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Do not drink. Do not use?
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Wi Z LI ETREETHS ),
DNU# B #% o Wi BT |3 5 H
BTHEARE TR TWwbH, Zid, KiE
m%ﬁ%ﬁémeﬂA#wKt(M»%
WHF) T &L BBENPRKEV, 72721,
DﬁﬂM%@% BEEEARDEZ T
%;k#%%MTék\itpwﬁﬁ
MCHM® IZB W AFEAF L Tz 7200
BRI T TR D H B 4 A
TR T, £ TOHBTOMEHRHEIE
LTWwh, idw 2 8H (335%). #AH
(50.7%). HEZX (66.6%) 7 EREIHERT
DFEFFITMHES IR, 2720, O
A CIIDNUN O @2 wW T oA
T > TV hhaolzl Eh b, n‘%l:l}g\]ﬂ@
%Ué?:bi‘?#‘o 12EFE %DM HHWIEIH
WHEORERZOMIFAHTH S,
?%LLMWE%W%TWVAWﬁwﬁ
WURZREER S D, W HMATThbh
f:o orui%ﬁiﬁu i TiEv ] 856%. [ v 2 )
95%. [bh o] 49%72 - 7245, DNU
MERRBICBWTIE [1EWn] 361% [z |
50.6%-+ [ H B 7w ] 133% & WA L Tw
72 (XK8), ABIIFEMD 4+ HRE w)
ZEHHY, FEEEEAHMCEABELTY
2o RBIEEEENOMEKE L 72BN ET
H5bo

4-3, CMM\MQ?%EEE%?%%%
W T, AR ZTRBICUT

DIZE 73?'fTO TWwh,

- REHOREAORX v —T13 GRER
IR EN R T FLYICESEERY
ThHZE, M, oBEHoas 2=
r—a vy FERROIEIEDITI L,
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OB T ST T AT ROAMERE R R Pl i AR KRG
WCHETAULELRY - ABFEATE S X
I, HIMDOITEIREE Y > ¥ — (local
behavioral health centers) 7% & DfFFF
WOWTIRERT AT L,

CHIEOKROEREWITHTHII 22T 4
NOEF R LT, FIHAZREOREZ R
boIFTAZ L,

5. BUSHRBRORREE L
MCHMOERENEMEIcRL T

MCHMERIZ X % B R EEEE I
B3 sFERON LR ENSL, REEREM
Ju 77 a (NTP) EHEEFEEIC,
MCHM® EH#IEZ ICB 3 2 H M3l %
ToTWizo TOmMIREH 20154 6 A1
fibhiz, REAEFOFEMIINTPO 7 =
TH4 P ICEBESR TS, NTPOLY
Y x—UiEE, INTPORRIZ. S



E7E #KEIVIAMN =D ZT7MICE T EEME AN I REBHEOWIC—EHROREICDONT

WMOBICRE S N8RRI EHED L~
DRLMEEZEHETLLDE 2 572, NTP
SR OB/ REEEY —V—XE v
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AL L7zo TORE, RIOREICELT
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LW E R ORE 2 2T 2 IR THig D
BRI A F AR E IR ISR 3 % 47 & 0
OIRBERRHERI T UCHERE L, AREREHE 5
oo TE FIFsz it LY, &
T, R EMICE L CHificE &R 2
N7=NEE LT, COCAEEICH$ 2B
EXENTHLTW AR HELTE <,
FfBOR2 TRLAXHIZ1 ALOH DFH]
12, CDCIZMCHMIZ %3 2 & e B S i
LT lppmz iR L7z, 7272L, &
SIS T AIE R EORRITET N
TWwWirholz, Z0% 1 A15H DFHIFIC
o Ty [BEEEICBWT, B2E-B1E
BERE~NDELEL T T ALV ELTI
ppmDHEREZ AT A, L LA, F—
HHAMEDR SN T VDB S L ROT457E
FEOBAD S, MCHMA M H RSk 5 12
BT TOM, FIRIZO W TR K
ERE LA E ] End 5D 2475
720 ZOZEDHMTRE RIRFALE S X
Z L7 EEZIIWVAWH~DOELTY »
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B ME S BB S R AR O TET
bRITNE R 5w, ZOZ & IFkIzH
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WETIEeholze LPLENL, 2BV
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DD DWETE o722 & H3MEE KX
(LAERO—D2THY, EELATE
OHRVWHTHA I,
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Do not drink. Do not use?

~ B G DR IENT DT~

IERTH o7 T2 DNURSHICSE
W B #I37% DR CAGEARE R L Tw
72 HHIZ, ¥ T —, K EOHTHE
X NTwiaZehs, BROEFEREICD
WTIIEETRETHA ). D IEHRD
ToiEb o7z LT, HRICHE) &
I OMBELZ DN S Lk, G,
b LIBNAIREO IS Z W - 725812 T
—fRFAL/2E LThH, EHMOBIUIB
TRAITE 2 EELEPREE L VIEEOR
BEHNTBLIEDMUTHA ), ARER
I EE RIS A O & 9 72 IR I R 0
TUZxd 5, EEZEICHET 5 ZHERS
FUFERICR A EDE TN D,
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1) R¥iE— (2015) KREY A M= =7
V2 BT ALY N B B R O STS, aK
1,60 (3), 24—34.

2) Collaborative Investigation by the West
Virginia Bureau for Public Health
(WVBPH) and the Agency for Toxic
Substances Disease Registry (ATSDR),
Elk River Chemical Spill Health Effects
Findings of Emergency Department Record
Review; 20144F 4 A23H, http//www.dhhrwv.
gov/News/chemical-spill/Documents/
ElkRiverMedicalRecordSummary.pdf

3) West Virginia Department of Health &
Human Resources (WV-DHHR), Elk River
Chemical Spill Medical Data, 20144 6 7,
http//www.dhhr wv.gov/News/chemical-
spill/Documents/PRFindings.pdf

4) WV-DHHR, News and Announcements,
Provider Reports Are Consistent With
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http://www.dhhr.wv.gov/news/2014/
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Freedom Industries Chemical Spill:
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Public Health Emergency Response
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GA, USA.
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http://www.dhhr.wv.gov/ News/2014/
Documents/ WVCASPERReport.pdf
Federal Emergency Management Agency,
Ready.gov, http://www.ready.gov/ja/water
(HERFEVA MHD)

National Toxicology Program (NTP), West
Virginia Chemical Spill,
http://ntp.niehs.nih.gov/results/areas/
wvspill/index.html

WV-DHHR, 2015 News and Announcements,
http://www.dhhr.wv.gov/News/2015/
Pages/NTP-Findings-Consistent-with-
Actions-Taken-During-Chemical-Spill.aspx
CDC, Letter to WV-DHHR, 20144E 1 A 15H,
http://www.wvdhhr.org/CDCGuidance.pdf
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Do not drink. Do not use?

~KBEEHRBOHBICDODWLWT~

14 F1) ANKBEKEEEER(C
X319 BRI H E XTI

F61H

1. 1FC®IC

TEAE FEHE % B8 L 72 A OXF IRz D
W T # 2 5Lk [Do not drink, Do not
use ~ KEHWBEFEOFIGIZOWT~] ¥
J—XE6MELRDZARFTIE. T —1 v,
BRIZA ¥ 212o0nWT, EREBRICHT 5
2 RN A BE DX INEFIE T
B 5, 2B, AEICEERORNEIZ, A
FUADBEHDORNNER ORI H -5 L
&Iz, gH L MANBEZ DB V-David
DrurylX (Jt. 41 ¥ 279 FBX Y = —
W ZRKBEARRBEMRE) O2mEM R
RIETHELZDDOTH L, ZZITRVH
BZERT L &8I, DruryKEA O RFIC
L EDLEBICOVWTIZFOERT A2
LE3 5,

2. RAEFHEOHE

WZLDIZ, A7 PRI 2=V
FHKEEAR (Drinking Water Inspectorate
for England and Wales. DL FDWI) @7k —
A=YV ETRFENT AL XY X
DKEKRECHT 5 ARNEHR Y 2 AT
L, [EwezEHL /7 W T, TDWIE
FAGHE, e, #RRERERME (WHO) K
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HEAS SRS RE 2 —
s /NEE AEF

AR R O David Drury KiZ, HHEB
LOBTF X = WVITTHRERICDZ) 4 v ¥
Ca—2ELz, S5, 4AF) ATl
FIEC7RKEFRFRAZREL, fmRkE
IE2 S HIBRFER, EEEIRICED FTOR
I 7,

3. HELR

3.1 AX) XAOKEKERLEICET S F
BU#HE A

HERP A DR AR ITRT, 1FEA
EDFEHE (Standard) 1EFRINE A 8K FH K $E
4 (European Union Drinking Water
Directive, LFDWD) IZX 2HE T, £D
% CIIWHODHESEME % J 123 E S T
bo F72, DWDIZMZ TA ¥ AMED
FREENIFE T B KREDOFET HIHE T
T%h/35 XA —%— (parameter) E¥3 5,
B (Regulation) 12X D, +XTHI¥S
A— & —(ZHHEME, AR, BROKAIE A
HEINTWA,

A F) ZADREREEIETHR L % D8
X, BRAK O“wholesomeness” Td ), i
EWHLVIREICEVW & EREND,
F¥ . wholesomenessid /K& £ i % jii 7>
FTIEEEFRSIND, S (Legislation)



FEod AFUIDAKEKEEEZRICHT2EEAEIC

Fz1 AFXYUIAOKEKECHT 2HEORES (BFEEM2, 3, 4K EEER)

+ Council Dircctive 98/83/EC of 3 November 1998 on the quality of water intended for human
Standard . ’ - A
ot consumption (Egr'opean I?/rmk’mhg‘ Water Dir ec}we) o .
- EUMMBEST R TIOEH, §EOER G bz ek Hiat e 552
- The Water Industry Act 1991 (the Act)
Legislation HALH & 55, AREHEREAEO KT L DWIOHER % .
= - The Water Act 2003
Chief InspectorsR 2 b & {E6y, DWIHIBRz Ik, 7 v FiRINCY§ 580k,
Reculations - The Water Supply (Water Quality) Regulations 2000 (SI 2000/3184)
gﬁEEU - The Water Supply Regulations 2010 (S.I. 2010/991).
20004E DHIE LIRS, BREE. EIT 1320104,

X0, sOH - RE - BRI A K
“F}&7K E 2B VT wholesome T 722 T Uil 7
5%, Thbb, HkEZEFBRTHET S
PEIPITE ST, AKERKR MK, £
D RE T VTR T 535612 D a7k
FIZBWTREEREL-TZE2RKD 5
M bo faRKE LI, FKREOEEILZE DM
HHOL R M VR 2 oMhE a0 %A 13 R
ORI, FofhoEe0z 33,

3.2 AFYXOKEEEBBICWHTZE
A EFE

A F ) ADKEKREZEETIE, DWDD
Sl B L, /89 X — % —|IMandatory
(W-7H) THH &Indicator (F8HE) HEHIZK
B ¥4 5, Mandatoryid fa B B 38 o I H
($n, KBHE 7 &), Indicatorid /K O 1E
BT AHE (pH, BERE) THD,
R OFEDENTIE R VDT D,
Mandatoryid H A& @ {& F B4 i 18 H.
Indicatorid H AR O Ak 3 BRI H I H 12
HAET BB L VR B, B, KEEHHE
R EH H R EEAIEE O X9 a4
FYRFFEL v KEBEEER I,
Mandatoryl H & Indicatorl8 H ® W3 {1
b S RIS S v, KRR
EERMERIEIDWHIZIH . KEERICWE
BOUHBEOYE, 7O 20BN L)

RHELALLIMLDBIENTE D, WEKE
TEAT L L COMMIE, 7ok AHHELE
HWL7-FE T, BN RMICHED X 5T
A9 72 BB DS 2 1 LiE. DWIOHERR
THRAKREHERET 2, R BrLVwE
Vo 7zIndicator B TERENE L25E
HEFET, dWHEREAMB P, Ktz
B LT T DK ERSET 5,
Drury[RiIZI i, 41 ¥V 2 %2&5L 3 —
Oy NEEIIB VT, REHEREBEIZL S
MBAELZETH ) ER v, faKZEEL
RWHEEE, BEIRICE VDT XS 250
MEZEL) A27-0TH b,
CHRELRE N OIEJMETIC X ) BRI
g (PR, WTRE) MEATEY
AT
© M LIRERIES NV T & TR
BEAEAL T HIERE Y X 7
< IR ROVIKRAEIKELIC & Y ARk & JHia3
BlzbDOUI AT 4 v EOME
TKIEE FENANO T RIE AT S 5 580 55
2. RAREDH AR AT AR A E
R PAIDL S & S BVAR O R AR &
P2 RIZHRICDF LT LHEL V2 5,
Tld, KREEEZEE L 72KEWHICH
KEHET B DTHA ) Do KIIE, BEIE
HEBBOBREIZINELSL (R2), T
bbb, R CTUT oW skl
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Do not drink. Do not use?

~ G FHEF ORIz DWW T~

®2 AXURCHTHKEKREREBBEREOMIS (BHM2, 3, 4k WEEER)

WES {E%mE HER
BB KIGHE KIGH Mandatory 2638 H Mandatory 103H H KRB HEA
N I ER KIGwT# Indicator 1130 H (HR¥E Ry ™
European Drinking | The Water Supply | European Drinking | The Water Supply | The Water Supply
Water Directive Regulations 2000 (as | Water Directive Regulations 2000 (as | Regulations 2000 (as
98/83/EC amended) : amended) : amended) :
EAVIRHL Regulations 4 (1) Regulations 4 (1) |Regulations 4 (1)
&4 (2); &4 (2) &4 (2);
Regulation 13 (1) Regulation 13 (1)
ICERBAHENE LTV B8 b, RERYI L HE DO, Mk Z b
— IR Zxt FEIL, KIEOEE, HMKROKEDEE, WHE T ADBINE E, | - HEAFEAED
BB U TUT W hofhds # B, Eﬁéw%)
o = 2. i =1 T ) - — T LRA i
WA T8 - WELCGE] | - DNDBVE (400 - MALC AT | | et
~ALEWE ARG CREICEEE
EEED B BIZLY BLRNVCRIBENBED
DITHER 12 # - e e 1
WS - DNU#h& [#cH - R - PEEICITfE
A |
AR T TR EE £ LD L
N OWEHEAPIFLL, E 51T,
O KEI AT 5 £ TR (i
R B AR TR <. M) %
??aaoﬁ%mﬁwwﬁmﬁ&w%
& DA

AR AEBHOBROREL WA, EEE LTI RTOBRKPERHEE SN TS, BEAEEIE . BRAKPROMEY
FMEETERT 2 IIRBEROMETILRTR, L OFRMICL 2. BEREICHZR S COKEEEZIIBRLN TV S,

WA D T0.2-05 mg/LE 5 DA —HRE,

Hem L, RBEKREITWARS, HKE
e s b0
1) [#F - AEICIEE B BWA : Boil
before Use for drinking and food
preparation.

2) TEH - S EAAT ] DND :

Do not use for Drinking or Cooking.

3) [EH - SR - BE¥ 13 AR

DNU : Do not use for Drinking,
Cooking or Washing. (M 1 L ¥
D HAEFAT])

A F ) ZADORXERY ik, KEHE
H#D FRRE (upper limit) B X OVAZEEE
(authorized departure) D FE&A3H % 5]
o Upper limit &3, LW EDOBRED
I H, KEKEEETEELTVWEH0OD
BER9 Rt 2 SIS L TH &L
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Th 2 EHMRERERIVROIMETH 5,
—75. Authorized departure & |&. FLH¥efl
THEBLEPLIIKERDONDRED
Z & T SR~ OIS (RLBLERAL,
fHARRE K E DRER E) #ED TV 5
FIHFIIHEKR % RO 5 72D DFERYIRAL (FEfT
AN &2oTwb,

By FERIE, AR HE ISV T RE DD
WEIZHMTE2PPEETH L, 1 FY A
TR BEZTI~NDRZT 1 ¥ 7
WIX7T LY - 994, A==, BT
A=V EREMT 5. FEIFIHA. &
o DB A S AKX A D & AEFT I —HE
TY—=7VLv b2 EATTE AEKG03E 5
TWwd, M112, KEREREZRT ) —7
Ly bO—Bl%Rd, KEEMEBERFIZ,
REBALDFE L Z T T VKA HEZ 2L




E6E AFURDIGEKEREBRICH ¢ 2R HEHIT

R ZEREASRD 5 M5 A5, DruryKiZ &
U, AKRESHIE, KE BRI 2 B
A EY 5 E (sensitive customer)
LT, EGEE. ATBITEE AT
R AT EZFED ) A & P
B L. FERRFOREERAEH 252 T
Vb ZHUE. FIS. KREEEEBOLH
ASERERTHE U AFZRIT W CRRARSE
W XD RS SRFIME T RO oS
BanbbizdThHb, —MEEIZHLT
. KEESHEEFZ L OIHOF T,
DNU, DND, BWAD W T MO EEAH
ENTVAEEIZ—HA-VELIPOREE
T EDH O P LOFHEATNS,

1 KEEEEBRHMTEU—TL v bOF?

3.3 KEREZBICLYESEIHINE
EH OB
(1) GloucestershireA:#7k > (200747 B)
BIEI13DND (8kAH - BREEICART) 725
7275 JEEEIICDNU (b A Lk DAt
AN)ED - 72 FF & LT.20074E 7 A
Gloucestershireff Tewkesbury®Mythe#
KI5 HS, Severn)ll D P THEFR W E % 5%
BB D B o FETE O P B R TR
BB DSFEA S A, T RABLAS— Al %

Z 72 R CHT RS K I 2 & O IR R Y)
DNz 8128, BLE 2 AwE
RHRNT2D DD, BEEKIEKRTIEA
L. #14nar (3573 A) 120 15HMICH
Teo TREEBK AT, FEREHKILE L DR
TWIAKEE U225 GB35
KUERZIEZ KBRS0 TH -
72o DR ABOEIKG D5 D HEKR
Mythe# 7K DERFEFIZ & 0 WIS 8 2%
FaARX 2 B IRRAGAKFERICED . €D & A
I Y7 TDND# A E 7z,

AN — ER ML CDND#E 5 & & 128k
FARBEDOIEKREFR L0, #ESHE
Tho7ce T2 TTOMEAKR THaAE
FHE LTl 2 HTDNDA»SBWA (&
PEh ) WD AL & S ITEIAR KT
% 1AM THEES [Safe to Drink] &%
F L7

B S DML BE T, Mythe¥ KGO IEHF
K~ =2 7VIZAI ) . BEORE WK
228, $%bb, i, &R, 7
B, THe SIEMICEREZ L D, B
KIRDENFIRL AR L 720 ZNDHDEL
EY AN S SR DGRV AV AT SN
KETEMRICHRE SIS TE L Z &
R L7 70, HETALENZLT
WhBE R R R B3 A AR
FICOMEPNCERE L & ) RN L 72,

TEHR N K S > 27 (Bowser) %
FHNZERE L. EEIITRRKRE AR L7z
(B 2), ¥— 27114000 Bowser %
LIOOEATICERE L. 361k y M54 »
B L CHHAED S OEMRPRE B
L7z Bp7k % ¥ 712 X A7k 1% TSafe to
Drink] EE2H 5 F Tt S L/zas, ¥
Y7 IKROFEEEIIDNDEI S O b & HEKE
PAL7=RRTHE LW L7z Zhid, b

V1]
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Do not drink. Do not use?

~KE O BT D VT~

A4 VSRR EER» OHKT S Z & TIE
SHRKOBHEIIKIFBCERT A2 L %2R
To Ty KRS V7 LB TR b VKD
BiAi b iThb iz, WK TERRE  DHiFk
DI L 727z, BRI R EE 2 RO,
R b VIKOBE & AT = BRI L7
(E3),

®3 K RILKEREILSDEFS

HRDPEBABALZ2BEDH 722
ED D, KEKBAMBROKEIZDONWTY A7
FHMAEEE o BLEFLS00DH »
TV R REMAICHE L, B X 2230000l
ET— % 23T KELEOMENIEAY
BWIZEEHRAL T OELEBTEN R EN
7oo F7z, WK TOEEFEREICIE, &
KB TOMFIEAZR L BIERHRE TOIEA
Fd LIFTHIS Lz 208, EEBLUH
BRORIEITERRBE P EEN RSB E
2IT o720

AREWEFIL, WIS~ =2 TIVIZHR- 7
RS OFY) e W5 FRIS. dudD D 1T
ZIERREISEELTEY. T 7
DNDEIED b & B HAGK 2 FR L 72 FE
TIHBFEZR O EHARIFIER L 72 2 & A8
HEHIET 5. T2 MMKFEREOKEIZ
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2 BowserstE®

X9 AR S T AEFREMIZTTHIHL LD
Y, RAEATEORBY &l HE L7 A
ThHbo

(2) CamelfordiLowermoor;% k15 ®’
(1988%F 7 AH)

LFEEDGloucestershire Kbk i, FI &
BRETE AT T S BEFE L 72 BBITH 525, 4
BBRAOFERDVPEARETH 722 L
O, MHZBOHBZESLT Lo/ %R
bbb, 22T, NABBRKEHBRIZLS
fakE IR R ARBROFER & LT, 19884
O Camelfordmi iz B} 5 KEHEHS" %0
T 5o R, BE) 2 BRI ML 2 S g,
HIBREN S 22 LISk R E MR L 2272000, &
DB HHIN o R ELRFEFTH
D, REPSERESHITE L2,



56/

A XFVIDKEKEEERB (ST 2RMAATT

Figid, 198847 A 6 H. SEH OB
TNVIZTL0MVRWENT v 7 EER
AIEARMICER > THA LS LI E RS
2 9, i H 03,0000 % 8 620me/Lb
DAIEELRKBRPBIER SN, FEHE 2
JINEFERER L TN L, Filkr
LS00, KEFEEVFELZBER
L. BB L EDOHHFAE® S OMWE
OIITEEFEHELZVWERZE LS
EWXdH Do BHIEAESN S 1 ARBBICIE,
EFEEC (MNADHRHALLE] L4558
Wi L2bon, BRFEICHEICT
VI AEEBBOBEEERDOTAREL
720 ZOBORET, EBIE., KEBHE
FAIEGH 2 O CRMOBIEAZEED, 6
HBICIEEZHREL TW2d 00, Hig
6% THEEYAFRET., BIALIE
R FICOIEDETLTWAZ ENEEL
720 MEFA FY A TIRAGERE/LOIEPIC
B o272, BEFDEIAML T 2 2R $TL0
D EZRNTEEEEELEIYELE 2D
DR TH B LI, KEKRF DT IV
SZTLETIVYNA R —IEDBARICEE Y
LEmr LA NLMY, HRREE L b
TaF VB SN, BB IIEELE
P U2 8 & #7458 1k %o B3 i J o0 $5 1 %
Bzl LTRBELRZFIICREL, B3
FHIIE 4 L EREEICEA LTI 2 45
< E N,

DruryRIZEid, 41 FUATIEZOH
Mew & oIS, B, JHIS,
BXEDEREL SR LWET S L) 28K
BRI s, ERERAGSE & 5, B
P A THEARERES LB A, £
RICHERITTHREZLZBET S, 7
T LR AT RRET L2, B
DF G TIIEHRIIIT b TV bR

BIRIEESNDICE 72, T2, FHEO%
SR EOT-ODOREE LT, T4V
Ty Yy RAGOEAN, FIHZ SO DM
WEDLERRHADOIE THRE RIS, %
EHmIbE N, BEREHXIIE, Fifokr
RATREWRELZIT - FRTHAERDY
RIZWEBBY ., FioRBITRA»OE
WIZhblzoTwd, BHHIEOARMHIN D
WCRERMEREL»ERTENTH S,

(38) 745> Klimerickmi®
(2014%E 8 A)

AFY) ZATIERVA, BET7TA VTP
THEMBBAOEF® 255 5, KEFE
BHHS FARKEPHI3005K E Zx L. KEK
rEH . SREORBL Bk, IV
T ORBIHEHAL 2w E @, Tabb
DND (fkH - FEICEAART) B %25
RLZDDTHD, A ¥ 77—, Pl
VIR EEE V) A FRIZEM L. T
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ABSTRACT — Perfluoroalkyl carboxylic acids (PFCAs) are global environmental contaminants that
are the cause of concern due to their possible effects on wildlife and human health. Since few studies
have investigated the toxicity of long-chain PFCAs, we have performed combined repeated dose toxici-
ty studies with the reproduction/developmental toxicity screening tests. We previously examined perfluor-
oundecanoic acid (C11), perfluorododecanoic acid (C12), and perfluorooctadecanoic acid (C18). We here-
in reported our results for perfluorotetradecanoic acid (PFTeDA; C14) and perfluorohexadecanoic acid
(PFHxDA: C16). Male and female rats were administered PFTeDA at 1, 3 or 10 mg/kg/day or PFHx-
DA at 4, 20 or 100 mg/kg/day by gavage, and each female was then mated with a male in the same dose
group after 14 days. Males were dosed for a total of 42 days and females were dosed throughout the ges-
tation period until day 5 after parturition. PFTeDA and PFHxDA caused hepatocyte hypertrophy and/or
fatty changes in the liver at the middle and high doses. PFTeDA also induced follicular cell hypertrophy
in the thyroid at the middle and high doses. The only reproductive/developmental effect observed was an
inhibited postnatal body weight gain in pups in the 10 mg/kg/day PFTeDA group. Based on these results,
the NOAELSs for the repeated dose and reproductive/developmental toxicity were concluded to be 1 and
3 mg/kg/day for PFTeDA and 4 and 100 mg/kg/day for PFHxDA, respectively. Our current and previous
results indicate that the toxicity of PFCAs decreases with increases in the carbon chain length from 12 to
18.

Key words: Perfluoroalkyl carboxylic acids, Perfluorotetradecanoic acid, Perfluorohexadecanoic acid,
Repeated dose toxicity, Reproductive and developmental toxicity, Rat

INTRODUCTION has been performed, especially on perfluorooctanoic acid

(PFOA), which has a carbon chain length of 8, few stud-

A large number of chemicals are industrially produced
and used without appropriate evaluations of their poten-
tial hazards to human health. The toxicity of these chem-
icals is continuously assessed in Japan by safety pro-
grammes for existing chemicals. These programmes have
recently targeted perfluoroalkyl carboxylic acids (PFCAs)
with carbon chain lengths of 11 to 18.

PFCAs are global environmental contaminants that
are the cause of concern due to their possible effects on
human health (Hekster ez al., 2003; Lau et al., 2007; Post
et al., 2012). Although extensive toxicological research

ies have examined the toxicity of PFCAs with a carbon
chain length of 11 and higher. Combined repeated dose
toxicity studies with the reproduction/developmental tox-
icity screening tests (combined studies) have been con-
ducted by Japanese safety programmes for existing chem-
icals in order to obtain initial toxicological information
on such long-chain PFCAs.

We have reported our findings in combined studies on
perfluoroundecanoic acid (PFUnA, C11), perfluorodo-
decanoic acid (PFDoA, C12) and perfluorooctadecanoic
acid (PFOcDA, C18) (Hirata-Koizumi ef al., 2012; Kato
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et al., in press; Takahashi ef al., 2014). We showed that
the main toxic target of these long-chain PFCAs was the
liver, but they also affected reproduction/development at
the higher doses. Based on these findings, the NOAELSs
were concluded to be 0.1 mg/kg/day for PEUnA (C11)
and PFDoA (C12) and 40 mg/kg/day for PFOcDA (C18).
The value of NOAEL for repeated dose toxicity of PFOc-
DA (C18) was much higher than those of PFUnA (C11)
and PFDoA (C12). The present study described the results
obtained from combined studies on perfluorotetradecano-
ic acid (PFTeDA, C14, CAS No. 376-06-7) and perfluor-
ohexadecanoic acid (PFHxDA, C16, CAS No. 67905-
19-5), whose carbon lengths are in between previously
reported substances. In this paper, we discuss the toxicity
of PFCAs in terms of their carbon chain length.

MATERIALS AND METHODS

Combined repeated dose toxicity studies with the
reproduction/developmental toxicity screening tests
were performed on PFTeDA and PFHxDA at the Safe-
ty Research Institute for Chemical Compounds Co., Ltd.
(Sapporo, Japan), according to the OECD guidelines for
testing chemicals No. 422 under good laboratory practice
(GLP) standards.

Chemicals and treatment

PFTeDA (lot No. 3728, purity: 96.5%) and PFHx-
DA (lot No. 1262, purity: 95.3%) were obtained from
Exfluor Research Corporation (Round Rock, TX, USA).
They were suspended in a 0.5% water solution of car-
boxymethylcellulose sodium, and administered by gav-
age. The homogeneity of test substances in the dosing
solution and their stability until they were administered
was confirmed before the start of the study. A separate
control group was used for each chemical evaluation,
and the control rats received vehicle only. The daily vol-
ume administered was 10 mL/kg, which was calculated
based on the latest body weight. Dose levels were deter-
mined to be 1, 3, and 10 mg/kg/day or PFTeDA and 4, 20,
and 100 mg/kg/day for PFHxDA based on the results of
14-day dose finding studies.

Animals and housing conditions

Eight-week-old male and female Crl:CD(SD) rats were ‘

purchased from Charles River Laboratories Japan, Inc.
(Yokohama, Japan). This species and strain was selected
because its reproductive performance is stable and suffi-
cient historical data was available on this strain at the lab-
oratory.

Following quarantine and acclimation periods, the ani-
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mals were subjected to oral administration of PFTeDA
or PFHxDA at 10 weeks of age. They were housed indi-
vidually, except for the mating and lactation periods, in
bracket-type metallic cages with a wire-mesh floor, and
maintained in an air-conditioned room with controlled
temperature (22 + 3°C) and humidity (50 + 20%). Light
was provided on a 12-hr light/dark cycle (light: 8:00-
20:00). All animals were fed ad libitum with a standard
rat diet (CRF-1; Oriental Yeast Co., Ltd., Tokyo, Japan)
and tap water. Pregnant females were reared using wood
chips as bedding from day 17 of gestation to day 4 after
delivery.

The present study protocols were approved by the
Ethical Committee for animal experiments in the Safety
Research Institute for Chemical Compounds Co., Ltd.,
and performed in accordance with the standard opera-
tional procedure contained in the Institutional Ethical
Code for Animal Experiments. The use and care of ani-
mals complied with the Act on Welfare and Management
of Animals (Japanese Animal Welfare Law, Act No. 105
of October 1, 1973. As amended up to Act No. 50 of June
2, 2006), Standards Relating to the Care, Management
of Laboratory Animals and, Relief of Pain (Announce-
ment No. 88 of Ministry of the Environment, Japan, dat-
ed April 28, 2006) and Guidelines for Animal Experi-
mentation (Japanese Association for Laboratory Animal
Science, dated May 22, 1987).

Study design

Male rats (12 animals/dose) were administered PFTe-
DA or PFHxDA for 14 days and then cohabited with
females. This administration of PFTeDA or PFHxDA was
continued during and after the mating period, and seven
males in the control and high dose groups and all of ani-
mals in the low and middle dose groups were euthanized
after a 42-day administration (main group). The remain-
ing rats were maintained without the administration of
PFTeDA or PFHxDA for 14 days after a 42-day admin-
istration and then euthanized for examination (recovery
group).

Female rats were assigned to the main group or recov-
ery group before PFTeDA and PFHxDA were adminis-
tered. The number of females was 12 per dose in the main
group, and PFTeDA or PFHxDA was administered for 14
days before mating, and continued throughout the mating,
gestation, and lactation periods up to 5 days after parturi-
tion. In the recovery group, 5 females/dose (vehicle con-
trol and high dose only) were administered for 42 days
without mating and euthanized after the 14-day recovery
period.
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Repeated dose toxicity evaluation

All animals were observed twice daily for gener-
al appearance and behavior. Detailed clinical observa-
tions, including evaluations in the home cage, during han-
dling and outside the home cage in an open field, were
also conducted using a standardized scoring system once
a week. Body weight and food consumption was meas-
ured at regular intervals (at least once a week).

Males and females in the recovery group were subject-
ed to urinalysis and functional observations in the sixth
week of the administration period and second week of the
recovery period. Functional observations were also per-
formed for females in the main group on day 4 of lacta-
tion. The parameters examined were as follows:

- Functional observations: sensory reactivity to visu-

al, tactile, auditory, pain, and proprioceptive stimu-
li, mid-air righting reflex, forelimb and hindlimb grip
strength, and spontaneous motor activity

- Urinalysis: pH, protein, glucose, ketone body, uro-
bilinogen, bilirubin, occult blood, color, urine vol-
ume, and specific gravity

The effects of the administration of PFTeDA and
PFHxDA on hematology, blood biochemistry, organ
weight, and histopathology were examined on the day
after the final administration in the main group and after
the completion of the recovery period in the recovery
group. Serum thyroid-related hormone levels were also
analyzed in the study on PFHxDA because changes were
observed in thyroid weight.

The surviving rats were anesthetized deeply after
16- to 22-hr of starvation, and blood samples were col-
lected from the abdominal aorta. The animals were then
euthanized by exsanguination, and the organs and tis-
sues of the entire body were examined macroscopically.
The major organs were isolated and weighed, and organ
weight per body weight (relative weight) was calculated.
The eyeball and Harderian gland were fixed and preserved
with Davidson’s fixative solution. The testis and epidi-
dymis were fixed with Bouin’s solution and preserved in
70% ethanol. The other organs were stored in 10% neu-
tral-buffered formalin. All preserved organs in the control
and high dose groups were sectioned, stained with hema-
toxylin-eosin, and examined under a light microscope. If
treatment-related histopathological changes were found,
the same tissues were examined in the low and middle
dose groups. The parameters and organs examined were
as follows:

- Hematology: red blood cell count, hematocrit, hemo-
globin concentration, mean corpuscular volume,
mean corpuscular hemoglobin, mean corpuscular
hemoglobin concentration, reticulocyte count, plate-

let count, white blood cell count, differential count of
white blood cells, prothrombin time (PT), and acti-
vated partial thromboplastin time (APTT)

- Blood biochemistry: total protein, albumin, albumin/
globulin ratio, protein fraction ratio, glucose, total
cholesterol, triglyceride, total bilirubin, urea nitro-
gen (BUN), creatinine, aspartate aminotransferase,
alanine aminotransferase, alkaline phosphatase
(ALP), y-glutamyltranspeptidase, calcium, inorganic
phosphorus (IP), sodium (Na), potassium, and chlo-
rine (Cl)

- Hormonalysis (only in the study on PFHxDA): trii-
odothyronine (T,), thyroxine (T,), and thyroid-stimu-
lating hormone (TSH)

- Organ weight: the brain, pituitary gland, thyroid,
heart, liver, spleen, kidney, adrenal gland, thymus,
testis, epididymis, prostate gland, seminal vesicle,
and ovary

- Histopathology: the brain, spinal cord, pituitary gland,
thymus, thyroid, adrenal gland, spleen, heart, esopha-
gus, stomach, liver, pancreas, duodenum, jejunum,
ileum, cecum, colon, rectum, trachea, lung, kidney,
bladder, testis, epididymis, prostate, seminal vesi-
cle, ovary, uterus, eyeball, Harderian gland, mamma-
ry gland, femur, mesenteric and mandibular lymph
nodes, sciatic nerve, and grossly abnormal tissues

Reproductive/developmental toxicity evaluation

The estrous cyclicity was evaluated daily by vagi-
nal lavage sampling from the first day of the administra-
tion period until evidence of copulation was detected in
the main group and until the necropsy day in the recovery
group. Females having repeated 4-6 day estrous cycles
were judged to have normal estrous cycles.

During the mating period, males and females random-
ly selected from the same dose group were cohabited on a
1:1 basis until successful copulation occurred for a max-
imum of 14 days. The presence of sperm in the vaginal
smear and/or a vaginal plug was considered to be evi-
dence of successful mating. The day of successful mat-
ing was designated'as day 0 of gestation. Successfully
cohabited females were allowed to spontaneously deliver
and nurse their pups until the end of the study. They were
checked at least three times daily on days 21-25 of ges-
tation, and the day on which dams held their pups under
the abdomen in the nest by 9:00 was designated as day 0
of lactation or postnatal day (PND) 0. Gestational length
was recorded, and the following indices were computed
for each dose group.
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Number of animals with
successful copulation

Copulation index (%) = x 100

Number of animals
cohabited

Number of pregnant females

Fertility index (%) = Number of pairs with X 100

successful copulation

Number of females with
live pups

Gestation index (%) = x 100

Number of pregnant
females

All live and dead pups born were counted, and live
pups were sexed and examined grossly on PND 0. They
were observed daily for general appearance and behav-
ior, and the body weight of live pups was recorded on
PNDs 0, 1, and 4. On PND 4, the pups were euthanized
and subjected to a gross external and internal observation.
At necropsy of maternal animals, the numbers of corpo-
ra lutea in the ovary and implantation sites in the uterus
were recorded.

Statistical analysis

Parametric data were evaluated by Bartlett’s test for
the homogeneity of variances. The neonatal sex ratio and
body weights of male and female pups were analyzed
using the litter as the experimental unit. When homoge-
neity was recognized, a one-way analysis of variance was
applied. If a significant difference was found, Dunnett’s
test was used for pairwise comparisons between the con-
trol and individual treatment groups. Data without homo-
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geneity were subjected to the Kruskal-Wallis test, and if
significant differences were detected, the Mann-Whitney
U test was used to compare PFTeDA- or PFHxDA-treat-
ed groups with the correspondent control group.

The results of the detailed clinical and functional
observations, qualitative parameters of urinalysis, specific
gravity of urine, and histopathological findings with mul-
tiple grades were evaluated for the trend in each group
by the Kruskal-Wallis test. When significant differences
were found, data were compared between the control and
each dosage group using the Mann-Whitney U test. The
incidence of females with normal estrous cycles, copula-
tion, fertility, and gestation indices, and histopathological
findings with a single grade were analyzed using the chi-
square test or Fisher’s exact test.

RESULTS

Perfluorotetradecanoic acid (PFTeDA; C14)
Repeated dose toxicity

No treatment-related abnormalities were observed in
general appearance or behavior throughout the adminis-
tration and recovery periods. In the 10 mg/kg/day group,
the body weights of male rats were significantly lower
than those in the control group on days 7 and 14 of the
recovery period (Fig. 1). Although similar results were
observed in the female recovery group, significant differ-
ences were not observed from the control. Body weights
in the female main group were significantly lower on day
4 of the lactation period at 3 mg/kg/day and during the
lactation period at 10 mg/kg/day. A significant decrease
in food consumption was only found in females given
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Body weight changes in the combined repeated dose toxicity study with the reproduction/developmental toxicity screening

test for PFTeDA in rats. *: Significantly different from the control, P < 0.05. **: Significantly different from the control,

P<0.01.
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