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1. EARER

2014 4E 1 A 9 H, LS TH M HH 1 T H v D MCHMY (4-A F L7 m~FH A
H =) DA )N L, =27 )T, VAR « "=V =T IMDOF ¥ —/L A ko
TAEEIKE LTRIHL T AIIITH S, Tv—/L A Mg FUENCH Y | HiotoK
Y AT LTI 30 5 ANDFERICAETE K Z MG LT\ % (Centers for Disease Control and
Prevention, 2014), Z#L 6 OHILERD, SBRIOFM CRELEELZZITH L L7roTe

(Centers for Disease Control and Prevention - National Center for Environmental Health - Division
of Environmental Hazards and Health Effects - Health Studies Branch, 2014), %, 7= A b -
W= =TMOT =/ LA« hoT7 U CHETHEFEELZES L, HOUtOKESHETH D
VXA e NX=D=T - TAY B - U4 —F—FhE, RHFRDH > 72[F B F1% 6 IFFITK
TEIK O FZE 1145 2 3¢ 4 L 7= (Centers for Disease Control and Prevention - National Center for
Environmental Health - Division of Environmental Hazards and Health Effects - Health Studies
Branch, 2014; Centers for Disease Control and Prevention, 2014), 1 A 9 H D#&IEL . HiNIZH D
HKIEKD MCHM KIENZ NG ERHWT 5720, TR b« N—=T =T MRS R
FRE it v 4 — (CDC) IZHFMOBEZITV, KEY T« T — X IREDO AR TGEEAT
9 & T, MCHM OFAEIEHEIZ OV THWE %1757 (Centers for Disease Control and
Prevention, 2014)

FHNOHA%O 1 H 21 A, ARoOibFESZ 5 &S 2 LcEnibEstto 7 ) —4 L.
AV HF AR = ZERHE RO, SRS L T D PPH (FrEL Y ) a2 =T x
=)T—7)) L DIPPH (T4 7R LY 7Y a—)L 7 x=)Lo—T)) ZEERSETDH
BIOLEME S 1 H 9 BICHIA~FIH L T2 2 RE Lz, ZOWEI, 4Bl i
R LIz H 7 OHIZIEigi b & (7.3%) L £ TWieh -7 (Centers for Disease
Control and Prevention, 2014), 2014427 H7 H, VoA | « "—=Y =7 M{kBJF (WVDH)
ENRIEENME (WVBPH) 13, BEREHEE X — L HFE T & o BAaIGHEE

(CASPER i & : AREVEDOBRISHICICET 23 2 =7 fHliREEH) 248K L, Z
DOH|EFITIZ, ABEOT /L7 JIMEFIE ST FIC LY 22T 72 9 DOR O AR 7
BHE SN TWD, ARIOFRZZ T, FRREHE 2 —d, T X o HllER~DE

1 MCHM IR D & 5 i 2 RS DALSE C G IR DAL O SR8 & S E 5 DIl ST B,
COTRRITEY | FRIRBERHCAE U 2 22505 R S 115, MCHM OB ~DOREITIZ L A LIRS TE
ST MENTT v FRENAE Y FEMWIEAIER S DRE L 72> TV D, IRIAD MCHM IZEEfiE 425 Z LTk b |
R0 B ORIE, TEH, THRNAE UL EERH S, KIKD MCHM IZHfT 5 Z Lic Ly, B, M, Afilc
RIENA L DAIREMED D D, B & O SBRBTZEORERIC JUE, mA&EO MCHM (2L 0 | RIS IR, 1
MR, ICEEENAET D Z LR SN TV D (West Virginia Bureau for Public Health & The Agency for Toxic
Substances Disease Registry, 2014: 1),
2 PHH |3, MCHM & RO EER ERZ I 24L& &S TWw5 (West Virginia Bureau for Public Health
& The Agency for Toxic Substances Disease Registry, 2014),
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Bafiied 2720, MREAENMR &I, FHEE CICRRIREEILH D BRI O HHE
EIToTlz, ZOREICK T H5AREENMEO BT, FHRICE T H2EROBZ2IGEED
ZEH, KOEROBEZA S 2 HETHZ L Thote, ZORMEIIEFEOWHIOL & TE
i S A, TSR TR S 20 o ToRERIT, HEKR0RE, ek, 8. THRITH -7 (West
Virginia Bureau for Public Health & The Agency for Toxic Substances Disease Registry, 2014: 5) ,

CASPER #E#E (AREARSMNCHET S aI2=7 4 THERES) ¢

CASPER DOFiA& Tid, NRHUESFHEIIZ K D ERA~DZE) (B D5l ARE AN
JR~0 TAGE K FIEE 1L ORI & O W 236 1T 2 ROKEARF ARG 12
B 2 IF AR HE, KO DRPSRA)Z2BP ST 5 B R 225 iR O st 2 Ry & L7z 1F#
friE] OMGFENFENE S 7= (Centers for Disease Control and Prevention - National Center for
Environmental Health - Division of Environmental Hazards and Health Effects - Health Studies
Branch, 2014: 5), 4 [8]0> CASPER 5 #(C L 0 . DALF IS DR & 15 % 7o FE R Wi E
FB, RO AL SORD - EROEFENR, 7L EThHo7om, @45 O E
HUZREWT, REBOMEN R BEFRTE DHEHRIEL LTT LEEZZRIT TR, @A ¥
B o — % 7oK 5% D3~y MBI FRBERERE D 3 H 5 O %EIKEZ ik
TE TV T m BN B2y E 72 -7 (Centers for Disease Control and Prevention - National
Center for Environmental Health - Division of Environmental Hazards and Health Effects - Health
Studies Branch, 2014: 5), £7z, % < OH#AIIFHIEERL 1 B UANIZREBEOKIEZ iR L Tk
DA B2 a—% o8 20% DA X FH ORI L0 B O HEZ2 Pz 2 X 0 fEr
STV, £ 22%D a7 T4 RIOFIHHESIC L D 1 DL EofaE (O b A%
MOEWEEDA & B —F R E TITRELTIER) BRAELZEES | LRZELTE
D, K 35%DME L [SEIOFHFLIZE Y 1 DL DA Z )L R D 4 RN
U7z &RZ L T\% (Centers for Disease Control and Prevention - National Center for
Environmental Health - Division of Environmental Hazards and Health Effects - Health Studies
Branch, 2014: 6) , ) 37% D A%, “BEAELIL” SRS WP LIHYKE R LTz, 67%
OHFN I SRR ICFEMAKOEH 2B L TEBY | A ¥ B2 —FZT 98% D A2
F e K Off FH & B 4h L T 7= (Centers for Disease Control and Prevention - National Center for
Environmental Health - Division of Environmental Hazards and Health Effects - Health Studies
Branch, 2014: 6) .

WS K 2 B R ORE~DFE

MHESERN ORI 2 DA%, VA b« "=V =7 INRERH#ERIT, Fiir s LK
mnELE ST L, WEHEBG IR > TW ARG O EEfERT 5 LIk, FiaEk 2 L7-3K
snfTk 2 7 % 2014 4F- 3 H 15 H £ TICHASHT 2 L 9 8~ L7z (Boucher, 2014), 4 [EDi
HEFEIC LY, “H RlcH IR S » 77 BT DIEENHIE S iz L3, PR
U K D RN D R I %féﬁﬁ”%*wémﬂiﬂot(N@,mww N
VLA b e N—=T=TIEEEOK - RINEPFILFEZ B SPMERTIC S . WO ZEIZ B
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HEan bl (N.a., 2015b),

BEY I F R OBREEZITV, Yt EOREZ LRI, REREDONNY v -
Y =T TZOWMEEIZIT, N—r v - 52— FOJisk CEHRDOFEZNLERER O E(L ST
LTWAHZ L KO7 Y —F AEORRE NS R & Hx OIREE Bk L TW o RN &
HDHILTND| LIl T% (Na., 2015a), REGEETHL 7Y —F L A HF AR —
A, WO Ak, BAOIERGERR Z AT 5 2 L2 RE L, IKERFEOF
fe& P Lz, 7V —F st e MNERERERIL, “BRREZaMEZE L TEEZ M
VN BRED O NI YREMEE O B L LB AEE A S L7 (Ward, 2014), #SERIC
LB R EHIC B D 5 ECRAOBHE 2 KD 2 EMFAN B TR TRY | BIEL RS
HHITRG P Lo TWD, FTo, KEKEFERHINL, 7V —F 2 EOMEICET 5 H
LML TIZDNT Y, ZOXRISELSND Z & Liro7z (Ward, 2014),

2. A7 )IIEBRHEEBICET 5178 - B - EROKERNS
NGO %> NPO, RMA¥ZEIC X B KEXS :

AlE O FSICB O T, oo REE 7 % =2 X 5 B o 7o EEMISITRFIC R S
Niginole, ZOHERFIZELY, AEIOFEHFESIZEDL L VX |k« SN—=T =7 N O H Tt R
RIEITHI A RO TR Z AU EELTIZARW D ERNEXEY L 20 | Hl oL FRER S
FHIEEEL ROWEENRBER LT,

A BRI X B KERS
ABROFEHTIIHIRERICE 2 BN AT KEHSHITORTEE S, VT A b - =TV =
TINOERDPFFOMEATEREBR DR SRCKEMCOESNHILOT Lo,

KERFICIUT S KM

ARIOFHEIZIBN T, Kkt s 72— L RE® 7 ¥ —[H, 2705 AR, L O%
et 7 7 — EHIBERM TO < OO REFHENHE SN TS, adk - RF® 72— K&
O R O@HEE TR L T A L— X b DO TR o 7o h, @E . ANHIFRRI AR T
fie,/ 7 N—T R DORLRAWE & 72 % (Svedin, 2009) ,

ITEC N & % Hif

VLA e N=U=TINAREEAMR L REAFEWE - FrERWeIRT (ATSDR) (3,
Emergency Department Record Review & FEIT70 5 L RIFHA 2 Sl L7-, Z OFEIZIBVTIE,
INRIEAENM RO LB D BRIEAFWE - FrE It RIT O FFH ~ I EEZ1T> TV D
(West Virginia Bureau for Public Health & The Agency for Toxic Substances Disease Registry,
2014: 1), 7o, AREAEIMIB ERRERE ¥ —DRFATF— A, T2 R« A=V =
T RFDREAEFBOFAEENF L LT ¥ Ea—fEICEITSE TV D,
HIBRAFEREIER (FEMA) 1, Z28MICAE UMK TFEEICH X 572D, AV —F
RMNDI =T RET VT v 72 DB o Z — 0 b IR IEAE LI Ui 1a)
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B IR TN T —F —%FEATE 75 D M L—F —%JkiE L7- ("Tap water fix in West
Virginia still days away," 2014), EAiH 2 1 TV 7 4 — & — 13 LR B O 48 % % A Sh
7273 ("Tap water fix in West Virginia still days away,” 2014) , BEREIZ LY VT Ak « R—T =
T ETOEMITIL DBIENEL D Z L o7,

20144 1 A 11 B, 7 —VEEZE B 41X FEMA 76 O KRG 2R T2 & LT, 7K 1,000
r—AZBEANL. T 4 Y Uizt U7 — VR O BB~ AT 21T - 72 (Pace, 2014a),
MBZE =T, 40 FEMA 7> b I3 F RO RO K2 G < L Ehen, F#% 3 I,
BT 5 & TERFZINIED, TN EFFODIXIRR & 72 o7, KOBEEHHLLEALTWNDL T
—URBOMERIC, UL EFRFCEIEE ARV o7 &L, 7 e—H—, 7y N7
v R, ROE— AT R BEEKE AT D Z & 2 E L7-(Pace, 2014a), 7 — ERBUF.
B — A REER, ~7 14 YR, VA~ e A=V =T INEE . KOO
M. A6 - MOGEMBEIN R & 72 0 | FERA~KOEMGIEEEZIT- T2, 7 — UV HIHEEREERE
. 7 L—=F a Z2AWNNL, Z<OEENEZELZENTE, TORNFT, Fxid, K
TP A BN T, MR VAT AL RE A R o THIETE LU TnD ) &
55> T 5 (Pace, 2014a),

T8 & NPO s

D 2 8% O 20144 1 H 28 H, VA bk « X"=VU=TMDOT—/L« LA+ F
7Y UMmEEL, FEMA XL, 1 H 9 BRES SNEZBAFEESOLFELH LANE, Z
DRBFEESOETICZL Y | MEOHTEIFEE. BRRxHSHEE & OFEEFIFIRD, #ik
EEVEAOEREZZ T HND L D ICE B FMBREFREHES RS ~HTET D 2 L2086
& 72 57-(N.a., 2014),

TTHCHRE & Mt (s B oo

I, MR O S E S MBI O E& IEA STz “KEKROEMEEIE” 5%
JIESF LT ero /o Z Lk, HEHIRNERELTET LN, ZOMBEICEE L Tk, 7B
B & SRR DOENZIBNT, WS OO D o7 & STV 5D, AREENMF & B
BHY 2 =13 ARIORESNCET DERE, KOS %O KENRA~DOUEERE Z i
T 572D, 171 R A RIC 3 HMICIED A v ¥ v o —ilif &2 FEli Uiz, x4 & e oottty
DIH 63.3%NHE~DOBIIZFHEZ7 L TH Y (Centers for Disease Control and
Prevention - National Center for Environmental Health - Division of Environmental
Hazards and Health Effects - Health Studies Branch, 2014: 12), Z ®OEWEIZ KT,
CASPER &5 EDIERIZIN T, AR AN R & M E R ORI K E 72 i I BIRASFAE
LTWeZ EaRmLTWD,

Fo, MHEESPBE LA FER THORAE THL 7V —F b XX R —Xth
(X WO A #IKPEZ HEE L TR 0 | EMEE M OV Sl S 12 K 2 SRR 22 i1
AR, KRERZEERHE LB 7 2 2 BHIR & D MRESHIFTIC R S 7o (Ward,
2014a), FFAFNI, LDV =2 A LX - W LAY Va =T R#HICHEERIZED
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FROY R — N &fTht, YR L B E IR blo, g RIx LEHIFTICHiifE
THFER AT 5 K 948 L7-(Ward, 2014a), ZHbHDO—#HO#) X L, THE 7 & —,
REF#E L, 2L CTHIFEROMOBIBEFRERL TS EF 25D, ZOFERKIZEBN T

ITEORE R & BT 9758 L O RERRIN 72 0 A 23 72 1 AU 2 O S RITAME SCHLGER 21T 72 o
Mo TEFREMENRH Y, 7V —F b A U HXANY = XX T HEMFRO X A I 7%
THIE TR X EITO ZEDRTEX R mRENRE Z 6D,

FIZ, U A b« A=V =T MEFL, HFCR T 2N ORISIZBE LT, KERHGED
HEMFHIETF L7z(Pace, 2014b), = OFEMFHE, MNOITEHERE, BB K& O o feti s B
R, R7 27 4 THESCEENIE, Vo2 k « A=U =T, KOZEOMOFEIE - fikS
PR QO EROBRBFREIZB N TED L ) xS ElTo e &M+ 5 Z L 2 HINE LT, £
EN7-(Pace, 2014b), Z DHEELRFTOMWERIZIBW T, M F IR ERICH 2 M E . T
R 72 FR R D FTREN TR 2T, FIEROB BRI N> TnDH EF X5, WY,
BB, KOS EORISUEIZRE T 2 BRI RZ 250, 4 EIOKERNGIZ OV THUITE R
D RERFHN 242 Z E MO CEHE L 785 | &ib~7-(Pace, 2014b),

REDERITEN

UIA R« N"=U=TINRFREOREEICLD, 7V =X LOREEN 2010 FI
PERK U7 B8R I II R BB AR S RB R AE O FTREME DN FE SN TR Y . o, U LA Z 5
EOMRRZE L ST e, EREDO—21F, TMORRE2# U, MHEE» A Lz
B CH U VB A LT D) LI b D THhoTm] LI FEENER SN TV SN.a,
2015), HLIZEHEE I, [7 VU —& 24BN O KIED O RFEfEER ~K B FTEA L TN D H
EEPREL TBERNO, FRICUERZH#H LT, 2O EDMERD S 52052720 >
oo Flo, 7V —F 2t Eip 2 o 7 DERE SN TWDH L7 I EFROCORERMEZE
AL T\ ERFEZIEHEL T D, Fo, FIEEDT, 2014451 H 9 BIZRAE LR
il o BB R A [l X 2 BRHINCHE 2 %R & LT Y (N.a., 2015), A EOFHR
Kl 2 [RIFEIC K D RPRANME, KONG5 B & FRTER O RINZH 5 LR L T\ 5,
L7 NS FEROER, AEFEEZESOREIL. MHEHFIEERTOERTIRE U
AT FHIEIZOWT, DT AR « X—=U=7F « T AU v« 7 p—X—fHBWAEbEE21T-
Teo AT NOKIEZ VY 30 T ADERICAETFEHKEZMGE L THWET AV DY« T4 —H
—fhiE, PYFIE. 1 A 9 HOWRHFESEAERTORERIZBNT, 7V —F L A U FARY
— X% MCHM #+A8 L TV D EEEZEL TV iehotz) TV D, ZOFHRILE
DRINZED, T AU~ U —F2—t EATERERIL, WHF T L2 )N S
B %&#/7w&mﬁ%@%%mﬁﬁ\&@Lmﬁﬁmﬁ%@&i’ﬁwﬁ@’&&@o
7=(Ward, 2014b), 7 A U B>« U 4 — & —FH1X 1969 12 T U RIS AK ALY % ik
e, T O OERIZLY ﬂﬁﬁ#o%%ékvvviVX(@mﬁ)ik%@%@%
ZTHZ kel _@m XOBERIZED . =7 OBUKAE 1 EFTOHRE 7D
Fo, BUKIEAR Y A VTR (7 ) —F L A XA MY —XtOR1E) O Bl hr
ELTWET =V AR e )X—=T NN A JVRFIIEEE D 1.5 ~ A /L T & 2 /KL B i
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RIS 5 Z L L7 o 7-(Ward, 2014b),

REXITHR$ D HEHA

TR B0 1 I A% ARG T THOOND ML 1 T e Ol Z -7
AR OFEHDORIGIZINT, 7 U N K U & RIEER OB 2 5 E LT
TZFFREIZOWT, A MBIFITE LRl S b Sivd 2 & &7 o 72(Ward, 2014c), %0
HiT, RHEERER I L7 ) —F L A U F AR Y — X OB IR D 3RS
B R, T LWIFAT R OERR B 2 RET DIERERE LT, FMFEOERITIX
UILA R e N— V=T NEGEFEEATAICRE L b0 LT 2 EWEHARA U R b3
HENTVWZ(Ward, 2014c), ELERH%E, BlEd (DEP) 1%, NEEREHF XL, b
O EER L L, EREE(LT 52 &) #FRk L7=(Ward, 2014c), 2014 42 A
WA, b7 U INBUF I O St LIRSRE s & R TT, IITERRSL R K D KEIE YR ITk)
THRBEMETORVGEE D ICHONT, ZO—#2H T2 FREHIFTO#KE %2 R+ 25 X
9 EFRPERRFECHIFTIZ 9] < k6D 7= (Ward, 20140),

ZOEBIZIB DT, #ARRER OX IS N E L L LIZBHRRIR R 2R <R L e o Tz,
DT Ak T =X % RV =TNHENSER ST TZOTHoT=0b LV, 7T A
R e NX—=T =T MRIT & o TEEDRIM CHIYA D 2 WEMEEE AR EIZZE T b Tune,
DIA L« N=U=TMEERIL [EFNE=F I VT EERICEDEILE, AOTF
WIEEER D, M7V VHENZOIERICES L2 LT, MCHM B R(ERIZE 25
EHM B OWTHIIET A Z ENAREE e o 7o, ZHUIIERICEERZETELEE X D,
FEZEND, FILTZ A N« "=V =T MNRICHSRFHERAN SN D L5 HEWRE R
T F = EOBERICK L o EXISOBEBMEE RS D L I RO TE T, FER~D MCHM
DRI BN N2 DI, oy A, b L <VIEIFE ORI & 72 2 FTREMED &
5o FDTD FEROEFRE=F IV U ZIIFFEFICEHEL 2> T 5, ZOFEKICEL T,
R BT EBRMROMRICK L THELEEZA S TBY | 3 REFHTE=2 U 7T EIT,
WREROFEEZ RS TFT LTS RERHSH | &k~ T % (Pace, 2014c),

o DA & Fige rTRE B % 2 O SRR IL, (b7 O 8E M Qe 2 B3 5w L | o
AL Z R LT D, < ORESHIZEE L, A RIOFRIZ LY ZEEORFHEILNAE U
EERLTEY, fHFSETR 1 EHROHEIKEIL 6,100 77 FLHlR LHES LTS,
DHITEARFESDOREF R, KOFEBEE S A AV - TAEFE (S EIOFEIZEE L7735
D2 < ZALE - EPEL TV D) ISR 2 Bl kI L OWE T H » 7 HTBUAFR DL LD
TEA L « N"=T=TINORNBEE IR L, Z2< OHGTEENGIFFHDOFEN BT b,

e H Y208k LT AIRIL, 20 27T ERTHID TO H O, NEIZ, AHEIENS
FREOBREZ R ?L%.’)J:b\ﬁf@ ZBWT, MBIF~OEEE K-> TVD, BEFHIT, £
< OITBERE I KERSHERABZEDOFE L0 b Bl R OEROERIZITD 0 H 2T
TW5 Z &77) ("Elk River chemical spill prompts national call for better regulations,"
2014), VAL e N=V =T LY T - Hu T FEMNOFNMEEDORE LR T, TR

6



B &3, BOREOET PO RWERZTL O, ERICH D LT, —iOREEDN
fill DARFESCHUBE RO BRI IC L > THARRE A RIS 5 2 L iFfE-> TS, 29
L7z —OREEDMHBENEE &2 B LILCHR, ZIUIREEALOTZDTHY | Fox Dz
DTV EIRRTUVWA("Elk River chemical spill prompts national call for better
regulations," 2014) .

At DXRIIR
CASPER #45#E X, FRMHEO A v Z Ea—0bE N2 i, 4 Elo6HEik
B L, 1TE s BRI EZ ¥ —IZx L CRDIES EITo 72

1. KER, BEA 7 I0RFHATE 2568137 LEOKFERHRICEEZL W, T LELL
SO 2 IBEFEROMEMICHIAT 2 2 &,

2. HURFERIZH L, FEROH 5 2D K ESLCHEAFRITM RS20, 3 HorDKE T
9D X OBERIT 5 Z &,

3. ERFEROLWIHEMEE THHR ORI RVMERDEGEZZITO6ND X9, RO
SERIZBIT HHKEOHKFEREZEEMAE L T 2 &, #lxid, FEHIK (7 A
U AHR+F72E) IR DBERAKORIER L,

4. PWRLUTEHS(ERPMEL TV -2 22T onb L9, BELTA L Z/L~LA
DIffi Z FERSED Z L,

5. WRIERORLEEMT 5720, BUEOKOZEWICETE 2 2 =7 1 HE 2L
THZ L,
(Centers for Disease Control and Prevention - National Center for Environmental
Health - Division of Environmental Hazards and Health Effects - Health Studies
Branch, 2014: 7)

INREAENM R OEEFE L, ISERERGL SR A M O CASPER #EEEALFEIZL, 4% D
HRBRESZ LT 5720 DI_EEITH 2 L1272 > T 5 (West Virginia Bureau for
Public Health & The Agency for Toxic Substances Disease Registry, 2014: 6), #Z5# (12X
2 TN Z2BFZE DN e filE S iuiE A RIO B U B 0 5 E SRR E O 2R MR 3 T e & 5L
HTWVD,

VLA b e N"=U=THEREIL, BERRREEICRBWT, NRHESRER, REkRR
OFAEIT, I OH TR b IE & il L7 AbF IS E AR b gk 2 Fi 4 U, Hol
M« By Az TERZI D EZ L, BERE~OR E B0 iAo his gl 2170, R
FOEFA & FAERRNZ DWW T OB R m e B T 2 Ik Lz, YROERIT, Z
O OFRETEE K UM% < 04 JREGRE D55 105, Fil o BARMRITCR S O RIR 1R 12 4%
MTHbDZ L] LTS (Na., 2015),

T AR RX=V=TINEEFIEL, 1 A 9 B 7 IR EFESOM IR oW T, “HF
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%Rt & Bth L7-(Pace, 2014b), HFHRMFTTIE, MYJR, AR, HOoTOBRESXIISHKRE, K2
YT 4T BERE, VA e X=U =T N E, KOEOMOFEKRIC LD 9 DR K
A TE BB REA DR INERBICE S Y TH LD TE TH 5 (Pace, 2014b), E7=. M,
Z O REREFHM AR F BT DMINDORAL 70D L bR _TWN D, M7 U NI
X, T2 7 MRS =X b« A= =T MOL L OEROAEIFICHEZ KIF L
TEREADORETH Y, THEOKMAE ORIV O TREN R E I EEZILZEE
25, ZOMRIIBIEbLRNTEY, VA b« A=U =T MNOBRBRIGSIEL, 2KEMIC &
STRARLRDITTTH D, ISR FRBRE D TRENG L, EIERO I EEIZ) )
STWNDHEFRD, BUIZRE, WER, KOS ERORIGHEICET 2 KN REE G, &
[B] D GEF X PR DN THUBE R B RERFMZE2 Z LA TEHE LD ) Ll T
%, (Pace, 2014b)

201444 H 3 H, VT A b « A=V =7 E, BERRBEOHLHBICKES L TWD
2TOMERTERY > 71250 T, VAR« A=V =T INERER#ER (WVDEP) ~0DX§k
KORREH 3 B HMEEIC X 58E 0 SR ERH T 5 LRRIERSE 373 SafufT Lz
(Pace, 2014c), ZDEZRIT, T Ak « X—=V =T INARE AT L TH ., HEFREME &
) U Ciit 3l 0 B 22 R FE~ DS B Z B D T HUINER - 0T & AT T D (Pace,
2014c), E£7o. EBRERFE T3 HIE, VT AR - RN"=V=7 T AU - Uy —F—FHIT
U TRt A7 IS E =2 Y 7« AT AOREZ ZHIT D LIS, £To bK
BT U EAKE O TG Y B % O BRI 2 72 IRK CRGES T8 O 3R E & B 1
7 T 5 ("West Virginia: Governor Tomblin Signs SB 373, The Water Resources
Protection Act," 2014),

AR OFEH SRS BRSO o T2 B O TH, LS DOBRIE - Bkl BE 3 2 Hi <o Bk
DiEfbE FRL TWD DT TIERY, —HO =X b« A=V =T NEHEAHESHE T,
it S DI T B ED B BITVH P LRI RO D E &2 R L AL F LERSA IR L
WEET DGk Lo T e, H T —=a—3—7 « XA LANEOGHEEFIC LU,
Va— v rFrhbEE (VA "=V =7 MEBRER) X, oo oEB IR
MHFROERICHEOL LT, “ITEREI G L > TBWEED DI EER & W) HIR
NTeHFE” & fld o, mA 7 IR FER O 6 ARICBESNTZT v FrOFERS
BBV T, v F v bbigBIL, (P TERKR A REEDOR G 2 R o3 2R L
TWe, Z2FEETHDL=a—a—7 - XA LAWUL, ~F v EEGRBDFTA T 50 KE
SN BARIZ 150 T RViE< OIRAZFGTWD LR L, ~ > F > O EFEgIE T (LTEE L
R B AKIBYLE IEERBIOBBEZ R DD DO TH -1 L fnz T\b, ("No retreat; After

water crisis," 2014)
<~ F v b B EWERAEOUGTICE W CEBERKE A B9 2 Licho
THEY., FEEOHFEICLD ., EERICL > TERREEORE L HITA I =X LOWRTEIT
DI E W D BRED A - T A ("No retreat; After water crisis," 2014), #tEF5 I,
MRIMA O A EIEX, [Z 223 frd ey, BRSRFAMTIT] EnwH 22X 572 Lik

8



RTCW5, v FrbpEge (BER) 1L CNN (2L, TFHECHIREZ T D20 &
W, AREEZBEEL TNV, Y= U — - A—7 - B FNTFhEkA GEfs) X, Fv—
VAR - By FEEIC, BRERGETIZ VIR E7) & bRk Tu7=("No retreat; After
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2014 Elk River Chemical Spill, West Virginia

On January 9 2014 a chemical industry spilled approximately 10,000 gallons of MCHM3
(4-Methylcyclohexanemethanol) into the Elk River, from which the municipality of
Charleston West Virginia takes its drinking water. Charleston is in Kanawha County and
the local water system serves nearly 300,000 people (Centers for Disease Control and
Prevention, 2014), who became affected by the spill (Centers for Disease Control and
Prevention - National Center for Environmental Health - Division of Environmental
Hazards and Health Effects - Health Studies Branch, 2014). The Governor of West Virginia,
Earl Ray Tomblin, declared a state of emergency and the local water company, West Virginia
American Water, issued a “Do Not Use” order for tap water at 6pm on the day of the spill
(Centers for Disease Control and Prevention - National Center for Environmental Health -
Division of Environmental Hazards and Health Effects - Health Studies Branch, 2014;
Centers for Disease Control and Prevention, 2014). Later in the evening, on January 9, the
West Virginia Department of Health and Human Resources contacted the Center for Disease
Control (CDC) about what had happened and asked for assistance in reviewing water
sample data and for a screening standard for MCHC, so they could determine what MCHM
levels in the municipal water was safe to consume (Centers for Disease Control and
Prevention, 2014).

Several days later, on January 21, the chemical manufacturer responsible for the
spill, Freedom Industries, reported that another substance that the company had designed,
composed primarily of PPH* (propylene glycol phenyl ether) and DiPPH (dipropylene glycol
phenyl ether), had also been part of the spill into the river on January 9. This second
substance had been a relatively small portion (7,3%) of the fluid in the tank that burst
(Centers for Disease Control and Prevention, 2014).

On July 7, 2014 the West Virginia Department of Health (WVDH) and the Human
Resources Bureau for Public Health (WVBPH) released an emergency response report (a
CASPER report - the Community Assessment for Public Health Emergency Response
report) put together by the CDC, that covered samples from households in the nine county
area impacted by the Elk River chemical spill. The CDC together with the WVBPH reviewed
the Emergency Room medical records immediately following the spill to determine what
symptoms people in the area reported. The WVBPH wanted to understand why people were
coming to the Emergency rooms after the spill and how serious their symptoms were. They
asked an epidemiologist to help them with this investigation. The most commonly reported
symptoms after exposure to the toxic water was nausea, rashes, vomiting, abdominal pain,
and diarrhea (West Virginia Bureau for Public Health & The Agency for Toxic Substances
Disease Registry, 2014: 5).

The CASPER (Community Assessment for Public Health Emergency Response) Report

3 “MCHM is a chemical that can form bubbles like soap to help separate coal form other rocks and minerals. This
process reduces air pollution caused by burning coal. Few studies on MCHM exist and most have been conducted
on animals. MCHM has been tested on rats and guinea pigs. Exposure to liquid MCHM can cause skin and eye
irritation, vomiting, and diarrhea. MCHM vapors in the air can also irritate eyes, nose, throat and lungs. When
laboratory animals are exposed at high doses, MCHM has been shown to cause problems with the liver, kidneys,
blood and the brain.” (West Virginia Bureau for Public Health & The Agency for Toxic Substances Disease
Registry, 2014: 1)

4 PHH has a similar set of effects and symptoms as MCHM (West Virginia Bureau for Public Health & The
Agency for Toxic Substances Disease Registry, 2014).
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The CASPER study assessed the “impact of the chemical spill on households,” provided
information on “household water use and practices before, during, and after the ‘Do Not Use’
order” to WVBPH, and assessed “communications to identify effective approaches for the
current and future events” (Centers for Disease Control and Prevention - National Center
for Environmental Health - Division of Environmental Hazards and Health Effects - Health
Studies Branch, 2014: 5).

The CASPER’s major findings were that “[t|lhe main method of communication about
the chemical spill and implementation and lifting of the “Do Not Use” order was TV; “[t]he
majority of households considered TV as the most reliable source of information about the
chemical spill; close to 75% of the households interviewed “did not have a 3-day alternative
source of water supply for every person and pet in the household” (Centers for Disease
Control and Prevention - National Center for Environmental Health - Division of
Environmental Hazards and Health Effects - Health Studies Branch, 2014: 5). A majority of
households found alternative water sources within less than a day and in approximately
20% of the households interviewed a member was told not to come into work because of the
spill. Roughly 22% of households reported “having one or more health issues (that is,
symptoms that occurred between the time of the spill and the time they were interviewed)
they felt were related to the chemical spill” and “3.5% of all households reported having one
or more mental health issues they felt were related to the chemical spill” (Centers for
Disease Control and Prevention - National Center for Environmental Health - Division of
Environmental Hazards and Health Effects - Health Studies Branch, 2014: 6).
Approximately 37% of households used the water during the time the ‘Do Not Use’ was in
effect. 67% started using the water again after the order had been lifted and at the time of
the interview roughly 98% were using their household water (Centers for Disease Control
and Prevention - National Center for Environmental Health - Division of Environmental
Hazards and Health Effects - Health Studies Branch, 2014: 6).

The Regulatory and Financial Aftermath

The West Virginia state Department of Environmental Protection ordered the chemical
company to move the remaining chemicals from the site that had the leak and to start
decommissioning the storage site by March 15, 2014 (Boucher, 2014), approximately two
months after the spill became public.

The spill led to “legislation regulating above-ground chemical storage tanks” and
calls for “a study of the long-term health effects following the spill” (N.a., 2015b). There was
also testimony brought “before the legislature's Joint Commission on Water and Natural
Resources in the West Virginia legislature” (N.a., 2015b).

The Office of the Attorney General investigated the spill and when its report was
completed the Attorney General Patrick Morrisey stated that “This report outlines the
significant and troubling deterioration that was allowed to go on at the Barlow Road facility,
and highlights how Freedom officials ignored numerous warning signs that should have
been addressed,” (N.a., 2015a).

The private company, Freedom Industries, decided to decommission the chemical
plant and filed for bankruptcy a few months after the spill took place. Freedom Industries
and the state Department of Environmental Protection "appear to be working
conscientiously and diligently to implement a cost effective and safe means for demolition
and cleanup” (Ward, 2014) Several class-action law suits, asking for compensation for
damage or inconvenience caused by the spill, for individuals in the area were filed and are
still pending in civil claims courts. In addition, a U.S. bankruptcy court was appointed to
deal with the claims involved in the company bankruptcy (Ward, 2014).
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Disaster response by NGOs, non-profits and private companies

There was no remarkable response from the private sector that went along with the
response by the local and state government. This bears witness to the lack of care for the
public by the corporations involved and a lack of volunteer community spirit in West
Virgina.

Remarkable disaster response
There was no remarkable disaster response from the general public, which speaks volumes
about how individualized and slow the public in West Virginia was to respond.

Crisis cooperation

There was some cooperation between the public and private sector, between different public
actors, and between the public sector and the public. The relationship between the private
sector and the public and public organizations was primarily characterized by conflict,
however, which has proved to be the unfortunate norm for interactions between
organizations and groups in crisis situations (Svedin, 2009).

Public-Public Cooperation

The Emergency Department Record Review was a collaborative investigation by the
WVBPH and the Agency for Toxic Substances and Disease Registry (ATSDR). Public Health
Officials at the WVBPH asked epidemiologists at the ATSDR to assist in the investigation
(West Virginia Bureau for Public Health & The Agency for Toxic Substances Disease
Registry, 2014: 1). The WVBPH and CDC teams that conducted the household interviews
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also had students from the West Virginia University School of Public Health assist in the
process.

The Federal Emergency Management Agency (FEMA) were prepared for a sudden
need for fresh water and “sent 75 tractor trailers full of bottled water” for distribution “from
its distribution centers in Cumberland and Frederick, Maryland, to the area for use by the
state”("Tap water fix in West Virginia still days away," 2014). The water was distributed
with the help of the National Guard ("Tap water fix in West Virginia still days away," 2014)
but there were several delays of the trucks delivering the water to West Virginia due to bad
weather.

On January 11, 2014 the Boone County Commission got tired of waiting on water
from FEMA, and bought “1,000 cases of water that were distributed in Madison and all over
Boone County at local fire departments” (Pace, 2014a). The County Commission bought
water from Kroger, Foodland and Home Depot, because the Commission had been "told the
water from FEMA would arrive just after noon, then 3 p.m., then 5 p.m. and we just got tired
of it and didn't want Boone County residents to wait any longer for much needed water"
(Pace, 2014a). “Members of Boone County government, emergency service, sheriff's
department, Madison fire department, West Virginia State Police and other city, county and
state agencies all participated in the job of distributing free cases of water. ‘We learned a lot
from the Derecho storm and feel we have a better system and plan in place to distribute
needed services and supplies,’ said Boone County Commission President” (Pace, 2014a).

Public-Non-Profit Cooperation

Two weeks after the spill, on January 28 2014, the West Virginia Governor Earl Ray Tomblin
asked FEMA to modify the emergency declaration that had been issued on January 9 to
enable “state and local agencies, first responders and nonprofit organizations” to apply for
federal Category B Emergency Protective Measures funding so that they “can be reimbursed
for relief efforts” (N.a., 2014).

Public Organizations-General Public Cooperation

First, it is worth noting that a substantial portion of the public did not heed or follow the “do
not use the water” policy that was put in place directly following the chemical spill. In this
regard there were some challenges to the cooperation between public officials and the
general public affected by the spill.

Second, when the WVBPH and the CDC (Center for Disease Control and Prevention
National Center for Environmental Health, Division of Environmental Hazards and Health
Effects Health Studies’ Branch) interviewed households to evaluate the response and
improve future responses to emergencies like the spill, 171 households over three days
participated in the interviews. Of the households asked for an interview 63.3% agreed to be
interviewed (Centers for Disease Control and Prevention - National Center for
Environmental Health - Division of Environmental Hazards and Health Effects - Health
Studies Branch, 2014: 12), which is a fairly high rate of compliance that suggests
considerable cooperation between the public health officials and the general public in
provision and collection of information for the CASPER report.

Third, Freedom Industries, the company that owned the chemical plant where the
spill originated, filed for bankruptcy a few months after the spill and claims for any
monetary compensation by creditors and the public affected by the spill were filed with a
bankruptcy court lead by U.S. Bankruptcy Judge Ronald Pearson (Ward, 2014a). The court
hired a local lawyer, James W. Layne Jr., to help keep track of the claims and both the
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coordinating lawyer and the judge encouraged people to file claims with the court (Ward,
2014a), indicating cooperation between the public sector representatives, a private firm
lawyer hired by the public sector, and the general public. The public may not have been
made an individual claim in the bankruptcy case, but would rather have waited for one of
the many collective action lawsuits that were pending toward Freedom Industries in civil
litigation courts to pay out, unless this active collaboration and encouragement had taken
place.

Fourth, the Governor of West Virginia initiated an “After Action Review" of West
Virginia's response to the spill (Pace, 2014b). The review was to “highlight the many ways in
which state agencies, county and local emergency management offices, volunteer and
charity organizations, the West Virginia National Guard, and other entities responded to the
nine-county State of Emergency” (Pace, 2014b). In this process the Governor asked the
public for help, “[tlhe thoroughness of the Review depends in large measure on citizen
participation. It is critical we receive an honest assessment of the emergency response
including what we did well, opportunities for improvement, and concrete solutions for
improving future response efforts” (Pace, 2014b).

Preparedness

The West Virginia Attorney General’s report identified “a 2010 memo authored by a
Freedom employee, which acknowledges the potential of a catastrophic failure and proposes
options to correct the site's problems. One option proposed was to ‘do nothing and replace
tank bottoms when loss of containment occurs™ (N.a., 2015). The Attorney General’s report
also states that “the company failed to remedy or correct the presence of water from sources
outside the property which led to further deterioration of the facility, and alleges Freedom
ignored erosion problems along the Elk River bank upon which aboveground storage tanks
existed. The report finds that those examples of long-term neglect directly resulted in the
January 9, 2014, spill” (N.a., 2015) thereby firmly placing the spill on neglect, a lack of
appropriate care and preparedness, by the private company Freedom Industries.

In the aftermath of the Elk River spill the Public Service Commission investigation
specifically asked the West Virginia American Water company about its preparedness and
risk assessment before the spill took place. The American Water company that supplied
drinking water out of the Elk River to the 300,000 affected residents claimed “that it knew
next to nothing about the MCHM stored at Freedom Industries prior to the Jan. 9 leak. That
lack of knowledge left company officials and state agencies scrambling to develop sampling
methods, a health screening level, and water system clean-up methods when the leak
contaminated the Elk” (Ward, 2014b). In 1969, when the company set up its Kanawha Valley
treatment plant, it made choices that adversely affected it vulnerability and its resilience;
“to have only one Elk River intake, and to move that intake from a location across the river
from Coonskin Park, upstream from a Pennzoil oil storage site that later became Freedom
Industries, to the new treatment plant, built just 1.5 miles downstream from the
Pennzoil-Freedom location” (Ward, 2014b).

Criticism of response

About a month after the chemical spill, Governor Tomblin's administration came under fire
“for its handling of the chemical spill, and the governor has repeatedly rejected any
suggestion the incident - which involved a spill of 10,000 gallons of a chemical used at coal
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preparation plants - was connected in any way to the mining industry” (Ward, 2014c). “The
governor proposed legislation to create new permitting and inspection requirements for
above-ground chemical storage tanks like the one that leaked at a Freedom Industries
facility” but “[tlhe governor's bill included a long list of exemptions similar to one privately
proposed by the West Virginia Manufacturers Association”(Ward, 2014c). After the proposed
legislation the DEP “urged lawmakers to tighten those exemptions and strengthen the bill”
(Ward, 2014c). In early February 2014, “lawyers for the Tomblin administration joined the
National Mining Association in urging a federal appeals court to uphold a lower court ruling
that threw out parts of an EPA crackdown on water pollution from mountaintop removal
mining operations” (Ward, 2014c).

There was some state centered political back-lash at federal agencies in this case. It
may only have been to shift the blame or spread the blame away from the Governor but it
was directed at expert agencies that appeared opaque and removed to many in West
Viriginians. The Secretary of State for West Virginia was the one launching the criticism
stating; “I applaud legislators for including medical monitoring and I am happy so see
Governor Tomblin sign this bill that makes sure we will know what the long term effect of
MCHM will be on our citizens,” (Pace, 2014c). “From the very beginning of this chemical
crisis, I have pushed for more transparency from agencies like the Centers for Disease
Control and Prevention so the people of West Virginia can have the answers they deserve. It
may take months or years for the long term effects of MCHM to begin revealing themselves,
and that is why this medical monitoring is so important. We owe it to our children and
grandchildren to follow up on this testing and make sure families are getting the care and
attention they deserve” (Pace, 2014c).

Local businesses and an alliance for sustainable businesses called for tougher federal
regulation of chemical production and storage. Many businesses and researchers claim that
business lost a lot of money because of the chemical spill; some estimate as much as $61
million the first week the accident became public knowledge. This loss in revenue for local
businesses and state politicians’ unwillingness even after the spill to tighten regulation on
oil and gas producing corporations that use and produce many of the chemicals involved in
the Elk River spill, led to a lot of local business criticism of elected West Virginia officials.
“In 27 years, we have never seen the kind of decline in our business as we have seen in the
last month. People here have lost confidence in their government's ability and desire to
protect them and the environment from toxic chemicals. The disturbing thing is that many
of our lawmakers are listening more closely to the industries being regulated than they are
to the citizens and small businesses being harmed” ("Elk River chemical spill prompts
national call for better regulations," 2014). Representatives of the small business community
in West Virginia and South Carolina also stated that “[glood regulations protect good
businesses from the abuses of bad businesses. From toxic chemicals to Wall Street, it is
wrong for some big businesses to maximize profits by shifting their liabilities to other
businesses and the public. When those businesses complain about regulations, they do it for
their own interests, not ours” ("Elk River chemical spill prompts national call for better
regulations," 2014).

Preparation for future crises
The CASPER study recommended the following to public and private sector actors in this
case based on lessons learned from interviews with households:

16



1. Focus on TV for public messaging during disasters when communication infrastructure remains intact,
and also use multiple supplemental communication routes.

2. Encourage households to prepare a 3-day water supply to help them become prepared for future
emergencies or disasters of any type.

3. Identify additional ways of providing alternative sources of water supplies in future emergencies to help
reach household members without transportation or those who cannot leave work. For example, using
volunteer agencies (e.g. American Red Cross) to deliver alternative water supplies.

4. Promote the availability of health and mental health resources to help affected community members
access needed services.

5. Increase community education on current water safety to help alleviate consumer concerns.

(Centers for Disease Control and Prevention - National Center for Environmental Health - Division of
Environmental Hazards and Health Effects - Health Studies Branch, 2014: 7)

The WVBPH epidemiologists will make recommendations on how to strengthen an
emergency response of this kind in the future based on the ED medical records review and
the CASPER report (West Virginia Bureau for Public Health & The Agency for Toxic
Substances Disease Registry, 2014: 6). The scientific work, going forward, that
epidemiologists planned to do and publish will generate greater understanding of all the
issues involved on the medical side of this emergency.

As the West Virginia Attorney General released that Office’ report he stated that;

Our investigative team spent countless hours in the cold, mud, and pooled chemicals to inspect the facility
immediately after the leak and spent additional weeks and months digging through documents,
interviewing pertinent officials, and researching the facility to develop a complex and complete
understanding of what happened and why. Our hope is that their work, and the work of so many others in
the Office, can help to provide an understanding of what happened so that this type of crisis will never
again happen.

(N.a., 2015)

The Governor of West Virginia initiated an “After Action Review" of West Virginia's
response to the January 9 Elk River chemical spill” (Pace, 2014b). “The review will highlight
the many ways in which state agencies, county and local emergency management offices,
volunteer and charity organizations, the West Virginia National Guard, and other entities
responded to the nine-county State of Emergency” (Pace, 2014b). The Governor also argued
that that assessment of West Virginia’s response will become a model for other states in
these types of crises.

The Elk River chemical spill was an unprecedented disaster that affected the lives of hundreds of
thousands of West Virginians, and has launched a national dialogue about the safety of our nation's water
supply,” Tomblin said. ‘As this dialogue continues, West Virginia's emergency response will act as a
blueprint for other states across the country. The thoroughness of the Review depends in large measure on
citizen participation. It is critical we receive an honest assessment of the emergency response including
what we did well, opportunities for improvement, and concrete solutions for improving future response
efforts. (Pace, 2014b)

April 3, 2014 West Virginia enacted Senate Bill 373, which “requires all above ground
storage tanks in areas of critical concern be registered with the West Virginia Department of
Environmental Protection (WVDEP) and be subject to annual inspections by the WVDEP
and independent engineers” (Pace, 2014c). The bill also the West Virginia Bureau for Public
Health to work with federal agencies to collect and analyze information about the
“potential long-term health effects associated with the spill” (Pace, 2014c). West Virginia
American Water is also required by the bill “to install an early monitoring system at its Elk
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River plant” (Pace, 2014c) and for all water utility companies to have a documented water
protection plan in place in the case of emergencies (specifically to protect in the case of a
water supply contamination). Senate Bill 373 “also requires West Virginia American Water
to install an early monitoring system at its Elk River plant and requires all water utilities
have a written source water protection plan in place to prepare for emergency
situations--specifically the discharge of a contaminant into the water supply” ("West
Virginia: Governor Tomblin Signs SB 373, The Water Resources Protection Act," 2014).

Not all elected officials directly involved with this case argued for stronger regulation
or policing of that regulation of chemical processing and storage. Several Congressional
representatives from West Virginia argued against pollution controls, defending the
chemical industries and siding with coal interests just days after the spill was made public.

A long Sunday New York Times analysis said Sen. Joe Manchin, D-W.Va., continued “preaching a
familiar gospel of an industry under siege by overzealous regulators,” even after the chemical nightmare
in his home state. Manchin sided with chemical and coal interests at a Washington industrial assembly
six days after the Elk outrage. The national newspaper noted that Manchin earns “nearly $1.5 million a
year from his coal brokerage firm,” and his first Senate speech ‘called for the repeal of a Clean Water Act
regulation on mountaintop mining. ("No retreat; After water crisis," 2014)

The same senator were set to “play a key role in revising the federal Toxic Substances
Control Act” and there were concerns that Manchin would lean in favor of letting industry
set the standards and dictate the enforcement mechanisms ("No retreat; After water crisis,"
2014).

Critical reporters stated that “[tlhe bipartisan consensus in the state seems to be:
Move along folks, nothing to see here. Sen. Joe Manchin, a Democrat, told CNN that he is
'not going to cast guilt on anybody' and defended the coal industry. Rep. Shelley Moore
Capito, a Republican, told the [Charleston] Gazette she still believes the Environmental
Protection Agency is guilty of 'overreaching" ("No retreat; After water crisis," 2014). In
Congress, Sen. Manchin sponsored a “modest legislation to regulate storage facilities like
the Elk River tank farm that are close to waterways” ("No retreat; After water crisis," 2014).
Furthermore, in West Virginia Gov. Tomblin asked the legislature “to pass a plan for limited
policing of chemical tanks...Tomblin's bill wouldn't require state inspections of tank farms,
but would let company-hired engineers declare that the tanks are safe” ("No retreat; After
water crisis," 2014). By contrast “the U.S. Chemical Safety Board repeatedly urged West
Virginia to adopt an ‘audit’ system in which outside health and safety experts visit each
facility yearly to pinpoint any potential dangers” ("No retreat; After water crisis," 2014).
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