dicnmropropans 5242 0.247 0.221 “11.3%|  Expenamiat} Expanonsn
1,3,5mbtl-chioratolrens 502.2 PiD 0.114} 0.141 21.4%| Exporomim|  Coparant
1,3,5-vimathyinanzana 5242 ' 0.135 0.048) ° -94.1%| Fxponoruel] Expomanti
1,3 -aichiorobanzans '8022 | [ ELCD 0.114 0.615]  1355% [ Euponwmimi|. Comstam
1,3 dichmrobanzana 5022 PID 0.126 0.197 43.9%| Exponamse| - Constan
1,3 dtchiorabantens 524.2 0.143 0.038] -116.4%| Exponeniai| 'Exponantio
13- tientorapropame 502.2 | FELCH 0.047 0.020 1.3%] Fuponenum] Exponemis
1,3-atehmroprapane 524.2 ' 0.202 D122 -49.2%{ Esponamumt] Exponamial
Td-sichioronenzens 5022 | ELCD 0.061 0.040] * -40.5%| Fxponentim Lincar|’
14-cichoronenzens 524.2 | 0.140 0.051 83.7%| Exponamist] Exponamial
T-chiarobumne 5242 0.220 0.061] -113.5%| Expononta Lineur
2,2-aichkropropana 524.2 0.691 0.122] -138.9%| Exponerint] Hyeria
2-butanons 524.2 0.833 1441 53.5% | Exponentnl| Exponemisif-
2-chiarotouans 502.2 ELCD 0.175 0.117 -40.2% | Expovential| Exponents

- {2-chiorotsivens 502.2 PID 0.230 ' 0.409 56.2% | Fxrenonuiar Constarm
2rehlorotanena 524.2 0.136 0.039[ -111.2%| Exponentias| Exponentiar
2-haxanons 524.2 0.302 0.904 "0.3%| Exponentini] Exponerinl
2rnropropana 524.2 1.082 - 0.354)1  158.5%) Exponental Constar} -
franloratauune 5022 ELCD 0.149 0145  -3.2%]  Expononue Lincar
4-chioratauenn 524.2 0.123 0.038] -105.5%] Exponentor] Exponentia:
Srtnopropytalumne 5242 0117 0038] -101.3%| Exponerinl] Exponenia
A-mothyrZpemanann 524.2 1.195 1.088 0.3%] Exponaruat] Exponermia:
Acerona 524.2 2120 30.183]  173.8%| Exponanmial Constant
Acrstannsia 524.2 1.333 10717 -21.3% |  Exponemisi] Exponantial
Auy Criosaa 5242 0.229 0.073]  -105.6%(| Exporantial Hyboria
Rsurminum 1620 206.975 73.421 -85.3% Constant Constan:|.
Buarviivsanrs 200.8 12.747 22.654 56.0% | Esponernua Coanstars
Ammmonia = Nnrogen’ 3503 0.014 0.040 94.0% | Exporemim Canstant




Table 8. Comparison of 16-point and S-ﬁoint .
Single-taboratory [DEs {SL-IDEs) for the Episode 6000 Dataset
{Hg/L except where footnoied)

‘ _ Perceni | SLADE16 | SLDES
Analyte Method | Procedure | SL-IDE § SL-IDE {5}| Difference Model Mode!
' {16) o

Artimony 1620 4260 6467 41.2% Conztam Linanr
Ansimony 200.8 0.019 0.304|  176.5%| Expenemmt|  Coneam
- 1620 1.410 2268]  A6.6%| Fepomemsiat|  Conesam
N 200.8 0.366 0374} 21%|  Exponamia| Expenanda
Barsrs 1620 1857] 1624 123%|  Consm|.  Consiam
Brium 200.8 0.084 0.073 +13.7%| Expanemial|  Constam
Borsons 502.2 PID 0.079 0.D61 -25.0% | Exponentiol| Exporenuu|
Berzwne 524.2 0.125 0.030| -122.6%| Expomontial| Eapenenua
Beryitiim 1620 0.448 0.438 22%}  Exponeruat] Exponamin
Boryitium 200.3 0.024 0.017 +34:2% | Exponomisi|  Conewnt
Boron 1620 _ 21.161 22.333 54%] Fuponeriat| Exponanas
Bromobanzaeie 502.2 ELCD 0.765 0.348)  -75.0% Linear| Exeanenusr
Bromabanzana 502.2 FiD 0.050 0.025 654%] Exponariel| Exponemiar
Bromotanzene 524.2 0.21 0.165]  -24.1%] Exponeriat] Exponenia
Bromochioromathans 502:2 ELCD 0.482 0.044]  -166.9% Linear| Exporeniar
Bromoshioramathans 524.2 0.345 0.507 38.1%| Euponantial] Exporanar
Bromodichlorometana 502.2 ELCD 0.075 0026  -955%| Exponamiai] Exponemiet
Browmosionioromesine 524.2 0205 0.088 279.7% |  Exponcmio] Exponsnia
Bromororm 502.2 ELCD 1.513 0.025| -193.5% Gomatar Linear
Brommatorm 524.2 0.400 0336  -17.4%} Exponentai] Exponama
Bromeomathana 502.2 ELCD . 7.293 0.760] -162.3% Constam | Exponente
Bromermetivane 524.2 0.280 "0.154 -578%} Exponenvsr Linar
Cacirmtum 1620 0.191 021 9.8%] Faponaminil Exponamie
Cancarnism 2008 0.022 0.016]  -33.8%| Enpomorwer]  Comstam
Catetrrm 1620 41.358 53.375 25.4% Linsas Consiam
Carmon Disusia 5242 0.239 0.087 . -93.6%! Exeorenvat Linaar
Corban Totrachioide 524.2 0.314 0.174 -57.3% 1 Exponemsas Linens
Carbomert],]-dep 5022 ELCD 0.072 0.061 -15.5% | Exponantiat| Exporamtial
Criarense torhlie 574.2 1.569 2.079 28.0% | Exrponential| Exvonenis
Chioronanzans 502.2 ELCD 0.450 0.064]  -151.5% Linanr| Expanentia




Table 8. Comparison of 16-point and 5-point
Single-laboratory IDEs (SL-IDEs) for the Episode 6000_ Dataset

{32g/L. except where footnoted) .

_ . . Percent | SLIDEYS | SLDES
| Analyte Method | Procedure | SL-IDE | “SL-IDE {5}] Difference Model - Modei
| s aE
Coaromonzane 5022 | PID 0.064] 0059 © 78%| Expanarsiat] Expomemum
Craarobanione - 524.2 - . 0.133 0.034]  118.1% | Euponcriet] Exgorener’
Chioromthane 5022 | ELCD 2598  0.09 -1857%]  Conetam Linaur
Chiorocihane 524.2 0.395 0303} -26.3% | Exponomior] Exoonmmim
Crtaratarm ° 5022 | - ELCD 0.032 0.008] 1173%] Evmeneniim Linear
Crtoratarm: 5242 “0.225 0104 -734%| Euponornsie| Expononan]
Chicramatnans 502.2 ELCD 0.250 0.520 703% | Exporenia|  Consterm
Chioramatnane 524.2 0.253 0950 * -512%| Exponentiar] Exponenion
Crromism 1620 0.496 0.758]  418%| Exponeriat]  Comstane
Chvemirm 200.3 0408] . 0a491]  185% Linear|  Canstom
fCie1,2-0002,2-00p 5022 | ELCD - 0.055 0.039f  -35.0%| Expanersiar| Expomontim
Crar1,2-ciemicroornone 524.2 0.234 0201 . -152%] Expeneriai} Exporanus
| Cis 1 3-akmtoraprapane 5022 | ELCD 0074 - 0024 -1024% | Expenoriini| Exponentios
Cie-1,3-demoropropane 502.2 PID 0.082 0.111 302%| Exponentior] Expononsia| -
Cro-1,3-ciemaronropans 524.2 8173 0.9 37.9%| Exponortiar] Expormsmiar
Covan - 1620 16.463]  12267]  -202%| Expomomist| Expomersio
| Coman 2008 0.074 p.001| -195.2% Consam| Exponential
Copper 1620 211891 15.897|  -285%|  Conisem|  Comsram
Copper - 200.8 ~0.798 0905 . 12.6% Conetom Conatant
Ditrémeshloramsmans 5022 | ELCD 0.43) - 0394 -101% Linsar|  Constem
Dikrermmaniorsmsinane 524.2 0.287 0.203]  -34.3%| Exponersiai| Exponertat
Ditremomethana 502.2 ELCD 0.460 0.298 -42.8% Linaar Constant
Dibremametirana 524.2 0389 0438  125%| . Exponenus |- Exponensiar]
Dic moroaisuoromatnans 5022 | ELCD 0.240 1225]  1345%| Euponemim]  Constam
Dichtoroditunrametnane 524.2 0.560 0.591 54%] Exponemiat] Exponontias
Dietryt Evvor 524.2 0.376 0.330] -129%| Exponriol] Experanim
Esrot Mo shocryia e 524.2 0.273 0.259 5.2%| Exponanual| Expononia:
Enyaonzane 022 | P 0.078 0.050]  -44.2%] Exponertini| Expomerian
Eihsibarnzana 524.2 £.198 0007] * 595%]| Exponomint| Expenenua:
Haranosn 2 1302 2.258 4.886 73.6%| Exponomiet|  Constam




Table 8. - Comparison of 16-pdint and 5-point

- Single-laboratory IDEs (SL-IDEs) for the Episode 6000 Dataset

{Ha/L except where footnoted)

, . Percent { SL-IDE16 | SLDES
Analyte. Method | Procedure | SL-IDE | SL-IDE{5){ Difference Model Model
Hax o chiorotutadine 5022 | ELCD 0.094 0.073]  -248%] Exponendar Lincar
Hexachiorobutaciona 524.2 0.308 0.237] - -26.0%| Exponcrmiai| Exponenuar]
Hexnemicromthane 524.2 0.288 0260  -10.1%| Exponentai] Fuponanio
Hoxcraatuiagiona trpranatons | 5022 | PID 0.537 0.592 1.0%|  Expononom} - Constamt
- 1620 373500 1064.987  96.1%| - Lincmr|  Corswam
o | - 5022 | PID 0.060 0.041|  -37.0%| Euponomiel] Exponandar
leopropytburnmene 524.2 0.120 0.037| 104.7% | Exponaniin| Erpononta
Lesa 1620 2.423 2951f 19.6%| Fuponentat|  Constam
Lowss 2008 0.204 2872|  173.5%] - Expénennw|  Conston|:
Mte Xytene - 502.2 PID 0.121 0.179 12% | Fxporonunt]  Constamt
Mt Xyrame 524.2 0142 0031]  1273%] Exponenum| Exe
| Magmessum 1620 105.998|  184.221]  53.9%| Expomerso]  Consiams
Manganase 1620 6.808- 4.548 -39.8%|  Consant|  Comnviam
Menoanasa 2008 0.108 0077 . -347%| - Consam|  Comsiemm
| Marerary 200.8 0.021 0.014]  -638%|  Exponomio Hybna
Mainmrstonsrie 5242 - 0.718 0.552]  26.2%| Exponcmm Hytna
Masrort fortite 5242 0.193] 0109  55.5%| Fuponerusi| Fxponérmar
Motnyi Taerouin Eunar 5242 0.225 0.173 -26.3%] Fxponemial| Exponantial]
Motrayiu crytmte 5242, 0.601 0.569 5.5% ] Faponenini| Exponeniat
{Mothisine Chiorue 5022 | ELCD 2841 1381) 0 BTBE%|  Consiam|  Conatam)
Meinytene Ciortio 524.2 0314 0.158]  66.1% | Erponamin] Fumomersied]
{Meshsim othaceytate 524.2 0535  0.382] -33.3%| Exponemtia Linear|’
Motybacnumm ° 1620 3.034 6.028]  66.1%| Expomarsm| Co
Motyidarerm 200.8 0:271 0006| ~-1978%|  Conmam|  Comstom|
Nrbuytbanzana 502.2, PID 0.152 0.056]  -03.0%| Eup Fxponuntial
Nz an 524.2 0.082 0905[  13.9%| Erpomomist|  Comstont
Nepropyimanzens 502.2 PID 25.560{ *  41.908 48.5% | Exponomiat]  Comeiam
N-propyibanzens 524.2° 0.083 0.070]  -16.1%| Fxeonortat|  Comstam
[Napranatone 5242 - 0.141 0.052]  81.4%]  Eponamit Lirsanr
Niches 1620 0.284 0.052]  137.6%] Exranentr Hysria
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Table 8. Comparison of 16-point and 5-point
- Single-laboratory IDEs (SL-IDEs}) for the Episode 6000 Dataset

{ng/L. except where footnoted)

N . 1 ‘ _ Percent | ‘SLADE16 | SLIDES
Analyte Method | Procedure | SL-IDE | SL-DE (5}| Difference ‘Model Model’
_ . : - {16)
Nicies o | 08 ' 0.186 0104 . 49%| Furenenior| Exponsnsia
areyions 5242 e 0.i98 0.082 +82.9%| Exponemini] FExponenus:
Lorwmtonatarwons 5022 { PID | 0116] . 045T)  268%| Frporonwmi|  Comoteme
Preopropiartdace - ] 5022 | PID 0.408 0437} 7.0%] Exponenim Linoae|
Perachiorosmane | 5242 ' 0159 0150 5B%| Exconeruar] © Cunsrem
T— | sez | e " 0.081 0.057  -35.3%| Expomersio] Expomonuior)
Senrbutyionsone . 5242 1 o140 0.040]  -111.6%] Exponemiat] Expanarior
- _ - | 1620 ) e TBOT]  -9.2%| Exeononusi] Expomamis]’
Setantum . S| 0s. D 0416] 0342]  195%| Erponemis| Espoienue)
| Suvor © beo | | 10esa|. 11589 8.3%| Exwonorsimi|  Constamt]
Sivar ) | 2008 1 0012] . 0.088[  2698%| Eepereruimi|  Coment!
Setium I 1620 138.768|  140.860 15% ] Exponenust| Exponemim|
{Sisrene | 5wz , 0141  0.04B|  98.2%| Fupomeruiat| Exponenn:
Ten-buybaeons 022 | PD .| 0074 - 0:051]  -35.8%| Eepemeiwor| Expomemum
Tercoumoncons 5242 | 0.186|  0.057] 1066%| Exponeosa| Eveonensio
Toirneniorootane | s022 | Etcp f o061 0.054[  11.0%] Faponomior] Expononum
Towraomioraamaric {522 | P 0156]  0.103[  -40.6%| Espomermi)  Liewr
Toirachioroamons | saz | 4 0468|  0550]  15.9%| Expomerua Lirmeor
Teraniuem | 120 : 1:153 1249] - B.0%| Exponansn Linonr
Tomm 2008 | oot 0000 -76.1%] FExponentiat] Expomenma
Thorium 200.8 © 0,001 0.000 -93.4% ] Exponomisif  Comstant
Tin | e " 3932) 4651  16.8%| FExponenua| Exponentior
Thantsurm ' <} 1620 S 531 20828 1179%| Esponersai|  Conetans
Totona s022 | PID | 0.064 0.064{  -1.3%|. Exponemiar]  Consam
Totuena . 524.2 : 0.146 0.558]  117.1%| Exponorver] Consiam’
ATormt Prosphoraa? | 3652 ] oo 0011  -18.1%| Expomentias] Expermmin
Totes Suapondas St 2 1602 3,005 2370 23.6%| Exponemtiar| Expononue
Trans-1,2-emisrostmons 22 | ELCD | 0081 . 0.086]  219%| Espencowst|  Linews
[Tt Zoanroramiene | 5202 1 o300 0.075| -118.7%| Euponemis Hysess
Trana-l3-dimtoropropons | 8022 | ELCD | 0098 0.033]  -98.9%| Fupenonust] Exponpmiat




. Table 8. Comparison of 16-point and 5-point
Single-faboratory IDEs {SL-DEs) for the Episode 6000 Dataset

(gil. except where foofnoted)

- . : Percent | SL4DE16 | SL-IDES
Analyte o ‘ Method | Procedure | SL-IDE | $L-IDE (5)] Difference Model Model
\ R ICH e e
Teaws-d Jibntoropropens | 5022 |  PID | 000020 0118] © 227% | Exponanuar] Expenemar
[Trans-l, B ammioropronana | 5242 | | n223)  0932]  5LI%| Expomantal] Expenanar
Toomeldamtoro2bumne | 5242 [0 | 12500 1448 149%| Expenomim| Expononver
NTocotoromtions | | 5022 | ELcD 0059 0.020]  -99.6%] Exponemtis} Exporontia:
Tremorossane | 5022 | PID 0087 0080 B5% ] Expanmnuni} Exponenties
NTrichiornenans qos22 | 0332 0.344]  3.6%| Exponenusl Listear
Trieniorosusromeinans 5022 | ELCD | 2070]  0.688] -1005%| - Commam| Comssam|
Toremtoratuoramatians 524.2 1 0384f  0.384]  01%| Exponanust| Exponenm
Urnrive 208 { . | 0000] - 0.000]  708%|  Expencesia] Exponanum
|Vansanm . 620 | T 10630 9082  15.7%| Exponamin} Exponsiiet]
Vs 2008 1 0864 1023 169%] Eepeneoue Limoor
[Vins Crioriae s022 | ELCD | 3672 0387 1619%|  Comciom|  Linear
Virnyt Crtoriae 5242 | C0365] 0188 -63.8%)  Exonenmer Lienr
TWAD Cyamiae . 1677 | - 0.701 " 1.296 59.6% Linenr]  Conatem
Xytone (Ta i) - | 5242 : 0.128f  0.020]° -126.9%| Exponeia| Exporsnuat
Yorm 1620 | 3.247|  13972]  1246%| Fuporiermier]  Comsters
Zime o 1620 | _ 1500) 69430 429%]| Expovorsim| Comstem
Zin 200.8 1598) - 5245]  106.6%) Experertim|  Constam

Nera:  ELCB er PID 1 tha Procadure coiumn indientes the photo-lonizeton detsstor {P!D} @r wiectrolylic condustivity detedor
{ELCD) i EPA Mawnoo 5022 '

T
Original model pickad was Hybrid, but feiledio converges
. 1
2
Resusts reponied =x mafl




Summary Stafistics for Table 8

{different models used}

SL-IDE{16) vs. | SL-DE{16)vs. SLDE (5) SL-IDE(16) v-s.
SL-IDE {5) {same mod e] used) SLADE (5}
(aii analytes) {differe nt mo dels
’ used)
Number of Analytes 198 108 50
Minimum: ~578.5% -578.9% -185.2%
25th percentile: -79.5% -80.1% -12.2%
Median: -24.9% -35.6% 1.3% ;
75th percentile: 12.8% 9.3% 55.5%
Maximum: 269.8% 53.5% 269.8%
1 Number of Median % { Sign Testp- | Witcoxon -
anaiyles Difference | value p-value
“1 SL-IDE {16) vs, SL-IDE (5) ,
{all analyizs) 158 -24.8% <0.0001 <0.0061
SL-IDE{%6) vs, SL-IDE {5) :
{same model used) 108 -35.6% <0.0001 <0.0007
SL-IDE(16) vs. SL-IDE {5)
90 1.3% >0.999 0.847




)

 Tabled, Comparison of 16-point dnd 5-point
Single-laboratory IQEs at 10% RSD (SL-IQEs 10%) for the Episode 6000 Dataset
~ {ug/L except where foothoted)

Analyte fethed | Procedure’ Sk~ SL- Percent SL-KE SL-QE

: ‘ IQE10% | JGE10% | Difference | Model (18) | Model {5}

_ oy e | |

1,1, 1,24errnchicrocinanc 502.2 ELCD 0.030 0.048 45.71% Hytoriat Linsos
1,1, 1,2tarachioroathane 524.2 0181  0.320 55.3% Hybria Linaad
1,1, frichiorcahinnn 502.2 ) “ELCD 0.830 0.055 -175.2% Lingar Hyporict
1,1, Tbichiorsnmans h24.2 0.240 0.081 -08.6% Hytoria Hysria

11,2, 2000 +1,2,3ver 502.2 ELCD 5514 £.984 23.5% Constantt Consians
1,1,2,21ctrachioroothans “524.2 0.569 0.942 48 4% Hyoria Linens
1,1, 2-wiciioroetiane 2.2 ELCD 0.0605 - 0.046 -26.2% Linoar, Lirend
1,1, 2-richioroshans 524.2 . 0.290 0.344 17.1% Hyoria Lines
1,1-dichroathans - 502.2 ELCD 0.527 0.058 -160.5% Linenr! Hybria
1,1-dichlorocthans 524.2 0115 0.09% -14.3% Hybria Hytorta
1, 1-dichioroathena 502.2 ELCD 3.796 0.305 -170.3% Linaar Hywria
1, I-dichiorosthens 524.2 0.12% 0.199 42.6% Hybria Hybra
111 -slehoropropansna T524.2 12.705 16.447 25.7% Linsar Hybrial
1,1 diehirmpropens 524.2 . . 0.180[  8.106%) 192.2% Hytria|  Consiand
1,2, 3-wichiorebenzene 502.2 ELCD 0.851 0.341 -i5.6%) Linear] Constan
1:2,3-wichlorobenmena. 562.2 PID 0.248 D.246 -0.9% Hybehe Hybrta
1,2, 3 wichicrobenzena 5242 0.216 0.147 -38.1% Hyoria Lineas
1,2,3-mentoropmpans 524.2 11.316] 33.3437 98.6% Linear] Constand
1,2, 4-wichtorabenmne 5072 ELCD 0.401 0.202 -65.9% Linsar] Constans
1,2, A-vichiorobenzans h2.2 PID 0.43% D.207 ~12.0% Linaar Hytorial
1,2, d-richiorobantana 5242 0.141% 3.760 195.6% Hyira| Conatant
1,2, 4-vtmethyioonzans 502.2 - PiD 0.55_3 ’ 0.293 -716.2% Lincar] Consian
1.2, 4-witnothyibonrene 524.2 20.896 0.718) - -187.7% Conatam Linasd
1, 2-dibroma3-cmorepropone " 5242 71.182° 0.877 -195.1% Comstamf  Hybria
1,2-dibremonthuns 502.2 ELCD 0.592 0.065 -1608.2% Linear Linond
1.2-albromocthane 524.2 - 0.417 0.579 32.5% Hybria Lincas
1,2-cichioronanzeons 502.2 ELCD 0.183] 0.109° -50.9% Linaur] Linsd
1,2 dichkrobanrena 502.2 Pl ~ D.346 0.123 -94.1% Hyborics Hytoria
1, 2-dichiorobanzans h24.2 0.085 vﬂ.ﬂ? 32.3% Hybria Linend
1, 2-dichiroothane 502.2 ELCD 0.065] 0.727° 167.2% Hyoria} Canstund
1,2-dichorosthana ] - 242 0.222 0.327 38.4% Hybrl_r.l Line=s
1,2-dichioropropana- 5022 ELCD 0.182 0.178{ - 54.1% Linear] Conatan
1,2- sichiorepropana 524.2 0.196 0.219 10.9% Hybria Lineay
1,3, 5-enbtd-chiorotobionn 502.2 PID 0.189 (.289 11.7% Hybra| Cansiany
1,3, 5-rimemyibonzane 524.2 . 23.744]. 0.086 -198.6% Constan] Lsevondf
1,3 dichiorobanzans - 502.2 ELCD 0.9386 1.239 21.9% Linaar] Consiamd
1,3 dichrebonzana 502.2 PID 0.465 0.404 -14.2% Linear] Consteny
1,3-aichiorobanzana 524.2 0.076 0.081 7.0%| Hyoria Hytorial
1.3-dichbropropans 502.2 © ELCD 0.054 0.448 157.0% Linear] Conatans
1,3-dichiarepropone 524.2 0,134 0.154 10.0% Hyeoria Hybria
1,4-aichmorobenzens 502.2 ELCD 0.101 0.100 -1.3% Hyeria Lineas
1, 4-dichkrobanzans 524.2 0.078 0.068 14.1% Hyporia Fimear
1-chlarobutans 5242 29.943 0.170 ~192.7% Constant Linas
2,2-aichoropropane 524.2 38.009 0.361 -186.2% Constam Hyoria
2-butanone 524.2 ) 0.893 39,665 191.2% Conatans
2-chisrotduans 502.2 ELCD 0.493 0.357 -32.1% Hytria Linaad
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Table 3. Comparison of 16-point and 5-point
Single-faboratory IQEs at 10% RSD (SL-1QEs 10%) for the Episode 6000 Dataset
) {pg/L except where footnoted)

SL-QE

Analyte Method | Procedure SL- 8L~ | Perceni SLOE HQE
' IQE10% | IQE10% | Difference | Model (16) | Modei {5)
{16) {5) .
[ 502.2 PiD 0.848  0.806 5.2% Hyors| Constand
?- chtorotaiuare 524.2 0.053 0.044 -19.1% Hyasries Linesd -
?-haxmnone 5242 . 0.442] ~ &1.796 197.2% Hyroia] Cormtand -
Z-nitroprpana 524.2 p.560| 17783 187.2% Hywia| Contand
H-cntororctuons 502.2 ELCD n.1427 0.485 C1094%| . Hyowa Linoad
4- e hicrercusna 524.2 . 238t 0837 -1864%| Cermars| C
[ 524.2 0.016]  1.194] - 104.6% Hyeria|  Cornstapd
4"ma\hy|-2-peménnna 524.2 1.785 .14.514 . 15_5.2% : Hybrsd ) an-mm
Acarone 524.2 2741] 59.415 182.4%|  Hyema| Conston:
Borytonnetia 524.2 T28.056] 19275 "370%|.  Canetan] Conetond
iyt Crroves 524.2 20674~ 0.164 -197.8%|  Conatem Hypried
Aiuminum .-1620 464.069]  144.530)°  -105.0%] Conatany Conatan
[ 200.8 ICPIMS 29.684| 47.196 45.6%]- . Hyenia| | Conarurd
Burrrmncrion s Nitrospon 350.3 : 0.035] 0.082 78.8%) - Hypea| Conetard
Prtimony ' 1620 _ 9.551] 8.3564° _3.6%|  Conetart] Constand |
Anumnny 200,8 [CPIMS 0034 0.533 1798% H;brid ’ Coh»lc;h\
Y 1620 - 3.097]  4.656 40.2% Hyoria| Conatant
T 200.8 ICPIMS 0.798]  0.847 6.1% Hybria Hypiral
Borissm 1620 4118 3.334  21.1%]  Censtam} Conssnl
Borium 2008 ICP/MS 0211 0.153 -32.1% Linoar|. Comnstont
|Bonzana 502.2 "PID 0.182]  0.130] -33.2% Lincar Eirume d
Benxona 524.2 0044 0.028] . -41.0%] Hyeria Linass
Baryitiim 1620 0.980F 0.985 0.6% Hybsa Lsnesy
Beryiivm 200.8 ICPIMS 0.044 6.036 -19.9% Hybria Conatamn
Boron - 1620 51.134]  46.392 0.7%) Linsar Hybria
Bromobonzans 502.2 ELCD 3529} 29.488 157.2% Linear] - Linoas
Bromobanzons 502.2 PID 0.108} - 0.057} -55.4%, Linear Hytina
Bromobanzons 524.2 o.140b 087 28.7% "Hytna Hytsa
Bromochioromathana 502.2 ELCD 1598  0.057 -186.1% Linear| . Hyera
Brormoctioramathans 524.2 ' . 0.368] 0,592 46.5% Hybria|  Hybua
Bromodicnioremahane 502.2 ELCD 0424} - 0.465 91% Livear] Conatand
Bromedichloremoatana 5242 - 0.128 0.111 -13.8% B ‘Hybriq Linend
Bromoform ’ 502.2 ELCD 3.393]  0.068 -192.1%]  Constam Lisrend
Bromotarm 524.2 0.482]  0.406] A71%[- Hywora Hybeia
Bromeomeinana 502.2 ELCD 16.351 2.195 152.7%]  Conate Hytria
Bremomothane 524.2 ‘ 0.226] . 0432 58.4% Hyoria Einent
Cadrmium 1620 ) 0.410 0.400 -2.6% Hybria Linand
C actrotum 1 2008 ICP/MS . D063 0.033 -63.4%]|. Hybric | . Constant
Catctam 1620 -09.975] 109.600 9.2% “Linenr] Constand
Corian Dizuitrias 524.2 0101 0.268 90.3% Hybria Linzar
Carbon Tetrachioide 524.2 0.140 0.520 115.1% Hybria Linsad
Corbomett], Tracp 502.2 ELCD 0.069] 1553 163.1% Hyoria| Coneran
Chioronce tonitrite 524.2 3310] 21753 162,2%} Hybra| Conmtnn
Chiorobanzene 502.2 ELCD - 1.766]  1.558 -12.5% Linear] Conssond -
| SP— 502.2 PID 0.119]  0.034 110.6% Hyoria|  Linead
Criorohonzans 524.2 0.059)  0.831 173.3% Hybrie| Consoans




Table 9. Comparison of 1B-pomi and 5-point-
Smgle—iaboratory IQEs at 10% RSD (SL-QEs 10%) for the Episode 6000 Dataset
{palL excent where footnoted)

iAnalyte Method | . Procedure’ SL- 5L- Percent SL-I0E SL-KE
B 1QE10% | IQE10% | Difference § Modei (15) | Model (5}
, . {16} {5} )
Chtorceihans © - 502.2 ELCD 5.826;  0.644 -160.2% Constam Linead
Chicroothans 524.2 i 0.255}  '0.207 -208%}  Hyusia] Hyoria
Chiaroform. 502.2 ) ELCD 0.025 0.933 26.1% Linenr Linoas
. [Crierorerm 524.2 . 0.121% 0.092 -27.7% Hybria Linaes
[Chtoremeshane 502.2 ELCD 1.734 1.049 -49.2%) Linear] Consian
Chicromethana 5242 ’ D.141 0.191 30.4% Hybria | Linesy
Thromium " 1620 1.250) ° 1.558 21.2% Linear| Constan
Crrombum 200.8 iICPIMS 1.028 1.022 -0.6% Linear] Constand )
Cls'1 2- .sca%Z 2 rdep 502.2 ELCD- © 9.039 1.055 185.7%| Hybrid _Con'slu.rui
Ciz-1,2-dihiorosthens 5242 . 0.144 D.151 4,9% Hybria ‘Hyh‘rid
Cia-1.3-dshivropropons hi2.2 CELCD D.415 0.447° 1.4% Linsar] Conxinnd
Cia-1,3-dizhtoropropons 502.2 PID 0.017’ . 0.226 172.0% g — Lineay
Ci:‘1;3‘di=hloroprop9;|e 524.2 0.141 0.085 -49.3% “Hybria Linead
Cobait 1620 40.837 25.933 -44.6% Linear Linead
[Cotan 2008 ICPS NAtl oot 0.0% Linaar]  Hyoria
|Copper 1620 47.509 32 543} -37.1% Constam]| Constand
1Ceppear 200.8 ICPIMS 1.825 1.885|. 32% Conertam| Conztany
Dbromoshioromethana 5022 .ELCD 1.252 0.809] -43.0% Linsar] Consiand
Ditromoshiorometnne 5242 .0.288 0.167 -63.2%]| - Hykri Hybrta
. IDibromomethune 502.2 ELCD 1.395 0.587 -81.6% Linear] Constand
Dibromemethans 524.2 0.460 {1.488 7.9% Hybria Hybria
Dichtoradituoromsthans 582.2 ELCD 1.091° 2.470 11.4% Linear} Consiang
Dionteraauoromeathane 5242 0.488 0.442 -B.1% Hybria Hybria
Dhoiwl siher 524.2 0.404 B.525 26.0% Hypria Hyesrra ‘
Fihyt methaciyints - T 5242 0.183 0.14% -26.0% Hybria Linead
Etryibenzanae 562.2 MD ' 0.157 0.007 s -182.9% Hywria - Lireeas!
Eihythenzone ‘524.2 D.07T 1. 0.064] -18.2% Hybrice Linend
Hurdnins 1302 . 5.465 10.032) 58.9% -Linearf Constani
Hoxa chlorobutadians 502.2 ELCD 0.243 0.582 82.2%1° Hybric Liread
Hexnchiorahutadinne - 524.2 : 0.228 0.232 11% Hybsict Linaa
annchlnronlhana 5242 9.157 9386 - 739% . VHy.bfld Lirmar
Hnxchlnbulndinha“!‘_mphlhnlano 5022 P'D 1:542 . 1193 R '255% Hybrid ansl&n!
o 1620 996.565°| 2186.832 74.8% Linear] Conatand
lsopropyibenzene 502.2 PID 8129 8.032y - -120.6% Linswss Linaan
feopropyibonmna 524.2. 25,592 1.157 -182.7% Conastamt| Consiang
qLeaa - 1620 5:698 6.059{ 8.1% Linear]  Constam
Lona 200.8 1CPIMS 0.685 5983 158.9% Lincarf Constand
M4 e xyrone 5p2.2 PiD 0.222 B.240 1.6% Hyerm | Constand
[M+e xy1ana 524,2 28.651 0.034 -199.4% Constam Hybria
Magnasiom 1620 - 267.199| 378.217 34.4% Linoar] Constant
lmangnneu 1620 15.264 9.339 -48.2% Constarm! Constantg
Manganase 200.8 ICP/NS 0245 0760 -41.8%|  Constora]- Constand
C Mercary 200.8 ICP/INIS 0.039] o.017" -79.4% Hybria Hytria
Morhnoryion e 524.2 19.062 1111 -178.0%) . Conmam Hybria
Mathy lodide 5242 0.083 3681 19%1% Hybrig| Constand i
@en’hyl terrhityl eter 524.2 0122 15.132° 196.8% Hytrier Constang




Table 9. Comparison of 16-point and 5-point
S!ngle-laboratory IQEs at 10% RSD {St-IQEs 10%) for the Episode 5000 Dataset
(1a/L except where footnoted)

Analyte Method | Procedure 'SL-  Sk-. Percent 5L-IQE SL-KAE
| 1QE10% { IQE10% | Difference | Model {16) | Model (5)
{16} {5) '
Mothyta crylirio 524.2 - 07270 0.853 16:0% Hywria Linead
Mothytone Crioria 5022 | . FLCD - 6.033 NiA* NIA]" Constam| Constan
Motnyions Chioraa 524.2 : 0.433 0.293] -38.5% Hybria [
Methyim sthaeryt ate 524.2 20.773 0373  -183.9%|  Consam] - Linesq
Motybdonim ' 1620 7.5971 11.866 -43.9% Linaar Consiang
Moyt arum 2008 | ICPIMS . 0.608 0.012 1924%} Constam] Concinn
T —— 5022 . PID . - 07450 D.AE6 -24.0% Lenear, Linead
N-Luryibenzeshe . 5242 : 0.067 - 1.287 186.1% Hybrld ' Cunsu.;.
j—— 502.2 PID 0.186 0.212 13.0% Hytral Constand
N-prepyibanzene 5242 ) 20.878] 0118 19B.4%}  Conmtant] - Hybna
N-l'_lphlhnlanu . 5242 ' . 0108 D.256 81.1% Hybrla Hybrl'd-
Nickat 1620 £7.206] 86.054} 24.6% Linear] Constang
Mioke: 2008 | ICPMS 0.183 0.147 -21.9% Hybria| Cenctand-
O-xylun'e- 524.2 . 0.040 0‘016 ‘ —85.5% Hybrid Linead
D xytmrobotymns 502.2 PID 0.187 0.305 51.0% Lincarf” Constan
Priopreprort], duaes 502.2 PID 04561  0.302 -40.8% Linasr]. Constand
[ - — 524.2 . . 0551 1.036 81.1% Hybna, Lineas
S cputyibanzene 502.2 PID 0.157 0,754 131.1% Hysrial Consiarm
S ce-butylbonyena h24.2 ‘ 0.047 1.266 185.5%]| Hybria Constand -
Sutanium 1620 5.235 4076 -24.9% Linear Linenad
. 200.8 ICPMS - 1.045) D707 -38.6% Linaat, [F
Sitvar 1620 _ ' 25842) 22813 -12.5% Lincar] Corsard
Sitwar . 200.8 ICPIMS 0.056 N NIA Linsar Linead -
S o i 1620 337.755] 333.796 -1.2% Linear Linesy
Seyroms 524.2 1.041 0.067 49.3% Hysria Lincas
T orbutybenzene 5p2.2 PID 0,203 8.111 ) | -58.9% - Linwar Hybrial
T ere-butybanzone 524.2 0.073 0,074 1.1% Hybria Linasd
Tcl.ra:hloroahnnu SDZ.Z ELCD 0.122 B ,0.132 39.7% Hybrm Llnbar
Tatrachiorosthena 502.2 PID 0.750 0,385 64.4% Linear Linesd
Tatrmehtorontiane 524.2 30.554° 1.643]. -179.6%|] Constam| . Linosd
Froanlum 1620 2789 2.745 -1.9% Lirsnar Linasr
1E 200.8 ICPIMS f.002 0.001 -16.8%). Linanr, Liness
[ 200.8 ICPIMS 0.004 0.001 -134.2% Linearl ' Constan
o, 1620 9.406] - 9.772 3.8% - Linaar Lineon
Toranium 1620 14.236] 42.768 100.1% Linesr| Consan
Tatens - 502.2 PID 0.194 0.131 -39.1% Linear] Conatant
[ 524.2 “0.046]  1.145° 184.7%|  Hyona| Coresing
Totmt Prosphorus” 365.2 0.030]  0.026 -15.8% Hynria]  Lineaq
T ctat Susponded Soids - 1602 6.729 6.929 2.9% Hybria Lineas
Frana-1,2-dishiorosthena “802.2 FLCD 0.191] 0.081° -B0.6% Hyoria Linon]
Temma-1,2-dishloresthans 5242 0153 0.171 11.3% Hytorta Hytric
ITyur o], 3-di hloropropane 502.2 £LCD 0.729 0.485 -40.2% Linenr| Consan
Trans=1,3-aeniorapropone 5022 P 0175] 0.238 30.7% Hyboal  Linead .
Trans-1,3'crx=h|arnprupane 524.2 0.218 0.101 -13.5% Hybr!:! Hybﬂd
[rane-T dmaentara-2-pusmne 524.2. 30.108]  1.768].  -177.8%| Constam Hymria)
Frtertoroctons 502.2 ELCD 3.169 1.810 -103.3% “Linear] Constant




, Tab!e 9, Companson of 16-point and 5-point
Slngle-laboratory QEs at 10% RSD (SL-iQEs 10%) for the Eplsode BUUU Datasei

(ng/L except where footnoted)

- 43.5%

Analyte. ) Method | Procedure - SL- SL- Percent SL-IQE | SL-QE
’ ' | HQE10% 'IQE10% | Difference | Model {16} | Model (5)
: {18) & | . ) :
Tricninroamans 502.2 PiD 0.40% 0.072 -134.4% Linanrf . Linaad
L — 5242 0.367) 1068l . 145.8% Hytia Linear
T ichiorafusemathens 502.2 ELCD - 4,662 1.355]  -109.9%|  Constern| Conatand
Tiichioratusremethana 5242 | 42.490° 0301}, -197.2%] ° Coneram Hybrial
U mnism 200.8 _ICPIMS - .01 0.000} -69.1% Lincar] . Litvows|
- Wannaiam 1620 .- 24.338] 12798} -31.0% Hyoral  Linead
LV nacium 200,38 ICPIMS 1833} - 2.225 TO141%) 0 Hybea Lifoas
"Minyt Chtoriaa 502.2 ELCD 8.234}.  3.258 -96.6%]  Constmnt .  Lineod
I — 524.2° - 0.219). 0652 - 99,2%, Hybria Lirasd
W.a Cyarida 1677 “WADCN. 1.624]  2.661] . 48,4% Linear] Constan
Xytore frotai} 5242 23.520 0.017 2199.7%|  Coneterm| - Hybuid
Y irrium 1620 8.962 28.689{ - 104.8% Linasr}  Constand
i 1620 ‘ : 10452 14257 30.8% Hyvria| Canstang
Pine 200.8 ICPIMS 7.024]  10.927 Linear] * Canstam

2 Rasunts reportad as mall.

3 JOE 10% negative, I0E 20% reporea

TIQE 10% wnactineda, JQE 20% roported

" 4IQE 10%, IQF 20%, IQE30% an negetive mased on choson aod <) [inear)
s IQE 10% ana IQE 20% bom nagasve, IQE 30% repansa - -

Hybr[:l modei sejsctod but did notconvarge; I'QE 10% bosed on sonstab model Inn\aad



Summary Statistics for Table 9

5L-IQE10 SL-IQE10 {16} vs, 5L- SL-IQE10 {16} vs.
{16} vs.5L- 1QE40 {5) 'SL-IQE10 (5)
IQE10 {5} {same model.used} {differe nt models
{all used)
analytes)
‘Number of Analytes 195 ) 145
Minimum: -19,871.5% ~18,237.7% -19,971.5%
25th percentite: - " 6,115.2%. 1,243.8% -3,927.0%
Median: -194.6% -2,442.7% 613.9%
75th percentile: _ 4,562.6% . 576.4% 6109.3%
Maxi.mum: 19,715.8% - 15724.6% 19,715.8%
Numberof | Median % Sign Test p- | Wilcoxon
analytes Difference | value p-value

| SL-IQE10 (16) vs. SL-

11QE10 (5)

3 (all analytes) 195 49‘4.600 0.567 0.345
SL-IQE10 (16) vs, SL-
IQE10 (5)
{same model used) 50 -2,442.7% 8,015 0.001
SL-IQE1® {16) vs. SL-
IQE10 {5)
{differeni models used) 145 673.9% 0.507 (1.606
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. Summary Statistics for Table 10.

' % of Blanks Excgedi'ng Limit for Dataset

Limit Type Meal{ ‘ Standard Error
ACIL CRV 1% 03%
USGSLT- | . 44% 12%
MDL (adding ' i .

mediah)

USGSLT- 3.1% 0:9%
MDL (saaing

mBBh}

EPA MDL 2.9% 0.8%
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Table 11. Comparison of SL.IDEs and MDLSs calcufated With and Without Outlier Removal,

~ Episode 6000 Data
(pg/L except where footnoted)
: R SL-IDE- A MbL _
Analyte Method |Procedure | Cutliers | Ouiliers Mode} Used | Outliers | Cutliers.
) . Kept | Dropped | (KeptiDiopped} | Kept | dropped
11,1, 240rrachiorosthana - 502.2 ELCD -0.034 0.024 . E/E}0.041 0.008"
1,1,1, 21ctrachioranthans 524.2 ) 0.244 0.211 E/E;0.052 0.052)
1111 5memoronnane to22 |. ELCD 0.041 0.038 EIEjD.012 0.012
1, Fwichiorcemans 5242 ) 0.308] . 0.3 . FJE{.055 0.055
1,1,2,2cat1,2,30en 502.2 ELCD 0.179 0.123 E/Ej.og4 0.064
11,1,2,24avvachioresthane 524.2 . . D.436 0.296 FIE}D.132 D.13%
1.1, 2 wichieroehans h02.2 ELCD 0.032 0.026 "EfED.D24 0.01§
1, T-aientorosthane 5022 | ELCD 0.083 0.080 E/E|D.0T0 0.014
1,1-gichiorosthans 524.2 ' 0.229 0.187} - EfEiD.D33 0.033
Ti1-dichioronthane 502.2 ELCD 0.234 T 0165 E/E|D.D38 . 0.025
11 1-dichraropropana -624.2 ’ D.287 0.254 E/E}D.D45 - 0.045
1.2,3-wichiorobenmnae 502.2 ELCD 0.134| 0.066] E/E|0.048 0.021
12,3 michiorotenzens 502.2 PID T D115 0.095 E/E[0.057 -0.057
1.2,3-ricniarobannane 524.2 0.275 0.256 E/E|0.070 .0.07Q.
1,2, 3 michlsropropane | 524.2 1.263 1.046 " E/E|1.328 4014
1,2, 4 michtorebensans 502.2 "ELGD 0.088 0.076 " E/E}0.022 0.023
1,2, 4-vicnisrobenxenas 602.2 PID 0.124§ 0.117 E/EN.D70 0.074{
1,2 A-wirretniyioamzmne 502.2 P 0.125 0.307 EfE}0.095 0.095
1.2 A vimethylbonzens 524.2 0.144 0,134} E/ED.012 0.024
1,2 gibremo-d-chiorapropona 524.2 - 1749 1.368}. E/E[1.457 1.457
1,2-dtbromosthane 502.2 .ELCD . 0.164] ©  0.148 -E/E|0.096 0.095
1,2-dibromeosthans 524.2 0.326 0.290 E/ED.127 0.127
1,2-dlchiorebanzens - 502.2 ELCD " D.065 -0.08t E/E|D.035 D.035
1,2-aichiorobanzena 524.2 . 0.130 0.133 . E/E|D.030 0.025
1,2-dichorosthane 502.2 ELCD 0.042 0.029; - E/E|D.O17 0.017
1,2'dinhbroekhann 524.2 . 0.253 0.237 EIE U.ﬂ39 0.059
1,2-sichirepropana 5022 | ELCD 0.043 - B0.031 E/Eln.0z23 0.029
1,2-diehioropropans 524.2 0.247 0175 E/E[D.058 0.026
1,3,5-virmeanyibenmpa 524.2 0.135 0.127 E/EID.011 0.017
1,3-diehiorobonzene -502.2 ELCD 0,118 0.073 E/E}D.035 0.014
1:3-aehirobenzens 502.2 PID 0.126| - - 0.106 E/E]0.093 D.087
1.3 dichiropropanc 502.2 ELCD 0:047| . 0.037 - EIEJ0.018 0.074
1,3-sichioropropans . 5242 - 0.202] . 0.182 E/E|0.038 D.035
1L 4-dichierobenzens 5022 ELCD - 0.061 " 0.053 E/E|0.026 0.026
1 4-aichiorobenzena 524.2 0.740 0.130 E/E}0.023 0.023
2,2 dichioroprapana 524.2 0.691F . 0.630 E/E]2,376 2.37¢
|Z-eutancna 5242 : 0.833] 0.696, E/E[0.417 0.874
2-chiorotcuana 502.2 FLCE} 0.175 0.1861 E/E|D.10B 0.108
2-cstorotdusne 502.2 PiD 0.230) 0.143L EfEID.238 0.08¢
“|2-sexanons 524.2 | 0.902 0.753 E/E[1.316 D.426
4-chiorotduens 502.2 ELCD 0.749 0.134 E/E|0.11D 0.083
4-chtoroicusne 524.2 0.123 0.114 E/E|D.010 0.010
Ayt Crioride . 5242 - 0229 0.213 EfE|p.032 0.029
Atuminum 1620 . 206.975 47.299 C/E|29.555 19.524
Avuminum 200.8 ICPIMS 12,747 9.371 F/E[19.145 0.83%
Aramenia os Nirogon 350.3 0.014 0.013 F{E}0.010 0.010
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Table 11. Comparlson of SLDES and MDLs calculated With and Without Outlier Removal,

_ Episode 6000 Data
{Hg/L except where footnoted)
. ‘ ] SL-IDE- MDL
. {Analyte | Method [Procedure | -Qutlers | Outliers Model Used | Quiliers { Outliers
' o : Kept . | Dropped | (Kept/Dropped) | Kept dropped
oiinany 2008 | ICPIMS 0.019 0.014] © EEPp.178 © 7 D.008
Brsenic: 200.8 ICPIMS 0.366 '0.347 * EIED.226 0.226
Bariure 1620 1.837 1441 CICH.702 1.702
Barium - 2008 | ICP/MS 0.084 0.068 E/ED.033 0.01§)
“Banzena 502.2 PID 0.079 0.074 FIER.030 0.0304
TBaryiium 1620 D.448 '0.430 EIED.528 ns2y
Boryitium 200.8 1 ICPMS 0.024]  0.021). EIE|D.007- 0.007
Bremotaninns 502.2 ELCD 0.765] - D.242 L/ED.131 0131
Bromobenzens 502.2 PID . 0.050 0.046 CEEP.O1Z 0.012)
" [Bremobenzene 524.2 o 0.271 0.194 . FiElo.0a4 0.044
- PBremochloremathans 502.2 ELCD 0.482 0.380 1L10.613 0.013
Brombdichlorameatiane 502.2 ELCD -0.075 0.065 : " E/EID.0D4 0.004)
Bromoaichiorometana 524.2 - 0.205 0.190 E/E|0.043 0.043
Bromotorma 502.2 ELCD 1.513 1.504 CICi0.006. 0.008
Bromotorm . 524.2 0.400 0.363 E/E{D.123 0.123
Bromomotians [502.2 E£LCD 7.283 1.427 CiCIn:267 0.477
IC adrmium 1620 0.1M 0.159 E/E(0.127 0.127
|G- 2008 ICPMS 0.022 0.022 E/E|0.004 0.004
Caicrim 1620 41.358 36.054 " LL36.726 36.726;
Carbon Tewrachiodda 5242 0.314 0.288 EfE{0.038 ’ ‘0.031}1-
Cartomort, Tracp 502.2 | ELCD 0.072f 0068 E/E.029 0.024 -
Chiorobenzons - 5022 | ELCD 0460} 0378 IL{p.011 0.01% -
Chiorobenzena 502.2 "PID D.064 0.055 E/E{0.030 0.028
Chiarsethans 502.2 ELCD - 2.598 2.357 CiCp.108 0.011
Chlaroethans 524.2 0.385] 0.362 E/EID.066 0.048
Crioroform ho2.2 ELCD {.032 0.026) - E/ED.D43 -70.p43
Chiloromethane - h02.2. ELCD 0.250 0.350 E/ED.070 0.074
Chicremethans 524,2 “0.253 0.302 E/E[0.045 T 0,045
Chromivim 1620 0.496 0,464 EJE[D.310 D.310
Chromium 200.8 iCPIMS 0.408 - 0.207 HED.073 0.073
Cic-1,2-d00t2,2-dop 502.2 ELCD 0.055 " 0.052 E/E}0.013 0.013"
Cia-1,3-dionlorapropens © s02.2 |  ELCD 0.074 0.082 E/E 10,007 0.007]
Cis-1,3-arcnioropropons 502.2 PID 0.082 6.138 E/E|D.057 (.057
Ciz-1,3-atnloropropans 524.2 0.173 0.145 E/ED.038 0.036
Cotan 1620 16.463 - 15.625 "E/E[9.820 - 9.820
Caban 2008 ICPIMS 0.074 © D074 CIC 10.001 0.001
Corper 1620 ' 21.189 4.8 - CICH.D46 6.046;
Ceppear 200.8 ICPIMS 0.798 D.160 C/E|D.D37 0.037
Dibromochioremothane 502.2 ELCD 0.436 0.413 LL)0.003 " D.008
Dibromoshloromethana 524.2 0.287 0.210 ' - EIEJ0.051 0.051
Dibrememothane 502.2 ELCD 0.460 0.344 1JLID.007 0,007
Dibromomathans 524.2 0.388 0.319 E/E0.102 0.102
Dichiorodisucromethane 5022 ELCD 0.240 .0.069 E/E{0.009 0.071
Diewnyr Evrer 524.2 0.376 0.301] . E/E0.120 T 0120
Finyt Mothacrytars - 5242 0.273 0.246 EIE.045 0.038f
Erhyibancons 502.2 PiD 0.078 0.073 EIE.0217 0.021

B-72




0

Tahle 11 Comparison of SLADEs and MDLs calcuiated With and Without Qutlier Removal,

Episode 6000 Data
(ngl/l except where footnoted)
SL-IDE MDL

Analyte Meihod |Procedure | Outliers | .Outliers | Model Used | Outfiers | Outiiers

Kept | Dropped | (Kept/Dropped) | Kept | dropped
Erhyibonzana 524.2 © D198 0.184 E/E{D.033 0.0z
I 5022 | ELCD 0.094 0.081 E/E 0043 0.043
Hox:hl'nbuu,dlnno+mphmal¢m, .502.2 ) P'D 0597 D.490 E,E D.649 0.549
bron 1620 373.590 42.840 LIE[90.409 19,183
[—— 502.2 PiD D.060 0.047 E/E[0.020 0.020
|xoprapyloenzans 524.2 0.120 D.107 E/EJD.011 0.010
Loaa 1620 | . 2.423 1.855 E/E J1.647 " 1,289
Loaa 2008 | 1CPIMS 0.204 0.133 E/E |0.655 0151
T T—— 5022 PID 0.121 0.114 E/E10.090 0.090
[TT—— 1620 105.998] 100.489 E/E [103.033 103.033
[Margorese 1620 5.508 2.183] CIE |6.856 1.376
T — 200.8 | ICPIMS 0.309 0.018 ~ CIEf.031 0.012
[Marcuey 2008 | ICPMS | 0027 0.024 E/E{D.004 0.004;
[ 5242 | 0.718 0.492 E/Ef.356 0.33
T 524.2 D601 0.4711 E/ElD.220  0.220
[ T— 5247 0.314 0.279 EfE{n.082; 0.087]
([ ——— 524.2 . 0.535 0.480 E/E|n.225 0.225
[ — 1620 | 3.034] - 2683 E/E[2.455 2.455
T 2008 | ICPIMS 0.2711]  0.027° “GICp.on4 0.002
TR 502.2 PID 0.141 0.105 E/E[0.030 0.083
[N-propyionzane 502.2 PID 0.092 0.071 E/E|p.040 0.040
Napnipatone 524.2° 0.186 0.219 E/E|p.048 0,048
Mcscat 1620 25.560f .23.853 ‘EER0.219 20.279]
Mictcoi 2008 | 1ICPMS 0.083 0.057 E/E[n.146 0.075
O-sevtanotaiyrens 502.2 P 0.116 0.087 E/E[p.059 0.044
P-isoproproit] d-acn 502.2 PlD . D.159 0.131 E/E|D.073 0.054
- Peracnioroenans 5242 0.408 0.351 E/E[0.553 0.207
I | 5022 PID 0.081 0.068 E/E[0.055 0.036
S crenium 2008 | ICRIMS 0.416 0.324 E/ElD.192 0.192
S hvar 1620 10.668 10.718 E/L]4.907 4.250
Sitvar 2008 | ICPMS 0.012 0.010 EJE[p.ood 0.004)
T ert-buybansons 502.2 PID 0.074 0,082 E/Ejo.029 0.029

Tatrachlorosthans 502.2 ELCD 0.081 0.054 E/E[0.018 0.0t
T 502.2 PID 0.156 0.131 E/E]n.062 . 0.062
Tesrachiorontione 5242 _ 0.469 0.393 E/E[0.085 0.027
T 2008- | ICPIMS 0.001 0.001 E/E|n.000 0.000
F—— 200.8. |- ICPIMS 0.001 0.001 E/E|0.001 0.001
Tin 1620 3,932 3.700) E/ER .60 3.6700
Thaniuss 1620 , 5376 4.732 E/E|4.777 4.663
Tetuone 502.2 PID 0.064]  BD56 E/E[0.070 0.071
Totora | 524.2 0.146 0.136 E/E[0.020 0.014
Totat Suspended Soras - 160.2 3.005 3.060 E/E[1.170 0.980)
Trans-1,2-achioroothone 502.2 ELCD 0.081 0.073 EIE{0.041 0,041
Teans-1,3-dentoropropomns 502.2 ELCD 0.098 0.083 EfE{n.012 0.017
Truba-1,3-dihtorapropana 502.2 PID 0.092 0.088 E/E|n.D58 0.058
Trans-1,3-dohiorepropena 524.2 '0.223 0.188 E/F[0.051 0.05%
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Table 11. Comparison of SL-DEs and MDLs calculated With and Without Outhier Removal,
Episode 6000 Data '
po/L except where jootnoted)
_ . ) SL-IDE MbL
Analyte- ‘| Method [Procedure | Quiliers | Qutiters | Model Used | Outlisrs | Outliers
Kent Dropped | (Kept/Dopped) |  Kept dropped

[Tvicmorontrona | 502.2 ELED 0.058} - 0.049 EIE D.U‘i?_" 0.012
T ricntorosmens - 502.2 PID 0.087 -0.078 E/E0.027 0.027
Trichioroutona 524.2 ) 0:332 0.333 E/E}0.061 0.06%
T rtehtoreguere mnthane hi2.2 ELCD 2.07% 1.762 C/IC12.108 Dot
F richlorodusromethans 524.2 ) 0.384 0.528 EIEiD.0B7 0,087
Uransim 200.8 ICPIMS 0.000 0.506 E/E6.000 0.606
Vit Chiorkie 502.2 ELCD 3.672 3.571 CiC{p.270 0.276
Waa Cyanida 1677 | WADCN 0.701 0.665 LiLi0.572 * 0.550
Y vsriumn 1620 3.247 3.078 EJE.923 1.923
i 1620 - 4.508 4135 - EIE|2.597 2.597]
i | 2008 | icPms 1.508] 1.016] EIE [0.500 0.585

1 Cormtamt m odw used bacsuss |DE did not csonve rge for chezen model (E xpclvnanllnl) ) '

ERewutis reported as mall -

Summary Statistics for Table 11.

Perceni Differentce # Analytes | MWinimum 251 Median . 75m Maximuin

{Positive if limit with Percentile Perceniile

outliers kept>limit with

outliers removed)

SLADE (an} 149 -51.6% 7.1% 14.3% 24.4% 164.2%

SL-IDE {sames medal usea) EL -51.6% 5.9% 13.7% 22.2% 164.2%
- SLADE {dimarent mmodor 8 -0.5% 93.4% 114.7% 135.9% 158.9%

used)

MDL. - 60 “115.4% 1.4% 30.2% 75.6% 183.7%
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Table 12. Comparisen of SL-QEs and MLs calculated With and Without Outlier Removal, Episode 6005
Data (L1g/L except where fooinoied)

_ " SL-IQE (19%) . ML
Analyte Method | Procedure | Outliers] Oufliers]  Wodel Used| Outliers] Outlier.
' Kept] Dropped| (Kept/Dwopped)l  Kept] Dropped
1,1,1,21etrsehbroethans 562.2 ELCD o.030] o023 ] HR 0.2 0.04 .
: 1,1,1,21ulmchbrnulhnna - 524.2 . 0131 . D142} . HIH 0.2 8.2
1,1, T-eicntorcatons 502.2 ELCH 0.830 2.207 vcel  pos 0,05
1,1, T-ntehiorosnana - 524.2 p.240]  0.157 HH] 0.2 0.2
1,1,2,2-we+1,2,3ven 502.2 ELCD 5514  5.290% cic 0.2 0.2
11,1,2,24atrmchiorosthane 524.2 0.560]. 0.318 HH 0.5 .05
1,1,2-wientoroshans 502.2 ELCD 0.060 0.030 LH o1 0.65
1,T-dichiorowtirans 502.2 ELCD 0.527 0.317 L 0.05 0.05 -
1T aton tormmtrnne 524.2 0.115] 25620% - HIC 0.1 0.1
1, 1-dichiorositene - 5022 ELCD 3.796 3.8271 L 1] . 01
1, T-aichioropropens - 5242 ' 0.180 0.050 . HH 0.2f . 0.2
11,2, 3wichiorobenrena 502.2 ELCD D851 0.117 L 0.2 0.H".
1,2,3-ricintorabanzene 502.2 Pib 0.248 0.190] HH 0.2 0.4
11,2, 3micniorobensmmna 5242 0.216f - 0.217 HH 0.2 0.7
1,2, 3 wichioropopans . 5243 11.316 5,134} LiL 20 10
1,24 wichiorabenzene, 502.2 ELCD 0.401 0.226 UL 0.1 0.1
11,2, 4-ctontorobonenes 502.2 PID 0.439 0.429}. UL 0.2 0.7
11,2, 4-vimethyibonzona -5p2.2 PID 0.653] 0.621 LiL B.5 0.5
1,2 4-wemotnylisorzone 524.2 20.895 21.613 cicl - o005 0.1
|1,2- arromo B-chioroprepane 5242 , 71,1829 72.1987% cic 5 g
T1,2-dibromostana: 502.2 ELCD . 0592 0.560 L] 0.5 0.2
1,2- armromoemans 524.2 . 0.417 0.418 HH 0.5 Y
1, 2-gichiorobenzone’ 502.2 ELCD 0.183%  0.114 LH 0.1 0.1
1,2-dlenmrabmnzone 524.2 0.085 0.067] HH 0.l K
A 1.2 gienkrenthans 502.2 ELCE 0.068 0031 HH 065 - 0.03
A1, 2-crentoraeuana 5242 0.227 0.168; HHE 0.1 0.2
1,2-dichtoreprepane 502.2 ELCD D104 0.038 LH 0.q. 0.%
1,2-dichioroprapans 524.2 ‘ 0.196 0.085 HIH 0.2 o
1,3,5 mimemylbenzens 524.2 23.744  23.877 cic 0.08 0.04
1,3 -dichiorobanzens 502.2 ELCD 0.936 0.463 vy 01 0.04
11,3 -dichiorebennans. 502.2 P 0.465 0.401 L] 0.2 0.2
11,3-tichiraprop ans 502.2 ELCD 0.054 0.055 LUH 0.05 0.04
1.3giemiropropana 5242 . 0.139 0.151 HH 0.1 0.3
1,4 diehierebonzena 502.2 ELCD 010l 0.079 HH 0.1 0.1
T4 dschicrobenzans 5242 p.078 0.077 HIH 0.1 - 0.7
2 2-aientoroprepans 524.2 38.009 38295 cicl - 10 14
| Z-butanone 524.2. - 0.883 0.53& HH A Y
Z-cntorotcuars 502.2 ELco 0.493  0.439 HH 0.5 04
2 chioratauana 502.2 PID 08494 0770 [T 1 0.2
2-nexancna 5242 0444  0.518 HH 5 p
| [ —— 5022 ELCD 0.142 0.511 HiH 0.5 0.2
A crtarotosme 524.2 23.910  23.941 CIC 0.08 0.0}
Ay Chiosde 5242 29.674 ] 29.86H CIc] 0.3 0.1
Aluminum 1620 464069 156.043 CH] 100 5]
| Brwrmiriem 200.8 ICPIMS 29,684 31.464 HA 50 2
] - F——— 3503 0.034 0.037 HiH 0.05 0.04
Antimony 2008 ICPIMS 0.034 0.020 HiH] 0.5 0.03
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Table 12. Comiparison of SL—iQEs and MLs calculated With and Without Outiier Removal, Episode 6000

Data (|1 g/l exceptwheie fooinofed)

5.

SL-IE {10%) © ML
Analyte . Method | Procedure | Outliers} Outliers Model Used| Outliers| Outliers]
‘ ' ) Kept] Dropped| (Kepi/Dropped)|  Kept| Dropped|-
i — 200.8 iCPIMS 0.798 0.747 ' HH 1 1
Barirm - 1620 B S 4118) - 3.231 Cic 5
Buastuarn 2008 | iCPIMS 0211~ 0.191 i 0.1 0.05
Banxana 502.2 PID 0.782]  0.149 LRl - o1 0.1
Boryium 1620 , 0.980} - 0.875 HH 2 i
Borystitsm 200.8 ICPIMS 0.044]  0.038 HH]  0.02-  0.02
Bromokanzaia 502.2 ELCD 35200 0504 LH 05 0.5
Bromobenzens 5p2.2 PID. 01000 D.022 L] 005 0.0§ -
Browioborzens - 5242 ' . 0.140]  0.143 HH 0.2f. 0.2
Bremechioramathana 502,2 ELCD 1588 1.344 e 005 0.05
Bromedichioromatans 502.2 ELCD 0.424] 0323 L) 002 0.07
Bromedichisrarstans 524.2° 0128 0.131 HH 0.2 0.2
Brormotorm 502.2 ELCD 3.393]  3.350 cic| ooz 0,07
Biormotorm 524.2 - 0.452]  0.484 HHl 05 0.9
Bromemethans 502.2 - ELCD - 16.351] . 16.541 CiC 1 ¥
Caamium - 1620 . 0.419 0.422 HIL 0.5 0.5
C atrearuam 200.8 ICPIMS .0.083]  0.068 " HH[  pm2 0.02
Caicium 1620 . 99.975]  8B.075 L 100l - 100
" [Carbon Tatachiords 524:2 01408 0.081 HH 01 0.1
Cortomeitd, T-aep | so2.2 ELCD 0.089)  4.481 “HIC 0.1 0.1
Chiorobanxane | 5022 ELCD 1.768]  1.514 U o5 0.05
Chicrobanzons 502.2 PID 0.179]  0.100 HH 01 o1
Chioromhsns 502.2 ELCD 5.826] - 5.285 cic 0.5 0.05
Criorosttario 524.2 0.2551 0,202 HH 0.2 0.4
Chioraform 502.2 _ELCD 0.025]  0.006 UH 0.2 " 0.2
Chicromethans 502.2 ELCD 1734 0.766 LL 02 07
Chioromethans 524.2 -0.141  0.187 HH 0.2 0.2
Chrroriiim 1620 _ 1259  1.072] LIL}. 1 1
Coromiom 200.8 ICPIMS 1028f  0.63§ LiL 0.2 0.2
Cie1,2-00042,250ep 5022 -| ELCD 0.039]  0.038 HH[ 00y 0.04
Cia-1, d-aihtoropropans 502.2 ELCD o418 0. LH oo 0.0
Cia-1,3-dicrtoropropans 5022 PID - 0.017 0.262] HH 02 0.2
CraT,3-iemrorepropans 524.2 0.141]  0.070 HH 0.1 01l
" {Conan ' 1620 - 40.837]  39.614 LIL 50 503
Covan 200.8 ICPIMS NAY N/AT Nl 0.005]  0.00
Coppor 1620 47.500]  33.000 cic 20 20
Copper 2008 iCP/MS 1.825)  1.708 cic 0.1 0.1
Ditsromoshioromotamge 502.2 ELCD 1.252] . 1.189 i 0.02 0,04
Dikromeshioromeihans 524.2 0.288]  D.177 HH 0.2 0.3 .
Dibromomsthans 502.2 ELCD 1385  1.009 v 0.0z 0.02
Divtomemethans 5242 - 0.4600  0.473 HH 05 0.5
Dicticroaituoromathans 502.2 ELCD 1.0077 5,023 ucl 0.2 0.2
Dieshys Firor 5242 0.404 . 0.400 HH 0.5 0.4
Exnnt Mothacrytn 1a 5242 n1edl - 0.109 "HH 02 - 0.7
Etiyibenzane 502.2 PID 0.157  0.349 HH 0.1 0.1
Ethyibanzana 524.2 D.077] 0647 HIH - 01 6.1
Hexwohiorabta diane 502.2 ELCD 0.244  0.154 HiH 0.2 04



Table 12. Comparison of SL—IQEs and MLs calculated With and Without Outlier Removal, Episode 6000
Data (/L. exceptwhere foomoted)

_ SL-KE {10%) . ML
Analyle Method | Procedure | Outliersp Outliers Model Used| Gutliersi Outliers]
] , Kepi} Dropped| (KeptiDropped)i  Kept} Dropped
Hexetiobutadionstraphinalons " 5022 PiD. 1582  1.216 Wil - 2] - 2
bron- ' 1620 . 996.565%] 151.265 LH 200} - . 50
- cpropyihanamne 502.2 PID o125t 1028 Lc .03 01
|y opropyibenmns 524.2 25.592|  25.72§ cicl” -0.05 - 0,05
[ 1620 N 5698  4.449 LiL "5 5
bona 200.9 ICPIMS 0.685 0.281] LiH 2 - .5
Mt wytone 5022 - PID 0222}  0.217 HH 0.2 0.2
T 1620 267.199] . 259.424 T 500)
Manganase 1620 15264  5.829 c] 2 5
Mirganoss 200.8 ICPIMS 0.2450  0.071 _CIL 0.1 0.05
[Morewry 200.8 ICPIMS 0.039)  0.033 HHY 002l 0.7
N (T —— 524.2 ' 19.062] - 19.451) - cic 1 1
| TE—— 5242 0.727}  0.586) Hiti}, 1 1
Motngiaie Bhlorkie 5242 0433} 0330 HH 0.2 02 |
Mounylm sthacry i 524,2 20773 20.951 cic 1 1
Mosy b erurn 1620 1597  6.737 LiL 10 10
Matybdmnmrn 2008 | ICP/MS p.608] . 0.011 CH 0,01 4:005
N-bunytbonzans 502.2 PiD 07450  0.307 L 0.1 0.7]
N-prropylbanzons 502.2 PID p.186]  D.1281 HiH 0.2 0.2
i (T — 15242 0.108]  p.166] HiH 0.2 .2
Nicer - 1620 67.206]  58.049] UL 100 100
[Nicker 200.8 ACPIMS - 0183  0.116 Hiit 0.5 0.2
D-rylonwtatyrana 502.2 PiD 0.181 0.140 LH 0.2 0.7
R 502.2 PID 0.456]  0.330] v -0z oA
Pornchlorsatiana 5242 - 0.551 0.408], HH 2 1
Sne"bmy)bon;nna . 502.2 PFD 0.157 0101 HJ‘H 02 0.1
Satanium 2008 ICPMS 1.045f  0.607 LH 0.5 0.5
Sitver 1620 - 25842 25.008 LiL 20 20
Sitver 2008 iCPIMS p.056f  0.027 L 0.0? 0.09
Torbutybenzans, 502.2 =D o203  0.a21 UL 0.1 0.1
Tarrmchtoroatons 502.2 ELCD 0.1220 7 0.092 HH 0.05 0.05
Tatrnchloroshens 522 PiD . 0.750f  D.564 Li 02 0.2
Totrmohloroatons 524.2 30.554 9 0.275 CH 0.2 0.1
Thnsium 2008 | " ICPIMS 0002 - 0.002 UL 0002 0.003
Thosium 2008 | . ICPIMS _0.004 — 0.009 LH|  0.002  0:noA
Tin 1620 9406  B.651 LL 10 14
Thtanium 1620 14.2360  13.166| wml 26 24
Tatione 502.2 PID 0.194  p.os4 L 0.2 0.7
Tosons 5242 0.046]  0.039 HH 0.05 0.04
Tetat Suspendad Solias - " 160.2 6729  7.411 HIL| 5 . 8
Trnna-1,2-dinioroathens 5022 ELCD 0.191 0.159 HH 0.2 0.4
Trans-1,3-aknloropropans 502.2 FLCD 0.728)  0.610] . L - 0.5 0.04
Trans-} 3 dinloropropans 5022 PID REE ICREE HH 0.2 0.7
Teane-Ty 3 sintoroprapans 5242 0218 0.124 HH 0.2 F.
Trichioroasiens 502.2 ELCD 3168 0.041 ] 005 0.04
Trienloroeions 502.2 PID 0.401 0.332 Lt 0.1 0.1
T eniorontrans 5242 0167  0.237 HH 0.2 0.2



Table 12, Comparisen of SL-IQEs and MLs calculated With and Without Outlier Removal Episode 6000
- Data (pglL exceptwhere fooinoted)

_ “SL-IQE {10%) . ML
Analyte 'Meihod Procedure | Oulliers] Outhers Model Used] Outliers| Outliers]
: . : Kepi| Dropped| (Kept/Dmpped)|  Kepi} Dropped
Mrichiareluoromethana 502.2 - ELCE 4,662 3.950 - cic 0.5 0.05
- 524.2 _ 42.490°  ©0.228] . . CH 0.2 0.2
Ut anium 200.8 ICPIMS 0001 0.001 : © 0 UHy oot - 0084
Vinyt Chioriae 542.2 ELED 8.234 B.020 cic 1 i
Weaa Eyanide 1677 WADCHN 1.624 1.543 YR 21 . 2
Y ariarm 1620 8.962] = B.5M LiL) 5 ‘5
Fine - 1620 . ' 10.452 11.630 ' HIL 10 10,
Fine 200.8 iCPMS _1.024 2.291 " UH 2 2
! |Q|i: 0% .,m..,;.m;,mE 20% reponea ' ' ‘
sults reported as ’
_ By E 10%, 10F 20% an IOE 30% ot g mtive based on choson model {a.m,)
"4 1QE 10% st FQE 20% now negatve, iUF 30% reponca
Hybrld medat s aloded but did not sonverge) KIE 10% based on constant modsatinstend
Summary Statistics for Table 12
',P_erdenfDifference {P ositive if # Analyles Minimum | 25uPercentile | Median | 75m Percentite Maximum
Timit with outliers kegt> limit : :
with outliers removed)
SLAQE (an) 1 148 1982% | 1.0% 1163% | 50.2% 1979%
SLAQE (<arme imodet wses) 7 A4763% | 0.0% 28% | 237% 194.9% -
_SL-IQE {aterant modot usea) 31 -198.2% -1.7% 583.1% 107.1% 19_7.9%
ML 3t ¥ -163.6% 66.7% 66.7% 120.0_% 184.6%




Table 13. Comparison of SL-IDEs calculafed using different Model Types, Episode 6000 Data .
(pg/L except where footnoted)

S!-IDE, Based on Given Model )
Analyte ‘Method | Procedure | Constant | Linear | Exponentlal | Hybrid RSD -
1,1,1,21arra chisrcatharin -« 5022 ELCD . 0.687 p.oool - D034 0.010f  184%
1,11, 2xmtrachiorovthane 5242 . 11051  -1.234 0.244 0.078]  166%
1,1, 1-wiohtoroatans 502.2 . ELCD 09850 0.016 D041 0.010} 183%
1,7, Twichiorachane | =242 14.141]  -0.836 0.308] 0.008) 166%
1,1,2,2 100t 1,2 310p 502.2 FLep | 2.597]  -p222 0.179 NIA'L  123%
1,1,2.21otrnenorosthans '524.2 12.456] -1.517 0.436 0.248) 180%
1,1,2-richiorantans 502.2 ELCD p476f  0.016 0.032 0.016|  169%
1,1, 2vicnicrostnne - 5242 7.245)  -D.407 0.319 0,927] 158%
1, 1-toniaroathana 502.2 ELCD 0.801 0.083 0.083 0.067] 140%
1, 1 aschioroothana . 5282 ‘ 11.355]. -0.642 0.229 0.049] 167%
1, 1-dichioreeihene 502.2 ELED 1.167F 0,305 0.734 0.213 96%
1, 1-dhonsroothene 524.2 10.473)  -2.042 0.335 0.050] 168%
1,1 dfohtoropropanone 524.2 15.292 4.713 8.372 6.513]  58%
1, 1-dichioropropena ' 5242 13.572]  -0.554 0.287 0.073} 187%
1,2, 3wicntorobanzone - 502.2 ELCD 0.942 0,117 0,134 0.117]  125%
1,2, 3 viohiorabanmena 502.2 PID 0.840 0,134 0.115 0.083]  109%
1,2, 3 whentorobanzane 5242 . 19.047  -1.750 0.275 0.090( 168%
1,2,3-sichioroprepana 5242 12.464 3.509 1.263] 0.041] 129%
11,2, 4-cschioropanzere 502.2 ELCD 0.739 0.082 0.088 0.069] 135%
1,2, A micniorabonsens 5022 - PID . 0.688]  0.113 0.124 o000 112%
1,2, 4-wichiorabanmne 524.2 14.387] -1.058 - 0.224 o.059]  168%
1,2, 4-wimothylbanzena 502.2 PID 0.889 0.125 0.125 0.108] - 123%
1,2, d-ximethyibenzanc 524.2 9.319]  -0.074 0.144 0.020f  169%
1, 2-aibremed-ahioropropans 5242 - 34.167]  -7.30% 1,749 NAT  128%
1,2-aibromosthans 5022 FLCD 0.543 0.184 0.164 0.160 71%
1,2-dibromoathane _ 524.2 81738 -0.811] 0.326 0.184]  158%
- [,2-gichiorenenzens 502.2 ELCD 0.653 0.037] . 0.085 0.045) 151%
1, 2-dlahiorebenzons 5022 PiD . 0.895 0.136 0.148 01217 117%)
1,2-dichiorabanzona 1 5242 ] 72.369] -1.392 0.130F - ©0.038] 170%
1, 2- dichior oothane 5022 ELCD 0,951  -0.01 0.042 0.0221  157%
1,2-dichiorostnana 5242 7.061] -0.485 0.258]  ©0.097]  161%
1, 2- dichioropropane 502.2 ELCD 0.732 0.015 0.043] © 0024 173%
1, 2-dichiorapropans 5242 9388 -0.729 0.247 0.085] 164%
1,3, 5wt - criarotoione 1 5022 1° PID 1,526 0.084 0.174 p.073)  160%
1,3, 5-rhmeihylbonzens 5247 . 10.590]  -0.059 0.135 n.ots] 1709
1,3-aichiorobanzans 1 5022 ELCD 0.775 0.230 0.118 0.103]  103%)
1,3-dichiorobonzens - | 502.2 PID 0.773 0.102 0.126 0.098] 1219
1,3 dichioromonzans 524,2 12273}  -1.00af - 0.143 0.033]  170%
1, 3-ctcheropropana ' 502.2 ELCD 0,578 0.015 0.047 p.028f  164%
1,3-stohmrepropana © 574.2 .6.4321  -0.320 0.202 D061 163%
1 A- dieriorabanzone 502.2 ELCD 0.654 0.050 0.061 0.033f  152%
1, & dickrorobanxens 524.2 114430 -1.118 T 0.140 0.034] 169%
Tchicrmbutane 5242 13.444]  -D.40% 0.220} 0.024F  169%
2,2 aienmropropane - 5242 , 17.294]  -0.134 0.691 0.152]  161%
7 5242 - 14.170]  -1.298) 0.833 0.334]  153%
2 ahtorotcena 502.2 ELCD 1.533 0.051 0.175 0.166] 146%| -
- crtorotcuene - 502.2 PID 0.977 0.272 0.230 0.187 90%
7 crboroteuomne 524.2 11.148} -0.630 0.136 0.023[ - 170%




Table 13. Comparison of SL-IDEs calcuiated using different Model Types, Episode 6000 Data
{gh. except where footnoted) '

_ SL-IDE, Based on Given Model ‘
Analyte Methed | Procedure | Constant | Linear | Exponeniial Hybiid RSD
2-hexanene ] 5242 <. 22.M4] ' -5.136 0.902 0.188f  167%
2-ritropiopans 52472 . | . ] 18.337]  -3.854} 1.082 0.254]  156%,
d-chiorotchumine . 502.2 JELCD 1.792{ -0.022} 0.748 0112  140%
-ty torotcimne : 524.2 10.6191  -0.329 0.123 0.013f  170%
Ui sopropytoone . 524.2 9.108 0.162 0.117 0.007F  192%) -
M- mothyi-Zopentanana 524.2 20.121]  -5.006 1198 . - 0773t 1509
Acorana 524.2 22658 1723 2.120, 1.082)  141%
Acrvtonnuiia : 5242 13.467] - 1190 1.333 0715 139%)
Aityt Chtoride 524.2 13.324]  -0.815 . 0.229]. 0.051F - 168%)
T 620 206.975]  88.830 51.697 "N T0%
Alrmicem S 2008 |IcPIMS 41919 12.689 12,7471 12.961 73%
Arrmonta 2z Nivopan 2 350.3 ©0.078 0.009 0.014] . . 0.013]  114%
Anmany ‘ ' 1620 4260 3728 3.562 3.596 9%
Avrtsmony 200.8 ICPIMS 0.229]  0.027 0.019 6.015]  144%
L . 1620 2131 - 1510 1.410 1.390 22%]
T . 200.8 CPiMs | 2.023 6.257 0.366 0.345]  114%]
Basrirarn 1620 : 1.837 1.522)° 1.300 1.306 17%
Bayivm : 200.8 ICPIMS 0.257 0.085 0.084 6.079 69%)
Bonzane 502.2 Pib 0.802 0.035 - 0.079 0.080} 152%l
R 524.2 8.679] -0.122) . 0.125 0.019]  169%
Burytiium 1620 1.587 0.365 © p.4de 0.431 83%
Beryiium 200.3 ICPMS 0.170 6.013 0.024 0.078]  134%
Boron 1620 38.517]  20.625 21.161 20.805 35%)
Bromobanzens - ] 5022 Elch | 1.585 0.765 0.499 0.515 5%
Bromabanzena 5022 PiD 0.569 0.028 0.050 0.032} 157%
B: rimotonzons 5242 12.851 - -1.691 0.211 0.060]  168%
Bromochioromothana 502.2 FLCh 0.939 0.482 0.162 0.157 45
Bromochioramethans 524.2 ] 8.929}  -0.807 0.345 0.161]  159%
Bromodichiaromenana 502.2 ELCD {.517 0.1 0.075{ 0.060f 125%
Bromodicnioromathane 524.2 - B.o20f  -0.455 " 0.205 0.056]  165%
Bromoferm 502.2 ELCD 1.513 1.161 0.381 T 0381 B6%|.
Bromotorm 524.2 10.207]  -1.309 0.400 0.211]  159%
Bromomethana 502.2 ELCD ~7.293] . 5.796 4313 NIA 26%)
Bromematharne 524.2 12.379] -1.072 © [.280 0.098] 166%
Cadrmium 1620 0.364 0.208 - 0191 0.180 37%)
|Caarmium 200.8 ICPIMS 0.040 0.022[ - 0.022 0.026 31%
Cotctum : 1620 54321 21.358 37.020 37.410 19%
Carben Disuiride 524.2 14.835] -1.181 0.239 0.040]  168%
Corbon Tetrachionds 524.2 15.266] = -1.197 T 0314 0.056]  167%
Carbanteant 1, Traep . 502.2 ELCD 1.998 -0.007 0.072 0.020{ 162%
Crtoronca tanitrit 5242 11.548] -D.B14 1.569 1.453]  119%
: ICeisrobonzana 502.2° ELCD 0.992] . 0.460) 0.189 0.183 83%
F Cricrobonzane : 502.2 FID 0.749 0.020 0.064 0.048] 160%
Chicrobonzena 5242 10.276]  -0.665 0.133 0.026] 169%
Chioroethans 502.2 ELCD 2508 2.161 1.081 1.053 AET
Chioroathans " 524.2 14.465]  -0.835 0.395 0.104]  165%
Crioretarm 502.2 ELCD 0.732 0.008 0.032 0.004]  185%)
Chrrarotorm 524.2 9.385] -0.399]. 0235 0.051] 166%



S

Table 13. Comparison of SL-IDEs calculated using different Model Types, Episode 6000 Data
~ {s1g/l. except where footnoted)

SL-IDE, Based on Given Model

. HAnalyte Method { Procedure | Constant { Linear | Exponential Hybrid RSD
Chloramothans, 502.2 ELCD 1.130 D.453 0.250 0.233 “82%]
IChieremothene 524.2 ' - 19,617 -2.484 0.253 0.056 169%,
Chrominm 1620 1.090 0.528 0.486 DATH  46%
Creamium 2008 | iCPMS 0.672]  0.408 0.284 0.290] - 44%|
CisF,2-dcet2,2-dop 502.2 ELCD " 1.893 -0.048 0.055] - 0.012 164% -
Cia-1,2-dicnloroethanas 5242 11.249 -0.960) D.234 0.062 1679
Cin-1,3-achicropropans 502.2 ELCD. 0.716 0.083|- 0.074 " D.0B1 138%
Cin-1,3-siohtoropropans 502.2 PID 0,933 0.039 0.082 0.013 167%,
Ciar1,3- dichlorepropens 5242 71.072 -0.454 D173 . 0.062 165%)
Coban ’ 1620 - 30,100 16,339 16.463 16.102] . 35%
ACaban L2008 ICPIMS 0.074 -0.012 -0.604{ - -£.001 192%
) Coppor - 1620 21.189% .16.989 14.754 14861 . 18%!
Coppar 200.8 ICPIMS 0.798 0.404 0.205 n.207 69%
Divromoectisromamana 562.2 ELCD 0.784 6.436 0.144 0.141 81%i
Dibromodhtorametnne h24.2 ' 8.159 -0.667 0.287 0.126 161%} -
Dibromomnthans " ORp2.2 ELCD 0.836 0.4601 0.192] . D.184 73%]
Pivromomethans 524.2 7.135 -0.585 0.3884 0.203 153%}
Dichioreditucromethars 502.2 . ELCD 2.194 0.348] - 0,240 0,153 133%
Dichioreditvoromethana 524.2 24.275 -4.798 0.560 0.183 166%
Diwrnyt Eavor h24.2 ©12.008 -1.243 0,376 0.175 162%
Friyt Mo thacryio 1e 524.2 10.053 -0.857 0.273 0.079 164%
Ewnytenzens 502.2 PID "D.888 0.020 D.078 0.060 160%;}
Eihyibantons 5242 11.939; -0.776 0,198} 6.032 168%]
Hardnesa 130.2 3.658 2.362 2.258 2.385 L 25%
Hoxmohiorobutadions h02.2 ELCD . 0.997 . 0,105 0,094 0.065 144%
Haxoehlorobutadisne 524.2 - 17.734 -2.203 D.308 0.092 167%:
Hexaenloroathana 5242 18.095 -2.155 0.288) (.06% 168%
Hexchlobutadianetnmaphihatena 502.2 PID 1.442 0.793 0,597 0.523 50%
lron 1628 486,971 373.590 125.364 124.648 B6%
lsopropylhenzens 502.2 PID 0.856 0.025 0.060 0.033 168%
Naepropyibonne 524.2 ' 11414 -0.141 D.120 0.012 170%
Lona 1620 34976 2.396 2.423 2437 28%
| - 2008 ICPIMS 1.007 0.265 0.204| 0.200f -~ 94%
M+p xylone 502.2 PID 1.701 0.005 D.121| 0.088 170%
M+ xylone -h24.2 ) 10.994 -0.206 0.142 0.0%6 170%
Maonesium 1620 145717 112014 -105,998 106.575 16%
Mangonose 1620 6.808 4,201 2.993 3.033 42%!
Mangoness 200.8 ICPIMS 0.109 D:065 - 0.034 0,034 59%
Mearcury 2008 - ICP/MS 0.827 0.006 0.027 0.016 185%
Mathacrybon licfie 524.2 8.883 -0.181 0.8 0.356 145%
'Mau.m loawe 524.2 12.103] - -0.866 0,193 0.035F - 168%
Malhyl tarrbutyl emer 5242 10.345 -1 .117 . 0.225 0.053 157%
Mertivie cryinte 524.2 13.820 -1.522 0.501 0.315 1573
Mehyione Chiorks 502.2 ELCD 2.841 1.822 o =311 NIAT B651%
Morrwione Chicrke 524.2 : B.7871  -D.455 0.314 D.188] 159%)
Meihoim sthaciyt ot 524.2 9.587 -0.342] 0.535 0,244 154%
: [Mouyhdonum 1620 . 4.908[ 3.163 3.034 3.042 26%
[ 200.8 ICPIMS 0.271] _ 0.09 0.180 -0.007]  88%

B.- 81



Table 13. Companson of SLIDEs calculated usmg different Model Types Episode 6000 Data
{polL except where fnoinoted)

SL-IDE, Based on Gwen Mndel

Analyte Method | Procedure | Constant | Linear | Exponential | Hybrid ' | RSD
Napnihatana 524.2 ) 14.829]. -0.891 - 0.J86|, 0.044]  169%
N-punymonzons 502.2 Pl 0.714] ©0.215 0.141 0.135) 92%
N-puiyibonzona 524.2 . ' 10.237]  -D.145 0.152} . 0:028]  169%
Micscor 1620 . |- : 50.587]  26.333 25.560f . 24.898]  39% -
Micsol 200.8 1CPIMS 1.023 0.176 0.083| n.072]  136%
N-propyibanzans 502.2 PID 0.785 0.075 0.092{ 0.066] - 139%
———— 524.2 13.415| - -0.751 0.284|- 0.067]  167%
I 524.2 11.622| -p.802 0.198 0.017]  168%)
T 5022 PiD 13720 . 0.043 0.116 p.o82l  160%
Poriachiorombans - 524.2 11.188] -0.793 0.408 0.237]  159%)
P-tnopropert] Aracn 502.2' D 1.583 0.091 0.159 0.118]  150%
Soc-butyibanzana 5022 _PID 0.8942] . 0.083 0.081 0.052)  156%)
- [See-butyibenzena 524.2 s 11.240 0.080 0.140 0.020]  194%
S teniurm 1626 4.161 2.054 1.975 19711 43%
Sataninm 200.8 ICPIMS 2.080 0.406 0.416 0.364] 104%
|Sisver 1620 13:219)  -11.008 i0.668 - 10.801F 10%
Stiver 2008 | ICPIMS 0.048 0.020 0.012 0010 77%
S dinm 1620 © 169.136] 141.290 138.768 140.811 10%!
Siyrane 5242 10.516] . -0.600 0.141 - 0.017]  169%
P N——— 502.2 PID 0.854 0.038 0.074] .~ 0.050F 158%
| 524.2 ” 11.708]  -0.323 ~ 0.186} - 0.038] 169%
| 502.2 ELCD 0.927 0.029 0.061 0.031]  169%]
g [P — 502.2 PID - 1.027 0.114 0.156 0.127] .. 126%
T atracnioreamans 524.2 13.627]  -0.451f 0.469( NAT 132%
[ 1620 - 1.726 1.185 1.153 1161 21%
Traiitam 200.8 1CPIMS 0.003 0.001 0.001 0.001 73%
Thorium 2008 | ICPIMS 0.032 0.002 0.001] 0.000] . 176%)
Tin 1620. 5.755 3.991 3.932 3.986f  20%
Tienntum © 1620 - 8.500 6.012 5.376 5419 23%
T 502.2 a1 0,731 0.044 0.064 0.651] 152%
Totusne 524.2 8.778] - -0.303 0146 - 0oig)  169%
Totat Phoapnorus - 365.2 - 0.018 0.014 0.613} 0.013]  16%
Townt Suspandad Sods © 160.2 4317) | 3.195 3.605 2.977 19%)
crana12-gichtorsstans | " 502.2 “ELCD. 0.922 0.087 0.681 0.060] 151%
N T ———— | 5242 - 13.734]  -0.953 0.300 0.062] 167%
hrans-13-dlokioropropone . 5022 ELCD 0.666 0.201 0.098 0.087]  104%
rans1 3 dichiorepropana 502.2 PiD 0.850 0.052 0.092 0.068 135%
rans-13-aichioropmpene 524.2 6.714) 0432 0.223 0.096] 167%
irars-1A-dichiore2-sutena . 5242 14301 -1.059 . 1.250 0.782)  141%
Trichtorontiane 502.2 ELCD 1.006 0.035 0.059 "0.038] - 168%
[ E—— -602.2 PID 0914 0.066 0.097 0.069f 146%|
Trichioreemens 5242 : 12510  -0.619 0.332 0.065]  166%)
Trichioresuoremeothann 502.2 ELCD 2.079 1.656] 1.107[ 1.076]  32%
Thichioropuaromeinane 5242 19.248]  .2.147 - 0.384 AT . 136%
) (T — - 2008 ICPINS 0.002f . 0.000 0.000 0.000] 116%
Vanndium 1620 - 22,7211~ 0.967 10.630 10.693]  46%
(T—— 2008 ICPIMS . 2.762 0.730 0.864 0.840] 7%
[y— 5022 ELCD 3.672 3.036 1.756) 1.680]  39%
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Table 13. Comparison of SL-DEs calcu!aied using different Model Types, Episode 6000 Data
fpgfi except where footnofed)

] SL-1BE, Based on Given Model )

" Inalyie Method | Procedure | Constant | Linear Expunenhak . Hybiid RSD
Virnyt Crloris ’ K242 S 222928 .3,345 0.355] . 0.083 168%
Waa Cyanias 1677 WADCN 1.823F - 0.70% - D.620 © 0.638 25%) .
Kyt {1ertat) 524.2 10,490 -0.264 0.128 0.008] 170%!
Vi 1620 ‘ 4,569 3.520 3.247 3.279 7%
Linc . ‘ " 1620 14.628] - 3.804 4.500 1.425 76%

fine . - 2008 ICP/MS 7.5631 - 2537 1.598] ©  1.610)  B&%

Hybrid modot taled 1o convorgs

ZRaavtis roported us mall

Summary Statistics for Table 13

Meihod # Analytes | Minimum | 25m Percentile Median | 75w Percentile - Maximum
“An 198 a5% | BLE% 151.1% | 166.7% . | 650.6%
502.2 85 25.7% 103.5% t0.1% | 159.9% §50.6%
sz M [se2% o |tsea% | esow | toasw 194.5%
w20 |26 B.5% 18.1% - fosew o |a24% [ 830%
w08 |2 3L0% | T25% B0% | 1345% | 191.6%



- Table 14, Compériso’n of SL-QEs calculated using different Model Types, Episode 6000 Data

{119/l except where footnoted) ..
: i SL-QE 10%, Based on Givén Model RSD 1

—

Analyte ) L Method |[Procedure {Constant {Linear . |Exponential Hyhrid
1,11, 2nesrnchioranthana . 5022 |[FLCD 1.541} . 0.000 0.078 0,030)  182.6%
1,11, 2nairachironthans - |24z | 246120 4974 T O0556] 0181 | 165.7%
[E——— 502.2 ELCD _ 2.208 0.830 0.096 0.058] . 128.0%
1.1, richioraationa o 5e4.2 31494 4112 0. 704) 0,240 T65.7%
1,1,2,2400t1,234ep - |p02.2 FLCD - I 5514 -1amg) p430f . NAY 1209
1,1,2,Zistinenioroathans . 5242 27371 -5.971 " 1.001 0.560] - 159.1%
1,1,2-wichioroambne ‘ 502.2 ELCD - 1.067 0.080 0,075 0.040;  162.6%
1,1, 2 cichiorostane 5242 15.0231 -1.175 ] 07260 | 0.200F  157.7%
11, 1-a@enteresthane : 502.2 ©  [ELCD . 1.795 0.527 0.200 0.178] 113.2%
[ —— . . |p2az i 25.290f -2.390F - 0.521 0115} - 166.8%
A E—— - [se2.2 ' JELCD. 2.617 3.796 0.627] 0.888] . 75.6%
1.1-aichioraathens . |42 41.142] -28.559 0.767 0.128]  167.7%
1, T-dichropropanons - " |s242 . ©30.102]  12.705 -~ 15.558) a.0m 432
1/ 1-dichioropropena L5242 ©3p.228p  -2.582] - - 6.655 0.180]  166.2%)
(R T —— - 502.2 FLCD B RIT] 0.851 - 0.3341 0341 92.1%
1.2, 3-wichiorobenmmne _ [sp2.2 PiD | . 1435 0.482 - 0.278 0.248 91.5%] ..
1,2;3-ricntorobensaria 524.2 40.193] -1zo48] . 028 0216l 167.9%
1,2,3wichiotaprpans 5242 1 21.394] 11316 2.981 0.166] ~117.0%
o { N B ——— 502.2 ELCD " 1.658 0.40% 0.212} © 0.186]  114.4%
1,2, 4-slchiorobanzana 502.2 PID ' 1.544 0.439 0:303 0.276 04.7% .
1,2, 4-crentorobanzens I 2ZER 32.041 -5.251 0.510f . 0.141  168.0%
[ N —— . |sn22 PID 1993 - 0853] | 0.309 0291} 992
1.2 8=etmothytbenzanns . 242 _ - 20.896§. -D.243 0,326 0.048f  168.6%
1,2-cibromo-3-chioropropone 524.2 ‘ 71.182| -145.715 o 4217 NAT  125.6%
1,2-aromoenane . {5022 [ELCD 1.218 0592) - . . 04N 0,381 60.5% -
1, 2-airemoanans - 1524.2 17.9631  -2.444 0783 0417 157.5%
1,2 aschicrobenzena 502.2 ELCH 1.465 0,183 0.154F - 0121} 136.6%
1,2-aichiorehanzana 502.2 - PID 1892 0,638 - 0.367 0.346 93.4%
1,2-cteniorabonrene 524.2 27.734]  -6.758 0.294f . 0.085] 1B9.7%
1.2-dichimrosthans 5012.2 ELCD 2.132] 0266 0.100 0.065] . 155.8%
M 2-sichroothane ~  |gzaz. 15.586] -1.407 0.585 0.222]  160.5%
1,2 dichioropropans " jpoz.2 ELCD 1.643 0.162 0.101 0.065] 162.6%-
1, 2-dlontorapropana © R4z ] 20908 2433 0.562 0.196]  164.1%
1,3, 5rimit4-chiorotokone 502.2 PID 3.422 0,396} 0,268 0.189]  147.0%
1,35 vimownyibonzens 524.2 ‘ 23.744]  -0.208 0305 0.037) 169.5%
1, d-dichiorobanzane 502.2 ELCD ‘ 1.738 0,936 ~ 0:289 0.257 85.9%
1,3 drchtorobanzens 5022  |PID . - 1.732 0.466 03001 0.288]  99.3%
1,3 dichiorobanzana © [5242 27.6518]  -4.B66 0.324 0.076[  169.5%
1,3-dichioropropana  © -~ [022 FLCD 1.287 0.054 0.118 0.067]  159.5%
1,3 dichirapropans 5242 t4.324)  -0.934 0.458 0,738 162.8% -
" [l 4 mencrobanzens [Bozz. |ELCD . 1.467 0.218 0.144 0.101]  136.4%
1,4 a1entorabonzans ' B L 25.657) 5226 0.316 0.078]  169.3%
T ehforobutans 52d.2 .1 299430 T -1.6B2 0.499 0.060f  168.5%
2,2- i chloropropane - 524.2 38.000] -15.752f - 1.607 0.464]  159.3%
2-putanona 524.2 1 30407 4569 7.934 0.803[  151.2%
2-artorotonens 5022 . [ELCD - 3.438 1.364 0.452 0.493 97.4%)
Z-chterotetusne , 5022 PID - 2176]  1.249 05971 0,849  56.9%
2-chiorotatuans . 524.2 ©24.990] -2.436 .308 0.053]  169.5%



Table 14. Comparison of SL-IQEs calculated using different Model Types, Episode 6000 Data
(HglL except where footnoted)

5L-IQE 10%, Based on Given Model

RS0 1

Analyte Method IProcedure |Constant |Linsar  |Exponential Hybrid
2 haxanone 524.2 o 47.881] -30.174 2.102 0.442]  160.2%
. Prmropropene 524.2 3g.2o3f -16.221 2.531 0.590]  153.7%)
TR 502.2 FLCD 4017 0.161 1 0.383 NASL 14249
- chtorotauans 524.2 23810} -1.23% 0.278 0.032]  169.9%
J-inopropyaciuchs 524.2 20.421 0.528 0.285 0.016]  189.9%
- mothyl 2 perancne 524.2 41918} -23.810 2.804) 1785  147.6%
F— 524,2 27.703]  -g.481 5.137 2.7141f  136,5%
[ 524 2 28.056]  .3.845 3.129 1.651  135.6%
st Chionde 524.2 29.674]  -3.694 0.521 0.12%)  161.7%
Picarminum | 1620 464.069] 255.899  130.746 NiA 59.4%
[ ——— 200.8 ICPIMS $3.989] 37.673 '30.404]  29.684 64.5%
Brnmonis as Mirogan 3503 - 0,175 0.052 0.035 0.035 90.3%)
Pitimony - 1620: 9.551 8.719 8.275 BT04] - 7.5%
Actimony 200.8 ICPIMS 0.525 0.073 0.044 0.034 140.8%
Acnantc 1620 : 4.705 3.542 3.240 3.087 20.0%)
Acsonic 700.8 ICPMS 4628]  0.692 0.859 0.798)  110.3%
Buartarn 1620 4118 3.475 2.973 2.934 16.4%)
Barium 2008~ |ICP/MS 0.589(.. o021 0.197 0.183 66.6%
Benzens 502.2 PIG 1.798 0.182 0.18% 0.155]  135.7%
Bonzans 524.2 19.325] -0.385 0.284 0.044]  168.9%
Bearyitiam 1620 3.559 0.964 1.044 0.980 78.3%
Baryitiem 700.8 ICPIMS 0.382 0.041 0.057 0.044]  127.8%
Boron 1620 86.584] 51.134 19514 47266 31.9%
 PBremobencens 502.2 FL.CD 3.704 3.529 1.408] ~  1.417 50.7%
Bromobonzene 502.2 PIG 1.277 0.100 0.118 0.079f  149.3%
Bromabanzona 5242 28621 -7.963 0.47% 0.140]  187.7%
Bromecmteromethans 502.2 ELCD 2.106 1,598 0.39% 0.379 77.6%
Bromachioramathane 524.2 19.625] -2.531 0.787]  0.368]  158.8%
Bromodichlareimetane 562.2 FLCD 1.384 0.424 0.178 0.148]  108.8%
Bromodichloromaibene 524.2 . 17.863 <1404 0.465 0.128 164.9%)
B oo ferm 502.2 ELCD 3.393 2.540 0.922 0.877 64.3%
Brormatorm 5242 : 22.334)  -4.327 0.914 0.482]  157.9%
Bromometnans 5022 . ELCD 16.351] - 5.779 N/a? /A * 57.6%
Broracmmiare - 5242 27.570] - -5.134 0.637 0.226f  165.3%
Caamium 1620 0.816 0.505 0.445 0.410 34.1%
Caamicm 200.8 1CP/MS 0.090 0.085 0.054] . 0.063 23.1%
Coteim 1620 121.796] 99975 86.815] B4.600 11.4%
Carbon Dreultive 5724.2 33.2630 -7.679 0.545 0.101]  158.3%
Carbon T owachionde 524.2 340000 -7.521 0.718 0.140]  166.8%
Carbontent], T-aop 502.2 FLCD 4.480F  0.105 0.167 0.06% 181.2%
Chtoronce tanieiie 524.2 24059 231 3.679 3310] T
Criorabonzane 502.2 ELCD 2.202 1.766 0.477 0.458] 72.9%
Chicrepunzane 502.2 PID 1679 0.092] 0.151 0.319]  152.8%
[Chrorobenzane 524.2 23041 2418 0.300 0.059)  169.2%
Chioraothane 502.2 ELCD 5.526 4,368 2730 2.613 39.2%
Cricrosthane 524.2 31.932|  -4.186] 0.907 0.255)  164.1%
|Chtorotorm 502.2 ELCD 1.640 0.025 0.075] . 0.01%] 18379
Craorotorm 524.2 20.902]  -1.329 0.511 0.121]  165.6%



Table 14. Comparison of SL-IQEs calculated using different Model Types, Episode 6000 Data
{pa/L except where footnoted)

SL-QE 14%, Based on Given Medel RS0
Analyte Method  |Procedure  |[Constant [Linear Exponential tHybrid
L hioromrathans 502.2 ELCD 2.533 1734 0.650 0.678 55.0%
Chioromathane 524 2 43.590] -89.282] 05775 - 0141]  169.0%
Chiomium 1620 2.444 1.259 1.147 1.062 44.0%
Crrormm 200.8 ICPIMS 1538] 1.028 0.681 0.669 41,79
Cin-1,2-deot2,2-acp 502.2 ELCD 4,244 0.218 0.127 0.039]  178.0%
C -1, 2-diehtoroathanc 524.2 25054  -3.B65 0.532 0.144]  166.4%
Cia-1.3-aintarapropena 502.2 ELCD 1.604 0.415 0.177 0.151]  117.3%
Ciz-1,3-cinioroprapmne 502.2 PID 2.077 pzz] - 0.196 NAY 120.7%
Crar1,3- dichloropropana 524.2 15751}  -1.358 0.391 0.4 1647
Cobnin 1620 £7.400] 40.837 38.591] 38.682 31.5%
Cowan 200.8 ICPIMS o.1660  -0.022 -0.009 0.002] . 138.6%
Copper 1620 47.509]  39.682 34.248]  33.546 16.5%
Copper 200.8 ICPIMS 1.825 0.584 0.487] - 0.477 67.2%
Dits omochiorematans 502.2 ELCD 1.757 1.252 0.343]°  0.330 76.3%
Ditrarochioramotans 524.2 18.012f  -2.086 - 0.553 0.288]  160.3%
Ditromemetnana 502.2 ELCD 1.874 1.395 : 0.475 08.447 67.3%
Dibromomethare 524.2 , 15.614]  -1.663} - 0.885 0.460]  152.6%
Dicniareditusromethana 582.2 ELCD 4.918 -0.244 0.732 0.654 116.19%
Dicttarediseromathane [624.2 53.352{ 30.938 1.297 04801  118.6%
Diostont Exteer 524.7 26391 4619 0.860] - 0.404]  i61.4%]
Ertyi Ma thocrytain 524.2 : 22.004)  -3.192 0.621 p.183]  164.1%
Ernwinanzens 502.2 PID 1.497 0.128 0.188 0357  148.8%
Ertylbonzona 524.2 26,591 -3.326 _D.450 0.077] 168.2%
Hardnoss 130.2 8.005 5.465 5100}~ 5.258 23.0%
1Farachiorobutndimne 502.2 ELCD 2.236 0.753 0.228 0.243]  109.3%
“Haxashiorobu adane 5242 30.495] -21.961 0.703 0.228]  167.2%4
Hoxmanioroethana 5242 40.301} -19.924 0.657F - 0.567] 16R.0%
Hexenlobmadions Fraphmhatena 502.2 PID 3.234 2.358 1.524 1.542 31.5%
o 1620 1091.863] -281.500 NIAT NiA Nl
T 562.2 PID 1.919 0.129 0.141 0.088)  158.1%)
eapropyibanzans 1524.2 ‘ 25.502] -0.498 0.270 0.029]  170.2%
- 1620 , 8.914 5.698 5.587 5.489 25.9%
Laaa 700.8 ICPINS 2.305 0.685 0.478- 0.462 90.4%)
 Mtp cytena 502.2 PID 3.813 0.031 0.285 0.222]  167.3%
| T E—— 524.2 24.651] -0.743 0.321 0.037[ - 169.5%
Magrosium 1620 326.719] 267,199 247.396] 240.9a82 14.4%
Manonoosn , 1620 15.264] - 10.195 7.113 6.899 39.5%
TN 200.8 ICPIMS 0.245 0.156 0079]  0.076 57.3%
[ — 2008 ICPIMS 1.854 0.019 0.063 0.039]  183.8%
Morhacryton itrila 524.2 19.062]  -0.518 1655]  0.815;  143.5%
[Motr losias 524.2 26.956] -3.833 0.43% 0.083[  168.3%
Mashy! carriunyt atar 524.2 23.940] 4171 0.511 0022t  166.5%
Boinyia crytate 524.2 25813]  -5.560 1.386 0.727F 156.1%
Mahyrene Chiaris 502.2 ELCD 6.033 5.207 -4.095 NIA T 10.5%
Merttviane Chiorka 524.2 : 19.701] -1.528 0.717 0.433]  152.9%
I —— 524.2 20773]  -1.043 1.228 0.561] 152.7%
[ S—— 1620 11.003 7.597 7.048 6.569 73.9%
[ —— 2008 [ICP/MS 0.608]  0.260 NAT| T 0028

98.3%



Table 14, Companson of SL-IQEs calculated using different Model Types, Eplsode 000 Data
(Bg/L except where footnoted)

SL-1QE 10%, Based on Given Model RSD 1
Analyte Method Procedure Consiant |Linear  [Exponential _ [Hybrid
N-buryibunzena Js02.2 PiD. | 1.601 0.745 < 0.343 0.325 79.3%)
N-butyibenzome 524.2 : . 228520 -p.52%] 0.345° 0.067] 168.6%
N-propylbanzans 1562.2 PiD . - 1.759 0.351 0.221] * - 0.186]  120.2%
Nepropylbanzens 524.2 20.878]  -3.650 0.647] - 0.148] 166.5%
Napthatens 5242 33.249  -AT04 0.422 0.108}  169.1%
Nrcko - 1620 | 113.424)  67.206 60.455] 57072 35.2%)
" Nicke 200.8 ICPIMS 2.341 0.800 0,202 0.183} - 115.1%
D-xyians - 524.2 25.884]  -3.313| .0.450 0.046]  168.4%
D-sxylono+tatyrons 502.2 . PID 011 D.181 0.272 0.202]  153.2%
" Prinsproprort Tyd-acs 5022 - [PID 3.550 0.455/ 0.380 0.312]  134.9%
Prortnchiorontiane £74.2 i 24014  -3.372 0.934 0.551]  158.6%
i (T 502.2 PID 2.112 0.346 0.198 0.157]  134.2%
S corbutylbenzens sz 1 25.203 0.279] 0.31% 0.047]  193.4%
Sutenivm 1620 ] 9,268 5.235 4657 4474 38.3%
CY—— 2008 ICPIMS 4.586 1.045 0.957 0,829 99.7%,
Siver 1620 20640 25.842 24.5470 24294} - 9.5%
Siiver 200.3 ICPIMS 0.107 0.056 0.030 0.034 62.6%
Sadivm 1620 379.229] 337.755 322.935] 317747} 8.1%
Seyrons 524 .2 23.420) -2.180 0.318 0.041F  169.3%
Tart-buyboszans 502.2 PID 1.916 0.203 0,177 01350 143,59
T ort-butyonz ene 574.7 : 26246 -1.187 0.423]  0.073]  168.4%
Totrachiorostons 502.2 ELCD 2.078 0.415 0.145 8.122]  135.5%
Totrmchloraatene 502.2 PID 2.303 0.750 0.392 0.400f " 94.7%
| P 524.2 305540 -2.553 1.080 NAY  131.8%
Thatsum 1620 ] 3.870 2794 2.661 2.614 19.9%)
Thatiom 2008  [ICPIMS 0.007 0.002 0.002 0.002 70.9%
NThorium _ 200.8 ICPIMS 0.074 0.004 0.003 0.001 174.7%
Tie 1620 - 12.904] 9.405 0.064{ ~ 8971 18,7%
Tieanium 1620 190581  14.236 12.443] 12213 21.9%
Totuone 5022 PID 1.640 0.194 0.153 0.124] 140.6%
[Tetine 524.2 - 219250 -1.050 0.330 0.046]  168.8%
Totai Phasphars | " 1365.2 0.040 0.032 0.030 0030} - 14.1%
[Tata Susponasa Sonas | 160.2 9.679 1.570 6.985 6.729 17.3%
Traras1,2-dihtorosthans 502.2 ELCD 2.068 0.795 0.107 0.191]  108.7%
Trana-1,Z-sintoranthans 24,2 _ nses|  -4.973 0.684 0.153]  166.3%
Trans-1,3-skplorapropons 022 {ELCD 1.492 0.729 0:237 0.212 89.8%
Trana-1,3-deniorepropons E02.2 PID 1,457 0.206 0.221 0.175)  122.1%
Trane-1,3-aihiorapropons 524.2 14821 -1.254 0.506 0.218]  167.1%
Trans-1,4-duhlore-2-busne 524.2 30108  -3.685 2938 1.819]  137.8%
Tiichtorontand’ 502.2 ELCD 2.256 3.168 0.141 0.320f  108.1%
Trichioromtmme 502.2 PID 2.049 0.491 0.235 0.209] 122.7%
Trichioroomons 524.2 27.861] - -2.666 0.759 0.167]  164.9%
Trichiorotuoramuthans - 5022 |ELCD 4.662 5,166/ 3.222 3.308 23.8%
T itantoro buaromethans 524.2 _42.480] -50.543 0.881 N/AZT 135.7%
(1 —— 200.8 ICPIMS 0.005] - 0.001} 0.001 0.001]  112.1%
[ J——— 1620 50.943] 26.040 25112}  24.338 40.8%
T 200.8 iCPIMS 6.320 1.828 2.022 1.933] ~ 72.6%
Vinys Criorkie 502.2 ELCD 8.234 4.775 3.544] - 3.828 42.3%



Table 14. Companson of SLQEs. caiculaied using different Model Types, Episode 6000 Data
(pg!L except where foofnoted)

SLQE 0%, Based on Gwen Model - [RSD1
- |Analyte Method . Procedure Constant [Linsar  {Exponential Hybrid :
Viryt Chiarida - }h24.2 -. 19.647F - 49.158 {1.837 0.21% 113.0%
- Wad Cyanida 1677 WWADCN . 2.2717 1.624 1.414 1.424 24 2%
Xytene (;ux;u) 524.2 E 23.520 -0.952 0.290 - 0.019 160.8%
W iieiuim 1620 10.2441 - 8967 7.839 7516 14.3%,
- Zivie 1620 32,199y 12.850] 10.989 10.452 64.0%
ine 200.3 \CPIMS 17.301 7.024 3.8117 3741 - 80.4%
T Catoutation insludes postive [(QEs oniy ’
Giveh modal did pot convorga
3 ]QE1 0% comra r:ui be cogulalod basmt on given modsl
Resunas reporied as mg“_ '
_ Summary Statistics for Table 14
Method ¥ ana|ytes- Minbmum 2_5u1 Percentite Median 75m Percentile Maximum
An 197 1.5% 12.6% 135.6% 165.3% 193.4%
502.2 55 105% | 79.3% 115.4% | 142.4% 183.1%
524.2 81 43.2% .157.9% 165.7% 168.4% 193.4%
1620 25 5% | 16.6% 239% | 38.3% 78.3%
200.8 21 23.1% 66.6% 90.4% 115.1% 183.8%




)

Table 15. Comparison of SL-IDEs and SL-IQEs Calcuiated Using Different Software

Analyte ifodet Type |- Limit QCaic Excel  SAS
Hybra iDE -0.0338 0.3180° 0.2135
1QE 10 -0.87 2.006 0.886
‘ “Exponansim | 1DE 0.2307 0.2367 0.2337
Ti-dicniorcothona (5022) ' HE10- 0.622 5.627
' Linear INE 0.3059 0.3651
1QE 10 3.693 - 3798
Conutant 1DE 1.169 1.167
IQE 10 2.604 2.617
Hyroeia IDE | 0.1072 0.0694
A RS 0.19 0287 0.186
‘ Exporantiat | IDE 0.0874 0.0838 - D.0BBO
1.24-wtemoonansone (502.2, ELCD) En ; 0312 212
' e Linanr IDE i 0.0821 0.0817
' IGE 10 0.40 0.399 0.401
Constam IDE 0.741 0.740
IQE 10 1.651 1,658
Hyonia IDE -4.10E-07 0.0157
' IQF 18 .6.00E-D6 0,037
_ Exporermint | IDE 0.1367 0.1349
1,3, 5-rhmethylb enzane {524.2) IQE 10 ot cafc .0.305
‘ Livrrarr IDE -0.0595 -0.6586
IQE 16 notcate® -0.208
Constant IDE 10.448 10.590
IQE 10 73.259 23.744
Hybria IDE 3.8364 3,5960
IQF 19 3.578 8.104
Exponaraas | IDE 35853 3.5616
 Arsimeny (16200 ¢ IQF 10 8.270 .8.275
: Linenr IDE 3.7511 3.7283
IGE 10 B.72 B.743 8.719
Conminnt IDE | 4.266 4260
QE 10 9.502 9.551 ,
Hyboria IDE  0,3675 " 0.3440
FQE 10 0.837 0.798
: Exporortiat | IDE 0.3734 0.3661
Aonenic {2008) IQF 10 5.853 0.859
Linaar iDE 0.2623 0.7570
iQF 10 0.691 (.692
Conmarm .| IDE 2.056 "2.023
IQE 10 4611 4629
B-89




Table 15. Comparison of SL-IDEs and SL-IQEs Cakilated Using Differeni Software

Analyte fode] Type| Limnit QCalc - Excel 5AS
Hybraa IDE 0.2165 -0,0094 0.2113
IQE 10 0.48 -0.132 © 0482
‘ Exponoruat | IDE 0.4097 0.4157 0.3098
Bremororm (5242) oo R 0ont
Linear - | IDE - 1.3117 13091
IQE 10 e s nof cale ? -4.327
Constant IDE 10.355 10.207
IQE 10 , 22.220 22.334-
Hytria iDE 0:1048 -0.0035 0.7036 .
IQE 10 . 0.25. -0.057 0.255
_ Exponenuar | IDE | 0.3999 0.4028° " 0.3953
Crtorooinane (5242) - IQE 10 ' — 0.907
' Linwar IDE - -0.8594 -0.8365
IQE 10 oy gk not cale -4.186
) Constam | IDE 14.518 14485
IQE 10 31.769 31832
Hysrse- IDE 0.1254 0.0606
‘ 1QE 10 2.35% 0.151
: : - Exponemiar | IDE . 0.0750 0.0740
CrA3arniompropene (8022 ELCD) . e 0 0.176 0177
Linear IDE 0.0833 0.0830
1QE 10 0.472 0415
Conntart IDE 0.718 0.716
IQE 10 1598 1.604
" Hyoma | IDE 0.1397 0.4531 07406
IQE10 | - - 0.33 1.081 0.330
, : Expomentim | IDE 0.1430 0.1562 0.7441
Divromeoenioromeatmans (502.2) ' 1QE 10 0.348 0.349
Linear DE 0.4389 0.4358
"IQE 10 1.25 - 1.252 1.252
Comatant IDE £.786 0.784
IQE 10 1.750 1,751
Hybera ~IDE 0.3318 0.2005
IQE 10 0.752 0.462.
Exporontiaf | IDE | - 0.2086 0.2038
Loas (200.8) GE 10 | 0477 0478
Linens IDE 0.2705 0.2650
IQE 10 0.684 2.585
Conmtar IDE 7.024 1007
10E 10 " 2.305

2.296
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Table 15. Comparison of SL-IDEs and SL-IQEs Calculated Using Different Software

Analyte Model Type| Limit QCalc Excel SAS
Hyeria IDE 0.0876 - 0.0872 . 0.0883

IQE 10 0.22 0.255 0.222

. Expononuat | IDE 0 0.1208 0.1205

Mts Xorone (502.2) QE10 i 0.285 0285
Liwwoe | IDE 0.0053 0.0052

IGE 10 0.030 0.031

Corstant IDE 1.704 1.701

B 1QE 10 3.795 3.813

Hywrio | IDE 0.2522 -~ -0.0267 0.2441

IQE 10 . 0.56 -0.364 0.561

Exponaruar | IDE 0.5528 0.5615 0.5350

Mothytmethacrstate (5242} I 1.228
Linoar -0.3617 -0.3415

' _notcale? -1.043

Canatant © 9,734 9.597

20667 20.773

Hybsia 0.0205 0.0195

0.050 0.047

Exponania 0.1403 0.1397
Secmuibensane (524.2) 0.316 0376
' Linoar 0.0803 0.0798
0.279 0.279

Conrtant 11.258 11,240

25074 25.203

[T, DE 0.3565 0.4600 0.3637

IQE 10 0.83 1.045 0.529

Evponantiar | IDE 0,4076 0.4159 0.4159

Seravium (200.) 0.957 0.957
Lirvesne 0.4057 0.4059

1.044 1.045

Conmtam 2.082 2.090

' 4668 4,686

Hytertes 2.2850 1.9709

5.107 2474

Expormntint 2.0045 1.9754

Sevonium (1620) 2653 4657
Liaar 2.0809 2.0539

5.231 5235

Conatant 4.195 4.161

9.221 9.26%

Hyonia 145.2512 1408112

Soaium (1620) 326.198 317747
Evporartint | IDE 137.8478 139.6656 138.7678

123711 323.935




Yabile 15. Comparison of SL-IDEs and SL-IQEs Cakulated Using Different Software

Analyte Model Type | Limit QCale Excel SAS 1
Linenr IDE AR 142.1564 141.2901

INE 10 337.63 337.515 - 337.755

Constart e [ I 169.406 169.136

I0E 10 Fe 371.295 379.229 -

Hyersa IDE 00175 | -5.70E08 0.0174

. 1QE 10 0.04 BA0E-07 | 0841

» Exponanust | IDE 0.1407 0.1423 © p.4408

Sorren- {5242) IQE 10 . nereoie® . | 0318
Lineor IDE : -.6098 - -0.6000

I0E 10 U notcale?® -2.180

Corstmrt IDE - = 10.555 10.516

IQE 10" : 23.307 . 23.420

[T INE 10.6227 11.4032 10.5031

|1 1QE 10 24.33 25389 24338

} Exponenuas | IDE |- 10.5507 10.7036 10.6364
Vansaium (1620) 10E 10 25.094 25112 .
Lirranr INE 10,0280 - 9.9671

1QE 10 26.029 26.049

Constnm IDE 22.757 2211

IQE 10 50.684 50,943

Hyria IDE -2.30E-07 0.0834

10E 168 9,78E-07 |- 0.219

_ Exponenat | 1DE 0.3701 - . 0.3549

Vinn Crvoriae (524.2) ' “1QE 10 e 0.837
Linoar IDE -3.4286 -3.3451

IQE 10 not calc 49,158

Coneanm IDE 22.474 22.292

‘ IQE 10 49.304 43.647

Hypartet IDE 3.6382 T 3.2787
10E 10 8.305 7516

Expononuat | IDE | © 3.2251 3.2726 3,2458

Yisrham {1620} iQE 10 7.833. 7.830
Linaar INE 3.5420 3.5202

IQE 10 .955 8962

Consram IDE 4.576 -~ 4.569

IGE 10 10.192 T 10.244

! Caleulated using SAS pregrams written by EPA to run IDE and IQE calculations, Results are the same as those
presensed in Tables 2 and 4. )

2| imits in bold indicate the caleulated IDE or IQE based on the model suggested ns most appropriate based on the
given sofiware. .

3No value could be calculated due to model not converging.

*Based on statistical tests, QCalc determined that the constant mode! should be used to calculate the IDE and IQE.
However, determination of the TDE and IQE using the constant modelis not tun by this program.



Table 16. Summary Stafistics of Ratios Comparing IDES/IQES using different ng‘twaré Packages

Comparison o N 25m : 75t .
thio MOd?‘ Typg Limit Minimym Percentile Median Percentile Maximum
IDE 017 0.99 0.99 1.00 1.03
Hybrld‘ . . -
: ‘ INE10 -1.00 0.99 1.00 1.00 T 1.07
QCalc, SAS
’ Exponomial IDE 0.98 0.99 0.99 1.00° 1.03
' Livesr IQE 10 0.97 0.9 1.00 1.00 1.00
“IDE 0.1 -0.000003 1.0 1.32 o 3.22
Hyb'rid - R . "
IQE 10 -0.65 -0.000009 1.06 1.35 a7
IDE 1.00 1.01 1.01- 1.02 1.05
Exp‘DnunliaI i . . . -
- . IQE 10 0.99 1.00 1.00 - 1.00 1.00
Exeet SAS — - N ‘
‘ IDE 1.00 1.0% 1.01 C 102 1.06
Linear - ;
IQE 10 0.97 1.00 1.00 1.00 -1.00
IDE 0.99 1.00 1.00 1.01 1.02-
Can'su.hl
IQE 10 0.98 -0.99 0.99 1.00 1.00
IDE -365,000 -12.85 0.54 0,93 1.01
Hybrid — K .
QE10 § -225,000 - -2.07 0.52 0.91 1.01
QCated Exom .
i S— IDE .95 0.9% . 0.99 0.98 0.99
Linear IQET0 | - 0.99 1.00 1.00 ' 1,00 1.00

B-9%3




Table 17. Comparison of Simulatad 7-replicate ACIL CRVs to Overall CRV, ACIL Blanks

“Analyte #Blanks* | Overalf | # simulated | Mean of Range of Range of % short-term
' CRV T-replicate | Simulated 7+ | Simulated | Days between | CRVs
CRVs - replicate T-replicate 1st and Last exceeding
CRVs CRVs of 7 Overall CRV
consecutive
replicates
Bariars 76 0.0033 | 20 | 0.0039 . 0.0011 e T2 30
0.0083 o
Codrmium {33 00012 21 0.6014 0.00044 1o 110 24 67
0.0019
Crearnium | 55, “0.0048 | a3 0.0051 00014 | 70020 ° 29
0.0117
Coprsi | 52 0.0035 | 46 0.003% 0.0070 v 7w20 78
‘ . 0.0059.-
Shvar 45 - 0.0105 | 39 '0,0100 00019 e | 7:a20 28
0.0325

* Analyzed dver a period of 3 months

Table 18 Companson of Simuiated 7- replicate ACIL CRVs to Overall CRV, ACIL Blanks

After Outiier Removal
Andlyte # Blanks* | Overall { # simulated | Mean of Range of Range of % short-term
’ CRV 7-replicaie Simuwiated 7- Simulated = | Days CRVs
CRVs " | replicate CRVs .| T-replicate between st exceeding
CRVs and Lastof 7 § Overall CRV
consecutive
‘replicates
Ba.;um 25 - 0.0020 19 0.0021 0.0017 + e Z-E 14
‘ 0.0029
Chromium | 54 0.0040 | 48 0.0044 0.0014 v 7120 56
0.0080
Swver | A2 0.0031 | 36 0.0038 00018 .o | B2 72
: 0.0058 ’

“ Analyzed over a period of 3 months




Appendix C
Example Calculations

This Appendix is mcluded to support Appendices B of this Asscssment Document, by nrovzdmg
exammple calculations of the single-laboratory variants of the Interlaboratory Detection Estimate (SL-IDE) and
_Intertaboratory Quantitation Estimate (SL-IQE) as described in ASTM D6091 and ASTM D6512, respectively.
Example calculations of the method detection limit (MDL) and minimum level of quantitation (ML) also are -
included. The example calculations provxded in this Appendh were used in the data analyses presented in
Appendix B.

All abbreviations and symbols used in the SL-IDE and SL-IQE calculations match those given in the
ASTM procedures. The tinear and exponential standard deviation models and all recovery models were fit
using the: PROC REG procedure in SAS Version 8.1. The hybrid standard deviation model was fit using o
Newton’s Non-Linear Least Squares procedure as described in ASTM D6512, pro prammed using SAS Version
'8.1. The dataset used in these examples is that included for 1,1,1,2- tetrachloroethane in EPA’S Episode 6000 -
(see Chapter 1 and Appendix B of this document for descriptions of datasets). :

; 'Sing!eaLaboraiory IDE {SL-IDE)

The prosedure for calculating the IDE that is described in ASTM D6091 stipulates use of data from
multiple laboratories. However, because analytes in the Episode 6000 dataset were only measured by a single
- laboratory, EPA calculated a variant of the IDE which was called the single-laboratory IDE (SL-IDE). The SL~
- IDE and the analyses performed using the SL-IDE are described in greater detail in Appendlx B of this-
' Assessment doctument.

. In order to calculate the SL-TDE, means and standard deviations are needed for each spike level. The
* means and standard deviations for.1,1,1,2-tetrachloroethane are listed in Table 1.

Table 1 Mean and Standard Deviation Calculated at each Spike Level .

Spike (wg/L) | N Meamn. (ugfL) SD (ug/l) .
0.01 7 0.0016 0.0018
0.015 7 0.001 ©0.0017
0.02 7 0.0007 0.0010
0.035 7 00057 0.0036

005 7 0.0081 0.6024
0.075- 7 0.0263 0.0202
01 .1 6 0.0295 0.0039
0.15 7 " 0.0536 0.0046
0.20 7 4 00991 - 0.0158

C-14



Spike (ng/L) | N | Mean (ug/L) | SD (ug/L)
03s | 1 - 0235 0.0078
os0” | 71 1 bama 0.0257
0.75 -6 0.6193 0.0262 -
o . | s 0.8368 0.0814
20 | o7 19560 | 0.0980
) 50 | 8 | - sovea 0.2382"
10.0° 7 ' 10,4453 0.5469

In order to choose the appropriate model to calculate the TDE, significance tests were used.
The fitted unweighted ﬁnear model was:

" S=0. 0000395 15 + () 053'76 * T, where.T correqponds to spike concentration.

The slope of this model was SIgmﬁcantly greaier than O and therefore the constant model was rejected.
The‘ﬁtted unweighted exponential model (fit by natural "log-transformmg standard deviations) was:

Log(S)"# -5. 024{)7 + 054851 * T

The slope of this model was 51gmﬁcant1y greater than 0, thus the linear model was rejected.
Based on this assessment, the exponentlal model was used in Appendlx B to calculate the IDE for this analyte.
While the exponentlal model was chosen as the most appropriate model for this analyte, the calculation of the
SL-IDE using all four model types is. presented in this Appendix. This was done to provide a step-by-step
example for the calculation of the SL-IDE using all of the different model types.
Constant model: The pooled within-spike variance wae first calculated usiﬁg the equation below:

S, —1)**3 P

2 Fsl

g ="
. Eﬂz‘—
=l

where: s, is the standard deviation of the results for spike level‘i, and
n, is the number of replicates for spike level 1.

The calculated pooled within-spike variance (%) is 0.024, and the square root of this vilue, g, equals 0.155,
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A linear regression model was then fit for the mean results for the 16 spike levels. The estimates of slope and
tercept for this model are: a = -0.089 and b=1.0478, respectively.

Based on these results:
YC k1 *g)+a=(0. 155 *k1)-0. 089 (0.155 *26) 0.089 = 0 3137

where:  YC=the recovery critical value as defined in ASTM D6091, and
k1=2.6 (a conservative number based on the total n of 112)

LC=(YC-a)/b=(03137 +0. 089) / 1.0478 = 0.3848
where:  LC = the true concentra’aon critical value as defined in ASTM D6091
DB =1C + (k2 * g)/b =0.3848 + (1.86 * 0.155)/1.0478 = 0.660
whﬁ;rc: k2=186( cbnservativernumbe_r based on the total n of 112).
Linear Model:
An unweighted linear regression modei was fit, predicting standard deviation base& on Concentraﬁon, using
PROC REG in SAS Version 8.1. The estimated parameters are: g = 0.0000392 and h = 0.05326. Based on these

parameters, weights for the recovery model were calculated for each spike value. For each concentration, the
" weight was calculated as:

weight = 11 , for each true concentration T;.

§1'2 {g+h'¥j‘:)2

The calculated weights are given in Table 2.

Table 2. Calculated Weights based on Linear Model

Spike (ug/L) | Est. S (ug/L) Weight
0.01 0.00057 3,058,709
0.015 0.00084 1,423,673
0.02  o.00110 819,854
0.035 0.00190 276,031
0.05 ~0.00270 136,940
0.075 0.00403 61,454
01 0.00537 34,736
0.15 0.00803 15,514
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| Spike (ug/L) | Lst. SD (ug/L) Weight .

020 ' 0.01069 8,748
035 0.01368 2,865
0.50 0.02667 1,406
0.75 0.03999 6254
1.0 © 0.05330 352.0
2.0 ' 0.10657 88.1 )
5.0 0.26635 14.1
10.0 - 0.53267° 3.52

Using these weights, the fitted recovefy model estimates were a = -0,00898 and b = 0.6860. Based on these
results: ' ’

YC= (kI * g) + a=(0.0000392 * 2.6) - 0.00898 = -0.00888, and
LC = (YC - 2)/b = (-0.00888 + 0.00898) / 0.6860 =0.00015

For the linar model, the SL-TDE must be calculated recurswely The inittal estlmate of the SL-IDE, LD, Was:
' LD, = LC + (k*s(0)) / b = 0.00025.

Each following estimate was calculated using the recursive formula:

LDy =[%, *$(0)+k, *(g+h* LD )]/
Results of the recursive 1D calculations are given in Table 3.

‘Table 3. Recursive SL-IDE Calculations, Linear Model

LD estimate LD estimate
run
0 0.000255
1 0.000291
2 .000297
3 0.000297

The recursive estimates of LI) converge to 6 decimal places by the third iteration. Therefore, the linear model
estimate of the IDE = (. 000297 ug/L.
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Exponenﬂal Model:.

- An vnwelghted linear regressmn model was fit, predlctmg natural log—transformed standard deviation based on
concentration. The estimated parameters are: g = 0.00658 and h = (.54851. Based on these parameters, weights
for the recovery model were calculated for each sp1ke value. For each concentration, the weight was calculatcd -
“as: . : :

1 1

ST (gre™ )

: wez’ghf =

, for each true concentration T;.

" The calculated welghts are gwen in Table 4.

Fable 4. Calculated Weights based on Exponent:a] Model

Spike (ug/L) | Est. SD (ug/L) Weight
001 0.00661 - 22,861
0.015 ) .  0.00663 22,736
0.02 L o.00665 |- 22,611
0,035 S 0.00671 ' 22,242
0.05 - 0.0616 | 21,879
0.075 1 0.00685 21,287
0.1 0.00695 20,711
015 0.00714 1 19606
0.20 T 0.00734 18,560 ‘
035 . |- 000797 - 15,744
0.50 0.00865. o 13,355
075 |- 0.00993 10,152
10 |- 801138 7,717
2.0 001970 2,576
5.0 o 0.10213 . 96
10.0 - 1.58566 0.40




Using these we1ght°, the fitted recovery mode] estimates were a'= —0 045 85, and b= 0 91696. Based on these

Tesults:

YC = (k1 ¥ g) +a.~ (0.00658 * 2.6)- 0.04585 = -0.0287, and. -

| LC=(YC - a)b = (-0.0287 + 0.04585) /0.91696 = 0.0187

‘was:;

LD 4= LC + (k,"s(0)) / b= 0.03 199,_

For the Exponential model, the SL-IDE miust be calculated recursively. The initial estimiate of the SL-IDE, .LD'U,

Each followmg estlmate was calculate using the recursive formula

+1—[ff FSOYV+ Iy F (gt 8””‘”’)]1’5?

. Results of the recursive LD calculation are given in Table 5, below.

Table 5. Recursive SL-IDE Calculations,.Eprnential Model

LD estimate run - LD estimate
0. 0.031993 -

-1 - 0.032229

) 0.032221

The recursive estimates of LD converge to 6 decimal plaoes by the second 1terat10n Thercfore the exponential -

model estimate of the IDE = 0.032231 ug/L.
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Table 7. Calculated Weights, Hybrid Model

Spike (ug/L) | Est. SD (ug/L) | Weight
0,01 0.00158 | 403037
©0.015 000168 | 355,066
0.02  0.00181 304,351
.0.035 0.00234 - | 181,881
0.05 ©0.00299 - 112,141
0.075 ° 0.00416 . 57,811
o 000539 T | 34447
015 0 0.00791 |- 15,987
| 0.20 . | 6.01'046 9,134
0.35 . 0.01819. 3,024
550 - 0.02594 1,487
0.75 0.03887 |- - 662
1.0 0.05i81 . | 37
2.0 0.10358 93.2
50 ] ozsses 149
100 . 051786 3.73

Using these weights; the fitted recovery model estimates were a = -0.01471, and b= 0.74338. Based on
these results: ' - - : , ,

YC = (kI * g)+a=(0.00149 * 2.6) - 0.01471 = -0.01085, and
Le= (YC - a)/b = (-0.01085 + 0.61471) /0.74338 = 0.00520
LD had to be calculated rqtursivéljz. The initial &lstimate‘ of LD was:
LD , =LC + (l*s(0)) / b= 0.00893.

Each following estimate was calculated using the recursive formula:

LD, =Lk, *§(0) +h, ¥(g*e™ P )]/b



Results of the recursive LD calculation are givén in' Table 8.

Table 8. Recursive SLIDE Calculations, Hybrid model

LD estimate rur | LD estimate
0 0.008925
1 : 0.009101
2. ‘ ~ 0.009108
3 - 0.009108-

The recursive estimates of LD converge to 6 decimal places by the third iteration. Therefore, the hyBrid model
estimate of the IDE = 0.009108 ug/L. : ' '

Single-Laboratory IQE (SL-IQE)

_ The procedure for the IQE described in ASTM 6512 stipulates use of data from multiple laboratories.
However, because analytes in the Episode 6000 dataset were only measured by a single laboratory, EPA
calculated a variant of the IQE which was called the single-laboratory IDE (SL-IQE). The SL-IQE and the
‘analyses performed using the SL-TQE are described in greater detail in Appendix B of this Assessment
document. .

Fitting and selection of models in the IQE caleulation process are identical to the IDE calculation process
except: :

o The Hybrid model was considered in model selection instead of the Exponential model, based on
significance tests for curvature as described in 6.3.3.2 (g) - (i) of ASTM D6512.

. A biag-correction adjustment factor is applied to calculated standard deviations prior fo modeling as
described in 6.3.3.2 (b) of ASTM D6512.

Thereforé, the example calculation begins with the fitted model pararneters for each model type, and
demonstrates the calculation of each IQE value. :



Constant model:

Using the same steps for fitting the constant model as described in the SL-TDE example, the fitted precision and
recavery model paramcters arc determined to be:

g =0.1615
= (.0894, and b = 1.0478.

The IQE (10%) was calculated as:  IQE (10%) = (g/by*(100/10) = 1.541
The IQE (20%) was calcnlated as:  IQE (20%) = (g/b)*(100/20) = 0.770

The IQE (30%) was caleulated ds:  IQE (30%) = (/b)*(100/30) = 0.514

Linear model:

Using the same steps for fitting the linear model as described in the SL-TDE example the fitted precision and
recovery model parameters are determined to be: ‘

g=42x10 ", h=0.0555
a=-0.0087,b=0.6810

_‘ The IQE (10%) was calculated as: VIQE (10%) = g/(b*(li{)/ 100)-h)=3.3x10"°
The 1QE (20%) was caloulated as:  TQE (20%) = g/(b*(20/160)-h) = 5.2 x 10 ¢
The IQE (30%) ﬁas balcuiated as:  IQE (30%) = g/(b.*(30/ 100)-h) = Q.S x10°¢
Hybrisj model:

Using the same steps for fitting the hybrid model as described in the SL-IDE example, the fitted preelslon and
recovery model parameters are determned to be:

g=000155, h=0.0540
a=-0.0147,b=0.7434

The IQE (10%) was calculated as:

IOEQ0Pe)= £ = 0.0304
d0*B,
100



~ The IQE (20%}) was calculated as:

: IQE(:?,Q%);

=0.0112

=0. 0072

Expnnenﬁél model:

Using the same steps for ﬁtting'thc constant model as described in the SL-IDE example; the fitted precision and
- recovery model parameters are determined to be:

g=0.0069, h=0.5482
a=-0.0459, b=0.9170

For the Exponential model, the IQE must be solved recursively. The initial estimate of the JQE was sct to the
IDE (re-calculated using bias-corrected standard deviations, and therefore not matching the ITDE presented in
the example above).. The IQE was then re-calculated usmg the estimate from the prior round, based on the
equation befow:

100g %e* 5D
IOF (@) =0

3

‘where: Zi= 10,20 or 30, depending‘on the 1QE being calculated.



‘Results of the recursive calculations for the IQEs are given in Table 9.

Table 9. Recurswe SL-IDE Caleulations, Exponentlal model

Run | IQE (10%) | IQE (20%) | 10K (30%)
0 00355 | 0 0.0355 0.0355
1 0.0763 0.0381 0.0254
.'2 E '0.0730 ' 0.0382 6.0253
3 | o 0.0382 -0.0253
4 0.0781 0.0382- " 0.0253

- MDUML

" This section gives an example calculation of the MDL and ML determined using the Episode 6000 data, and
presented in Appendix B. Duc to the nature of the study design, MDLs could not be determined following the
'MDL procedure directly. Therefore, the MDL was calculated based on the Tesults of the two lowest spike
“levels with all posmve results for which the standard deviations were not significantly different.

- The lowcst two splkc levels with all positive, non-zero results are 0 050 pg/L and 0.075 p.g/L From Table 1
the standard deviations at these concentrations are 0.0024 ug/L and 0. 0202 pg/L, respectlvely The F test was
then Tun on the variances at fhese two spﬂ(e levels:

o (00202 00004

F = G oozay = T000006 " 02 8

The critical value for the F test at =0 10, where both variances are based on 7 results, is 3.05. Because 70.385
. > 3.05, the variance at the higher concentration is significantly greater than the variance at the lower
concentration, and these two concentrations cannot be used to caleulate the MDL. ;

The next lowest spike Ievel (0.10 pg/L) has only 6 results, but alf results are greater than 0. Therefore, an T test
was run comparing variances at-0.075 pg/L and 0.10 p.g/L From Table 1, the standard deviation at 0.10 ug/L is
-(0.0039 pg/L The results of the F test are:

_(0.003%)7 000002
~ (0.0202)% T 0.0004

= 0.037



'The entical value for fhlS F test is 3.11, sﬁghtly higher than for the 'pxior‘comparisml due td the fewer number of
results at the higher spike level. Because 0.037 < 3.11, the variance at the higher spike level is not significantly -
greater than the variance at the lower szke level. Therefore the MDL is calcuiated based on thése two Splke
levels:. ‘

T HE-10.0039 Y+ 7-1)0.0202)° o
MDL = (6-TH{T-13 . t(u 99 74623

= 0015%2.71
=1 041 '

The ML is determined by first multiplying the pooled standard deviation (0.015 p.g/L from the caiculatmn
above) by 10. Th]S yields.a result of 0.15 |_Lg/L Based on the ML rouudmg scheme, this becomes 0 2 pg/L.
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DECLARATION OF JAMES DeWOLFE
1, James DeWolfe, declare:

1. I am employed by Arcadis U.S., Inc. (“Arcadis”), as a Principal Environmental
Engineer. My resume is attached to this Declaration as Exhibit A. Pacific Gas and Electric
Company (“PG&E”) has engéged Arcadis to assist with issues surrounding the chromium plume
in Hinldey, California. I have b_eén working on chromiurh trgatrﬁentqelated issues for PG&E
siﬁce Qctober 20.09.‘ I was asked to lead a team tasked with analyzing the feasibility of Draft |
Cleanup and Abatement Order No. R6V-2011-0005A1 (the “Drafe CAO”) insofar as it requires
whole-house water replacement to residents and businesses whose well water supplies have
potentially been impacted by the Hinkley chromium plume. The team consisted of Arcadis’
Dennis Reid, Scott Seyfried, Katie Porter, Nicole Blute, Edward Means, Sunil Kommineni,
Jenifer Beatty and me. The opinions I express in this Declaration are a result of our collective

| analysis. |
C 2. My opinion is that:

(a) The Draft CAQ’s replacement water requirements are not feasible because
there s no known technolégy or combination of technologies that can reliably achieve
hexavalent chromium levels of 0.02 ppb or less; and

(6)  Evenif the appropriate technologies were available, the deadlines set forth
in the Draft CAQ cannot be met. A

3. For purposes of our analysis, we made the following assumptions:

(a) Because the declared background Cr6 concentrations in the Hinkiey area
average 1.2 ppb and have.a declared maximum value of 3.1 ppb, we assumed all wells in the

“affected area,” .as defined in the Draft CAO, will ‘have Cr6 Jevels above the Public Health Goal

59974\4089099v15 -1 -



(“PHG”) of 0.02 ppb (i.e., two orders-of-magnitude below the declared dvarage and declared
maximum background Cr6 levels). The deadlines contained in the Draft CAO would not pfévide
sulfficient time for testing and analysis to determine the exact number of “impacted wells,” as
-clefinecl in the Draft CAO. Based on this assumption and a review of the number of homes
within the “affected area,” we ﬁredict that the Draft CAO, if adopted, would fequire that interim
replacement water be provided to between 250 and 300 homes.
(b) Cr6 concentrations in the Hinkley area wells are known to fluctuate over
time in a nearly randdm pattern. Due to the natural variability in Cr6 detection at any given well,
we assumed that at any given point in time one-third of the wells in the “affected area” will have
decreasing Cr6 concentrations, one-third will havé stable concentrations and one-third will have
increasing concentrations. Consequently, we estimate that 100 homes (one third of all wells in
the “affected area”) will require pérmanent replacement water. |
{c) According to the Draft CAO, the int.erirn replacement water suppi;y must,
“at a'minimum,” provide enough water for “drinking, cooking, and swamp cooler needs.”
Assuming an average of three occupants per household, wé estimate that the average household
will consume (via ingéstion) 33 gallons per day (“gpd”) for drinking and cooking based on the
estimates for daily per capita faucet use found in the 1999 study Residential End Uses of Water
by the American Water Works Association. Swamp coolers can add 40 gpd per household per
day during ﬁarm months. In that regard, sce
http://www.consurnerenergycenter.org/home/heating_coolin_g/evaporative.html.) These values
do not include water used fér other purposes, such as washing, showering, and irrigation — water
use in these categories can vary wiclerly. Thus, in order to comply with the interim replacement
water requirements of the Draft CAQ, PG&E would need to provide 73 gpd to the average

liousehold during the warm months. In light of our estimate that between 250 and 300 locations
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would qualify, each month during the warm seasons PG&E would need to provide between
547,500 and 657,000 gallons of interim replacement water with Cr6 levels at or below 0.02 ppb.

(&)  Inlight of our estimate that 100 locations would qualify for permanent
replacement water, based on Residential End Uses of Water estimate of approximately 60 gpd
per capita of indoor water use and the above described estimates for swamp cooler use, during
each month of the warm seasons, PG&E would need to i)rovide 660,000 gallons of permanent
replacement water with Cr6 levels at or below 0.02 ppb.

4. B Most chromium treatment studies that have focused on hexavalent chromium
treatment have had target effluent concentrations of 1 to 5 ppb. Those studies include
Brandhuber, ez al., Loﬁ)—Level Hexavalent Chromium Treaiment Options: Bench-Scale
Evaluation, Project 2814, Water Research Foundation, Denver, Colorado, 2005; and McGuire, ef
al., Hexavalent Chromium Removal Using Anion Exchange and Reduction with Coagulation and
Filtration, Project 3167, Water Rescarch Foundation, Denver, Colorado, 2007. Those targets are
the manifestaiion of a scientiﬁc consensus that trying to achieve hexavalent chromium

concentrations below 1 ppb is unrealistic at this time.

5. Outside of the laboratory, experiments with treatment technologies target much
higher hexavalént_ chromium concentrations than what would be called for by the Praft CAO.
For example, at West County Road 112 in Midland, Texas, the Texas Cémmission on |
Environmental Quality has installed whole-house, ion exchange treatment systems in forty—five
hoines. But those systems are targeting total chromium concentrations of 100 ppb. The

Midland, Texas project is described at http://www tceq.texds.gov/remediation/sites/cr1 12 html.

52574\4089099v15 -~ 3 -



6. My team analyzed the available technologies and mechanisms for achieving the
results that would be required by the Draft CAO. My conclusions are set forth in the following
paragraphs. My overall conclusion is that .reliably providing replacement water meeting the
PHG of 0.02 ppb hexavaleﬁt chromium on the timeline set forth in the Draft CAQ is technically
infeasible. | |

7. Currently, there is no drinking water standard specific to hexavalent chromium in
bottled water. Total Chromium, which includes hexavalent chromium, in bottled water is
regulated by the 100 ppb EPA standard for total chromium.

8. We considered the possibility of using bottled water to satisfy the requirements of
the Draft CAO. Providing between 547,500 and 657,000 gallons df bottled water each month to
between 250 and 300 locations throughout Hinkley poses logistical obstacles that could not be
overcome in two weeks. In-my opivion, the distribution of hottled water is the best alternative
available, but would not satisfy the Draft CAO’s requirements for the following reasons:

(a) The treated bottled water éoncentrations for hexavalent chromium are
tfpically significantly greater than 0.02 ppb. In that regard, see Krachler, M. énd Shotyk, W.
(2008), Trace and Ultratraée Metals in Bottled Waters: Survey of Sources Worldwide and
Comparison With Refillable Metal Bortiles,” Science of the Total Environment, 407:1089-1096
(132 brands surveyed with Cré concentrations ranging from 0.06 t.o 172 ppb and a median of 8.2
pPb).

(b) PG&E could not monitor at thé source the extent to which bottled water
distributed to the Hinkley community met the 0.02 ppb standard because bottled water providers
(i) are not requiféd to report or declare the hexavalent chromium concentrations to the consumers

or regulators and (ii) often use water from different plants and employ different treatment

processes.
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(c) Theoretically, PG&E could test the bottles for Cr6 after they leave the
plant. But in doing so, PG&E would be confronted with an almost impossible testing protocol.
Because bottled water under one label often comes from multiple sources and has undergone
different treatment processes, PG&E would have to test all of the bottles. In doing so, PG&E
would necessarily have to break the seals, thereby exposing the water to microbial activity. And
if a shipment of bottled water failed to meet the 0.02 ppb standard, PG&E would be forced to
switch suppliers. But the new supplier is likely to use multiple sources and treatment processes, -
thereby creating the same problems associated with the orjginél supplier.

9. We considered the use of bulk water delivery to homes and business in Hinkley
by tanker trucks to satisfy the requirerhents of the Draft CAQ and, for the following reasons, I
concluded that it is not a viable option: - |

(a) Depending on the source of the water, the hexavalent chromium
concentrations will likely be significantly greater than 0.02 ppb; the exact concentration
depending on the source of the water.

(b) The bulk water dglivery strategy would create ancillary problems. Bulk
water will age in the storage tanks, and its quality will deteriorate over time. This could be
partially mitigated by the addition of disinfectants to maintain microbiological quality, but that
can create othex risks. | |

.10, Iconcluded that using water from Golden State Water Company would nQ.t satisfy
the requirements of the Draft CAO for the following reésons:
- (a) The design, planning, permitting and construction of transmission mains

and a new distribution system would take at least a year and probably more than two years.
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(b) Golden State Water Company’s groundwater likely contaiﬁ_s hexavalent
chromivum concentrations in excess of 0.02 ppb. 'fhus, treatment would be required viarion
exchange, reverse osmosis, or reduction, clarification, and ﬁltr.ation technologies,.or some
combination df these technologies. All of the obstacles and limitations of those technologies,
which I address in the following paragraphs, would have to be overcome.

1. We considered whole-house treatment using ion exchange to satisfy the
requiréments of the Draft CAO. But this technology is-still unproven to treat to the 0.02 ppb
level and, in any event, would create other significant environmental, logistical, health and safety
issues. Therefore, I have concluded that it is not a viable option: |

(a)  Multi-stage ion exéhange system with pH adjusnﬁent capability using acid
and caustic feed systems are likely nceded to meet the 0.02 ppb standard, but extensive and
lengthy testing would be needed to demonstrate this technology.

b) Incorporating acid and caustic feed systems for the whole-house treatment
poses health, safety and operational concerns. Ion exchange treatment would generate a liquiﬁ
residual stream, either brine or caustic, that would contain elevated concentrations of hexavalent
chrominm and other constituents that could be classified as hazardous waste under federal law.
There is also the practical problem that septic systems may not have the capacity to handle the
flow lfrom the ion exchange regeneration process, and the biological proceéses within the septic
system would likely be negatively affected. Furthermore, efflueut from the septic tanks entering
a drain field would then likely ;eintroducé chromium to the envﬁronment.

(€) The 1on exchange process can result in “c,hromatogréphic peaking” of
other constituénts, such as nitrate and sulfate. Chromatographic peaking is a phenomenon in
which less preferentially absorbed ions appear in the effluent at higher con-centrations than they

appear in the influent as they are released from ion exchange resin when more strongly held ions
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{in this case, chromium) are adsorbed. Multiple ion exéhange units in either series or parallel
operation and frequent monitoring can help minimize chromatographic peaking occurrence, bnt
this adds substantial levels of operational complexity that are beyond ihc capabilities of most
homeowners. | .

(d) Additional engineering studies would be necessary to achieve low—levél
hexaﬁalent chromium targets, beéause the systems curently on the market are not designed to
achieve 0.02 ppb levels. I predict that such studies ‘.;vill reveal that other constituents -- iron,
manganese and arsenic — would require removal prior to chromium treatment. This would be
pérticﬁlarly problematic in horﬁe—based units because of added operational complexity and the
generation of waste streams that require special handling. |

(e) The California Department of Pnblic Health (“CDPH”) allows the use of
wholefhouse treatment systems for Specifié contaminants removal only on a limited basis, and
there must be fewer than 200 connections. PG&E would need to apply to CDPH for a permit,
and CDPH would not issue it until a pilot pfojcct was designed and completed. That process
would take two to six months. Even then, CDPH typically only allows the use of whole-house
treatment systems as an interim measure, perhaps for three yeérs or less, until an alternative
source is in place. CDPH would likely conclude that potential unforeseen risks of a ne;w or
untested technology ﬁould outﬁzei gh any public health benefit achieved by lowering Cr6
concentrations below natu.ral background levels.

12. We considered whole-house treatment using reversé osmosis (RO) membranes to

satisfy the requirements of the Draft CAO and, for the following reasons, I concluded that it is

not a viable option:
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(a) Assuming hexavalent chromium in the influent of 3.2 ppb and a treatment
goal of 0.02 ppb, the RO membrane treatment needs to achieve 99.5 percent removal. A single-
pass RO treatment system cannot likely remove the necessary quantities of hexavalent chrominm
to meet the 0.02 ppb geal. Consequently, a multi-pass RO system would be necessary.

() A multi-pass RO system will generate a significant quantity of rcjected'
water that would require disposal. Approximately 50 to 75 percent of the feed flow ﬁi]l likely be
rejected: Disposing of large volumes of RO reject to septic tanks is likely impossible, and would
likely have deleterious impacts on the biological activities within the septic tanks. Furthermore,
effluent from the septic tanks entering a drain field would then likely reintroduce chromium to
the environment. |

©) The energy required to operate multi-pass RO systems will increase
electrical power consumption and lead to higher electric utility bills. For example, a device
utilizing 1,000 watts operating for twelve hours per day, with a $0.10/kilowatt-hour would cost
$33.60 per mc-)nth to operate. Were RO systems to be operating in multiple homes at the same
time, there could be a significant load on the electrical power grid, depending on the number of
homes utilizing a RO system. Also, separate breakers and adequate power services would be
required to provide electricity for the operation of these RO systems. In older homes, this may
require substantial upgrades tb electrical services, which requires adequate time to plan, ‘acquire
and install the required components for an elecirical service upgrade. |

(d) 'The presence of other scale-forming compounds — such as silica, sulfate,
barium and strontium — will limit the product water to feed water ratio.

(e) The RO systems currently on the market are not designed to achieve 0.02

ppb levels, so engineering advancements would likely be required to achieve 0.02 ppb levels.
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(fy  Pretreatment of waters prior to the use of RO may also be required to
address the removal of performance-impacting constituents, which further complicates utilizing
thisl technology for whole-house treatment to reliably meet the (.02 ppb goal.

13.  We considered the implementation of reduction, clarification and filtration. (RCF)
technoiogies via céntralized treatment to satisfy the requirements of the Draft CAO, and
primarily because the technology has not been demonstrated to produce efftuent with a level of
0.02 ppb C16 or less, I concluded that they are not a viable option:

(a) * The RCF process has been used only on a pilot-project scale, and those
projects have demonstrated substantial logistical and iarocess control issues.

(b) Separate unit processes are required to convert hexavalent chromium to
the trivalent form (reduction), followed by oxidation to form large particles for settling
(clarification), and also granular media extracted by low-pressure membrane filters (filtration).
Extensive pilot testing would be required and could take a year or more to demonstrate.
Furthermore, system operators would require advanced skills and extensive certifications that
would require substantial training and CDPH approval, further lengthening the approval process
for such a technology.

{c) Given RCI’s present limitations, the effluent from this process would
likely require RO treatment to achieve the 0.02 ppb goal for hexavalent chromium, which further
complicates treatment. Those cons.iderations, as well as RO’s associated design and operational
complications, are described above.

14. We considered the implementation of a central treatment and distribution system
to satisfy the requirements of the Draft CAO, but a centralized treatment scheme itself would not
achieve the 0.02 ppb goal. Central treatment would likely employ one or more of the

technologies analyzed above: Jon exchange, multiple stage RO and/or RCF. The technologies
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have simply not been proven to be able to achieve 0.02 ppb Cr6 concentrations. Furthermore,
impleménting a central treatment system would take far longer than the Draft CAO would allow
because of the need to test, plan, obtain penﬁits, design, obtain operator certification, and
construct a central water supply, treatment and (iistribution system.

15. In summary, I have conc]uded that it is not feasib]é to install and operate a
replacement water system for the Hinkley area to treat to the 0.02 ppb Cr16 level, and in the time
frame required by the Draft CAO: |

(a) * Bottled wéter would be the best option in the short term, but even then the
logistical, analytical and trea‘tmént requirements — including the inevitable negotiations and
cerﬁfications with bottled water vendors and the process of demonstrating the capability to
consistently achieve the 0.02 ppb goal —would take considerably longer than the deadlines
established in the Draft CAO.

(B) The bulk delivery option would require at least six months to analyze the
treatment technologies proposed by the vendors, implement those technologies and verify the
quality of the water delivered.

16. 1 estimafe that it would take approximately two and a half years before a central
treatment and distribution system could be fully functional. The requisite pilot testing to

demonstrate the feasibility of achieving 0.02 ppb Cr6 concentrations would consume six to
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twelve months depending on the scalability of the facilities. An environmental impact report
would likely be required for a centralized system, and that process alone could také a year, |
assuming no litigation-related delays. The design and construction of a small-scale system
would take another six months. A system 1arge enough to comply with the Draft CAO would
likely take a year to design and construct.

- (a) _ I reviewed the June 24, 2011 letter from Davi'd Loveday and Pauli
Uﬁdesser of the Water Quality Association (the “WQA™) to Harold Singer commenting on the
Draft CAO. According to the letter, the WQA promotes sales of water treatment _dei)ices. I have
several comments about the WQA letter: According to the letter, the technologies "‘re.adily
available” to address Cré réduction includ&"‘reﬁerse 0smosis (using TFC or CTA membranes),
distillation, strong base anion resin, and weak base anion resin.” But the assertion that ﬂlese-
technologies are “readily available” is contradicted ‘by the next sentence of the WQA letter, -
which states: ‘_‘However, California requires testing of éuch technolog.ies, to validate performance
according to national standards and at this time, none of the best available technologies in a
~ whole house format are [sic.] is tested and certified.” Thus, none of the technologies can be
considered “readily available.”

| I declare under penalty of perjury under the laws of the State of Cé]ifornia that the

foregoing is true and correct, and that this Declaration was.executed on July 8, 2011, at State

College, PA.
/{@75/ Z// 7/ 7
James DeWc‘)‘ff
4
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Peclaration by:

lames R. Dewolfe, PE, BCEE, CWO

Principal Environmental Engineer

Water Planning Group

Malcolm Pirnie, the Water Division of ARCADIS
1951 Pine Hall Rd. Suite 125

State College, PA 16801

814-867-1477
James.dewolfe@arcadis-us.com

Education:

United States Navy Nuclear Propulsion Program, Submarine Service, 1976-1982
BS, The Pennsylvania State University — Environmental Engineering, 1987

MS, The Pennsylvania State University — Environmental Engineering, 1990

Professional Affiliations:

American Water Works Association (AWWA)

Member, AWWA Water Resources and Source Water Protection Technical Advisory Workgroup
of the Water Utility Council {WUC) '

o Mission: To monitor and interact with USEPA, USDA and other federal agency activities
on regulations that affect source water protection to protect drinking water supplies;
compile, develop and analyze date related to source water protection; and develop
draft official comments and testimony on source water protection regulatory activities
and proposals,

Member, Coagulation and Filtration Committee, Water Quality and Technology Division of the
Technical and Educational Council {TEC)

o Mission: To advance and disseminate knowledge which promotes the effective and

economical application of coaguilation and filtration in water treatment.
Member, B100 Standard Committee for Granular Filter Media of the Standards Council

o Mission: To develop and maintain standards and related manuals, reports, etc., for
filtering materials for water treatment. Specific media covered include: silica sand,
support gravel, anthracite coal, high density media, and granular activated carbon.

Past Chair, Pennsylvania Section AWWA Research Committee
Past Trustee, Pennsylvania Section AWWA North Central District

Professional Summary

Senior member of Water Planning Division staff, providing services internationally to municipal
and private sector clients. )

22 years of experience in drinking water, wastewater, and industrial water planning, design,
research and operations, gained through work in engineering consulting and private industry.
Senior technica! advisor to PG&E on ex-situ chromium remediation project in Topock, CA
utilizing the reduction, clarification and filtration {RCF) process

Leader of Water Planning Group’s Operations and Process Specialist (OPS) team
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‘DECLARATION OF JOSHUA W. HAMILTON -

I, Joshua W. Hamilton, declare:

[ Tserveas the Chief Academic and Scientific Officer at the Marine Biological
Laboratory (“MBL”) in Woods Hole, Massachusetts and aé Senior Scientist at the MBL’S Bay-:
Paul Center for Comparative Molecular Biology'& Evolufion, and also hold an-appointment as a
professor iﬂ the Drepartment of Pathology and Laboratory Medicine at Brown University. Prior
to joining thé MBL in 2008, I held concurrent appointments in the Department of Pharmacolo gy
& Toxicology at the Dartmouth Medical School and Dartmouth’s Department of Chémisi:y,' as
well as sefving as.ah Ass‘ociate Director and Senior Researcher at Dartmouth’s Norris Cotton '
Cancer Center. |

2. In 2000’,,1 founded Dartmouth’s Center for'vEn_wiIonmental Health Sciences, a
multi~discip1ina.ry: research, education and outreach program bringing' togefhpr over thirty
members of the f;lCUlI;){; and their laboratories from fourteen Dartmouth departments to focus on
the human health effects of environmental chemicals. I served as the Center’s Director until
2008. I was also t.he former Director and Principal Investigator of .thc largest of the Center’s
researph programs, the Superfund Research Program Project_on Toxic Metals, sponsored by the
Natjonal Inétitutc :of Environmental Health Sciences of the National Institutes of Health and »byl _
the U.S. 'El.wiro_nn_icntal Protection Agency to investigate the human health cffccts of chemi_calé
in the environment. T am still affiliated with— the p.rog-ral'n where I direct one of its five research ‘
projecis. It is considered one of the scientific world’s pre-eminent research programs on toxic -
métais. The principal focus is on the effects of chromium, arsenic and other metals on human
health, wﬁich has been the priméry focus of my own laboratory’s research for the past tw-o—plus_
decades. I have been continuously funded by NIH and other federal and non-federal agencies for |
the past twenty-six years, and have published numerous articles on these topics.

3. Tam considércd one of the leading experts on the toxicolqu of chrdr:;ium._ As
such, I rccchtly served as an External Reviewer for U.S. EPA’s draft update of its Toxicological

Profile for Hexavalent Chromium [1]. Ihave served on numerous other state and national
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scientific committees as a loxicology expert, and regularly consult with local, state and federal
agencies on issues related to toxic metals exposure and health effects. Attaclied to this
Declaration as Exhibit A is a copy of my curriculum vitae.
4. I was asked by PG&E to consult on toxicology issues related to the chromium
.plume'at Hinkley, Ca]ifumia. I have reviewed the draft Cleanup and Abatement Order No. R6V-
2011-0005A1 (the “Draft CAO”) under consideration by the LahOntauABoaId [2].
3. The Draft CAO demonstrates a sigm'ficant .n.]isunderstanding of the draft
_ California EPA Office of Envuonmental Health Hazard Assessment (OEHHA) Public Health
_ Goal (“PHG”) [3] and the PHG process. Two | passages in the Draft CAQ are indicative of the
Lahontan Board staff’ § misunderstaudmg of what is known as a Reference Exposure Level .
{"REL”), a PHG, and other public health an.d regulatory guidelines, how they relale to
background levels of Cr(VI), and how they should be interpreted and auplied'.' The first refers (o
OEHHA'’s establishment of a chronic inhalation -REL:A “I'The REL]1 is important because it
demonstrates esrdblished science that inhaled hexavalent chromium has adverse impacts on
human healtﬁ ar extremely low levéls.” (121§ 15,p. 4; emphésis added) The second passage
reads: “Based on the draft 2010 PHG, the Watei_‘ Board has determined that hexavalent

~ chromium in domestic wells above 0.02 ngfL poses an immediate ‘health risk to Hinkley
residenrs tiirough continued household usc of conraminated water, including drinking, preparing
foods and beverages, bathing or showering, flushing tuilets; and other household uses resulting in
potential dermial and inhalation exposures.” ([2] §26,p.7; emphasis added) These statements.
by the Lahontan Board suggest a fundamental misun'derstandi'n g about 'tiie difference between
conservative pubhc policy practices such as the setting of RELs and PHGs and the sc1ent1ﬁc

: mformatmn on which they are based.

6.  The scientiﬁc community’s foundational information about the relationship of

Cr(VI) 1o potential adverse human health effects comes from two principal sources that bear little

! The Draft CAO also confusés Cr(VI) with chromic acid. The OEHHA REL for soluble Cr(VD) compounds 150.2
pg/m and is based on 2n animal exposure stody in which rats were exposed to Cr{VI} for eighteen hours per day at_
concentrations > 50 pg/m’. The REL for chromic acid is 0.002 pg/m’, and is based on homan exposures to chromic
acid in a chromium plating plant. The form of Cr(VI) in Hinkley is not chromic acid and, therefore, the chromic
acid REL is irrelevant. In this regard, see http://oehha.ca.gov/air/chronic_rels/pdf/hexChroms.pdf.
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 to no resemblance to Cr(VT) concentrations to whic_h,Hinkley residents have been and are being
exposed:

(a) -~ Epidemiology studies of workers in occupational settings who were
cxi)osed to high concentrations of airborne Cr(VI) in chemical and physical forms that are not
representative of exposures to Cf(VI) in Hinklcy groundwater; and

~(b)  Studies of laboratory animals ¢xposed to extremely high levels of Cr(VI) —
in most cases at or near the maximum tolerated dose, and at thousands to tens of thousands of |
times higher levels than Hinkley well conccntxat'ions — over the practical lifetime of the animals.
7. Thé curreﬁt Cal'ifornia and Federal Maiimum Contaminant Levels (“MCLs™) for
*total chromiunm, which can include up to 100% Cr(VI), are 50 ppb and 100 ppb, réspectively.
"~ The background concenﬁations in Hi'nklcy:' are between 1 and 3 ppb. and the dra'ft California
PHG [3] seemingly embraced by the Draft CA©O as a régulatory guideline is 0.02 ppb. Despite
over €ighty years of interise study reported in tens of thousands of scientific papers, the only
demonstrated adverse health effects of chromium occurred at levels of exposure that are more
than a thousand times higher than those that wonld be encountered in environmental and
household settings, including those in Hinkley. Cdnverscly, there are no studies showiug any
adverse effects of Cr(VY) at lévels- any;yhcre near the currenf MClLs, let alone the background
concentrations at Hinkley or the level proposed for the draft PHG. |
8. The statements in the Draft CAO also indicate a fundamentall misunderstanding
about ‘ris.k assessmént methodoldgy. - For regulatory and public health purposes, risk assessors
start with the scie;nﬁﬁcAdata from the high—&ose studies, and then apply conservative assumptions
using mathematical modeling to predict héalth risks at exposures that are tens of thousands to
millions 0f times lower. : For example, the lowest Cr(VI) concentration that caused tumofs in
animals in the National Toxicologj Program study (4] which was the foundation for the draft
PHG, was 20,000 ig/L. Notwithstanding; OEHHA. proposed a PHG of 0.02 pg/L, one million
times lower than the concentration that caused cancer in mice from a lifetime of drinking water
exposure. The calculations embodied in the draft PHG do not represent “established scicncc.’;_

And even if the draft PHG is adopted, regulators should not assume that exposures of the type"
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and durati.on that would be experienced by Hinkley residents will result in any adverse hezﬂth
impacts. In fact, there is no way to confirm any of the risk assessors’ assumptions in -
constructing the models that ostensibly support the draft PHG, or to defermine whether there are
any measurable health effects as a result of exposures at 0.02 pg/L. They reflect highly .
conservative, overly-protective regulatory limit that éssumes a lifetime of exposure, but th-ey do
not represent levels that suggest é significaht or immediate he'z;lth threat. | |
9. EPA and OEHHA both understand and clearly articulate the limitations of PHGs
and their equivalents. For example, in commenting on its Toxicological Profiles, including the.
profile for Cr(VD), EPA notes: “It should be emphasized that [the regulatory risk assassrﬁent
methodology] leadé 1o a plausible upper limit to the risk....Such an estimate, however, doe;s not
necess:ﬂrily give a realistic prediction of the risk. The frue value ofrrhe risk is unknown, and may
be as low as zero.” (.[l] emphasis added) EPA also noted in its 1996 Carcinogen Risk
Aséessmcr;t Guidelines: “Use of health protective risk assessment procedures as describe& in
these cancer guidelines means that estimates, while uncertain, are more likely to overstate than
understate hazard and/or risk.” [5] Similarly, OEHHA is explicit that the draft Cr(VI) PHG is
| not and should not be used as a regulatory or cleanup standard: “PHGs are not regulatory
requirements, but instead represent non-mandatory goals....PHGs are not developed as taréet
levels for cleanup of ground or ambient surface waler contarnination, and may not be applicable
for such purposes, given the regulatory mandates of other environmental programs.” ({3] p. m)
In sum, the draft Cr(VI) PHG, as its name implies, is at most a goal, not a regulatory level, and in
no way ;hould exposures to concentrations above 0.02 ng/L be interpreted as an immediate
health 7risk to Hinkley residents nor should this proposed goal be used to set action or cieanup
levels. '
‘10. The Lahontan Boérd has also previously contended that the draft Cr(Vh PHG
* represents the best and most récent science. An objective assessment indicates otherwise:
@  Thoinitial draft Cr(VI) PHG drew on two principal studies: The 1968
Borneff, et al., animal study [6], and the 1987 Zhang and Li epidemiology study. [7} Both are

outdated and flawed, and they have been rejected by EPA and mainstream toxicology experts as
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a foundation for Cr(VI) toxicology risk assessment. The Borneff study in particular is so
profoundly flawed that it is unlikely it would be published if submitted today for PEEr review.
One expert for the plaintiffs in a personal injury lawsuit alleging health effects from Cr(VI)
exposure was quoted as saying it would be “totally stupid and scary” to base the OEHHA risk
assessment on the Borneff ,sLudy.z Likewise, the Zhang study is little more than a report, and
lacks the necessary data to permit epidemtologists to evaluate Cr(VI) hazards and calculate risks.
As é result, the Zhang study is not an appropriate foundation for assessing potential risk. Based
on these and other criticisms [8], 'Califofnia withdrew its initial draft Cr(V]) PHG and generated |
arevised draft PHG when the National Toxn:ology Program s studies of lifetime cancer risk in 7
rodents were published. [4,9,10] Although OEHHA based the revised calculation of the current
draft PHG principally on those NTP studies, the Borneff and Zhang studies are still cited as |
_]llStlficathIl for the 0.02 pg/L. l
(b) EPA is currently updating its Toxicological Profile for (,r(VI) which will
form the basis for a possible federal MCL for Cr(VY) and/or total chromium in drinking water.
The revised draft Profile [1] has been released for public comment, and an expert panel recently
reviewed it in a public session.” Iserved on that panel, which presented and discussed its review
of the draft Profile and listened to public comments from s‘trakeholders. EPA’s draft Profile
appropriately omits any reference to the Bomoff study.in its review of key animal studies. While
the draft Profile discusses the Zhang study and three felloW—up analysés, it corre:clly states that it
should not be used for risk assessment purposes} The pimel agreed with these assessments.
Thus, there is alfeady significant disagreement between the draft PﬂG and EPA’s draft Cr(VT)
Toxicology Profile.
{¢) = During the Public Comment period the US EPA panel was given.an

overview of nearly-completed nihety—day toxicity studies that will soon be published.in the peer-

? Max Costa, Los Angeles Times, Nov. 11, 2000, Mlce and Scientific Unknowns At Heart of Chromium Debate.”
* .S, Environmental Protection Agency, Notice of Peer Review Workshop, May 12, 2011. Federal Register,
Volume 76, No. 70 (April 12, 2011}, Pg. 20349-20350. See also U.S. EPA web site:
http Jicfpub.epa. gov/ncealiris_ drafts/recordlsplay cfm?deid=221433.
* U.5. EPA, referring to the Zhang study: “The epidemiology data are not sufficient 1o establish a causal
association between exposure to hexavalent chromium by ingestion and cancer.” ([11 p. 201, Lines 20-23).
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reviewed literature (see for example [11,12] as emerging pi.lblications from these studies). Based
on' the results presénted to date, these studies will uneguivocally support a threshold mechanism
as the Mode of‘Act_ion (“MOA”) for Cr(V]) in vivo via ingestion and inhalation exposure. In
| fact, these studies were specifi(.;a_lly designed to investigate the MOA and to complement the
20i)8 NTP studies 1n all respects, including study design. The pending studies are even being A
conducted by the same scientists that conducted the 2008 NTP studies. The panel’s consensus
was that the pending studies proifided important new information that was critical to an overall
understanding of Cr(VI), and should ne incni‘porated into the EPA’s Profile. Thus, the panel
urge:d EPA to wait for these studies to bia pul_JIished so that they may be taken into account in _
thgir assessment. ":I‘.he panel alsc called for other substantive changes to the draft Profile based
on its view that EPA’s Cr(VT) risk assessment model was flawed and should iae revised based on
a likely threshold MOA. |
11. . Once EPA’s Cr{VI) Toxicological Profile is finalized, EPA will undertake to
promulgate a federal MCL for Cr(VT). It would be prudent for OE}IﬁA to wait to finalize the
PHG for Cr(VT) until such time as the federal MCL for Cr(VT) is finalized. Again, itis worth
* noting that the current MCL for chromium (total chromium, up to 100% Cr(Vl')) 1s 100 ppb,
Wthh was actually raised from 50 ppb several years ago-in recogmtion that the scientific
literature indicated.a threshold mechanism for toxic and carcino genic effects. Some have uigcd.
OEHHA to quickly finalize the draft PHG. However, as the US EPA Administrator stated at a
public rneeting in May 2011 in response to comments urging EPA to move qnickly in finalizing
the Toxicological Profile for Cr(VI): “We want it to be based on the best science. . ..wé.want to-
“getitright.” [Personal Communication] .

12. The Draft CAO expresses concem about potential exposure to Cr(VI) from - -
evaporntive coolers and other honSeholii appliances. OEHHA concluded in its draft Cr(VI) PHG
that the principal exposure pathway of concern for chromium in drinking water is ingestion [21.

- OEHHA also siudied exposnre to chromium via showering, whic_h is generally assumed to be the
principal inhalation pathway of concern for households with contaminants in drinking water

supplies. However, OEHHA did not include dermal contact, having determined that such
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exposures were insignificant. In addition, OEHHA concluded that exposure by inhalation during
showering did not contribute significantly to the overall risk. And even with conservative
assumptions regarding exposure during showering, the contribution to risk from inhalation was
180 times lower than that from drinking water exposure.”

.13, [ have further investigated exposure via mhalation from the use of swamp coolers
and have concluded that exposure to airborne Cr(VI) from swamp coolers is not a pathway of
concern for households in Hmldey or elsewhere

(a) The scientific and regulatory literature confirms that inorganic
| constituents, including chromium, that may be present in the water used in swamp _coolers are .
not volatile and do not eiraporate with the water. Instead, the inorganic constituents rernain
behind on the filter or, for those units with recirculation versus a drip line and drain, in the sump.
Moreover, a 1996 scientific publication by Finley et al. [13] examined Cr(V I)-contaminated
" water in an evaporatNe cooler, in a trial experiment in a Hinkley-area house w1th a typical
evaporative cooler. They demonstrated that even using a concentration of Cr(VI) of 20, 000 ppb
in a unit running for twenty-four hours, there was no increase in the airborne Cr(VI) -
concentration above the natural outside and indoor backgrounds. Thus, there is no basis for any
concemms regarding inhalation exposure risk from evaporative coolers; perticularly at the
: concentrntions in any impacted Hinkley households, which are more than 4,000 times lower than
the levels examined in these experiments. - |
V(b.) To further evaluate the potential, if any, for exposure to Cr(VI) from the
nse of swamp coolers I did a comprehensive search for studies in peer-reviewed scientific
literature. Only two relevant studies were located, Finley et al. 1996, and Paschold et al. 2003.
{13,14] The Paschold findings supported the Finley results _dis.cussed'above. Paschold-studied -
. airbome particulate matter, PM10 and PM2.5, and co‘olin'ngater in ten residences inEl Paso, A
Texas. [14] The homes were nlo.nitored for concurrent i_ndoor and outdoor PMZ.SJ and PM 10

with the use of swamp coolers. Moré than thirty elements in the PM fractions — including lead,

* The PHG associated- with inhalation exposure may be readily calculated from the mformatlon in the draft PHG
~ assessment by removing the contribution from oral exposures The PHG associated with jnhalation exposure is 3.6

ng/L.
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Tnanganese, copper, barium'and chromium — were evaluated. Comparisons of the elemental
concentrations of the evaporative céoler supply water aﬁd indoor PM demonstrated little or no
correlation in all ten houses, iﬁcluding those with disabled 1,Jleed—linf':s.6 Froﬁl this, Paschold
concluded that evaporative r':oolcrs wete not introducing dissolved solids from the ;suppljf water
into indoor air. |

(c) To summarize, swamp coolers work by evaporating water into warmer air
drawn in from the outdoors. The evaporation process cools the air, which is then blowﬁ into the
house. Minerals that are ndn-volatile,‘including Cr(VI), are not transferred from the feed water
into the cooled air, but remain in the system or are eliminated through the ﬁleed-line. For these
reasons, swamp coc;le_rs are not expected to be a source of Cr(VI) or other non-volatile -
constituents in indoor air, and the published studies of swamp coolers support this conclusion.

14.  Like swamp coolers, other similar appliances (such as humidifiers and hot water
vaporizers) that act by volatilizing heated waler or by évaporatiﬁg water from a ﬁltcf will not be

a potential source of Cr(VI) into indoor air because Cr(V]) will not be volatilized with the water.

I declare under penalty of perjury under the laws of the State of California that the
foregoing is true aﬁd correct, and that this Declaration was exccuted-on July 9, 2011, at

Falmouth, Massachusetts.

Joshua W. Hamilton Ph.D.

® A bleed-line is a drainage tube with an external discharge inserted into the pad water supply hose for continuous
removal of particle-laden cooler pan water:.
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Curriculum Vitae
JOSHUA W. HAMILTON, PH.D.

Chief Academic and Scientific Officer, and
Senior Scientist, Bay Paul Center for Comparative Molecular Biology and Evolution,
Marine Biological Laboratory (MBL)
Professor (MBL.), Depariment of Pathology and Laboratory Medlcme, Brown University

Marine Blologlcal Laboratory
7 MBI. Street
Woods Hole MA (02543
-(508) 289-7300
(508) 289-7415 (direct)
fax (508) 289-7934
e-mail: jhamilton @mbl.edu

PERSONAL:

Born: July 31, 1956, Salemm MA
Married, two children

EDUCATION:

Cornell University, Ithaca, NY 14853. 1982 to 1985. Ph.D., Genetic Toxicology, 1985. Thesis:
Correlation Between Mixed-Function Oxidase Enzyme Induction and the Grenotoxicity of
Chemical Mutagen-Carcinogens in the Chick Embryo In Vivo. (Stephen Bloom, Christopher
Wilkinson, advisors)

Comell University, Ithaca, NY 14853. 1980 to 1982. M.S., Genetics, 1982 Thesis: Development of
Basal and Induced Aryl Hydrocarbon (Benzo[a]pyrene) Hydroxylase Activity in the Chick
Embryo In Ovo. (Stephen Bloom, Christopher Wilkinson, advisors)

Bridgewater College, Bridgewater, MA 02324. 1976 to 1980. B.S., Biology, 1980 (cum laude).

POSTDOCTORAIL TRAINING:

Postdoctoral Research Fellow (NIEHS, Norris Cotton-Cancer Center and Department of Chernistry),
Department of Chemistry (Karen E. Wetterbahn, advisor), Dartmouth College, 1985 to 1988.

ACADEMIC APPOINTMENTS:

Professor (MBL), Pathology and Laboratory Medicine, Brown University, 2010 to present.

Senior Scientist, Bay Paul Center, Marine Biological Laboratory (MBL), 2008 to present.

Professor (with tenure} of Pharmacology & Toxicology, Department of Pharmacology & Toxicology,
Dartrnouth Medical School, 2003 to 2008.
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Adjunct Professor of Chemistry, Department of Chemistry, Dartmouth College, 2003 to 2008.

Adjunct Senior Scientist, Center for Integrated and Applied Toxxcology, Bioscience Research
Institute, University of Southern Maine, 2003 to present.

Associate Professor of Pharmacology & Toxicology, Department of Pharmacology & Tomcology,
Dartmouth Medical School, 1994 to 2003. .

Adjunct Associate Professor of Chemistry, Department of Chenustry, Dartmouth College 1994 to
2003.

- Adjunct Assistant Professor of Biology, Department of Biology, Dartmouth College 1992 to 1993,

Assistant- Professor of Pharmacology & Toxicology, Department of Pharmacology & Toxicology,
Dartmouth Medical School, 1990 to 1994,

Adjunct Assistant Professor of Chemistry, Department of Cherrustry, Dartmouth College, 1990 to
1994,

Member, Norris Cotton Cancer Center Dartmouth-Hitchcock Medical Center 1988 to present

Research Assistant Professor of Chemistry, Department of Chemistry, Dartmouth College 1988 to
1990 . ,

OTHER PROFESSIONAL POSITIONS:

Acting Director, Cellular Dynamics Program, Marine Biological Laboratory, 2010-present.

Chicf Academic and Scientific Officer, Marine Biological Laboratory, 2008 to present.

- Associate Director, Norris Cotton Cancer Center at Dartmouth, 2006 to 2008. '

Visiting Scientist, Harvard School of Public Health, September 2005 to June 2006.

Associate Director, Dartmouth College Center of Biomedical Research Excellence (COBRE)
Program Project on Lung Biology, 2003 to 2008.

Director, Center for Environmental Health Sciences at Dartmouth, Dartmouth College / Dartmouth
Medical School, 2000 to 2008. ' _

Director / Principal Investxgator Dartmouth College Superfund Basic Research Program PI‘OJGCt on -
Toxic Metals, Dartmouth College / Dartmouth Medical School, 1997 to 2008.

Director, Molecular Biology ‘& Proteomics Core Fac1llty (macromolecular synthes1s and
sequencmg) Dartmouth College, 1995 to 2008.

Co-Director, Dartmouth College Superfund Basic Research Program Project on Toxic Metals,

" Dartmouth College / Dartmouth Medical School, 1995 to 1997,

AWARDS AND HONORS:

Teaching Assistantship, Department of Poultry and Avian Sciences, Cornell University, 1980.
Graduate Research Assistantship, National Institutes of Health (CA28953, Stephen E ‘Bloom,
. advisor), 1981. ~

Outstanding Teaching Assistant Award Cormell Umvers1ty, 1983. '

Jacob H. Bruckner Memorial Award for Excellence in Graduate Study, Cornell University, 1983.

Graduate Research Fellowship, National Institutes of Health (Environmental Toxicology Training
Grant 08 T2 ES07052, Institute of Comparative and Environmental Toxicology, Comell
“University}, 1984,

Individual National Research Service Awa:d (Postdoctoral Fellowship), National Institutes of Health
(F32 ES05399, Molecular Biology, Karen E. Wetterhahn, advisor), 1987.
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Junior Faculty Research Award, American Cancer Society ( JFRA-323), 1991-1993,
Bohan Visiting Lecturer, University of Kansas Medical Center, May 1998.
Master of Arts (Honorary), Dartmouth College, May 2004.

PROFESSIONAL ~ SERVICE, MAJOR COMMITTEE ASSIGNMENTS AND
CONSULTATIONS: |

Program Reviews: '
- Member, External Adv1sory Committee, Massachusetts Institute of Technology Center for
Environmental Health Sciences (NIEHS Center Grant) (1997 to 2003). )
. External Advisor, Plymouth State University, Plymouth NH, Planning Group for creation of a new
* " Center for the Environment at PSH, October 25-26, 2003. :

Member, External Advisory Committee, Dartmouth Medlcal School NIH-NCRR COBRE Lung
_ Pathobiology Program, 2008 - present.

External Advisor, Brown University NIH-NIEHS Superfund Research Program, 2008-present.

Chair, External Advisory Committee, Brown University NIH-NIEHS Children’s Environmental

IHealth Sciences Center, 2010 - present.

o Member External Advisory Committee, Rhode Tsland NSF EPSCoR Program 2010 - present

‘ Sclentlﬁc Report Reviews: ' ,

- External Reviewer, National Research Council Report, Arsenic in Drinking Water, 2001 Update
National Academy of Sciences, National Academy Press, 2001.

Member, U.S. EPA Science Advisory Board (SAB) Review Committee, Framework for Metils Risk
Assessment, 2004 - 2008.

Member, U.S. EPA Science Advisory Board (SAB)- External Revrew Committee, PAH Mixtures
Risk Assessment, 2010 — present.

Member, U.S. EPA Science Advisory Board (SAB) Extemal Review Committee, Toxrcologrcal
Profile for Hexavalent Chromium (September 2010 Draft) 2011 present

Grant Reviews:
* Ad Hoc Reviewer, Chemical Pathology A (CPA) Study Section, National Institutes of Health, June
) 1989, June 1993, June 1996. ‘
Ad Hoc Reviewer, Experimental Therapeutics A (ET1) Study Section, Natlonal Institutes of Healih,
June 1996.
Chair, Special Emphasis Panel, Experimental Therapeuhcs A (ET1) Study Section, National -
Institutes of Health, December 1996. '
.Ad Hoc Reviewer, - Metabolic Pathology (MEP) Study - Section, Natronal Instltutes of Health _
December 1997. ‘
Ad Hoc Reviewer, Alcohol and Tox1cology I (ATT) Study Section, National Institutes of Health,
' December 1998, February 1999,
Ad Hoc Reviewer, W.M. Keck Foundation Faculty Fellowship Program, February 1999. _
Ad-Hoc Reviewer, Center for Research on Envuronmental Discase Grant Program, M.D. Anderson /
University of Texas, April 1999.
. Ad Hoc Reviewer, NSF SBIR / STTR Grant Program April 2003.
Ad Hoc Reviewer, NSF Civilian Research & Development Foundation (CRDF) Grant Program, May
2003. . ‘
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Ad Hoc Reviewer, Kentucky Science & Engineering Foundation Grant Program, ‘November 2001;
September 2005.

Member, Special Review Committee, Envuonmental Sc1ences ./ Developmental Tox1cology Grant
Program, National Institutes of Health, December 2001.

Member, Review Panel, Beckman Foundation Scholars Program, 2001 - present.

Chair, Special Review Committee, NIH-NIEHS / Superfund Basic Research Program Small
Business Innovative Research (SBIR) Grants, National Institutes of Health, March 2002.

Ad Hoc Reviewer, University of Arizona Center for Toxicology Pilot Projects Program, June 2002.

Ad Hoc Reviewer, United Kingdom National Environmental Research Councﬂ Enwronmental
Genornics Research Grants Programme, June 2002.

Member, External Advisory Commitiee, Dartmouth NIH-NCRR COBRE Immunology Program
Project (W. Green P.1), 2003 - present.

Ad Hoc Reviewer, University of Wisconsin — Milwaukee WATER Institute Pilot Grant Program,

- 2004-2005. A

Ad Hoc Reviewer, North Carolina Biotechnology Center, Science & Technology Development
Program, January 2004. ' ,

Ad Hoc Reviewer, Woods Hole Oceanographic Institute Sea Grant Program, June 2005.

Ad Hoc Reviewer, University of Wisconsin - Milwaukee Research Growth Initiative, April 2006.

Ad Hoc Reviewer, NIH-NIEHS Special Emphasis Grant Review Panel, Environmental Influences on
Epigenetic Regulation, April — May 2006. '

Member, Review Committee, NIH-NIEHS P50 DISCOVER (Disease . Investigation through
Specialized . Clinically-Oriented Ventures in Environmental Research) Program Project Grant .
Review (RFA-ES-06-001), National Institutes of Health, March 2007.

Member, Special Emphasis Panel Review Committee, NIH-NIEHS ONES (Outstandmg New
Environmental Scientist) Grant Review (ZES1 JAB-C—RZ) National Institutes of Health, March
2008.

Member, Systemic Injury by Environmental Exposuie (SIEE) Specml Emphas1s Panel (ZRG1
DKUS-C 908) National Instltutes of Health, 2008 2010.

Manuscript Rev:ews :

Ad Hoc (1988 to present): Archives of Bzochemtstry and Biophysics, Aquanc Toxicology,
Biochemica Biophysica Acta, Biochemical Journal, Biochemical Pharmacology, Cancer
Research, Carcinogenesis, Cell Growth & Differentiation, Chemical Research in Toxicology,
Chemico-Biological Interactions; Comparative Biochemistry & Physiology, Environmental &
Molecular Mutagenesis, Environmental Health Perspectives, Hepatology, Journal of Biological
Chemistry, Journal of Inorganic Biochemistry, Jowrnal of Pharmacology & Experimental
T?:erapeutzcs Journal of Toxicology & Environmental Health, Molecular Carcinogenesis,
Molecular Pharmacology, Pharmacology and Experimental Therapeutzcs Toxicological
Sciences, Toxicology and Applied Pharmacology, Xenobiotica.

Editorial Board: Toxicology and Applied Pharmacology (1997 to 1998), Chemzco—Bzologzcal
Interactions (1998 to 2008).

National Committees:
Member, Directors Association, NIE-HS Superfund Bas1c Research Program 1997 to 2008;
President, 2002 to2004. -

Co-Organizer, Karen E. Wetterhahn Memorial Symposium, Amencan Chermnical Soc1ety Meetmg,
Boston MA, August 23-27, 1998.
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~ Organizer and Chair, Society of Toxicology Continuing Education Course, "Methods in Cell
Signaling," SOT Meeting, Seattle WA, March 1998,

Member, Society of Toxicology Program Committee, 1998 to 2000.

Organizer and Chair, NIH-NIEHS-sponsored Scientific Conference on "Arsenic in New England,”
Manchester NH, May 29-31, 2002 (Organized and hosted -by the Dartmouth Superfund Basic
Research Program).

Member, Expert Panel on Blomomtormg, Research Foundatlon for Health and Enwronmental ‘

' Effects (RFHEE), Herndon VA, November 12-13, 2004.

Member, US. EPA Science Advisory Board Risk Assessment Framework Review Panel 2004 to
2006. '

Member, Human Health Risk . Assessrnent Cornrrnttee Chesapeake Bay Research Consortlurn
Spring 2005.

Member and Presenter Fundulus Genomics Strategy Workshop, Charleston SC, May 4-5, 2006..
" Organized by the Hollings Marine Laboratory, College of Charleston, Charleston SC.

Co-Organizer and Host, NIH-NIEHS-sponsored New England Workshop on “Arsenic in Landfills,”
Bostou MA, Oct. 2-4, 2006 (Second of two workshops co-organized by the Arizona and
Dartmouth Superfund Basic Research Programs).

Member, U.S. EPA Science Advisory Board, Polycyclic Aromatic Hydrocarbon (PAH) Mixtures
- External Review Panel, 2010 to present.

Member, U.S EPA Science Advisory Board, Toxicological Profile for Hexavalent Chromium -
(September 2010 Draft) External Review Panel, 2011 to present. '

Regional Comm]ttees

Organizer, Ninth Annual New England Membrane Enzyme Group (Nutmeg) Conference Center
Harbor NH, November 10-12, 1991.

,Orgamzer Tenth Annual New England Membrane Enzyme Group (Nutmeg) Conference Center
- Harbor NH, November 8-10, 1992.

Member, New Hampshire. Healthy NH 2010 Committee, NH Department of Health and Human
Services, Concord NH, May - September 2000. ,

. Member, Montshire Museum of Science Corporation, 2000 to present.

Member, New Hampshlre Arsenic Consortium (Dartmouth Toxic Metals Program NH Dept. Health
& Human Services, NH Dept. Environmental Services, U.S. Geological Survey, U.S. EPA region
I, Agency for Toxic Substances & Disease Registry), 2000 - present.

‘Member, New Hampshire Public Health Biomonitoring Committee, NH Dept. Health & Human -
Services, 2002 - 2008.

Member, Montshire Museum of Science Board of Trustees, 2002 to present.

Member, New Hampshire Health Tracking: Program Advisory Committee, NH Dept. Health &
‘Human Services, 2004 - 2008.

Co-Organizer; Fourteenth Annual MDIBL / NIEHS Center Environmental Health Sciences
‘Symposium, “Human Health and the Environment: Arsenic and Mercury, A Public Health
- Crisis?” Mt. Desert Island Biological Laboratory, Salsbury.Cove ME, July 18-19, 2007. '

Member, Independent Technical Review Team, Sediment in Baltimore Harbor: Quality and
Suitability for Innovative Reuse, sponsored by Maryland Sea Grant and Maryland Department of
Environmental Service, 2008-2009.

Co-Organizer, Twenty-first Annual Nutmeg Conference, Woods Hole MA, October 4-6, 2009.

Co-Organizer, Twenty-second Annual Nutmeg Conference, Woods Hole MA, October 7-9, 2010.

Co-Organizer, 2011 Northeast Regional SRP Meeting, Woods Hole MA, April 24, 2011
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University / Program Committees:

Dartmouth College Radiation Safety Sub-Committee ( of Biosafety), 1989 to 1991.

Dartmouth College Biosafety Committee, 1989 to 1992.

Co-organizer, Darimouth College Structural Biclogy Seminar Series, 1990 to 2005.

Hughes Undergraduate Research Initiative Grant Review Committee, 1990 to 2005.

Dartmouth College Radiation Safety Committee, 1991 to 1996; Chair, 1991 to 1996.

Mary Hitchcock Memorial Hospital Radiation Safety Committee (ex officie), 1991 to 1996.

"Dartmouth College Environmental Health and Safety Policy Advisory Committee, 1992 to 1996

Chair, 1994 to 1995.

Dartmouth College Search Committee, Environmental Health and Safety Specialist, Spr1ng~Summcr
1992.

Dartmouth Cellege Women in Science Program (WISP) Adv1sory Comunittee, 1992 to 2008.

Dartmouth College Task Force on the Library of the 215t Century, 1993 to 1998.

Dartmouth College Task Force on Information Technology, 1995 to 1998.

Dartmouth College Computer Technology Venture Capital Fund Advisory Committee, 1995 to 2008

Dartmouth College Search Committee, Director of Env1r0nmcntal Health and Safety, Spring-
Summer 1995,

Dartmouth College / Norris Cotton Cancer Center Molecular Biology Core Facility Advisory
Committee, Chair, 1995 to 2008.

Dartmouth College / Norris Cotton Cancer Center’s Center for Biclogical and B10mcd1cal
Computing Core Facility Advisory Committee, 1995 to 2008.

Norris Cotton Cancer Center Scientific Advisory Committee, 1995 to 2001.

Dartmouth. Superfund Basic Research: Program Project Executive Cornm.lttee 1995 to 2008 (ChaJI
1997 to 2008).

Dartmouth College Search Committee, University Radiation Safety Officer, Spring-Fall 1996.

Dartmouth College Women in Science Program (WISP) Task Force, 1996 to 1997.

Norris Cotton Cancer Center, Committee to Review Clinical Protocol Office, 1996 tc 1997.

Dartmouth Medical School Search Committee, Facilities Director, Fall 1996,

Dartmouth Cystic Fibrosis Program Project Executive Committee, 1996 to 2008.

Norris Cotton Cancer Center, American Cancer Society Scientific Advjsory Commitiee, 1997 to
2008.

Dan:mouth College Re-Accreditation Internal Evaluation Cormm ttee, Undergraduate Research
Opportunities Sub-Committee, 1998 to 1999. :

Center for Environmental Health Sciences Executive Committee (Chair), 2000 to 2008.

Dartmouth-Hitchcock Medical Center / Norris Cotton Cancer Center Committee for Expansmn of-
Rubin Cancer Center Building, 2001 to 2005.

Dartmouth Medical School Research Resources Advisory Committee, 2001.

Dartmouth COBRE Lung Pathobiclogy Research Program Executive Comunittee, 2003 to 2008.

Dartmouth College Women in Science Program (WISP) External Review Committee, May 2003. -

Dartmouth Medical School / Noiris Cotton Cancer Center Faculty Search Committee (Asst. / Assoc.
Prof. - Proteomics position}, 2004 to 2006.

Dartmouth College Women in Science Program (WISP) Faculty Advisory Comumittee, 2005 to 2008.

Dartmouth Medical School / Dartmouth-Hitchcock Medical Center Planning Committees for Koop
Medical Research and Education Complex, 2006 to 2008; Chair, Core Committee.

Norris Cotton Cancer Center at Dartmouth Executive Committee, 2006 to 2008.

- Norzis Cotton Cancer Center at Dartmouth Cancer Research Committee, 2006 to 2008.
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Dartmouth Medical School Graduate Program in Experlmcntal and Molecular Medicine (PEMM)
Program Committee, 2006 to 2008.

Dartmouth Medical School Appoiniments, Promotions and Titles Committee, 2007 to 2008.

Brown University Pathobiology Graduate Program Admissions Committee, 2008-2009.

Departmental Committees: ' '

Dartmouth Medical School, Pharmacology & Tox1cology Faculty Search Committee (Assistant
Professor), Fall 1990 to Winter 1991,

Dartmouth College, Chemistry Faculty Search Committee (Assistant Professor - Structural Biology),
Fall 1990 to Winter 1991.

Dartmouth Medical School, Pharmacology & Tox1cology United Way Campalgn Coordinator, 1991
to 2005,

Dartmouth Medical School Pharmacology & Toxicology Graduate Pharmacology - Course
Committee, 1993 to-1995.

Dartmouth Medical School, Pharmacology & Toxicology Graduato Program Committee, 1994 to
2001.

Dartmouth Medical School, Microbiology Faculty Search Committee (Assistant / Associate
Professor — Immunology), Winter / Spring 2003..

MEMBERSHIPS IN PROFESSIONAL SOCIETIES:

American Association for the Advancement of Science (AAAS), 1981 to present.
Environmental Mutagen Society (EMS), 1981 to 2008.

American Association for Cancer Research (AACR), 1988 to 2008.

Society of Toxicology (SOT), 1990 to present.

American Chemical Society (ACS), 1998 to 2008.

Society of Enviromental Toxicology and Chemistry (SETAC), 2008 to present.

TEACHING EXPERIENCE / RESPONSIBILITIES:

Courses:

Biology Tutor (undergraduate), Bndgcwatcr State College, 1978 to 1980.

Lecturer, Animal Cytogenetics (undergraduate/graduate), Cornell University, 1981 to 1985.

Laboratory Instructor, Animal Cytogenetics (undergraduate/praduate), Cornell University, 1981 to
1984,

Lecturer, Pharmacology 123, Topics in - Toxicology: Mechamsms of Chemical Carcinogenesis -
(graduate), Dartmouth Medical School, Winter 1989.

Co-organizer and Lecturer, Blocholmstry 134 (co-listed as. Chemistry 134), Blochemlsrry of Nucleic
Acids (graduate), Dartmouth Medical School, Fall 1990, Winter 1993. Course revised 1995:
Organizer and Lecturer, Pharmacology 134 (co-listed as Chemistry 134 and Biochemistry 134),
Nucleic Acids: Chemistry, Biochemistry and Pharmacology (graduate), Dartmouth Medical’
School, Winter 1995, Winter 1997.

Lecturer, Pharmacology 122, Topics in Pharmacology Cancer Biology (graduate), Dartmouth
Medical School, Winter 1991,
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..Coordinator, Pharmacology & Toxicology Workshop (graduate), Dartmouth Medxcal School Fall
1991, Fall 1996.

Organizer and Lecturer, Medical Pharmacology PharmFlex Unit, Introductory Toxtcology

~ (medical/gradnate), Dartmouth Medical School, Fall 1991, 1992, 1993. ‘

Lecturer, Pharmacology 123, Principles of Toxicology (graduate), Dartmouth Medical School Fall
1992.

Organizer and Principal Lecturer, Pharmacology 123 (revised); Graduate Toxicology (graduate and
undergraduate), Dartmouth Medical School, Fall 1995, Sprmg 1998, Spring 2001, Spring 2003,
Spring 2005, Winter 2008. _

- Co-organizer and Lecturer, Biology 77/78, Introductory Biochemistry (undergraduate) Dartmouth
College, Fall 1992/Winter 1993.
Lecturer, Environmental Pathology (graduate), University of Vcrmont Spring 1994. :
- Lecturer, Pharmacology 215, Medical Pharmacology (medical), Dartmouth Medical School, Fall
1994, 1995, 1996, 1997, 1998, 1999, 2000, 2001, 2002, 2003, 2004, 2005. :
Lecturer, Pharmacology 129, Principles of Receptor Action (graduate and undergraduate), Dartmouth
© Medical School, Spring 1994, 1996; Fall 1997; Winter 2000, Spring 2002, Winter 2004.

Lecturer, .Pharmacology 130, Graduate Pharmacology (graduate and undergraduate), Dartmouth
- Medical School, Spring 1995, 1997, 2008.

Faculty Facilitator, Nature Medicine Course (first year medlcal) Dartmouth Medical School Spnng
1997.

Lecturer, Pharmacology 133, Heavy Metals I Chemzstry, Biochemistry and Pharmacology
(graduate and undergraduate), Dartmouth Medical School, Winter 1998.

Lecturer, Hematology & Oncology Fellows Continuing Education Lecture Series, Summer 1996,
1997, 1998, 1999, 2000.

Lecturer, Chemistry 67, Biophysical Chemistry (undergraduate and graduate), Dartmouth College,
Winter 1999.

Lecturer, Chemistry 63, Environmental Chemistry (undergraduate), Dartmouth College Summer
© 2000, 2001, 2002, 2003, 2004, 2005.

Lecturer, [rnmunology 142, Advanced Immunology (graduate) Danmouth Med1cal School, Fall
2001.

* Lecturer, Pharmacology 122, Modern Approaches in Experimental Therapeutics (graduate)
Dartmouth Medical School, Winter 2003.

Lecturer, Evaluative and Clinical Sciences 151, Environmental and Occupatxonal Health (graduate)
Dartmouth Medlcal School, Winter 2003, 2004, 2005, 2008. ‘

Undergraduate Research Advising:-'
‘Sally Lim (Dartmouth ‘94) 1/91 - 4/91. WISP fellow.
Nicole Baptiste (Dartmouth ‘92, Biochemistry) 3/91 - 9/92. Hughes fellow, Honors the31s
" Steven Hunt (Dartmouth ‘92, Biology) 6/91 - 6/92. Waterhouse fellow; Honors thesis.
Kristen Doherty (Regis College, ‘93, Chemistry) 6/91 -9/91. Dartmouth REU fellow.
Michael Reed (Dartmouth ‘92, Biology) 9/91 - 6/92. Honors thesis.
Nandini Joseph (Dartmouth ‘93, Biochemistry) 1/92 - 9/92. Hughes fellow.
Rukmini Sichitiu (Dartmouth ‘95) 1/92 - 2/94.. WISP fellow. -
Kamala Dansinghani -(Dartmouth ‘94 Biology) 8/92 to 8/93. Hughes, Waterhouse, Presidential
Scholars fellow. ‘ '
Patsa Hungspreugs (Dartmouth ‘96) 12/92 to 6/93. WISP fellow. .
Vijay Shankaran (Dartmouth ‘94, Chemistry) 12/92 to 6/94. Waterhouse fellow, Honors thesis.
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Carrie Pesce (Dartmouth ‘97, B1ology) 1/94 to 6/97. . WISP, Pre31de11t1al Scholars Hughes
Waterhouse fellow.
Nicole LaRonde (Rivier College, ‘95, Chemistry) Dartmouth REU fellow, 6/94 - 9/94
Anne Stone (Dartmouth ‘96, Psychology) 9/94 to 12/94,
Bruce Turpie (Dartmouth ‘96, Biology) 9/94 to 6/96.
Johanpa Blaxall (Dartmouth “98) 1/95 to 6/95. WISP fellow.
Erin Rowell (Dartmouth ‘96, Art H1stornyhenustry} 3/95 to 6/6. Waterhouse fellow, Honors
thesis.
Sara. Ogdon (Dartmouth ‘96, Chemistry) 6/95 to 6/96. Waterhouse fellow Homnors thesis.
- Elaine Gilmore (Providence College ‘96, Chemistry / Biology) 6/95 to 8/95, Dartmouth REU fellow.
. Karana Pierre (Xavier College ‘96, Biology) 6/95 to 8/95, Leadership Alliance fellow.
Susan Darling (Amherst College, ‘97, Biology) 6/96 to 8/96, Dartmouth REU fellow
Nadiue Burnett (Dartmouth ‘98, Biology), 9/96 to 6/97, E.E. Just Fellow.
Jannet Oh (Dartmouth ‘98, Biology), 9/96 to 6/98.
Joie Jager-Hyman (Dartmouth ’00, Biology), 12/96 to 6/97. WISP Fellow.
Amy Feldmann (Dartmouth *98, Chemistry), 9/97 to 6/98. _ : .
Kaili Temple (Dartmouth 01, Biology), 12/97 to 6/01. WISP Fellow, Presidential Scholar
Stacey Davis (Dartmouth *99, Chermstry) 1/98 to 6/99.
‘Alisa Davis (Dartmouth ’01, Chemistry), 6/98 to 6/01. Goldwater Fellow Hughes Fellow,
Waterhouse Fellow, Beckman Scholar, Presidential Scholar,
Daniel Paik (Dartmouth *00, Biology), 9/98 to 6/00. Hughes Fellow.
Emily Feingold (Dartmouth *02, Biology), 12/98 to 6/99. WISP Fellow, Presidential Scholar.
Rahshaana Green (Dartmouth ’00, Biology), 3/99 to 6/00. -E.E. Just Fellow, NIEHS Mmonty
Fellow.
- Lauren Kingsley (Dartmouth ‘04, Chemlst[y) 11/00 to 6/04 WISP Fellow, B.E. Krute Memorial
Fellow, Presidential Scholar, Beckman Scholar, Richter-Scholar, Honors thesis.
Caryn Barnet (Dartmouth ‘03, Chemistry), 12/01 to 6/03.
Rebecca Wang (Dartmouth '05), 12/01 to 6/02. WISP Fellow.
Katherine Harrison (Dartmouth "06), 12/02 to 9/04. WISP Fellow.
Caitlin Stanton (Brown U. *06), 6/03 to 8/06. MDIBL Fellow.
Manida Wungjiranirun (Dartmouth *07), 12/03 to 6/07. WISP Fellow, Presidential Scholar
Jenna Sherman (Dartmouth *08), 12/04 to 6/07. WISP Fellow.
~ Angela Wang (Dartmouth *10), 12/06 to 8/07. WISP Fellow.
Anais Carnescu (Dartmouth *11), 12/07 to 6/08. WISP Fellow.
Chelsea Connolly (Valdosta State University *12), 6-8/10. NSF REU Fellow
Morgan Kelly (Harvard *14), 6-8/11. 'NSF REU Fellow.

Post-Baccalaureate Training:
Cavus Batki (B.S., U. antol UK '02), 9/02 - 8/03 Councﬂ Exchange Internship USA graduate
internship.

Llam Ingram (B.S., U.Bristol, UK 03) 10/03 = present Councﬂ Exchange Internshlp USA graduate
internship.

Graduate Research Advising:
Major Advisor:
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Jennifer McCaffrey (Dartmouth Medical School, Pharmacology & Toxicology) Ph.D. 1/94. Thesis:
The Effects of Chemical Carcinogens on Hormone-Inducible Gene Expression. Strohbehn
Award 1994,

~ Rosemary Caron (Dartmouth Medical School, Pharmacology & Tox1cology) Ph.D. 10/95. Thesm
Differential Effects’ of Mitomycin C on Constitutive and Inducible Gene Expression in the

. Chicken Embryo Liver In Vivo: Correlation with Developmental Age and Chromatin Structure.
Borison Fellowship 1994. Strohbehn Award 1996. .

Amy Wamen (Dartmouth College, Chemistry) Ph.D. 6/96. Thesis: Characterization of the
Interaction of the Chemotherapeutic Drug Mitomycin C with DNA In Vitro and In Vivo and
FEffects on Specific DNA»Protem Interactions. Wolfenden Teaching Prize 1995. Croasdale

~ Award 1996. ' ' _ -

Michael Thnat (Dartmouth Medical School, Pharmacology & Toxicology) Ph.D. 3/97. Thesis:
‘Effects of Mitomycin C and Other DNA Crosslinking Agents on Gene Expression: Modulation of
Cancer Cell Multidrug Resistance in Cell Culture and In Vivo. Ryan Fellow 1994-1996. AACR
Travel Award 1996.

Jeu-Ming Yuann (with Karen Wetterhahn) (Dartmouth College Chemistry) Ph.D. 6/97. Thesis: T?ze
Roles of Glutathione and Ascorbate in Chromium(VI)-Induced Carcinogenesis In Vivo. '

Ronald Kaltreider (Dartmouth Medical School, Pharmacology & Toxicology) Ph.D. 6/00. Thesis:
Characterization of the Molecular Mechanism by which Arsenic and Chromium alter Inducible '
Gene Expression. Ryan Fellow 1998-2000. SOT Travel Award 2000. SOT Metals Spcc1alty :

. Section Award 2000. Strohbehn Award 2000. '

David Mustra (Dartmouth Medical School, Pharmacology & Tox1cology) Ph. D 6/01. Thes1s The
Biophysical Characterization of the Interaction of Xeroderma Pzgmentosum A Protein with o
Mitomycin C-DNA Complex. ‘

- Rangan Maitra (Dartmouth Medical School, Pharmacology & Tox1cology) Ph.D. 6/01. Thesis:
Regulation of the Cystic Fibrosis Transmembrane Conductance Regulator by P-Glycoprotein
Modulators.

Athena Nomikos (Dartmouth Medical School, Pharmacology & Toxicology) M.S. 12/07. Thesis:
Physiological consequences of low dose arsenic exposure in culture and in whole mouse liver.
SOT Travel Award 2007.

Courtney Kozul (Dartmouth Medical School, Program in Experimental & Molecular Medicine)

- Ph.D. 4/10. Thesis: Immunomodulatory effects of chronic low dose arsenic exposure. SOT
Travel Award 2007, 2009. NIEHS-SBRP Best Student Poster Award 2007, 2008. Nutmeg
Wetterhahn Student Poster Award 2007. SOT MBSS Studént Research Award 2008, 2009, NIH-
NIEHS International Confercnce Invitation and Travel Award, 2008. NIH-NIEHS Wetterhahn
Award, 2010. '

‘Committee Member:

Licheng Xu (Dartmoul:h Mechcal School, Pharmacology & Tomcology, E Bresnick.advisor) Ph.D.
Wﬂgﬁi Berndt (Dartmouth Mcdlca.l School, Pharmacology & Tox1cology, T. Ciardelli advisor)
In_]al;llill::ui{gg?Dartmouth Medzcal School, Pharmacology & Tox1cology, E. Brcsmck advisor) Ph.D.
| Bruf%lg gncdc}gn (Dartmouth Medical School, Pharmacology & Tox1cology, P Fricdman advisor)
Ph.D. 10/94
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Claudine Louis (Dartmouth Modlcal School Pha.nnacology & Tox1cology, I. Sinclair advisor) Ph.D.
2/95. :

Melinda Treadwell (Dartmouth Medical School Pharmacology & Tox1cology, A Barchowsky
advisor) Ph.D. 1/96.

Flora Ciampolillo (Dartmounth Medical School, Physiology, B. Stanton advisor) M.S. 6/96.

Pamela Buchli (Dartmouth Medical School, Pharmacology & Toxicology, T. Ciardelli adv1sor)' .
Ph.D. 12/96. A

Salvatore Morana (Dartmouth Medlcal School, Pharmacology & Toxicology, A. Eastman, adv1sor)
Ph.D. 6/98. .

Elizabeth Cox {Dartmouth Collcgc Chemistry, D. Wilcox advisor) Ph.D. 8/98.

Jason Nawrocki (Dartmouth Mcdlcal School, Pharmacology & Toxicology, C. Lowrey, adv150r)
M.S. 11/98.

- Jennifer Shumilla (Dartmouth College, Chemrstry, A. Barchowsky / K. Wetterhahn; advisors) Ph D.

4/99.

- Stefano Liparoto (Dartmouth Medical School Pharmacology & Tox1coIogy, T. Clardelh adv1sor)
Ph.D. 9/00. _

Michael Nemeth (Dartrnouth Medical School, Pharmacology & Toxicology, C. Lowrey, adwsor)
Ph.D. 6/01.

Keith DePetrillo (Dartmouth Medical School, Pharmacology & Tomcology, L. Gcsck, adv1sor) Ph D.
5/02. B

Michael Layon (Dartmouth Medlcal School, Pharmacology & Toxicology, C. Lowrey, advisor)
Ph.D. 6/04.

Kyle MacLea (Darimouth Medical School, Pharmacology & Toxicology, A. Eastman, advisor) Ph. D
12/02.

Ethan Kohn (Dartmouth Medical School, Pharmacology & Toxicology, A. Eastman adv1sor) Ph.D.

- 9/03.
Scott Gleim (Dartmouth Medical School, Pharmacology & Toxrcology, advisor) Ph.D. 8/09. .

‘External Committee Member:

Edward Cable (Biochemistry, Umver51ty of Massachusctts (Worcester), Herbert Bonkovsky advisor)
Ph.D. 6/93.

Joseph Lyneh (Toxicology, University of Southern Maine, John Wise adv1sor) 2/04 to 4/06.

Beth Peterson-Roth (Blochemrstry, Brown’ Unlver51ty, Anatoly Zhrtkowch advisor) Ph.D., 4/06.

_ Post-doctoral ReSearch Trammg _ ' '

Carolyn Bentivegna (Ph.D. 1991, Env1ronmental Tomcology, Rutgcrs) 6/91 to 8/94. Post—doctoral
Fellow.

Stephen Anthony (D.O. 1988, Phlladelphla Collcgc of Osteopathic Medicine) 10/94 to 6/97.
Hematology / Oncology Fellow. .

Janet Jeyapaul (Ph.D. 1991, Toxicology, Cancer Research Institute, Bombay India) 8/95 to 10/95.

" Post-doctoral Fellow. '

Olga Bajenova (Ph.D. 1987, Molecular Biology, St. Petersburg Acadcmy of Scwnces USSR) 12/95
to 11/97. Post-doctoral Fellow.,

Angela Nervi (M.D. 1993, Stanford) 1/97 to 6/99. Hematology / Oncology Fellow. 7/99 to prcscnt
Post-doctoral Research Associate.

Veronika Dubrovskya (Ph.D. Chemistry, Institute for Bloorgamc Chemistry, Nov051b1rsk USSR)
_(with Karen Wetterhahn) 1/97 to 11/97. Post-doctoral Fellow.
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Edward Dudek (Ph.D. Toxicology, Illinois Institute of Technology) (with Karen Wetterthahn) 1/97
to 12/97. Post-doctoral Fellow. _

Bogdan Gulanowski (Ph.D. Chemistry, Wroclaw Medical University, Wroclaw Poland) (with Karen
Wetterhahn) 1/97 to 6/98. Post-doctoral Fellow.

Diane Stearns (Ph.D. Chemistry, UC Berkeley) (with Karen Wetterha.hn) 1/97 to 6/97. Research

 Assistant Professor.

Kent Sugden (Ph.D.: Chemistry, Montana State University, Bozeman) (with Karen Wcttcrhahn) 1/97
to 12/98. Post-doctoral Fellow / Research Assistant Professor.

Amy Warren (Ph.D. 1996, Chemistry, Dartmouth) 8/97 to 3/01. Postdoctoral Fellow

Joseph Shaw (Ph.D.; 2001, Toxicology, Kentucky) 3/01 - present. Postdoctoral Fellow.

Angeline Andrew (Ph.D., 2001, Pharmacology & Toxicology, Dartmouth} 9/01 — 6/04. Postdoctoral
Fellow / Research Assistant Professor, ,

Julie Gosse (Ph.D., Chemistry, Cornell) 3/05 - 12/07 Postdoctoral Fellow. SOT Travel Award
2007. Women in Toxicology Award 2007.

Fokko Zandbergen (Ph.D., Nutrition, Mctabohsm and Genomics, Wagcmngen Netherlands) 11/08. -
present. Postdoctoral Fellow. .
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RESEARCH INTERESTS:

Dr. Hamilton’s principal research interests are in the areas of molecular toxicology, metals
toxicology, developmental toxicology, gene regulation, pathophysiology associated with toxicant
exposures, and the use of —omics technologies to understand the environmental etiology of human
disease. The primary focus of his research over the past decade has been on the .molecular
toxicology of arsenic and other toxic metals. The current focus of the laboratory is on three principal
research directions related to this interest.

The first area is focused on understanding the molecular and mechanistic basis for the effects of
arsenic as an endocrine disruptor, which was first discovered and reported by Dr. Hamilton’s lab.
_ They have demonstrated in a series of studies that arsenic is a very potent endocrine disruptor at
extremely low concentrations at or below the current U.S. drinking water standard, i.e., 10 ppb. This
was first demonstrated with the steroid hormone receptor for glucocorticoids, but has since been
shown to also occur with the steroid receptors for - estrogen, progesterone, - androgen and
mineralocorticoids, i.e., all five steroid receptor classes. Similar effects have also been seen with
other non-steroid nuclear hormone receptors, ie., those for thyroid hormone and retinoic acid.
Interestingly, the mechanism for this appears to be unique since arsenic does not act as a ligand for
these receptors, i.c., it is neither an agonist or competitive antagonist, nor does arsenic appear to
interfere with normal hormone binding, activation of the receptor, traﬁslocation to nuclear chromatin,
or binding to hormone-responsive DNA elements that regulate hormone-responsive genes.
However, in the presence of arsenic these hormone-activated, chromatin-bound receptors function
abnormally as transcription factors, with either greatly enhanced gene signaling at very low doses or
greatly suppressed signaling at slightly higher doses. The shared effects of arsenic on all these
different receptors that represent two entirely different classes of nuclear hormone receptors, despite
their lack of absolute shared sequence or structure, suggests that there is a common regulatory
component or other shared machinery which is the actual molecular target(s) for arsenic. Current
research in this area is focused on precisely how arsenic is able to elicit these effects on receptor-
mediated gene expression at the cell and molecular level. ‘

The broad effects of arsenic on this suite of important Hormone pathways also suggests an
important role of arsenic-mediated endocrine disruption on arsenic’s ability to increase the risk of
various cancers, type 2 diabetes, reproductive and developmental effects, vascular and cardiovascular -
discase, necurological and cognitive disorders, and the growing list of other known
pathophysiological consequences on humans and on natural populations that are exposed chronically
to arsenic environmentally in food or water. Thus, a second major focus of the lab is to investigate
these pathophysiological consequences of such endocrine disruption using model whole animal
systems, and also in collaboration with epidemiologists and ecologists studying heman or natural

- populations, respectively. Recent work from the lab has shown that arsenic can profoundly disrupt
certain developmental or physiological programs that are critically dependent on hormone receptors
that have been shown to be disrupted by low dose arsenic. For example, arsenic at very low doses,
equivalent to human drinking water levels of concern, blocks thyroid hormone-dependent tadpole
metamorphosis in the frog, Xenopus. Likewise, arsenic at similar levels disrupts the ability of the

- euryhaline fish, Fundulus, to adapt to changes in water salinity equivalent to the changing salt marsh

tides, a process which is regulated hy the glncocorticoid hormone, cortisol, and its control of a key
salt regulatory protein, CFIR (the same protein which, when mutated, causes the human disease,
cystic fibrosis). Current research is extending these studies to other systems to determine what other
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effects, at what levels, and the extent to which such ‘endocrine disription can explain the myriad
adversc effects of arsenic observed in exposed populations.

The third area focuses on usmg genomics and proteormcs tools to investigate more broadly the
effects of arsenic, chromium and other toxicants on gene and protein expression in model Systems in
order (o understand their overall biological effects. These experiments are useful both to test
hypotheses. and (0 generate new avenues of research based on biological discovery. Previous work in
the lab has shown, using whole genome microarrays, that arsenic broadly affects hormone regulation
of gene expression at low doses. For example, the lab demonstrated that the synthetic glucocorticoid
hormone, dexamethasone, 51gn1ﬁcant1y alters expression of over a thousand genes in mouse liver,
and that low doses of arsenic affect the hormone regulation of virtnally all of these genes.
Conversely, in the lungs of the mice in these same expériments, it was observed that the dominant
effect of arsenic at low doses is to profoundly alter immune response, and this is now a new avenue
of research in the lab based on- this discovery. The lab has also pioneered the use of microarrays in
environmentally relevant species, particularly the aguatic freshwater zooplankton, Daphnia, and the

“marine fish, Fundulus. These two species are ideal because they can be used both in controlied
laboratory experiments and also in the environment as sentinel species for natural populations. “The
lab is continuing to develop and apply genomics tools ir these species in collaboration with other
laboratories in order to establish them as model organisms for use in their own studies ‘but also
broadly shared within a larger research commumty Related to this genomics research, the lab- has
been pioneering the development and application of new analytical tools and methods for obtaining
richer and more accurate biological information from the large data sets that are generated in a
typical whole genome microarray, which allows compansons among different ‘treatments and
different experimental species.
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RESEARCH FUNDING:
As Principal Investigator:

Previous:
~ 6/87 - 11/88. NIH Individual NRSA Postdoctoral Research Fellowship F32 ES05399 (Molecular
~ -Biology, Karen E. Wetterhahn, advisor).
10/87 - 9/88. American Cancer Society Institutional Research (Seed) Grant IN-157D, total direct
costs $10,000.
12/88 - 6/94. ' NIH FIRST Grant R29 CA49002, "Effect of carcmogcns on gene exprcssmn in vivo,
total direct costs $348,062. :
1/91 ~'12/93. Américan Cancer Society Junior Faculty Research Award (JFRA) JFRA-323, "Bffect
~ of carcinogens on gene expression in vivo,” total direct costs $90,500. -
7/91 - 6/94. International Life Sciences Institute Research Foundation Research Award, “Targeting
.of DNA damage in vivo," total direct costs $100,000: ‘
11/92 - 6/94. Hitcheock Foundation, “Antibodies to MMC-DNA adducts,” total direct costs $6,500. -
7/94 - 3/99. NIH Research Grant RO1 CA49002 "Effect of carcinogens on gene expresswn " total
direct costs $658,404.
1/95.- 6/96. Norris Cotton Cancer Center Interactive Program Project, “Suppressmn of pP-
giycoprotein expression by mitomycin C,” total direct costs $25,000.
4/96 - 3/00.” NIH / NIEHS Program Project P42 ES07373, Project Director of “Toxic Metals in the
. Northeast: from Biological to Environmental Implications,” tota] direct costs $4,410,619. As
Principal Investigator: Project 2, “Molecular basis for effects of carcinogenic metals on
inducible gene expression,” total direct costs $479,808. Core 1, “Adminstrative Core,” total
direct costs, $264,600. Core 2, “Molecular Biology Core Facility,” total direct costs $408,058. .
Core 4, “Education and Training Core, total direct costs $513,665.
12/96 - 5/97. Bristol-Myers Squibb, “Modulation of multldrug resistance by mltomycm C,” total
direct costs $50,000. :
1/97 - 12/98. . Cystic Fibrosis Foundation Pilot PIOJect “Modulatlon of CFIR expression by
mitomycin C,” total direct costs $69,100.

1/97 - 12/98. - Immunex, “A pilot clinical trial of mitomycin C modulation of multidrug remstance
proteins,” total direct costs $20,000.

3/97 - 7/99. NIH Research Grant RO1 CA45735, “Chromium effect on gene expression,” total direct
costs $684,170 (Dr. Hamilton: assumed responsibility for this grant for the late Dr. Karen
“Wetterhahn and is managing it for her laboratory through its completion date).

. .3/97 - 6/99. NIH Research Grant R01 ES07167, “Mechanism of chromium carcinogenicity,” total

direct costs $1,212,100 (Dr. Hamilton assumed responsibility for this grant for the late Dr. Karen
Wetterhahn and is managing it for her laboratory through its completion date).

6/98 - 5/01. Bristol- -Myers Squibb, “Modulation - of multidrug resistance by DNA crosslinking
agents,” total direct costs $320,000. _ 7

4/00 - 3/05. NIH / NIEHS Program Project P42 ES07373, Program Director of “Toxic Metals in theé
‘Northeast: from Biological to Environmental Impllcaﬁons " total direct costs (5 years)
$10,457 254 As Principal Investigator: Project 2, “Effects of carcinogenic metals on gene
expressmn ’ total direct costs $975,301; “Administrative Core,” total direct costs, $917,864;

“Molecular Biology Core Facility,” total direct cosis $841, 837 “FEducation and Training

Core; total direct costs $562,002. :
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6/01 - 5/02. NIH National Council for Research Resources (NCRR) Grant SI10 RR 14644, "Purchase |
of LCQ Mass Spectrometer System,” total direct costs $220,950. '

9/01 - 8/02. NSF Major Research Instrumentation (MRI) Grant 0116413, "Acquisition of a MALDI-
TOF Mass Spectrometer,” total direct costs $217,176.

- 4/01 -:3/03. Cystic Fibrosis Foundation Grant HAMILT01GO, “Anthracyclmes for. reatment of

CF," total direct costs $129,600.

4/02 - 4/03. NIH-NCI Contract 263- MQ—209007 "NCI Confract to measure arsenic in water
©samples,” (otal direct costs $7,620.

5/02. - 12/03. BioReliance Contract BCR-1108-28, "Selenium detcrrmnatlon in assocjation with
- selective. tumors," total direct costs $28,050.

4/05'- 3/08. -NIH-NIEHS SBRP Program Project P42 ESO7373 Program Director of “Toxic Metals
in the Northeast: from Biological to Environmental Implications,” total direct costs (3 years)
$5,765,083. As Principal Investigator: Project 2, “Arsenic as an endocrine disruptor,” total
direct costs $656,186; “Administrative Core,” total direct costs, $299,016; “Molecular Biology &
Proteomics Core Facility,” total direct costs $313,004. '

9/02 - 8/08. NSF BE/GEN-EN Research Grant DEB-0221837, "Development of methods linking

~ genoinic and ecolegical responses in a {reshwater sentinel species," total direct costs $2,000,000.

4/06 —12/08. Cystic Fibrosis Foundation Pilot & Feasibility Grant HAMILTO0610, “Anthraquinones
- for treatment of CF,” total direct costs $86,400.

Cirrent:

4/08 - 3/13. NIH-NIEHS Program PrOJect P42 ES07373, “Toxic Metals in the Northeast: from
Biological to Environmental Implications” (PI Bruce A. Stanton), total direct costs (5 years)
$9,551,339. As Principal Investigator: Project 2, “Arsenic as an endocrine disruptor,” total dlI‘CCt
costs $l 165,149.

' 9/09 — 8/11. NIH-NCRR Program Project Supplement to P41 RR001395-27S1, “Biocurrents

Rescarch Ccnter Physmloglcal Factors Affecting Ovarian Cancer,” total chrcct costs $895,215.

Pendmg.
 None.

As Co-investigator:

Prev:ous ' ‘

7/87 - 6/90. NIH Research Grant R01 CA45735, "Effect of chromium on genc expressmn in vivo,'

~ (P.L Karen E. Wettcrhahn) total direct costs $411,687.

6/89 - 5/94. NIH Research Grant RO1 CA34869, "Mechanism of chromium carcinogenicity,” (P.L
Karen E. Wetterhahn), total direct costs $909,186.

9/91 - 7/94. NIH Research Grant RO1 CA45735, "Effect of chromium on gene cxpressmn m vivo,'
(P.I. Karen E. Wetterhahn), total direct costs $324,818.

3797 - 7/99. NIH Research Grant ROI CA45735, “Chromium effect on gene expression,” (P.I. Karen
E. Wetterhahn), total direct costs $684,170.

3/97 - 6/99. NIH Research Grant RO1 ES07167, “Mechanism of chromium carcinogenicity,” (P.L
Karen E. Wetterhahn), total direct costs $1,212,100.

7103 — 6/06. ‘NIH Research Grant ROI R0l CA098889, “DNA repair gene polymorphlsms and
pancreatic cancer,” (PI Fric J. Duell) total direct costs $600,000.
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9/02 - 6/08. NIH Research Grant RO1 RO1 ES11819, "Arsenic effects on glucocort1c01d rcceptor
action,” (P.I. Jack E. Bodwell), total direct costs $300,000.

703 — 6/08. NIH-NCRR COBRE Program Project Grant P20 RRO.18787, “Celtular and Molecular
Mechanisms of Lung Disease,” (P.I. Bruce A. Stanton), total direct costs $8,000,000. Co-
Director of program pmject Director of Proteomics Core, Senior Mentor on Project 4,

“Respiratory effects of air pollution in New Hampshire” (P.I. Melinda Treadwell), Advisor on
Project 5, “Environmental epidemiology of lung cancer in New Hampshire: a mult;level
approach using GIS and case-control methods.”

4/05 — 3/10. NIH Research Grant ROl ES013168, “Arsemc Hlstonc Modifications, and

- Transcription” (P.I. Lynn Sheldon), total direct costs $1 125,000.

Current:
None.

Pending:
None.

CLINICAL RESEARCH TRIALS (TRANSLATIONAL)

Active / Completed Clinical Protocols:

DMS 9503: A pilot clinical trial of Imtomycm C modulatlon of P- -glycoprotein and a Phase I
evaluation of mitomycin C and paclitaxel in patients with advanced -carcinoma and lymphoma.
P.A. Kaufman (PI), J.W. Hznmlton S.P. Anthony, A.M. Nervi, M.S. Ernstoff, L.D. Lewis, R.J.
Barth, and V.A. Memoli.

- DMS 9614: A pilot clinical trial of rmtomycm C modulation of multidrug resistance proteins and a
Phase T evaluation of mitomycin C and mitoxantrone in patients with acute- myelogenous
leukemia. C.H. Lowrey.(PI), J.W, Hamilton, S_P. Anthony, AM Nervi, M.S. Emstoff, L.D.
Lewis, and N.B. Levy. .

DMS 9704: A study of- carboplatin as a modulator of the multidrug resistance phenotype followed by
concurrent chemo/radiotherapy utilizing paclitaxel in head and neck cancer. T.H. Davis (PD,
J.W. Hamilton, S.P. Anthony, A. M Nerw M.S. Emstoff, 1.D. Lewis, J.J. B Gosselin, R.JT.
Amdur, and A. Siegel.

DMS 9715: A Phase I study of carboplatin and pachtaxel used post bone marrow l:ransplantatlon for
women with Stage IV breast cancer. L.E. Mills (PD), J.W. Hamilton, S.P; Anthony, A M. Nervi,
M.S. Ernstoff, L.D. Lewis, R.J. Barth and V.A. Memoli.

DMS 9816: A pilot clinical trial of carboplatin modulation of P-glycoprotein and a Phase I
' evaluation of carboplatin and paclitaxel in patients with advanced carcinoma and lymphoma.
M.S. Emstoff (PI) J Ww. Halmlton AM. Nervi, S.P. Anthony, L.D. Lewis, R.J. Barth, andVA
Memoli.

PATENTS
Pending:

Three patents have been filed based on discovery of novel application of chcmotherapy drugs for
treatment of deftabF508 CFTR CF pancnts
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One patent has been filed based on discovery of a novel application of chemotherapy drugs for
treatment of multidrug resistant human solid and hematological malignancies.

Intl. Appl. No. PCT/US00/27443. J.W. Hamilton and B.A. Stanton. Compositions and methods for
modulating ATP-binding cassette transmembrane reporter protein expression. Priority Date Oct.
6, 1999; Intl. Filing Date Oct. 4, 2000; Intl. Publ. Date Apr. 12, 2001.

INVITED PRESENTATIONS

Scientific Presentations (selected 2000 - present):

University of California at Davis, Environmental Toxicology Seminar Series, Davis CA, January 31,
2000, “Arsenic as an essential element, cancer chemotherapy drug and human carcinogen.”

Society of Toxicology 39th Annual Meeting, Philadelphia PA, March 21, 2000, Poster Discussion
Session (Organizer and Chair); Mechanisms of Arsenic Carcinogenesis.

Dartmouth Community Medical School 2000: Environmental Toxins: Are Our Public Policies
Rational?, Dartmouth College, April 17-18, 2000, "An introduction to tox1cology cnvu‘onmental
carcinogens as a paradigm.”

NIOSH Molecular Mechanisms of Metal Toxicity Meeting, National Institute of Qccupational Safety
and Health, Morgantown WV, September 12, 2000, " Mechanistic basis for arsenic and
chromium carcinogenicity: insights from gene expression studies."

Dartmouth Community Medical School 2000: Environmental Toxins: Are Our Pubhc Policies
Rational?, Manchester NH, October 26, 2000, "An introduction to toxicology: environmental
carcinogens as a paradigm.”

NIEHS Conference, Superfund Basic Research Program: Oxidative Processes: Stress to
Remediation, Chapel Hill NC, December 13, 2000, “The New Hampshire Arsenic Coalition: A
partnership of university, state and federal agencies.”

Dartmouth Community Medical School 2001: Heal Thyself?, Dartmouth College, April 10, 2001,

. "Foreign Invasion: How Our Bodies Deal With Vitamins, Drugs, Toxins And Dietary
Supplements.”

Dartmouth Community Medical School 2001 Heal Thyself?, Manchester NH, October 3, 2001,
"Foreign Invasion: How Our Bodies Deal With Vitamins, Drugs, Toxins And chtary
Supplements,”

North American Cystic Fibrosis Conference 15th Annual Meeting, Orlando FL, October 26, 2001
CFTR New Therapeutic Strategies session, “T'he model anthracycline, doxorubicin, increases
functional cell surface expression of OF508-CFTR protein by altering its structure and-
biogenesis.”

Northeast Society of Tox1cology 2001 Annual Meketing, Cambndge MA, November 16, 2001,
"Toxic metal-induced alterations in patterns of gene expression."

NIEHS Conference, Superfund Basic Research Program: Assessing Risks of Hormonally Act1vc
Agents, Gainesville FL., December 11, 2001, “Arsenic as an endocrine disruptor.”

University of Arizona, Southwest Environmental Health Science Center, Tucson AZ, May 16, 2002,
"Arsenic as an endocrine disruptor.™

University of Oklahoma Health Sciences Center, Oklahoma Center for Toxicology Interdisciplinary
Seminar Program, Oklahoma City OK, May 17, 2002, "Arsenic as an endocrine disruptor:
possible role in carcinogenesis, vascular disease and diabetes."
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Tufts University Medical School, Pharmacology and Toxicology Seminar Series, Boston MA, June
12, 2002, “Arxsenic is an endocrine disruptor. role in carcinogenesis, vascular disease and
diabetes.” )

NIEHS / Center for Environmental Health Sciences at Dartmouth Scientific Conference: Arsenic in
New England: A Multidisciplinary Scientific Conference, Manchester NH, May 30, 2002,
"Arsenic as an endocrine disruptor: role in cancer, vascular disease, and diabetes."

First Annual Daphnia Genome Consortivm Meeting, Indiana University, Bloomington IN, October
3, 2002, "Differential display and muicroarray: linking genomic responses to metal toxicity."

New England Society of Toxicology Annual Meeting, Phfizer Inc., Groton CN, November 8, 2002,

- K-12 Educational Program on Introduction to Toxicology, “Arsenic: Poison of Kings and king of
poisons.”
NIH-NIEHS Division of Extramural Research and Training (DERT) Leadership Annual Retreat,

' Wilinington NC, November 21-22, 2002, “Molecular mechanisms of arsenic toxicity.” :

Society of Toxicology 42™ Annval Meeting, Salt Lake City UT, March 10, 2003, Symposium on .
Health Risk Assessment of Hexavalent Chromium in Drinking Water: Carcinogenicity, Research -
and Regulation, “Mechanism of Hexavalent Chromium [Cr(VI)] Toxicity and Carcinogenicity.”

Boston University, Boston MA, Biomolecular Seminar Series, March 31, 2003, “Arsenic as an

" Endocrine Disruptor: Role in Cancer, Diabetes and Vascular Disease.”

Second -Annual Daphnia Genome Consortium Meeting, University of New Hampshire / Dartmouth
College, at Center of New Hampshire, Manchester NH, September 9-11, 2003, “Development of
methods linking genomic and ecological responses in a freshwater sentinel species.” :

University of Southern Maine, Bioscience Research Institute, Applied Medical Sciences Seminar

- Series, Portland ME, January 22, 2004, “Axsenic as an endocrine disruptor.”

University of Vermont Medical School, Pathobiology Seminar Seties, Burlington VT, March 15,
2004, “Arsenic is a potent endocrine dlsruptor at very low levels: implications for cancer,
diabetes and other arsenic associated diseases.”

York Co]lege of Pennsylvania, Biology Department, Richard Clark Lecture Series, York PA, March
22,2004, “Arsenic: 1t’s not just for breakfast anymore.”

Stony Brook University, Marine Sciences Research Program Seminar Scnes Stony Brook NY, May
7,2004, “Arsenic and old mines — or — don’t take it for granite.”

3" International Conference on Non-Linear Dose-Response Relationships in Biology, Toxicology
and Medicine, U. Massachusetts — Ambherst, Amherst MA, June 9, 2004, “Arsenic as an
endocrine disruptor; Complex dose dependent effects of arsenic on steroid receptor signaling.”

New England England Water Environment Association (NEWEA)- Arsenic Symposium, University
of New Hampshire, Durham NH, October 14, 2004, “Arsenic: Human health effects.” '

.U.S. EPA Research Seminar Series, Region ] U.S. EPA, “Arsenic: Health Effects and Public Policy,”

- Boston MA, December 15, 2004, “Arsenic and health effects: mechanisms of action.” .

Upper Valley Chapter, New Hampshire League of Women Voters, Hanover NH, February 15, 2005,

" “Environmental Chemicals and Human Health Risks.”

Dartmouth-Montshire Institute, Hanover NH, NYC high school student summer workshop, July 6,
2005, “An introduction to toxicology and environmental health.”

8™ Annual John B. Little Symposium, J.B. Little Center for Radiation Sciences and Environmental
Health, Harvard School of Public Health, Boston MA, October 28, 2005, “Use of genomics to
examine low level effects of environmental agents.” .

SETAC North America 26™ Annual Meeting, Baltimore MD, November 15, 2005, Symposium on
Omics Technologies — Current and Future Applications to Ecotoxicology, “Differences in
microarray gene expression profiles of Daphnia pulex exposed to metals.”
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Third Intcrnatlonal Daphma Genomc Consortium Meeting, Indiana University, Bloomington ]N
January 17, 2006, Keynote Address, “Daphnia as a model for toxicogenomics.” .

2006 Toxicology and Risk Assessment Conference, Cincinnati OH, April 26, 2006 Symposium on -
- Heavy Metals of Emerging Toxicological Concern, “Toxlcogcnorfucs as a tool for 1dent1fy1ng
biomarkers and assessing mechanisms of action of toxic metals.”

Fundulus Genomics Strategy Workshop II, Hollings Marine Laboratory, Charleston SC, May 5,
© 2006, “Killifish as a toxicogenomics model to mvestlgate effects of arsenic as an endocrine
" disruptor.”

New England Society of Environmental Toxmology and Chemistry (SETAC) Annual Meeting, '
" Portland ME, June 9, 2006, “Toxicogenomics as a t0ol for 1dent1fy1ng biomarkers and assessing
mechanisms of action of toxic metals in the environment.”

Mt. Desert Island Biological Laboratory, Mt, Desert Island ME, August 27, 2006, “Use of
toxicogenomics to investigate the mechanism of action of arsenic as'an endocrine disruptor.”

Columbia University, New York City NY, September 18, 2006, “Toxicogenomics of arsenic.”

CIESM - the Mediterranean Science Commission, Research Workshop No. 31, “Marine Sciences -

* and Public Health - Some Major Issues,” Geneva Switzerland, September 27-30, 2006, “Use of
toxicogenomics to investigate the effects of toxicants in aquatic systems.”

NIH-NIEHS SBRP / U.S. EPA / ATSDR Workshop n Arsenic, “Arsenjc and Landfills: Protecting
Water Quality,” Boston MA, October 3-4, 2006, “Recent Advances in understandmg health

. effects of arsenic: molecular and cellular mechanisms.”

Third Annual Great Issues in Medicine and Global Health Symposium on Cancer, “Cancer, Nutrition-
‘and the Environment,” Dartmouth-Hitchcock Medical Center, Hanover NH, Novembcr 16 2006,
“Environmental toxins: how much cause for concern?”

Dartmouth Medical School, Pharmacology and Tox1cology Scnunar Series, June 6, 2007 “Use of
- genomics to understand the biology of low dose arsenic.’

_ Mt. Desert Island Biological Laboratory / NIEHS Center 14 Annual Environmental Health Sciences
Symposium, “Human Health and the Environment,” Salsbury Cove ME, July 19, 2007, “Arsenic

" and endocrine distuption.”

U.S. Environmental Protection Agency, Research Triangle Park NC, J anuary 17, 2008, “The biology
and toxicology of low dose arsenic.”

Duke University, NIEHS Environmental Health Sciences Center Interdisciplinary Semmar Serles
. Durham NC, January 18, 2008, “The biology and toxicology of low dose arsenic.” :

. University of Vermont, Lung Pathology Program, May 5, 2008, “The biology and toxicology of low
dose arsenic: effects on lung biology and pathophysiology.”

Brown University, Pathobiology Graduate Program Retreat, August 26, 2008, “A biologically based:’

_ approach to genomics analysis: insights from studies of low dose arsenic.”

-Marine Biological Iaboratory, Bay Paul Center, September 19, 2008, “Use of genomics tools to
understand the biology and toxicology of low dose arsenic.”

Nutmeg Conferénce, Woods Hole MA, October 7, 2008, “Arsenic as an endocrine disruptor.”

Tufts University, Biology Department (student invited speaker), October 10, 2008, “Arsemc King of
poisons, poison of kings.”

Superfund Basic Research Program Annual Meeting, Asﬂoma: CA, December 9, 2008, “Arsemc as
an endocrine disruptor.”

Workshop on Mercury Exposure and Public Health, New York NY May 20, 2009 “Current issues
in mercury exposure, cffects and risk analysis.”
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Third Congress of the International Socicty of Nutritigenetics and Nutrigenomics, NIH, Bethesda
MD, QOctober 22, 2009, “Laboratory. diet profoundly alters gene exPression and confounds
genomic analysis.”

Bridgewater State College, Brldgewater MA, Department of Biology FISH Semmar Series, February
26, 2010, “Arsenic: it’s not just for breakfast anymore.”

National Institute of Environmental Health Sciences, Research Triangle Park NC, Toxicology arid
Pharmacology Seminar Series, April 8, 2010, “The biology and toxicology of low dose arsenic.”
NIH-NIEHS Workshop, Phenotypic Anchormg of Arsenic Dose-Response in Expenmental Models
of Human Disease, October 21, 2010, Phenotyplc anchoring of low-dose arsenic effects in the

C57BL6 mouse.”

Bridgewater State College, Bndgewater MA Department of Biology FISH Seminar Series, April 8,
2011, “MBL Stew: Arsenic; glowing frogs, limping lampreys and other fun projects.”

~ Woods Hole Oceanographic Institution, Woods Hole MA, Department of Biology, April 28, 2011,
“Arsenic: number one environmental health threat.”

Harvard School of Public Health; Boston MA, Superfund Research Program Seminar Serxes May 5,
2011, “Arsenic as:an endocrme disruptor and immune modulator.”

Community Service { Public Communication: k

WNTK radio station (Lebanon NH), March 4, 1992, “Viewpoint” call in/discussion show:
“Chemicals and Health - Part L”

WNTK radio station (Lebanon NH), Apnl 22 1992, “Vlewpomt” call-in/discussion show:
“Chemicals and Health - Part IL”

Noriis Cotton Cancer Center, Fourth Annual Symposmm on Breast Cancer, October 6, 1997 “Lab o
bedside: drug resistance.”

Dartmouth Community Medical School, Spring / Fall 2000 Curriculum (April 17- 18 October 26,
2000 lectures), "Environmental ‘Toxins: Are Our Public Policies Rational?"

Newton Middle School, South Strafford VT, 7™ and 8™ grade science classes, November 20, 2000

“An Introduction to Toxicology.”

"Living on Earth" National Pubhc Radio program 1nteIV1ew "Arsenic as an endocrme disruptor,"”
" March, 2001.

Ad Hoc Toxicology Consultant, Elizabeth Mines Commumty Advisory Group, South Strafford VT,
April 2000 to present.

Dartmouth Cornmumty Medical School, Spnng / Fall 2001 Curriculum (April 10, 2001 and October

- 3.2001 lectures), "Foreign Invasion: How Our Bodies Deal With Vitamins, Drugs, Toxins And
Dietary Supplements.”

New England Society of Toxicology Annual Meetmg, Phiizer Inc., Groton CN, November 8, 2002,
K-12 Educational Program on ]'_ntroductlon to Toxicology, “Arsemc Poison of Kings and ng
of Poisons.”

Thetford Academy Middle School, Thetford VT 7™ and 8™ gradc science classes, February 11, 2003,
*“An Introduction to Toxicology.” -

Barre Middle School, Barre VT, 7™ and 8™ 'grade science classes, October 30, 2003,
Introduction to Environmental Tomcology ?

Rivendell Middle School, Orford NH, 7" and 8™ grade science classes, November 20 2003, “An
Tntroduction to Environmental Tox1cology ”

Lebanon High -School, Lebanon NH, 11™ and 12% grade Advanced Biology class May 21, 2004

“Introductory Toxicology and the Problem with Arsenic.”
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New England England Water Environment Association (NEWEA) Arsenic Symposium, University
~ of New Hampshire, Durham NH, October 14, 2004, “Arsenic: Fluman health effects.” :
Upper Valley Chapter, New Hampshire League of Women Voters, Hanover NH, February 15, 2005,
“Environmental Chemicals and Hurnan Health Risks.”
Dartmouth-Montshire Institute; Hanover NH, NYC high school student summer workshop, J uly 6,
2005, “An introduction to toxicology and environmental health.”
Phillips Exeter Academy (grade 9-12 private school), June 1, 2006, lecture in environmental
~ chemistry.course on “An introduction to toxicology and environmental health.” '
Third Annual Great Issues in Medicine and Global Health Symposium on Cancer, “Cancer, Nutrition
and the Environment,” Dartmouth-Hitchcock Medical Center, Hanover NH, November 16, 2006,
“Environmental toxins: how much cause for concern?”
“Greener Living with Dr. G” radio show, WTIC AM 1080, June 6, 2009, “Arscmc effects on
immunity and HIN1 flu exposure.”
“The Point with Mindy Todd” radio show, WCAI FM 90.1, February 24, 2011, “Environmental
chemicals and hurnan health.” |
“What's Falmouth Reading 20117” and Falmouth Hospital Canccr Ccntcr Wmter 2011 joint public
seminar series, February 26, 2011, “Environmental chemicals and cancer.”
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DECLARATION OF BRIAN SCHROTH

| L Bﬁan Séhroth, declare: - -

1. Tam employed by CH2M HILL, Inc., as a Senior Technologist. My resume 1s
aftached to this Declaration as Exhib‘it A. Pacific vGas and Electric Cornpany engaged CH2M
HILL to-assist itin conncétion with issues surrounding tﬁe chromium plume in Hinkley,
California. ‘T was asked to analyze the presence of naturally—occumng hcxavalent chroxmum n -
. Cahforma § MO_]aVG Dcscrt

2. I have been wor_king. oh these issucs since 2007. L am currently registered in -

California as a Professional Gcblogist and Ceriificd Hydrogeologist. I attended the University of
California at Berkeley, receiving a Ph.D. in soil science with an emphasis in environmental - |
- geochemistry. This was précedcd bya masters of science degree in hydrology/hydrogeology
‘fro'm the Univerisity of Nevada at Reno, and a b‘acﬁclors of science degree in géolo gy from San
Dlego State Umvcrsrcy I have over nineteen years of experience in consulting and applied
acadermc work focusmg on groundwatcr and geochermstty 1nclud1ng eight years assessmg the
geochemlst_ry and hydrogeology of sites in the Mojave Desert an_d-the surrounding area.
3 My opimoﬁs are that: |
| (a) Naturallly—'occurring hexaval@nt chromium is ubiquitous in groundwﬁter
systems thrOu ghout the Mojave Deseri and globaliy, with namrally—éccurring concentrations _
s_omctimés exceeding 50 pg/L in alluvial aquii”ers in the western Mojave Desert' and elsewhere

i central and souihe;rr_n Arizona,> and western New Mexico.? The ability of manganese dioxides,

* Izbicki, James A., Ball, James W., Bullen, Thomas, D., Sutlcy, Stephen J., 2008, “Chrominm,
Chromium Isotopes, And Selected Trace Elements, Western Mojave Desert, USA.,” Applied
Geochemistry-23: pages 1325-1352. http://ca.water.usgs. gov/newlehmnuum—rcporLDdf

. Izbicki, J.A., 2008, “Chromium Concentrations, Chromium Isotopes, And Nitrate In The -

. Unsaturated Zone And At The Water-Table Interface, El Mirage, California,” Cooperative Water
Resources Study submlttcd to Lahontan Reglonal Walter Quahty Control Boatd, December,
2008

Robertson E.N., 1975, “Hexavalcnt Chron:uum In The Ground Watcr,Iln Pa:adlsc Valley,
Arizona,” Ground Water 13, 516-527.; Robertson, F.N., 1991, “Geochemistry Of Ground Water

“In Alluvial Basins Of Arizona And Ad]acent Parts Of Nevada, New Mexzco And Cal;fomza,” ,

-U.S. Geol. Surv. Prof. Paper 1406-C. ‘
599744092372v2 -




common in d_f;sért environments, to oﬁdizc Cr(Ill) to Cr(VI) is well established."l- Thus, both the
mechanism of natural production'of Cr(VI) and the widespread presence of natu;rally—occufring A
7 Cr(VI} in groundwater is well documented. | _
| (b)  Concentrations of naturally-occurring Cr(VI) vary significantly
_gcographically, vertically and laterally in aquifcf systems due to jma_ny _factoré, including the
geochemicat conditions present” and-the composition of earth material sources.®
() Concentrations of Cr(VD detected in wells are naturally Qariable'over time
atany given well. As a result, increases or decreases in the concentration of Cr(VI} at a given
“well 'doAnot necessatily signify the arrival or departure of 2 particular ;?;our'éc or pllume of C(VD).
‘14. My opinions are supported by the following information from published studies
by the United States Geological Survey (“USGS”), data from the California Department of
Public Health (“CDPH”) and California Department of Health Services (“CA DHS?), the ‘

Califomia State Water Resources Control Board (“SWRCB”), and consumer confidence reports _

,3_ Robertson, F.N., 1991, “Geochemistry Of Ground Water In Alluvial Basins Of Arizona And®
Adjacent Parts Of Nevada, New Mexico, And California,” U.S. Geol. Surv. Prof. Paper 1406-C..
4 Bartlett, R. and James, B., 1979, “Behavior Of Chromium In Soils: Il Oxidation.” J. Environ
Qual,, 8, 31-35; Eary, L.E., and Rai, D., 1986, “The Kinetics Of CA(VI) Rediction To Cr(IIl) By
- Ferrous Irdn—Containing Solids,” Geol. Soc. Am. Abstr. Programs, 18, 6, 591; Fendorf, S.E., and
Zasoski, R.J.,-1992, “Chromium () Oxidation By 5-MnO2. |. Characterization,” Environ. Sci.
& Technol., 26, 1, 79-83. A - : - ' ]
* Ball, J.W., and Izbicki, J.A., 2004, “Occurrence Of Hexavalent Chromium In Ground Water In
The Western Mojave Desert, California,” Applied Geochemistry, Vol. 19, pp- 1123-1135;
Izbicki, J.A., 2008, “Chromium Concentrations, Chromium Isotopes, And Nitrate In The
Unsaturated Zone And At The Water-Table Interface, El Mirage, California,” Cooperative Water
Resources Stidy submitted to Lahontan Regional Water Quality Control Board, December,
2008; Izbicki, James A., Ball, James W., Bullen, Thomas, D., Sutley, Stephen J., 2008, -
“Chromium, Chromium Isotopes, And Selected Trace Elements, Western Mojave Desert, USA.,”
Applied Geochemistry 23: pages 1325-1352. http:/fca.water.u‘sgs.g(')v/nch/Chromium-_
report.pdf, B — ' -
.* Chromium occurs naturally in the earth’s crust, with an average concentration of 100 mglkg,
_ and has been found in rock-forming minerals of the San Gabriel Mountains at concentrations up
~over 1,000mgtke. (Izbicki, et al., 2008.) Detectable concentrations of Cr(VI) occur naturally in
alkaline groundwater (pH greater than 7.5) with dissolved oxygen greater than 0.5 milligrams per
~ liter in alluvial aquifers in the western Mojave Desert. (Izbicki, ez al., 2008.) Cr(Ill) oxide is
among the ten most abundant elements compounds in the earth’s crust. Crustal rock on earth
contains an average of 140 parts per million of chromium; seawater contains 0.6. peg/L and stream

water contains 1.0 pg/L. (Guertin, et al., 2004.)
5997409237272 : S -2-



for numerous water supply companies in the Mojave Desert. lSee the Table 1 attached to this
Declaration as Exhibit B. ' o _ _

5. - Drinking water quality déta collected by the CDPH and the USGS and others
confirm that Cr(VI) is present in groundwater throughout California, including the Moj ave
Desert area. Table 1 summarizes numerous published studj:es an& drinking water supply repoﬁg
for the Mojave Basin evaluating Cr(VT) and/or total chromium conceutrations in groundwater.
These studies were reviewed to assess the range and average concentrations of naturally-

. occuirring chromium in groundwater.

6. In typical groundwater systems nearly all .of the dissolved chromium pre:sent is in’
the 'Cr(VI) form, with a much smaller fraction in the trivalent form of chromium.” Cr(IiD) is the
- most common form of chromium foﬁnd in rocks and soil and is highly insolﬁble and, thus, not
generally present in the dissolved phaée in groundwater. Therefore, although some of the studies
reviewed 6nly analyzed for Cr(T), it can be inferred that diSSqlvcd Cr(;t‘) in most groundwater
- systems primarily consists of Cr(VI). |

7. . Results of the drinking water supply reports and others referred to below are
coﬁsistent with scientific studies canducted by the USGS that ﬁave identified the presence of
néturallijCcurxing Cr(VI).® The frequency of reports 6f natural_ly—bccurring Cr(Vl) haé risen .
ovér rccent_fcars_ This i§ primarily the result of the.CA bHS :mahdating the use of lowér

analytical detcction limits.

7 Ball, J.W., and Izbicki, J.A., 2004, “Occurrence Of Hexavalent Chromium In Ground Water In
The Western Mojave Desert, California,” Applied Geochemistry, Vol. 19, pp. 1123-1135.

¥ Izbicki, James -A., Ball, James W., Bullen, Thornas, D., Sutley, Stephen J., 2008, “Chromium,
Chromium Isotopes, And Selected Trace Elements, Western Mojave Desert, USA.,” Applied
Geochemistry 23: pages 1325-1352. httg:f/ca.watcr.usgs.gov/ncws/Chromium—rcport.pdf;
Izbicki, J.A., 2008, “Chromium Concentrations, Chromium Isotopes, And Nitrate In The ‘
Unsaturated Zone And At The Water-Table Interface, El Mirage, California,” Cooperative Water
Resources Study submitted to I.ahontan Regional Water Quality Control Board, December,
2008; Roberison, E.N., 1991, “Geochemistry Of Ground Water In Alluvial Basins Of Arizona
And Adjacent Parts Of Nevadu, New Mexico, And California,” U.S. Geol. Surv. Prof. Paper
1406-C: Schmitt, S.J., Milby Dawson, B.J., and Belitz, K., 2008, “Groundwater-Quality Data In
The Antelope Valley Study Unit, 2008: Results From The California GAMA Program,” United -
States Geological Survey. Data Series 479. o '
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8. Notable findings of the literature révicw showing sitc-épecific chromium Jevels.
througuout California are summarized below (see Exhibit B for additional details aud
references): |

(a) . The CDPH prdduced_a plot of Cr(VI) detections in groundwater, attached
to this Declaration as Exhibif C, that confirms and illustrates that Cr(VD is ubiquitous in
California groundwater, including the Mojave Dcsurt area. Data compiled by the CDPH shows
that Cr(VI) was reported greater than t.he 1 pg/L detection limit in over half of the groundwate;
supply wells that were tested (3,156 out of 5,943 between 1997 and 2008»).SJ The three counties
in Califomia with the greétest number of weﬂé cont-:ajning Cr(VI) cuncentrations exceeding 1

ng/L were Fresno, Los Angeles, and San Bemardino. ‘ -
().  The printout of data from the SWRCB Geotracker attached to this
+ Declaration as Exhibit D provides a printout of datal; from the SWRCB Geotracker database that
shows many water supply wells in the Moj‘ave Desert area with concentrations of Cr(VI) greater
than 1 pg/L.1° | 7

(€) A study of groundwater conducted by the USGS and SWRCB in the
Mojave area in 2008 also ;:onfirmed that Cr(VI) is present in groundwater at concentrations up to
16 pg/L.! L Consistent with the SWRCB data, the USGS reported Cr(VI) concentrations ranging
from 1to 16 pug/L in 15 out of 22 well sampic_s analyzed. Exhibit E to this Declaration shows the
distribution of Cr(VI) detected throughout.the Moj aue Area.

(@ Annual water quality reports for drinking water supply companies were

also reviewed. In reports where Cr(VI) was reported, municipal supply wells extracting water-

? State Water Resources Control Board Division of Water Quality GAMA Program, 2009,
‘Groundwater Information Sheet Chromium V1. September. -
http://www.swrch.ca.gov/water issues/programs/gama/docs/coc_hexchromer6 pdf
%' State Water Resources Control Board Division of Water Quality GAMA Program, 2011,
- Groundwater Ambient Monitoring & Assessment Program, accessed on July 6, 2001.
http://www.swrcb.ca.gov/water_issues/programs/gama/geotracker gama.shtml,
"' Mathany, Timothy M., and Belitz, K., 2008, “Groundwater Quality Data In The Mojave Study
Unit, 2008: Results From The California GAMA Program,” http://pubs.usgs. gov/ds/440/.
59974\4092372v2 ‘ ‘ o -4- -




from the Alto and Este sub-basins of the Mojave River Basin show the presence of naturally-
~ occurring Cr(VI). |
(i) In the Victorville area, thirty-five miles southeaﬁ of Hinkley,
rcpbrts for drinking water suinply wells extracted from the Alto and Este sub-basins of the
Mojave River Basin indicated detectable Cr(VI) in three areas.!? The 'avcfage Cr(VI)
concentrati_ons were: 5.1 pg/L (range 5 to 5.1 pg/L) in the Desert View System, 2.5 pg/L (‘range.
non-detect (“ND”) to 6.3 ug/L) in Applc Valley South, and 2.7 pug/L (range ND t0 4.6 pg/L) in
Lucerne. ' |
(ii) Thé Twentynine Palms Water District (located approximately 100
miles sbutheast of Hinkley) extracts groundwater from four sub-basins. In 2009, an average .
Cr(VD conccnf.raﬁon of 6 pg/L was detected with a range from ND to 29 pg/L.13_
| (e) A USGS groundwater investigation of the Yoshua Tree and Copper
Mountain sub-basins reported a median naturally-occurring Cr(VT) concentration of 13 pg/L.*
(f) Groundwater investigation of the Cadiz and Fenner Valleys reported
" . naturally-occurring Cr(VI) concentrations ranging from 15 to 26 pg/L."° |
(g) " A study of naturally- occumng Cr(VD concentranons in groundwater from-
approximately 200 public supply, irrigation, and observation wells in the western Mojave Desert

;ndlcatcd a medigm Cr(VI) concentration of 7 pg/L, with a range of 0.2 to 60 pg/L.l's'

12 Golden State Water Company, 2010a, “Water Quality Report: Apple Valley South Water
System.)” http:/fwww. gswater.comlcsa_homcpagcs/documentS/AppleValleySouth% 1110.pdf;
Golden State Water Company, 2010a, “Water Quality Report: Barstow Water System,”
http://www.gswater.com/csa_homepages/documents/Barstow061110.pdf; Golden State Water
Company, 2010b, “Water Quality Report: Desert View Water

System,”http://www.gswater com/csa_homepages/documents/Desert View061110.pdf; Golden
State Water Company, 2010c, “Water Quality Report: Lucerne Water System.”

B Twentynine Palms Water District, June 2010, “2009 Consumer Confidence Report ”o
http://www.29palmswater.org/pdf/Consumer Confidence Report 2009.pdf.

' Nishikawa, Tracy, Izbiki, John A., Hevesi, J oesph A., Stamos, Christina L., and Martin, Peter,
2004, “Evaluation Of Geohydraulic F ramework, Recharge Estimates, And Ground-Water Flow
(2)’ The Joshua Tree Area, San Bernardino County, California.”

Metropolitan Water District of Southern California and Bureau of Land Managemcnt
September 13, 2001, “Final Environmental Impact Report Final Environmental Impact
Statement Cadiz Groundwater Storage And Dry-Year Supply Program, San Bernardino County,
California.” _
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9. . Groundwater quality records collected by the CDPH show that concentrations of
Cr(VI) detected in water supply wells vary considerably over time.at any given well.'’ Asa
result, increases or decreases in the concentration of Cr(\f I} at a given well do not always signify
the arrival or depafture of a particular source or plume of Cr(VI). Rather, these-changes may be
lexpected as a result of other factors, including sample collection procedures, seasonal changes,
changes in well operation, labotatory analysis, vatiations in ahnuallpreeipitation,_and other
factors. | ‘
10 Groundwater data collected by the CDPH in the MOJave area show that the
‘ concentratlons of Cr(VI) at these wells typlcally fluctuate over time.'® Fxhlblts Fand G to tblS
Declaratlon illustrate changes in Ce(VD) concentrations measured over time in several wells in
the Mojave area. 'On these ﬁgu_res, the highest concentration of CrVD) detected at each water
supply well (or well cluster) is shown In addition, plots of coucentratlons of Cr(VI) over time
for select wells W1th1n a well cluster are shown. As shown on these charts, it is common for the
concentration of Cr{VT) to vary in a random pattem around a natura]ly~oecumng background
value. _ ) _ |
11.  Other water quality-records compiled by the CDPH comoborate the variability in
the concentrations of Cr(VI) detected at individual water supply wells in the Mojave area over
time." A review of results for hundreds of- water supply wells in San Bemardmo County
1nd1cates that chromium is often’ present above the laboratory reportmg limit of 1 p,g/L and that
- C(VD concentrahons are often variable. For example, concentratlons of Cr(VT) detected in -
Hespena Water District well 15-A have ranged from 2. 6 t0 7.93 p,g/L Similar concentration

ranges were reported for V1ctor Valley Water Dlstnct well 208 (Cr(VI) ranging between 4. 2 and

1 Ball, J.W., and Izbicki, J A., 2004, “Occurrence Of Hexavalent Chromium In Ground Water -
In The Wesrem Mojave Desert, California,” Apphed Geoehemistry, Vol. 19, pp.'1123-1135.

7 California Department of Public Health, 2011, “Chromium-6 in Drinking Water Sources
Sampling Results,” Web page accessed on 76/2011. '
http://www.cdph.ca.gov/certlic/drinkingwater/Pa: elehrom.tumﬁsam ling.aspx
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9.5ug/l¥. TheLomaLindiUniversity:Anderson Well Zreported a. Cr(VIjrange of 1.3 to 514
e/, while: Anderson Well'3 has @ reported C(VI) rang&from 2.0 to 45 pg/i

T declaré under penalty of perjury under theslaws of the. State of California that the
foregoing is'tnic;and corr éct and-that this Declarafionwas excented ﬂn;juf}’JLO:ﬁ: 2014, at

Sacramento; California,
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Brian K Schroth, Ph.D., P.G., C.Hg.
Senior Geochemist/Hydrogeologist

Education

Ph.D., Soil Science, University of California, Berkeley

Enuphasis: Environmental Geochenistry
M.S., Hydrogeology, University of Nevada Reno
‘B.S., Geology, San Diego State University

Professional Registrations

Professional Geologist, California, No. 7423
Certified Hydrogeologist, California, No. HG 793

Distinguishing Qualifications

Dr. Schroth is a senior geochemist with over 19 years of experience in consulting and applied
academic work. His expertise is centered on trace metal geochemistry, and has also strong
knowledge of geochemical reaction path modeling, fate and transport of organic chemicals, and
stable isotope geochemistry. His published research has focused on the potential effects of
organic compounds present in landfill waste on the fate and mobility of trace metals in
groundwater. He combines geochemistry with his strong background in hydrogeology,
groundwater modeling, and soil science to help define fate and transport pathways in the
environment. Dr. Schroth has emloyed the use of geochemical data on several projects with the
goals of identifying different sources of contaminants, performing water balances, and defining
and monitoring contaminant flowpaths. In water supply and subsurface water storage
applications, Dr. Schroth has used geochemical modeling software to predict potentially
harmful reactions (such as well clogging or the release of undesireable metals to groundwater),
as well as to propose treatment options to prevent such reactions. :

Relevant'Experience

U.S. Department of Energy, Hanford Facility, Richland, WA, 2011

Dr. Schroth was the lead author for the Remedial Investigation report that focused on uranium-
impacted soil and groundwater. He summarized a complex body of research and interpreted
recently-collected data to describe the mechanisms of uranium leaching, vadose-zone transport,
and groundwater mobility in a near-river environment. The fluctuating river level creates
changes in geochemical conditions, which in turn affect the mobility of uranium. Dr. Schroth
used his knowledge of hydrogeology and trace metal geochemistry to identify the key
properties and assumptions involved in predicting mobility in this complex environment.

Shell Canada Scotford Facility, Alberta, Canada, 2010
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Dr. Schroth combined data from several different waste streams at a water quality upgrading
facility and modeled the potential precipitation reactions that could occur both.on the surface
and during deep well injection. He used the USGS geochemical modeling software PHREEQC
to predict reactions under different mixing scenarios and at elevated temperature and pressure
in a deep wastewater injection well. Dr Schroth’s model interpretations will be used to identify
water treatment methods to minimize injection well clogging by precipitated mineral phases.

Confidential Client, Lansing, lllinois, 2010

Dr. Schroth has used the USGS geochemical modeling software PHREEQC and PHAST to
simulate the geochemical fate and transport of trace metals at a chemical processing site. The
groundwater contains significant concentrations of organic waste chemicals and their
breakdown products, and Dr. Schroth has utilized his research experience in mixed organic-
metal waste to produce a more accurate simulation of metal transport in this regime. His work
shows that metal mobility will be more limited than conservative models would predict, and
when approved will allow the client to avoid costly and unnecessary remediation.

EPA Tar Creek Site, Northeastern Oklahoma, 2009-2011

Dr. Schroth was the lead geochemist for a large-scale lead/ zinc mining site ‘where EPA is
proposing injection of fine to medium-grained tailings (“chat”) into former mine workings. Dr.
Schroth evaluated the geochemical data and used the geochemical modeling software
PHREEQC and PHAST to simulate the reactions and transport of trace metals (cadmium, lead,
zinc, and arsenic) in this environment. He combined hydraulic and geochemical skills to
demonstrate that the injection of chat fines would have a temporary and minimal impact on the
groundwater environment.

EPA Former Zinc Ore Processing Sites, Illinois, 2010-present

Dr. Schroth is currently the lead geochemist for three former zinc ore processing sites in which
substantial amounts of process waste (slag) have been deposited as fill or in waste piles in the
past. The slag has the potential to leach trace metals (cadmium, zinc, lead, nickel, arsenic} into
the soil and groundwater, and Dr. Schroth is helping the team decide on well locations and
constituents to be analyzed in the surface and groundwater samples. The goal of each project is
to accurately assess the scale and impact of the problem and to produce innovative, cost-
effective solutions for site cleanup.-

Phosphate Mine Sites, castern Idaho (EPA and USFS review), 2004-present
Dr. Schroth evaluated the fate and mobility of selenium in several phosplhiate mining sites in
which natural selenium was mobilized by exposure to the atmosphere. He identified the key
reactions that would enhance or limit mobility using geochemical analysis tools and modeling
software. Dr. Schroth also reviewed the hydrogeologic analysis of the fractured bedrock aquifer
_and provided comments for EPA to help better evaluate the migration of selenium and other
* trace elements through this complex medium. '

Confidential Client, Needles, CA, 2003-present

Dr. Schroth was the task manager for both geochemical evaluation and groundwater flow
model development at this site where groundwater is contaminated with hexavalent chromium.
He has determined the applicable geochemical and biogeochemical reactions at the site that
limit chromium mobility in soil and groundwater and has presented geochemical analyses
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numerous times to both technical and non-technical groups, including government agencies,
tribal representatives, and consultants for a large municipal water district. Dr. Schroth wrote
the background trace metals study for groundwater in the region, and was one of the main
authors of the remedial investigation report, which included geochemical interpretation of site
groundwater and surface water. He has employed the use of stable isotopes, 180 and 2H as well
as %Cr, to further distinguish different water sources, chemical evolution, and mixing in the
surface and subsurface. Dr. Schroth is also providing input to another consultant on the subject
of potential migration of the i situ treatment byproducts manganese and arsenic, which are
released from the soil under more chemically reducing conditions.

Rosevill Municipal Landfill, Roseville, CA, 2005-2011

Dr. Schroth is the senior technical reviewer for an ongoing monitoring program at a retired
municipal landfill facility. In addition to interpreting data and reviewing reports, he is
responsible for utilizing forensic geochemical techniques to identify potential sources of
contaminants that are not believed to be associated with the facility. Dr. Schroth is currently
reviewing data from offsite facilities and suggesting sampling and analysis methods that will
better identify original sources of contamination.

ETA Lava Cap (Former Mine Site), Nevada City, CA, 2000-2007

Dr. Schroth provided geochemical analysis of groundwater and surface water data for this
arsenic-contaminated site. A creek was mundated with mine tailings when a dam failed during
a winter storm. The tailings were from a former gold mine and are rich in sulfide, iron, and
arsenic. Dr. Schroth reviewed monitoring well, private well, and creek water analyses to assess
the fate and mobility of arsenic in surface and groundwater. He has employed the use of stable
isotopes, 0 and 2H, along with arsenic speciation data to determine that tailings likely have
limited impact to groundwater outside of the area surrounding the creek.

West Basin Municipal Water District (WBMWD), Los Angeles County, CA, 2001

Dr. Schroth made use of natural tracers to estimate mixing and travel time of injected water
from the West Coast Basin Barrier Project. Injection of imported and treated water is
implemented parallel to the coast to prevent seawater intrusion from degrading water quality
in municipal wells located further inland. WBMWLD eventualy plans on injecting 100% treated
water at the barrier, and Dr. Schroth’s work helped to allieviate agency concerns regarding
sufficient residence time of injected water. In addition, Dr. Schroth employed geochemical
modeling to examine potential water quality effects that would come with switching to 100%
treated water injection. Through this work, a revised monitoring plan is being developed with.
key monitoring points and analytes for verifying the model predictions.

Project Geochemist, City of Green Bay, Wisconsin, 2002

Dr. Schroth provided data analysis and geochemical modeling to address the unintended
 release of arsenic to groundwater during aquifer storage and recovery (ASR). He identified
quantities of sulfide minerals present in the subsurface in larger quantities than anticipated by
previous workers, and used his modeling skills to identify likely mechanisms for release and
persistance of arsenic in groundwater. He is currenily advising a Ph.D. study at the University
of California at Berkeley that is using core samples from this study to identify more precisely
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the key geochemical reactions that release and later control arsenic concentrations in
groundwater

Confidential Client, Richmond, CA, 1999-2002

Dr. Schroth was task manager in charge of data assessment and site conceptual model
development for a former waste /stormwater retention facility. He combined historical boring
logs, chemical data, and hydraulic information to create a holistic conceptual model. Dr.
Schroth led a team to develop a finite elemnent numeric model that brought complex hydraulic
information together and accounted for subsurface drainage and saltwater intrusion along San
Francisco Bay. The model was used to review site closure options and predict contaminant
concentrations in an ecological receptor area.

Dr. Schroth was also the senior geochemist onthis project. He identified groundwater zones of
dissolved chlorinated solvent degradation and used this information to help delineate
groundwater flowpaths. Dr. Schroth’s geochemical analysis proved essential in showing thata
site previously believed to be contaminated by chemical spills was in fact contaminated by
rising groundwater carrying contaminants from another site.

Project Geochemist, Calleguas Municipal Water District, California, 2000

Dr. Schroth used geochemical modeling to assess the likelihood of chemical precipitation
surrounding injection wells during aquifer storage and recovery (ASR). The success of ASR is
largely dependent on avoiding clogging during injection fromn processes such as precipitation,
biofouling, and clay destabilization. Dr. Schroth evaluated these factors in his evaluation.

Project Geochemist, INEEL CERCLA Disposal Facility, 1daho, 2001

Dr. Schroth predicted leachate concentrations of radionuclides in a proposed low-level waste
landfill using geochemical modeling. The landfill was modeled for potential leachate impacts
on deep groundwater. He selected key mineral phases of rare-earth elements for model input,
and also evaluated mobility of both inorganic and organic compounds for vertical transport
modeling.

Academic Experience

Assistant Professor, San Francisco State University, California (1997 - 2000)

Responsible for teaching majors courses in Hydrogeology and Groundwater Contarnination at the
undergraduate and graduate levels. Built a laboratory for use in hydrogeochemical research and
established an agreement with local agencies to provide internship and access for the first
graduate hydrogeology student at the university, whose thesis work involved basin boundary
definitions and hydrologic budget for San Francisco and the Northern San Francisco Peninsula.
Mentored several students to produce undergraduate thesis projects in hydrogeology and
geochemistry. Taught other graduate courses in research methods and quantitative methods in
Applied Geosciences. Also taught general education courses, including Environmental Geology
and The Violent Earth, and computer applications for geologists.

Publicationé
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Schroth, B.K. and G. Sposito. 1998. Effect of Landlfill Leachate Organic Acids on Trace Metal
Adsorption by Kaolinite, Environmental Science & Technology 32: 1404-1408.

Schroth, BK. and G. Sposito. 1997. Surface Charge Properties of Kaolinite, Clays aﬁd Clay Minerals
45: 85-91.

Schroth, B.K. and T.N. Narasimhan. 1997. Application of a Numerical Model in the Interpretation
of a Leaky Aquifer Test, Ground Water 35: 371-375.
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Soute: Figue adopled from Spte Water Resaurces Control Board Division of Weter Quality GAMA Program. 2008. Groundwater frformalinn Sfrset Cheomium VI, Septemilier

FIGURE 1

Concentration of Hexavalent Chromium
Detected al Active and Standby CDPH Wells
Pacific Gas and Electric Company -

Hinkley, California
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Declaration of Thomas C. Wilson,
dated October 24, 2011

(Request for Immediate and Emergency Stay;
Petition for Review, and Memorandum of Points
and Authorities in-Support Thereof)
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DECLARATION OF THOMAS C. WILSON

I, Thomas C. Wilson, declare:

1. I am employed by PG&E. I started with the company in 1975, My first
position was working as a biologist on the company’s environmental pro gTams. My current
position is Director of Environmental Remediation. My responsibilities include overseeing
PG&E’s efforts in connection W1th the Hinkley community.

2. PG&E has for many years acknowledged with genuine regret its
responsibility for the chromiﬁm contamination in the Hinkley community. PG&E is committed
to continuing to work cooperatively with the Lahontan Board, interested agencies and Hinkley
residents to address the environmental impacts and community concerns stemming from PG&E’s
past operations at its Hinkley Compressor Station.

3. As part of PG&E’s responsibility for remediation, PG&E currently
operates what I understand to be the largest in-situ barrier chromium remediation system in the
world, as well as several large land treatment units, including one at the Desert View Dairy.
PG&E has also been controlling a portion of the plume with a large fresh water injection system,
which PG&E expanded earlier this year. In addition, PG&E recently expanded agricultural
pumping to further control plume migration that will result in more than a 300% increase in
plume control pumping. PG&E is also actively pursuing additional remedial options as part of
what is being called the “final remedy.”

4, In addition to these extensive remedial activities, PG&E has been actively
working to reduce the Hinkley residents’ ongoing concerns. At this time, less than ten domestic
wells in the project area are known to contain chromium levels above identiﬁed. natural
background levels and no demestic well in the project area is known to have chromium levels
above the state drinking water standard. Nevertheless, PG&E has undertaken a number of
voluntary actions to address and respond to these concerns, including:

a. Beginning in the Fall of 2010, offering to test for chromium

concentrations in any domestic well within one mile of the plume.
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b. Beginning in the Fall of 201 0, purchasing properties near the plume
with domestic wells that have tested above background levels for hexavalent chromium at prices
signiﬁcantly above the properties’ appraised values. | |

c. Since the Fall of 2010, providing bottled water to landowners
whose domestic well water contains he;;(avalcnt chromium concentrations above natural
baékground levels, and to all domestic well owners within approximately a hatf mile of the plume
regardless of chromium concentrations in the wells, as well as to the Hinkley School and the
Hinkley Senior Center,

d. Since the Fall of 2011, offering to supply bottled drinking water to
any resident within one mile of the chromium plume, regardless of whether their domestic well
water exceeds background levels, |

5. PG&E’s voluntary program to supply botﬂcd water to Hinkley residents
fully satisfies the first prong of the I.ahontan Board’s recent Cleanup and Abatement Order (the
“CAQ”), If the State Water Resources Control Board were to stay of the CAO, PG&E would
confinue its voluntary program. _

"6, While PG&E’s voluntary efforts are consistent with key aspects of the
CAQ, PG&E is concerned about the far- reaching implications of certain provisions, For |
example, the CAO: |

a8, - Setsa standard for hexavalent chromium concenfrations that is

‘more than one hundred times lower than the naturally oceurring background concentrations in

Hinkley, as well as hundreds of times lower than levels experienced in the drinking water
supplies of some other communities around the state. |

b, Requires replacement water for domestic wells containing
concentrations well below natural background levels, a requirement that is inconsistent with
California law and may be impossible to achieve,

c. Establishes criteria for bottled water s0 low that the commercially

.available bottled water provided as a part of PG&E’s program, which is consumed by people

across North America, may not meet the standards set in the CAO.

-2
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7. If PG&E's Petition is not resolved in the near future, PG&E would be
required to begin significant activities that may ultimately be determined unnecessary or
unsupported by law, _

8. Unless the CAO is stayed, PG&E may also be penalized for non-
compliance, even if the State Board ultimately rejects the CAO. As has consistently been the
case, PG&E will make all reasonable efforts to comply with the CAO. Nonetheless, the risk that
the Lahontan Board will view PG&E’s efforts differently is quite real,

9. ° PG&E may also sustain intangible. harms unless a stay is ordered. Even if
PG&E’s Petition is ultimately successful, the Lahontan Board may impose penalties for
noncompliance with the provisions of the CAO. Penalties have not only financial, but also
reputational consequences for any discharger, including PG&E. Furthermore, the CAO may have
consequences far beyond Hinkley. For example, the CAO majr serve as precedent for
requirements elsewhere in Califomia that a discharger would have to provide water that is better
than applicable federal or state drinking water standards. Thus, even if the State Board dlthnately
grants PG&E’s Petition, in the meantime PG&E, and potentially other dischargers, may face the
“Gonsequences” of the CAD, e

10.  The irreparable harm to PG&E (as described above in paragraphs 7, 8 and
9) might not be persuasive if public safety were at issue. rBut PG&E will continue to take the

same steps as it has in the past to protect the Hinkley community while its Petition is pending. _

I declare under penalty of perjury that the foregoing is true end correct, and that I
executed this Declaration on Octoberé'l{ 2011, in San Francisco, California.

L R
Tom Wilson

59974113639v6




Attachment IV:
Declaration of Anita Broughton,
dated October 17, 2011

(Request for Immediate and Emergency Stay;
Petition for Review, and Memorandum of Points
and Authorities in Support Thereof)



DECLARATION OF ANITA BROUGHTON
I, Anita Broughton, declare:

1. if called as a witness, [ would and could competentiy testify thereto to all.

facts within my personal knowledge except where stated upon information and belief,

2. " lam employed as a Lead Risk Assessor by Haley & Alririch, a Consulting
firm that specializes in underground engineering, environmental science and management
consulting. Pacific Gas and Electric Company (“PG&E”) has engaged Haley & Aldrich to assist
with issues that have arisen in-connection with the chromium plume in Hinkley, California. 1
have been specifically asked to state my professional opinion of Order No. 3 on Page 12 of CAQ
No. R6V-2011-0005A1 (“CAQO”), entitled “Determination of Impacted Wells.” ‘

3. I declare under penalty of perjury under the laws of the State of California

that the following statements represent my professional conclusions:

(a) Order No. 3(a) of the CAQ to “perform an initial and quarterly
evaluation of every domestic or community well in the affected area to determine if detectable
levels of hexavalent chromium between the maximum background level and the PHG represent
background conditions™ is not supported by standard operating practices for remediation of

groundwater contamination.

(b) The stated belief of the Lahontan Regional Water Board
(“Regional Board™) in Paragraph 29 of the CAO that background contaminant levels should be
determined on a well-by-well basis, without regard to a single standard customary maximum

background level is not supported.



4, A search of available information reveals that no facilities in California
require the assessment of individual wells on a site for the determination of multiple background

concentrations of a particular contaminant.

5 In my personal experiences as an environmental consultant and human
health risk assessor for Haley & Aldrich with greater than 29 years as an environmental
consultant, 25 years experience conducting multi-media human health risk assessments, and 22
years working with regulatory agencies in California, [ have never seen an order to require
background assessments on a well-by-well basis and have always understood an appropriate
published concentration or statistically derived site-specific maximum background threshold to
be the proper background concentration used for site data comparison purposes. Based on my
experience, the latter approach has become the preferred approach by regulatory agencies as

documented in several guidance documents, included those identified below:

e California Environmental Protection Agency, 1997, Selecting Inorganic
Constituents as Chemicals of Potential Concern at Risk Assessments at Hazardous

Waste Sites and Permitted Facilities, Final Policy. February.

¢ United States Environmental Protection Agency (USEPA), 2010. ProUCL
Version 4.1.00, Technical Guidance (Draft), Statistical Software for
Environmental Applications for Data Sets with and without Nondetect

Observations. May.

¢ United States Environmental Protection Agency, 2009. Statistical Analysis of

Groundwater Monitoring Data at RCRA Facilities, Unified Guidance. March.



For other project sites that I have been involved within in California, regulatory-approved
background approaches have generally included 1) the comparison of published statistically
derived regional background threshold concentrations (e.g., arsenic concentrations in the Los
Angeles area) to site data; or 2) the comparison of statistically-derived site-specific maximum
background threshold concentrations. For a given constituent, these site-specific threshold
concentrations are developed either using a set of regulatory agency agreed upon on-site or off-

site background sample locations, or using other statistical techniques using a broader data set.

I declare under penalty of perjury under the laws of the State of California that the

foregoing is true and correct and that this Declaration was executed this 17 day of October, 2011,

e

Anita Broughton, CIH

at San Diego, California.
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Office of Environmentazl Health Hazard Assessment

George V. Alexeeff, Ph.D,, D.A.B.T., Acting Director
Headquarters » 1001 | Street » Sacramento, California 25814

\ Mailing Address: P.C. Box 4010 » Sacramento, California 85812-4010
' ~ ’ Oakland Office » Mailing Address: 1515 Clay Street, 16"‘_ Floor » Cakland, California 94612

Matthew Rodriquez ~ ‘ : : . Edmund G. Brown Jr.
Secretary for ' . ; : Governor
Environmental Protection ' MEMORANDUM
TO: Harold J. Singer, Executive Officer

Lahontan Regional Water Quality Control Board
. 2501 Lake Tahoe Boulevard

' ~ South Lake Tahoe, California 96150 /
FROM: GeorgeV Alexeeff, Ph.D., DAB.T. /Vw _ % Zr -
- Acting Director i :

DATE: August 17, 2011

SUBJECT: PROPOSED PUBLIC HEALTH GOAL FOR HEXAVALENT CHROMIUM

Thank you for your inquiry of July 19, 2011 requesting guidance on the use of the new -
Public Health Goal (PHG) for hexavalent chromium (Cr V1) as a possible replacement
standard for drinking water in Hinkley, California. On July 27, 2011, the Office of
Environmental Health Hazard Assessment (OEHHA} published its PHG for CrVI. -
Consequently, this PHG is no longer proposed but has been officially established by -
OEHHA at 0.02 parts per billion (ppb). This puts California in the position of having in
place a non-mandatory goal for Cr Vi without a corresponding sfate or federal regulatory
standard. We appreciate that this may create challenges for regional water boards.

The current situation in Hinkley described in your Ietter is one such example

You have posed five specmc questions to OEHHA covering three dtﬁerent aspects of
the newly finalized PHG for Cr Vi:
1. Whether the PHG is approprlate for use as a drinking water replacement

standard?
2. Whether the PHG is scientifically justified given the comments of Dr. Joshua W.
Hamilton, Ph.D.?

3. Whether evaporative.coolers (a.k.a., swamp coolers) pose an inhalation risk by
increasing the concentration of airborne Crvi? =

“Responses to these questions have been prepared by OEHHA staff and are attached.
Feel free to contact me at (916) 322-6235 if you require further information on how
Califernia’s PHG for Cr Vi was developed. .

California Environmental Protection Agency

The energy challenge facing California is real. Every Califarnian needs to take immediate action fo reduce energy consumption.

¥ Printed on Retycled Paper
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Attachment

Question 1. AWhen is OEHHA scheduled to adopt the proposed PHG for hexavalent
chromium?

Answer 1. The PHG for hexavalent chromium is now final and was posted on our Web
site on July 27, 2011. it can be accessed at
http://oehha.ca.gov/water/phg/072911Cr6PHG. html.

Question 2. What is OEHHA's position on the applicability of the proposed PHG as a
value that would be protective of public health related to potential exposure of residents
in Hinkley? if OEHHA's response is that use of the PHG is not applicable, please
indicate if the current CA MCL is protective of public health and should be the standard

‘that is used as the basis for providing replacement water. If neither the proposed PHG

nor the CA MCL. are the appropriate values to use, what would be an appropriate value

" that would be protectlve of public health?’

Answer 2. By Iaw, PHGs are determined by OEHHA'’s scientific assessments of the
health risks posed by drinking water contaminants. in the case of hexavalent
chromium, the PHG identifies a level of the metal in drinking water (0.02 ppb) that would
pose no more than a one-in-one million cancer risk to individuals consuming water with

that level of the contaminant daily over a 70-year lifetime. The PHG is a non-regulatory

guideline that does not define an acceptable level of a contaminant in drinking water.
State law requires the California Department of Public Health (CDPH) to set state
Maximum Contaminant Levels for contaminants as close to the corresponding PHGs as
is economically and technically feasible. In setting MCLs, CDPH considers important -
information (i.e., economic costs, technical feasibility, detection limits and water-supply

_ issues) that by law OEHHA cannot consider when it develops PHGs.

Question 3. What is OEHHA’s position on the comments by Dr. Joshua W. Hamilton

.. Ph.D. (Attachment 3) on the scientific basis for the development of the PHG by OEHHA,

specifically points 8-10 and 127

 Answer 3._

Comment 8-1; “For exam ple, the lowest Cr(VI} concentration that caused tumors in

- animals in the National Toxicology Program study [4] which was the foundation for the

draft PHG, was 20,000 pg/L. Notwithstanding, OEHHA proposed a PHG of 0.02 pg/L,
ohe mfmon times lowerthan the concentration that caused -cancer in mice from a
lifetime of drinking water exposure.”

Response 8-1. The lowest Cr Vi concentration causing a statistically significant
increase in tumors compared to controls was 30,000 pg/L for adenomas and
carcinomas of the small intestines of male mice (NTP, 2008). While the second
sentence of this comment is literally true, it misses a critical point. Due to the limited
number of mice used in the two-year bicassay (NTP, 2008), the absence of tumors at
the lower Cr VI drinking water concentrations should not be interpreted as a threshold
for tumor induction. Indeed, the genotoxic mechanism of action of Cr VI discussed in
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the PHG document suggests that tumors would have been increased at dose levels well
below those tested in the bioassay if more animals had been used in the experiment.

m

‘Comment 8-2; “The calculations embodied in the draft PHG do not represent

‘established science.
Response 8-2. This statement is contradicted by the following:

1. Standard methodology was followed to model the rodent tumor data (U.S. EPA
2005; OEHHA, 2009).

2. Professors from both the University of Calrfornla and other unlversrtres reviewed -

" the draft PHG documents. While there was not unanimity regarding the choice of
method for modeling the rodent tumor data, the consensus opinion was that
OEHHA bhad modeled the data according to the best current practices (see
Responses to Comments document, available at
http://oehha.ca.goviwater/phg/072911Cr6PHG . htmi).

3. Both the U.S. EPA (2010) and the New Jersey Department of Environmental

- Protection (2009) chose the same methodology as OEHHA for calculating the
cancer potency of CrVI. All three organizations derived the identical cancer
potency value, suggesting that “established science” had been followed

Comment 8-3: “And even if the draft PHG is adopted, regulators should not assume
that exposures of the type and duration that would be experienced by Hinkley residents
will result in any adverse health impacts. In fact, there is no way to confirm any of the

" risk assessors’ assumptions. in constructing the models that-ostensibly support the draft

PHG, or to detérmine whether there are any measurable health effects as a result of
exposures at 0.02 pg/L. They reflect a highly conservative, overly-protective regulatory
limit that assumes a lifetime of exposure, but they do not represent levels that suggest a
significant or immediate health threat.”

Response 8-3. Itis not possible to measure tumor incidence in rodents at low Cr Vi

- concentrations in drinking water because too many animals would be needed (U.S.

EPA, 2005). Thus, the commenter is correct in suggesting that tumor induction cannot
be measured in rodents exposed to Cr Vi in the parts per billion (ppb) and parts per
trillion (ppt) ranges. However, the best carcinogenicity data we have for exposures at | .
low dose levels come from the human A-bomb survivors. Those data indicate a linear
relationship between dose and cancer incidence that extends to the lowest dose levels .
analyzed for any carcinogen (Brenner ef al., 2003). Therefore, linear extrapolation is
indicated for genotoxic carcinogens (U.S. EPA, 2005; OEHHA, 2009). This
methodology was used in the PHG document to quantify the cancer risks posed by
concentrations of Cr V1 in the ppb and ppt ranges.

Comment 9-1: “Similarly, OEHHA is explicit that the draft Cr(VI} PHG is net and should

~not be used as a regulatory or cleanup standard: ‘PHGs are not regulatory

requirements, but instead represent non-mandatory goals....PHGs are not developed
as target levels for cleanup of ground or ambient surface water contamination, and may
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not be applicable for such purposes given the reguiatory mandates of other
environmental programs.’ {[3] p. iii.)"

Response 9-1. The commenter is correct in stating that PHGs are not devetoped as
groundwater cleanup standards. Rather, PHGs are used by the California Department
of Public Health (DPH) in establishing primary drinking water standards (State
Maximum Contaminant Levels or MCLs).

Comment 9-2: “In sum, the draft Cr{VIl) PHG as its name implies, is at most a goal, not

- a regulatory level, and in no way should exposures to concentrations above 0.02 ug/L -
be interpreted as an immediate health risk to Hinkley residents nor should this proposed
* goal be used to set action or cleanup levels.”

Response 9-2. The value 0.02 pg/L is the 70-year exposure level estimated to be
associated with a one in one million increased risk of cancer. In other words, one extra
case of cancer would be expected in-a population of one million persons consuming
drinking water for seventy years at this concentration. A drinking water concentration -
tentimes higher would yield a ten-fold higher risk {for example).

Comment 10-1: “The initial draft Cr{Vl) PHG-drew on two principal studies: The 1968

. Bomneff, et al., animal study [6], and the 1987 Zhang and Lj epidemiology study. [7] Both
are-outdated and flawed, and they have been rejected by EPA and mainstream
toxicology experts as a foundatlon for toxicology risk assessment.”

Response 10-1. U.S. EPA’s current Draft TOXIcoIogrcaI Review of Hexavalent
Chromium (2010) contains an extensive discussion of the epidemiology study by Zhang
and Li (1987). This study is an important part of that document’s discussion of the
human relevance of the rodent tumor data. The final PHG document does the same. It
shouid be noted that the U.S. EPA document specifically supports the re-analysis of the
original Zhang and Li {1987) study conducted by Beaumont et al. {2008). Dr. Beaumont
is one of the authors of the final PHG document. With regard to Borneff ef al. (1968),
discussion of this study was moved to the Appendlx of the PHG document on the advice
of peer reviewers. The study was included in the Appendix so as to generate a PHG
document that cites all significant studies that tested Cr VI carcinogenicity via the oral
route. Neither Borneff et al. (1968) nor Zhang and Li (1987) is used to calculate the
PHG of 0.02 pg/L. That calculation is based on rodent tumor data from NTP (2008).

Comment 10-2: “EPA’s draft Profile appropriately omits any reference to the Borneff
study in its review of key animal studies. While the draft profile discusses the Zhang
study and three follow-up analyses, it correctly states that it should not be used for risk
assessment purposes. The panel agreed with these assessments. Thus, there is
“already significant disagreement between the draft PHG and EPA’s draft Cr(VI)
Toxicology Profile.”

Response 10-2. Borneff ef al. (1968) is reviewed in the Draft U.S. EPA Toxicology
Review of Hexavalent Chromium (2010). As mentioned above in Response 10-1,
Zhang and Li (1987) is thoroughly evaluated in the U.S. EPA document, where it is an
important part of the discussion concerning the human relevance of the rodent data.
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Also as noted above, U.S. EPA selected the re-analysis of Zhang and Li (1987) by

Beaumont ef al. (2008} over Kerger ef al. (2009) as representing the most useful re-

analysis of the original data. Dr. Beaumont is one of the authors of the PHG document.

Lastly, the OEHHA PHG document and the U.S. EPA document develop identical

cancer potencies for Cr V1 via the oral route. This does not support the claim in

Comment 10-2 that “there is already significant disagreement between the draft PHG
~and EPA’s draft Cr(V1) Toxicology Profile.”

Comment 10-3: “The panel's consensus was that the pending studies provided
important new information that was critical to an overall understanding of Cr{VI), and
should be incorporated into the EPA’s Profile.- Thus, the panel urged EPA to wait for
these studies to be published so that they may be taken into account in thelr
assessment.”

Response 10-3. OEHHA will review papers and materials relating to the American
Chemistry Councit study of Cr VI toxicology when they are published. If the study
produces compelling information that should be reflec ted in the PHG document
OEHHA will take appropriate action.

Comment 12-1: “In addition, OEHHA concluded that exposure by inhalation during
showering did not contrlbute significantly to the overall risk. And even with conservative
assumptions regarding exposure during showering, the contribution to risk from
inhalation was 180 times lower than that from drinking water exposure.”

" Response 12-1. This is correct. Less than one percent of the cancer risk due to Cr VI
in drinking water was due to rnhalatlon dunng showering compared to over 99 percent
due to ingestion.

Question 4, What is OEHHA's p05|t|on on the validity of footnote No. 5in
Aftachment 37

Answer 4.

Footnote 5: “The PHG associated W:th inhalation exposure may be readt]y calculated
from the information in the draft PHG assessment by removing the contribution from
oral exposures. The PHG associated with inhalation exposure is 3.6 Mg/L."

Response to Footnote 5. It is not clear, what Dr. Hamilton was trying to say in footnote
5. A PHG for a carcinogen is determined to be the drinking water concentration ' ,
associated with a 10 cancer risk due to all applicable routes of exposure. The PHG for
Cr VI in drinking water is 0.02 ug/L. This is based on exposure via ingestion and via
inhalation during showering. Since so little Cr Vi is inhaled during showering, a PHG
based only on ingestion is identical (after rounding) to that based on ingestion plus
inhalation during showering: 0.02 ug/L. The correct and useful interpretation is that the
fractional cancer risk due to inhalation of Cr V1 is very small, and that inhalation
exposure cannot be used as a basis for establishing the PHG.

Question 5. What is OEHHA’s position on Dr. Hamilton’s conclusion that swamp
coolers do not pose an inhalation risk? If OEHHA believes that Dr. Hamilton’s
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conclusions are not supported by the available information (including but not necessarily
limited to the references cited), does OEHHA believe that swamp coolers could pose a
risk, and if so, at what hexavalent level? If OEHHA believes that the available
information is insufficient to reach a conclusion, would OEHHA be willing to perform an

" evaluation of a typical residence in Hinkley to determme if the use of swamp coolers

with water which contains low levels of hexavalent chromium poses a health risk to the
residents? This evaluation could be in collaboration with the Agency for Toxic
Substances Disease Registry which has done similar studies on other constituents.

Answer 5. We agree with Dr. Hamilton’s conclusion that swamp coolers do not
increase the concentration of airborne Cr V1. Thus, with regards to Cr VI, swamp
coolers do not constitute an inhalation health risk. Thls is based on the following
studies located in the sc:entrflc literature:

1. Finley ef al. (1996} demonstrated that swamp coolers operating with water
containing concentrations of Cr VI up to 20 mg/L did not increase the
concentration of Cr V1 in indoor air. The American Society for Testing and
Materials (ASTM)} Method D5281 was used. This allowed measurement of total-
Cr V1 in the air, whether in the form of fumes, aerosols or particulates.

2. Paschold et al. (2003a) determined that indoor swamp coolers lowered rather
than raised the levels of alrbome particulate matter (PMz 5 and PMyo) potentially
harboring Cr VI.

3. Paschold et al. (2003b) extended their previous study (Paschold et al., 2003a) by -
analyzing the elements comprising airborne particulate matter (PMz s and PM1q}
collected in the presence of swamp coclers. They found no evidence that
swamp coolers introduced metals from the cooling water into the indoor air,
whether in the form of particulates or aerosols. '

These studies appear to have been well-conducted and the conclusions are warranted
by the data. Therefore, the data on hand support Dr. Hamilton's conclusion that swamp
coolers do not increase the concentration of airborne chromium.
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