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FAEDEK

KRR T, KEBREERET (EPA) K OV i /) BA ZEBEHE  (OECD) o & 32 i % 72 1%
(Developmental neurotoxicity, DNT) #ERIZBIT 5T A WA RT A4 U Z2FRTH & & b I
WA KT A OEVITOWTEREBRE Lz, AT, KIEEPA 3L, A FT7A
(CHEPL L T EICFEME S 7z DNT B Mb a4 2R L, 2 boibamo ) 27
TEAAY MBI DA, B Z21E DNT B OEZ M. DNT RO 7D OEHEED &
WHE N2 /8T A—2— DNT iR O — HEBRGFFAE (ADl) kML 2fR% (Safety factor) 7%
ENDEBEIZONT, BRAZMAEITo7z, Fio, LFEWEIC X 23 EMREEICET S
R DA ST AT o 72 LT ICARRHER RO E LB~ D,

EPA (OPPTS 870.6300) & OECD (TG 426) ® DNT iRBR A K7 A > DL Tix., OECD
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VarZBEURAEINEZ LG, MEICOEVEENMZ 6N TWD, ZOWEROH
Th, EHMMERE SNZZ L EHAERICHT HEMEEB OV > 7V (MERFIE)
P X722 EDERITIRE L, RBPOBEMELOHBEIZRESFELTWD, EoT,
BIRE R Tl E O R MR m 2 R 3 2Bk & LTIL BEPA A RT A4 L0 b
OECD A FIA4 L DENLVENTND LRSS, EPA b ARG T, Tk
OECD # A KT A NZHEU T2 EPA DA RZ A > (OPPTS 870.6300) DIEIEMR % ¥~ <
2D TS, 72720, OECD HA R7 A FMEBICHo 0 dE S iy, R iE
PEHEC 720 | JEHEZRMIE 2R L, RBREREEOBIGIC & > TIZ KRBT HREREN
D2 EIFMODIR,

18 212 K [E EPA (OPPTS 870.6300) & % \Md OECD (TG 426) @ DNT iR A KZ A |2 #E
LU COEME S Av7 DNT AREBREUE 110 5B D ) RSB E O%UT 103 E (EHK R,

PEECTFME ., WS A2 ET) kS, Zh b ORBRFEROFNICHE T, FHMELOME
FEMEE WO BLEMNDBIXZEPAT A RT7 A4 L0 B OECD A KT A THERL L 72388 D 7 23
FVERLTRY, FFICEREEB O > I AN X 72 2 LI X0 R EEEEN & £
D | FHIEEEMAT I B W T b Y U VBN S BERESH T2 6 Bl D 10 Bl 2 72 2 &
(CZ DR REV, DNT RBRICIIT 2 FMEFEM O RARA » F & LTE, Ahikigae s
o 2 WITMRFEZNBRENORL RN T A= —PNREINTEY, BHEERE
(NOAEL) D% EARM & U CEIR SN2 B ES &, 28 - &, BEREETE,

6
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P LSRR RS R LB EE O S WO O L S LTS TW5, £, Ak #l
HOHNE =" A—= FREBEIDOGAHTIEa2Y A7 7 —F (ChE) IHMERENF )72
BEELTET LN TWD,

KE EPA HA KT A ICHEHLL DNT RERAFENE S 4v, & ORBREAED EPA (Office of
Pesticide Programs) (ZHH S 472 B3O HIT 2006 45 8 H B MET 69 Fldb 0 | 4 F TITALDFK
BRILAE & & OB INZEFI A S T L7 DX 58 FI T, £ O T DNT RBi#E £ 23 ADI & 5
WIS E (ARD) IS 726 D1 8 Al (8/58). ADI X EICHEZKIFLI-H O
1T 4 4] (4/58) Th o7z, JoK DNT BRI NI AREZ RSV & S 2R - it
~NORBELZZR LA THLIN., ZORENOHEMT 25 & DNT iR ORI o BE
FORBRICHEALT L HEEWEITE 2RV, ZOMICZOWT EPA X, [FABRAM L FER
DR LR CHICER R (NOAEL) OEA T 52 LIk W ERZHEEZR LS D
X, R THY | ORKEEGRBRICHEASEERHE A RN EE2ZBETIE, L ARK
ZHEFIEWEEZD] W) RfEZ/RL T3 (Dr.Makris), 7272 L. DNT RBRIZEBIT 5
NOAEL (ZH < E THREMIIH T 2BBEETRESNTEY JBIEH D W3R IS
LFEBEORER (BRRED 2 WVITREILIRE ) (TE SV D TIERWD & REA &
LTET bR, 208 (BIEED S WVIIRRILRE RO H) 12O\ Tid DNT B O %E
FARML & S 2 FAE TR (R K OVBEHEERBRICB W T L RER RS &
LTHRENTEY ., SBROMTMETH A 5, FRICHBRWE KT 2 90358 & AT Y
EDEZVEDZEZ T H5A121F,. ZORBEE O ALIRE S (KRE kg 4720 OBRE
&) OFHIE, Mo TEERFMmERE 2V 55,

KE BPA Tl, AP ORBEIEOANNE - I~ O AL S LR 5 SR #EE
(FQPA) 245X 1996 4= 8 H 3 HfHT THZTH - 7= RIEOFFRAM MK O HI bR 2 R4
RO T — X OFFHEEED T\ D, TORE, BAEEE (BHERME) RSB E
W T — Z I L 0 A - PO IR SN TZ5A 121X, DNT #0508 NS %
TR L, £DO X9 72T —Z B0 EBECILlEE OR 2455 (Safety factor) 100 512z, &
D12 10 5 DA HEFE4REL (Uncertainty factor) Z#HF 1000 fi5& LT\ 5, 7272 L, DNT B
T—HRZDOMOEHETE ZRENT — 2 BHTZICATEN, b h~0ReM (Frloish
R T T D% et NHERTE D LTSN 258 I12E. ZORFITE LT — AN
A —AT3EHDHWVIE 1 FISEMREABER SN D HFRCH 5,



DNT #BRAE R Db b ~OSMFMEICEI L T, [ CHEEBRWE T H @3RI TRIRN R D |
72, b b EEBREY TIIMBRITEIRIEORTVHEIERN H 5 W ITHEER (PRERY) 1063
LS BADZ b, BRER TIERIEMEEZHET 5 I+ 2B FNT — 2 i35 oh T
WV, FRICE FTHLNDIEERMZEMERE, FEEEH D VIEAPIER & DR
FIXERBWET VBV THETHIZ LIIMOCTRETHL LS TnD, Lol
25, KHE EPA TIXILLE « T~ DORENRE SN DB MBI TR 22 R Y PEBR L
£ LT DAL AT DNT RBROEAHELEL TV 2D,

I TId, Mx OBREALFEWE (K PCB. 1 FX U A, B3R, BHRE) Ly -
T DO FEEMRIEE &L ORRERICHOWVWTHERED b TE Y . AHAKE, PCB, i
DN TIIFEEMER~DLBE L TRRT L RBFON TS, FEICBWTH A Y Al
=A==, B AnA RSz ERICGRENED 5N THD2, HAENRIC K
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KE EPA DR ZEHRBURBRTA FT714 L OFIFR

FHER XI5 : EPA Health Effects Test Guidelines, OPPTS 870.6300, Developmental Neurotoxicity
Study, EPA712—C-98-239, August 1998

o
TDOHA RTA 0%, KERERET (EPA) @ the Office of Prevention, Pesticides and Toxic
Substances (2 K> TR SN2 —HDOT A N HA RTA DO EDTHY | RBIELEEY
BORBRIMHEHT 5720, Ho@EBEFICKSEE (LEa—) 22T 5720 YF/ICHE
HENRTNLR LRV T —Z Z1ERT 272000 D Th D,

il

The Office of Prevention, Pesticides and Toxic Substances (OPPTS) . the Office of Prevention,
Pesticides and Toxic (OPPT) 2T} the National Technical Information Service (NTIS) THiR &
LT % the Office of Pesticide Programs (OPP) @ 40, Chapter I, Subchapter R of the Code of
Federal Regulations (CFR) M OVPEWs I /1Bt (OECD) IZ X > TAR SN TWDH A R
TA L KOEROBFMBFEZBE L CZOHA RT7A4 U ZFE L TE,

INOEDHA RT A %—1HD OPPTS A KT A THWTHIF S 5 HBYIX, the Toxic
Substances Control Act (15 U.S.C. 2601) J% U the Federal Insecticide, Fungicide and Rodenticide
Act (7 U.S.C. 136, et seq.) (ZHEDWKEREITOERT — X IC#AET T H0ENH HR
BRFESE TEDHOIX S >E 2 H/INRICT 272D Th D,

BAEAARTA DR RIA RTAE, T4 A7 HD0ITFRH T, the US.
Government Printing Office, Washington, DC 20402 on disks or paper copies: call (202) 512-0132
FOVAFARRTHD, KTARNT A iF., £, EPA O v = 7 % A4 |k
(http://www.epa.gov/epahome/research.htm) ¢ Researchers and Scientists/Test Methods and
Guidelines/OPPTS Harmonized Test Guidelines 7> & T PDF (portable document format) %
77 AINVTAFTE D,
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(a) #ipH

(1) 1 Ak

ZDOHA NZ A X, the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) (7 U.S.C.
136, et seq.) K OF the Toxic Substances Control Act (TSCA) (15 U.S.C. 2601) M J5 Dk %k
CHEAE T LI ICER SR TN D,

(2) H=

ZOFMS T OPPTS 7 A M A FT7 A4 ORFBICHWVLNIZITE T, OPP 83-6
Developmental Neurotoxicity Study (Pesticide Assessment Guidelines, Subdivision F--Hazard
Evaluation: Human and Domestic Animals, Addendum 10, EPA report 540/09-91-123, March
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R,

(d) BBENE

(1) WIRE DR

(i) BHE & %
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TIX, BRAA KT A4 00 (1) HEIZRT,

(v) 1TEFRORAER, ME R, PR B AR R~ O BBl Sy

NG & 7= 0 O IREWE ORI, BIEORE 1 IEH DV ITE 1 IEomsL e (FHEI
D EGEHE 10 DT, HE 10 P8 A, BEFLERE R OVRRERIC BT DIRDOBA D 5 b — DI E/EZ
[ZEID M TS EEE, BEREEENR. FE kORE.

A% BIC, BENOHE1 VLD DV I3 1 VT (K HEICS>E EFHE 10 P8, M 10 JT) %
BT 5, TNODORHAROMEELNE L., 20 56 6 VL/M/H & % #dmB 21 iR
RITERIRT 5, A TRIC, FELOHE T EH D W3 1 L (B HEICSEAEHE 10
VE, ME10PL) ZER L. IMEEZHET S5, o6 L/M/MHE 1B EHET LD 5\
I3 1 P0) A AR RRE AR BR DO DI, BRI TRICBET D,

(2) *FHEEE

FIRFICRRE T DX BRE 2 Bk 5, 2 ORHITAES S U< I3, B EHGIBE LT
VI A £ 3 2 45 O VLR e FRE & 70 2 VAR 38 i m e S VRGBS BT VR & R T 72
WHDET L, TREEOEIIMEREOEY &R —DHFIETRYH D,

(3) HEXA UG DR
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() D7 &b 3 HEOHBRWEITM A TRBEE BEE2 W 2356 1%, W R &
HAng,

(i) FEYER 7R R EH IR S 2 W IL TR CHREFEEIRB O DN IHBRWE D54
R AR, MREFEEOEWROH 552 RARRICT 2DIC+07, FEND D VITH
AR CELITTFREELRVRKAEE TS,

(ill) FEAER R38R BR N Ef SN TV AR Do T2 5E . F0WE ORI E £
TR FHIRFEIC K D HIRA 2 VIR Y | @M EIL. BEWICH DREH 6072 EE
ZRlEEITHOOMRM EFALIITB N T 20% %22 2KEOMDZELT T b 7
v,

(iv) RIEA R B 5 WVITREMREENTRICOVW TS, RIRMICBIZETE S
W DT R B AL S TUI R B2,

(v) PHAEIL RE LIkaHELOREHEDOR N FRR TRITIER 5720,

(4) 5B

IR 0 HiZ, BERRR VS L WK FRBESNTCATh D, HEHMITER 6 AND A
%10 HiIZKk S, WEWZZERITO L TOWRVEIIZOWNT, i BIC&RE 217> T
SRR

(5) BB E DK E

BRI E F 7o IXEEIRR OIS 5T 5, £ OBPUT 53 70 B S MBI AT 2 B,
GEIZ Lo TR GRS FRT L, EUEOKREMEIZESNT, HBRWE & 2 W ITE it
G55,

(6) REN DELIEZ

() FEWORIRMBAEIL, 272< &b 1 H 1 EEHORERNCERT 2,

(i) BEEZ O X 10 IEO B IX, EIRFOESHIM (6 H-21 ) 1272 &b 2B, W
L oHG5HM (1 B-10 B) (22 [\, A—Lr— Y 04 TEMIER Z 8245, BT,
BEHENFIZONWTHL SR TWARWIE S N ZHMFEIC L > T, BEEMOEENEZ K
RICT DD LEEFIHEZ AN TR I NS, ATRETHILT. 1 DORBRIZEW
TEWEFHET 2B E X, AICAMTHLZENEE L, AAfETHUE, 50
DIET, BEEMOE@EELZ RTZ ENERIND,

(iii) (d)(6)(ii) HDO G K OB OBl E T -

(A) B AR ORER ORI F A2 ETed, T HITBRE LRV

13



D) ERZ LD EEE COFMBAORER 27 2 H\ T, FitlE &k OWERE O R % IEA7 A+
(B RSN

2) SELTE N OMRERZE H oo A 28

3) ZIRE THIAZGT. HER & HEEDNERLAHT & 2 W IR,

4) ST KT DREFL DO UHE & D WIXREFLROME D & 9 7, BEFLEERE,

5) IRMEPASAORREL, 51 ; IRME T,

(B) K&, IRk D 5 VMTRE E E ORI, HE R ORE,

(C) BB OHAT R DRk o OB,

D) &5} 5 EFWEH D VITRFE ZRATE., JAEEME (FFH). B, Bk, HBEEETHD
WIS ERIE U, B2 b, IR, BH 5 WIZAAMOKREDL L IXERIROMED,
M OT — 5 DR E R G T 5 AREMED & D ZF O OBLEE D FLlk K OB,
(v) BMEAERIT, BRI, FRE. ROFHHZ 50, BlEIh @0 e T 5,
(v) Dl Ebmil, KOS A LAE% 11 BE 21 B (BEFLA) ICEMWOKRELZE L,
TOEZTLET D,
(vi) EER OB 2L, A% 0B LT 5,

(7) B D FE i

() BBl

(A) E2TOR;IIL, Ve LbEBHEF—T A RTHETH D WITBHN 72 ERAIRED
AEIZOVWTHIRMICHRET 5,

(B) KREIZ DX AFHHE 10 T, M 10 [BOEEMIZOWT, A 4, 11, 21, 35, 45 KO}
60 HIZr =S TomMERZRET S, REmE, REAFIZOVTHL ST
2RV S L HFIC K - T BEF R OFEMEZ R RICT 272D IR L2 TR
EHAWTHZEINS, A[RETHR, 1 SDORBRICE W CEW 2 5T 281835 1%, [
CAMTHLZENEE LY, RAMEETHILUE, LD T, BILEHEMOEEMEL R
TZENFERIND, RER, ZOHA T A4 D (d)(6)(1ii) T THER S 7z fhHE B
(end point) %, BZE L TW O I B L CHEIEICHAET 2,

(C) REWIZEBIT 5 H 50D ARMGERIE, HERE, R, ROFRHM 2 &0, 8
BINTW Y IZFLERT D,

(i) FIEFEHE (Developmental landmarks)

MAR S 2 WIXEZ KO ER 4, 11, 17, XO’21 HE 20%EFD7< EH 2121 [F],
AR B e B A T, FEOAWILIROKREZEAEBNCHES 2, A & ok
ORI ZHET D, ZHDLDOHEDTZDDO—RI72FIAIL, KTA K714 (H(1) K
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(H(11) HIZRT,
(i) H¥ER)E
FREB EIL, E% 130 17, 21, KOV 60 H (£2 H) ICHFFICEHIIT 5, AFEBIRITH
HFLEREE TR SR T TR B vy, 2 OLEE ITIEBE DN & 8D 0BG % it
THRENDRL UL R BRW (TRbb, TOMEE THIE Lz AfbER) &1L, EHh &
DORHPBET 5N HIE LR TE bRV, EIEEREOHEIMOBRM LTI b D
LS TERLRYY), BLEEIL, WRERHM T, LER LK OSEEIZI T 2 0E H H
DEAEOEFMELRIET 5720 FENFIEICL > THREIARITIERL 2V, &6
I, ERER CIEEMICB T 2Bl E L ST by, ST ERNICHRAE Y
%o MAWIMIE, EALE S REY OREHRICIW T, B RS RIS 20% L0
WHTICET D DI+ RhESET5, £ETORBENMIL. F—OMkRR &5, WE
HEHEIMERHR O G2 & 5, EEEOH v MU, 10 5[/ 2 B2 72 W [E] U IR A R
THET D, MEXEOREL X 2 H/MIL, WEICKH L TERNARBEN RN &%
RiET 2 L2 ICB D5, BREBEICEET ILLOPITIE, BEL L, mEMN T —
TORES LIBIR, BRARHEE, BPEME, R A—27— VIR0 LA
Mr—r ol BEOERENGEND, HREEEREROEMIZ SO\ TOBEIMFE#IX
OPPTS 870.6200 ([ZHBWTAFTE 5,
(iv) BERMEEERA
TERMEE IS X, BEFLATE OMFLIE R O 60 ARTRICHER T 5, Fh A 121, L&
FER O A28 L T2 & D, RIREFEBOFERIZ DWW TIZ, BT A RZ7 A4 2 (D)
HIZBWTCATTE S, BERMEEEOMEOEMICEWT, 10RITHrokdE&7Ta v
EHRERICBIT By va v iiox 1072570 v 7)) OB NISHREZEET 5,
AR (prepulse inhibition) (FZR L7gn 23, s < HELES 5, AR IEHE O FEMIC
WTIE, ATA T4 (H(10) BHIZBWTAFTE D,
(v) FHEHREOGERE
WA R OGLEMR A X, BERLATHR KOV 60 B RTRICEM T 5, i B I1cid, LB L)
SR Z B L CHME LD, ZTNOORED 2 BB TR — &2 WIEBEOKRAEZ FAV 5
TENTED, BEAFRFE AT v MIB T 2 FE K ORREREOREIZOVWTIL, 5
BREOFTHPENTFIND, LLRRE, &R 2 SDOEELWT L5 ICFhm Ik
FEe 60, B 1S, AIERRER O IEE S IE IOV T 2 b ST, ]
RINOREFERITE Ty v a VT Z b LTHDWITHERITEZ & MR
BN TOWTN T, EEE2FMT 5, 5 210, RE I, AR 2ZE ES)I Nz <.
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FIBEH & D VIXEHN O 5 2 ORIE & & T, 78 K ORLIEM A CHREBRYE O E» R
SN AEIL, B, H8. ROVH D WITEERE ) OIS < E b O & HEBR T
L1 OBIRAEFEM D, ZitEHEORSEOFIRIZRDHTEA S, Lito 2 BEITZ T,
AL T DIEEMBEITK U TEEZMEL R T LW D D & 255 101E, 2 ik-o<
FEEVGREREORIREZERT H, 2O L) RERPRVGE O R EHEL 723K
B fLERBIERASDE, BRAT v MZOWT (KHA FI4 2 (H3) HBR) KO
AT v MZOWT (RAA KT 42 (D9) S God ; MRS, AT v b
IZOWTATA KT A4 > (H(13) HEIZFRRH ; A7 Y = — )VHIETITE O MRS M OHERFOR H
4RIy (D@ KT (H5) HER), B, LT v Mk L TEART A KF
A D ()(20) LY (H(12) H, KAT v ML TEATA RT7A4 0 (H)(16) HITR
KR
(vi) FRRR BRI A
PRI BRAE R SR 1L, A2t 11 A R OB TRF OB CEMT 5, 11 AT, &2 To
BEMNGEY L7 R A &b CTHEMREIC /22 K o lc, KN SHED 2V T
FLIRZ 1IERY T, 2o b, BRSO XHE 6 ICROME 6 TEOMFLIE A2 MR
BEWIRAT D T= D\ BT D, WALIITIRB A AREIC L > Tk L, TOEZICHKE
BHLUTHEL, @URT7 VT e FREEKRZ MW CRIBEEE T 5, %0 0B, [F
FRICER L, ZOEZIMERL L CRET 5, R TRIC, SFEOHE 1 IEH 50
(TME 1 VEA REE T AMRERIC K > TEZA L., TOEZICHMEME L TRHET S, 3512,
FREAE 6 DEOE (K IED> B IED 5T 1 PL) 2 PR B2 AR R D 7 12 RBRIE T
RFIC BT 5, ARBRIE TIRRIZ B L 7- 8 O i B2 R ATIZ. OPPTS 870.6200 (2 ¥E
UCHEMT 2, A% 11 A R OB TR E R U723 O R B2 IR 2R 1 1d, BN
HIFRAT S OV E EAREMT & 3Ll B 72 B REE I & & T,

(A) £ 11 B OB OFRRAE AR O [H E & L

M ERICHMEZEE L, BWY2R7 V7T b FREEREZ AW CTRIBEET 2, WML, &4
A4 RF7A4 D (1)6). (H(14). (H17) KT (H21) HEITHESWTHEREL L TAR SN
FAR PR FINRIZE > TREER NLEEL T D, N7 7 0 Ul EBOLIN, 7T AT 4
v 7 AN EE LRSS, M7 0 v 7 ROA T A Rix, RERHCHEY) ek B 2 5
5, MU IZ, N~~~ bEXT Vv s 2 VR AH DN, KA RTA D (DQ2).
(H(18) K (H(23) HEIZEKE S W THEAEN L CTAE SN TFIEICHE » TR O Y a2 4T
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EPERIRRA O BEIE 3 D 2 — ki BRI b O U % 7% 3-SR N O % R E
THZ L, WHRYERBEOME L L COMBRRAEFNELOBELZFRET S22, KO
MR HE AL OBRE DR ZIRET 5 2 & Th D, MERIEAN S DR EN A %Y
Frid, AR AR AL ORI DWW CE BN IR S AL R B I K o T B R
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DD DU 2 FBED U R & Hole g™ 2, & B RE O B (SRR R B 7 1 S D 18fe 23
PO BV AT, R DRATIIR O 22, m =R O B AR R B R B R O
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I R OB 2R S L T2 AR B2 O RIS & > T, MR B2 S L 2858 8 DL 5 e (K H
BERETHOIC, LOEENRREEEEARTDETRT AT b D 0EE— Ly
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2T 2 Sk A FIE O 2 HER T 5, A% 11 AOEILEORBIC O N T, K
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WL CRHmT %,

1) MRA AL
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2) BAbDFELA
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i) Bl ZIEKIEERD K& & 5V MMO IEH 22— DD X 5 7, ME
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i) KZIEAE Ao BT = = — 1 > (ectopic neuron) T/ S&AUD K 9 72 FR % AT B A0 A
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fE) 7R EBREHR A HE T D, ZIUTIIUFREENRD -
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(iv) BEFEHIET 2 & T b & 2 HE A L 3 5 R R BE R,

18



(2) R

T OFHIL, S&EGHEL O RIFEICEHE L2200 E7R 60

(i) LRIZRTHEMOT — 2 2 RIEXNTH A R T LR 5720 ¢
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C) FUERIZEBT DY v a vyAiHEBEL T v v 3 VN TO/N,

(D) HEMERHICHB T DY v a GBS OCHRE K Ot v & a VN TOMREE,
(B) &HE BI2H T 2 AR OHERF A 2 7 RT3 R OEERE O XERIT (b5
WEEy v av) kTR T — 4,

(F) SELREHI R OBER (FTREZR ) ; BISR S iz d & DRI ; isERE0—%
WINA TIRAEDALE, MHHE., JE, MORE ; MONE=R,

(i) ZETHIX, LTOTF—2 i3 2,

(A) BLEE ST R B W 28 4k o0 Rl Je OVER B 0 BRI 5] % 7R T BRI 5 2 D U %
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(1) BERICY 2 N SNEKEWI LT HEM L 7-42 T ORI,
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OECD R EZEMRBURBRITA FT 4 L OFIFR

#FR %4 : OECD/OCDE,
OECD GUIDELINE FOR THE TESTING OF CHEMICALS (TG 426) :

Developmental Neurotoxicity Study

i

1. 1995 4 6 H X m—25 00T, Bl OV s I B % OECD 1R IE, Bhi ik
OFERIEDTZDIZBEFD OECD BB AT A K7 A4 VEHOMLEEICOWTEE LG o7, £
LCRHMBE BIZHN I H LT A R T A COBRRBIIRIZITEM S TH2RY (1), 7EZEE
2L, FEMREMEICH T 2R AT A R A 13, ZOBRBKET ST KIE EPA A K7 A
VEBEIZLTRBMT O LEE L (2), 1996 F 6 Ha X n—7 1280 T, &2
MR FT e T, FEEMRE RIS 2RO FEHEREZHE (B BHIRRICET 258/, &
I, BB, Sl SN2 HE . MREZFMT 2 &) 258, HILWT A MTA R
TA L OMENCAT D H A X AOFEE R T D7D S iz, KIERRR G R
P A R T A i, 1998 AEICAF S NTZ (3), 2002 4 10 HIZ OECD HZE KA KO
ILSI Risk Science Institute Workshop [3AH N TR S, BFZEMFI1T 2005 F£ICH T T
BAte S 7z, BIRBR T A N7 1 v L 2BOEE (H)(5)(6)(7) (ZEIE T 2 R 70y & LAY
MBEAICOWTEE LAY TEDICHEBESN I N OEEIX, KT A NTA R4 OBR%
ICBWTEB SN, KT A ML RTA o OFEH, ol OHM A FEICBE 5 B0
X “Reproductive Toxicity Testing and Assessment” (B5H 2 £ 7R & 7F4l) (2B99°% Guidance
Documents No. 43 (8) & T*, “Neurotoxicity Testing” (#2755 MEER) (231F % No.20 (9) =&
Bynz L,

Ik

2. WL OO FEWEITE RO OMOBREIC R EMREEEEL KT Z L8 m
HILTWD (10)(11)(12)(13), FEEMRBEEF BT v VOFBEZRET 5720121,
ICFWE L TXREY (CBBRWE”) OEMETFRIREL R L, R T2 0ERNH D, iz
g E MBI, FE N R OB E NI T E TR EE S 7 BB O EMRR R IC T
DRI R ORI b 2 ek L. T EMBEEZ 50 HEBRWE O mME PRz i
BT20ICKLERT -2 2RI EEZAMICT A ST,
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3. FEEEAPRR MR, EEMER ORER & LTI S DAY, B M RER SO BCER O R
wIERER (B BB A KT 4 2 415 (14), 416 (15), 424 (16)) & DV TR IR o3¢ R
B (B SR A KT A2 414 (17) ITHAAATDFERBRE LT EmRTE 5, 72721,
PRERBRE L CEmT 2HA 0T, MAAENEERBROBNE +0ICERLEBLINED
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X KOWEOTRIND Ak, ZoF®RiL, RS FofFfR#ICH L THEHY TH D
o, BTOREAMETEOLETHY , WL REKAREOEIICET 5 FHhT LR
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B O A

5. BB BT REEY ISR UAEIR K O AL S I 5- S D, REED) I AR M O L o
KGR E 2 MY 570l BRS . REM~D BB L OLBEFR bS5 (BE)
Yot &), VEEN I IR IR O 7 DICBERE O 0 b IEAEA IRk S D, MREEE
(T, HIEEORM, TEIZEAE, BRED), EE L OURTEKAE, LR E S TR IR
IR S OMTEN ER R E 2 T 2120 OB N GRS 5 A THER DI 2 K ORI
(ZFS T 2 ik EE R & AR B AR RT A & & e,

6. ERIORER L L TARRBRFIENER SN D56, FHICB T 51BN GE22 BV IR E D
MRATE), MRRE, MRE T E T ITERAEBFLEICMT e N TE, KTA FF A
CTHERSNIEMENOR/ONTT —Z &5 2 LN TED (16)(19)(20)(21), #RERABIZE.
T ESNT RS D WITRFATEREX N R E D Z A 7 Ok w2 R~ 7546, BIAE I
FIZAMTHD, ZN60BMLEL, REWERER., BEWIZOWTHWTS L, Iz
T, 2D DRENTER invivo DRLEZZET LRWRY | ex vivo & 5 WM in vitro TO
WLE A2 VLT By,

R D £
B OEIR
7. BRI T v P E LV BWEIRGE Mo AEH TE 5, 2L, AR
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BRITA RT A BT DIERBIE R AR O BIZ—BNICHNON 2RO T v kN TH
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IR 5, OB OM I, FIEY, BEYEES L ETZ0MmoT — 212k
KBRS NRTNIERE2, EEYTHD LW BB, fRA O AR OMRIT
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LB/ BRI OWTERT D, BAQRDRMOT v b TIIRISFER R D 0T, 43K
L 72 R be D 80 72 AL PEME e OSBURE 2 A9 D REIL N 72 < T Ze B eV, FEEMRRE M 2 iR
9 272012, MEOEEMER CEZ I DWW TCET D,

HEEHESN
8. EERENMME DR IL 2243°C £ 35, MHXHRE T D72 < &b 30% % OB = O P %
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RIRERNC X DMK AP <72, EIRR OB TR < B o, R s s o
BRSO X 5 ISR B DA ML AEBET D,
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D (23), FEREL. T2 o lWEHORMICI T 2 FHRE R AL B2 TEv T
72N (8-12), FEMEIZ DWW THEREDO LI Z[FEIC T2 Z LIXIFX AR CTH 5, Fl 2 ITRE
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THOI, ETHERLAO Al THRAET S 35 HZHR), ETOENORRIZHONT, [[Fl—
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72 B ERBRZ ET 2, b L bW E N — R 7058 E i MR £ 72 1T 5
DTN THREREZ R THE. ke MR, BRZESYOFE, E3+E
N D VITETAE RO ECAHE L2 FHR LR, MREEOERD H 25l 2 R REIC T 2
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IZK T 2RBRBOF D L TEZ L ORRD HIETHNE R L Z L E2UAT 272D
2T 5,

Example 1
2. 14D 20 PEM/ HERE (T7205 1 BEH 70 e 1 PCROMEE 1 PC) OmigLIE %2 | BEFLATR A

DATEVREDTZDITHWS, 2608, 10 L/ME/HERE (Thbb 1 BHZ 01
Vod 5V FE 1 JT) % PND22 TLERT 2, Mafiti L, EE42HE L THRREBRED
IS 2, SHIC, MEEOT =23V O 1 JHEH -V I 10 PT & 10 VLo REE
DRz W TERIT 5,

3.6 0 1o 20 ILHE/HERE (T8 b 1EHZVHE T IEROME 1 08) ORFLILZ . B
% OBBEATERE (KEMOFEM R RERBIZ:. BIED), TR B L O ERA)
K OWER A D Bl Z 3 i+ 272D HW S, 2o o@Ens, 10 L/ HERE (T7hb
H 1SV EE 1 ITH DV IHE 1T %2, BB T (35 X% PND70) (ZRRFEZ 2> TRt
WEET Do Insitu TEMEEE. M2 H U CTHE IR A O 7= D10 5,

4, FH (PND60-70) (28T 2R MEREME D=0, 5 3 #lo 20 PU/M/HERE (T72b
H1EHZ 0 HEL LK OME 1 L) OWHARZEHN T2, 260D 5 5 10 B/ME/RE (T
RPEH 1 EHTORE L IEH DT 1 IL) 2, RBRE TRICER L, Maembl L TEE%
WET %,

5. 580 @20 VoM B, BIIRAE N FEEZR & OIS TE & T 5,
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Table 1

HALIRES a) | MECH VL TOND HWE) | o in
m P AR/ A
1 5 HE . 20 DT + M : 20 PT ITENIE AR
M- 10 P + i : 10 PT % 22 H c RbEE /A B/ RE I
M 10 DT + ME : 10 PT %22 H  IHES
2 6 M - 20 DT + iff ;20 PT SR 75 i R R
M - 20 P + i : 20 PT H % iEE)
HE . 20 P + i : 20 PT M A
I . 20 JC + M : 20 PT TEE) M QYR AE
Mt 2 20 P + it : 20 PC FEEOGEE (E%25H)
I . 10 JC + M : 10 T 25 1 H oD ik EE /e R 0P PR/ RE
~41% 70 H
3 7 HE 2 20 P + iff : 20 PT FE R OGFE (B
HE - 20 PT + 4 : 20 T FhloMEE ~4% 70 H
4 8 — REH 50 iﬁbﬂ*ﬁﬁ@tb@%ﬁ%ﬁ%
a) ZOBITIEL, 1IBIZOERE4 DL E M 4 PLiziikS s ; HEOWELIEIZIT 1 726 4, D
WEELIEIIZ 5 205 8 DEF B E AT,

49




Example 2

6. 1 FHD 20 Po/M/HERE (T7205 1 70 #E 1 PTROME 1 P8y OFLIE % | BEFLATR A
DATEVREDTZDITHNW D, 208G, 10 IW/MHE/HERE (ThRbb 1 BBV 1
Ved 5V FE 1 JT) % PND11 TLEET 5, Mafiit L, EEaHE L THRpIERE D
IS 5,

7.6 9 1HLO 20 e/ HIERE (T7RDB 1 EHVHE 1 PR OME 1 I8) OmfiFllEz . BER
BOMA GEMQRRRERBLEZ, BIER), MR O A R & V&R EE R RE) (2 H W
L, TNHOEMNGL, 10 I/ME/HER (ThLH 1 EHVHEILH 5 W IIHE 1 L) %
AR TR (38 X% PND70) ([ZfEEZ 20 CHEVEEET 5. In situ TEANEER ., K% i
MU THEEZHE L., fhRIRBERA DO IZLBET 5,

8. FREWI M O IIC I T 2R AEREMAE D 72012, 10 IL/M/AERE (T72bb 1 b7
DE 1 VCH DV EHE 1 PG 2T S, B2 28 A PND23 K& OV 1 AR A REM A 1
OVWTOREICHENT 5, RBRE TR, REE LTHRA LR 10 IEMEREEZ B L, iz
WML CEELMET D,

9. MAEIZEIZIN 27250 @ 20 PU/ME/ HEIL., BEALRFICBR L CTHREET D,

Table 2
WILEE S a) | MEICEH VY TOEND REY | o
i i ” AR R A
1 5 HE . 20 DT + M : 20 PT %11 BATENV R4
M2 10 T + #fE ;10 PT A 11 B : 6 EE /AR R BT RE T
2 6 B - 20 P + ;20 PT ES VM TIZSTN
20 P + M : 20 PT ERiSct)
HE - 20 PC + 4 - 20 PT PR
M 2 20 P + ;20 PT EE M OV R A% RE
HE - 10 P + ;10 PT 5 I oD i EE /AR e BT REE I
~4%% 70 H
3 7 HE ;10 DT + M : 10 PE b) FE L OGRE (£ 23 H)
3 7 T 2 10 T + M : 10 PE b) i OfE R ~E% 70 H
R3] 0D i BB
4 8 — BT AE% 21 B )% L CHEET D,

a) ZORFITIE, 1 JEICO>EHE4 VL Ll 4 PLICIIRS LD ; HEOMFLIZICIE 1 25 4, D
FLIIZIZ S 205 8 DFF AT,

b) PND23 & HlniliC I 1T 258 A TIXR 2 282 H VW 5 (B 21X, A FF 20 IEhs & (%
F X HFEOME),

50




Example 3
10. 10> 20 Ve /ERE (T72bb 1 EH 7= 0 I 1 PCROWE 1 P8) OmELIE 4. PNDII 12

BT D MEE K OCHREREREICH NS, Zhb 0@ 5, 10 IL/HE/MER (T72bb 1
JE& 70 11 VEd 2 WM 3ME 1 UE) & PNDI1 TLHH LT, A L, EEZHE L T
PR B A D 2% AT 5, 51T, MEROT =23V 0 1 HEHY I 10 JC &
10 PEODAR[E E OB 2 VTR %,

11. &9 1O 20 L/ HERE (T2 5 1 EH 70 HE 1 DCEOME 1 ) OWFLIE %2 178
A (HIER), B OMmE (B RE L OPERR O B #RFE) . & OEE ] OFRai%hE
MAEIZHW S,

12. &5 LD 20 Po/M/M &R (T720H 1 EHZ 0 #E 1 IR OME 1 P8) OWiFLIE 2| HEH)
K OVER R E BEREEY) KOG ERERIC D, Znb0&8ins, 10 1L/
M/HER (T72bb 1 EH-0HEITH DV EME 1 E) % B TEF (B8 X% PND70) (2
PRI 2 70 CHEVR I E 2, Insitu TIBANEER ., At L CEEZHE L, PRmEE
TR D 2\ BT 5,

13. £ 9 1O 20 VL/ME/HERE (T2 b 1 EH7- 0 HE 1 VE KL OME 1 P8y ORfELIE %2 | &k
ORI REMREICH NS, o8NS, 10 PL/M/EE (T72bH 1 EH7- 0 ik 1 Pt
o OWITHE 18 2, RAEE TRICEZ L, Maft L CEEZET 2.

Table 3
HALIEES a) | MAEZH VY TON REY | -,
T o F) AR R AT
1 5 10 PC + M - 10 PC B 11 B BKEE /AR R B BE E
M - 10 DT + M : 10 PT A1 H  INEE
2 6 - 20 T + M - 20 PC 1TENIEAE (B &)

HE - 20 DT + ffE : 20 PC ER it
I : 20 P + iff : 20 PC P B A
ME : 20 DT + #ff : 20 PE FEEOGE (E%27 H)

3 7 HE - 20 PT + iff : 20 PC FER S (BE # L OV )
HE - 20 DT + 4 : 20 PT EINAS NN =k
HE - 10 DT + ffE : 10 PC 25 i 1 D Jibd EE /A R0 S B/ BE I

~PND70
4 8 HE - 20 P + iff : 20 PC FEEOGE ()
ME 2 10 DT+ i - 10 DT B oD ik B

a) COFITIE, 1 JEICOXEADCEME 4 PTICiEIkES NS  HEORAEIZIZ 1 226 4, D
FLIIZIZ S 225 8 DF/FF AT,
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4. k[E EPA & OECD DOI&iEM R TR AER
HA KT A > Dk
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EPA & OECD OREMRFEMERBR T A N7 A > OBk

EPA & OECD D F M

BB A BT A Ol - bR A2 LI TIORT,

[EPA/OECD DNT TG il « %fH3]

EPA Health Effects Test Guidelines OPPTS
870.6300 Developmental Neurotoxicity

OECD guideline 426 Developmental
Neurotoxicity

Study

(BEw]
R 0 7 v b (F344 R & FR<)*
Bk 20 JE/EE
BERE : xfBRE (sham-operated/fiE{A % 5-)

K=

i &

i & B4 &
BEFE . ROoks
B 5 HAR ¢ 4THE 6 H**~HFE% 10 H
BIEFIE :

WHRAYEIZE - 1 B 108, H&5RICFE
B— L — VNI D B
10 PC/RE
R 6 H**~21 H ORIz 2 [[]
a1 H~10 HOMIZ 2 18]
OB, FREE . Fripe I 2 5o ék
A G REOE 1 (A
SOICMPER, HER 11 A,
21 B (BEFLA)

(B8]
BtREs . 7 v h*
s - 20 JE/RE
BE5HAE : xIIEE (sham-operated/BEAR P 5-)
K &
HH &
i & -4 HE
A 2-4 12725 X O RRGE
Be55E  ROoks
- BENRK A &L
- TRAKARER
Be 5 1AM : 4THE 6 B~ HE 21 H
BEFIHE :
WIRREIEL - 1 B 1[4
FEAM 7R AEIRBL SR - 10 PL/RE
R 6 H**~21 H ORI 2 (8]
HE 1 H***~21 HORMIZ 2 [A]
B UEESE ORI | FREE | Frie I 4 &0

7
(R Y Fe 5 A 1 [
HPE R 7T ERDT, S b e

X

ey

W& 21 H
a) BENKGOLA, 2 H
EATE B X OOk EHlE
IR G £ 72 XR AT G OS5 E | GEi
H
KO LI A | B AT & 7o 1ok & 208
1 B2
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[EPA/OECD DNT TG L& - xflhFER (0D %F)]

EPA Health Effects Test Guidelines OPPTS
870.6300 Developmental Neurotoxicity
Study

OECD guideline 426 Developmental
Neurotoxicity

[[REir]
R (FEREFRE) : 4 +24 1L/E
BB L > TEAN5+23 IL/fE)
BETFIE :
EARNICERBREH ICERT 2 Rk
10+ 9 10 PL/#
WHRHIEIEE - Bl 1T ElE, e oA EZ
“ite
=V A Kb H S
R—T =BT D E T
10+ % 10 PL/E
PND 4, 11, 21, 35, 45, 60
FEEREE © 10+9 10 PU/RE
- KHE--HAEER . PND4,
BESLA T 2 I 1 A
- JEBE O, BRI
HJ&EE) : 110+ 2 10 PU/RE
HA# 13, 17, 21, 602 HIZ
PE IR © " 10+ 10 PT/BE
BEFLEE (PND21) K& Y PND60 Rijt4

11, 17, 21

ES/ )

[[REi]
R (FEREFRE) . 04 +%24 IL/JE
BB L > TIN5+ 3 IL/E)
BEFIE -
EARMICARBRAB ICEHAT 2 REmEI
320+ 2 20 PL/EE
AR BLES @ BlEITm MM, ECOfF EL
=X
T—=UHA Kb 1 H 1 EEGE
ETOWREY (74+%4 IL/IE)
FEAM 72 SE R LS
A+21 UL/ (20+% 20 PL/EF)
Bl A -3 1 (A
JEFRM - A -2 T 1 1]
FERE . 2 ToREw (@4+$4 VC/HE)
- HABRE., IRIGEHZL, G)shasF
- REE--BEFLATIE nlﬁ\%ﬁ%ﬁ2ﬁh
1 [A]
PERGAIREE « 2 TOWREM) (4+24 IL/E)
EERR O, LR i
1TEVRAE - A1+ 1 VL (6720+0720 PL/EE)
it 7L AT L S i
SEHED RO, B, B3 ES
HSER) . 1+ 21 VT/JE (0"20+ 220 PL/EE)
A% (PND)13, 17, 21, 60-70 HIZ%EhE
) M OVER R RE
A+21 VL/HE (520+% 20 VL/EF)
BEM - i (PND60-70)12 % i
AT A NG, SEHE Y R,
TERMEENS B, B8 BN
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[EPA/OECD DNT TG L& - xflhFER (0D %F)]

EPA Health Effects Test Guidelines OPPTS
870.6300 Developmental Neurotoxicity

OECD guideline 426 Developmental
Neurotoxicity

@EEAL7)|
R OGRS ¢ " 10+2 10 PU/RE
BEFLIF(PND21), PND60 it 12 i
PEEFEELE AR © 010+ 10 PT/RE
PNDI1, PND60+2 (GRERF T H)
JMEEHIE - 10+ S 10 P/E
FRHEARRFIOME - 96+ 6 PU/ffekx
* HE {4,
- KRR G4,
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- FE G
GFAP ¥4:4
- JEREFHH

[Bi#]
S DR

A+21 P/ (5'20+ %20 VT/EF)

BfEFL1% (PND25+2), PND60-70 {2 5t

AR, NE L ARG D

WL DIREE, T— U X DK,

LR, v T T g R

ORI RRRE . T 2K %

PRI BRI A @ " 10+ 10 PL/RE

PND22, 60-70

Jibd R R )

o5 BEAH Ak 7 O I A

- HE %4

- KRR G4,
Luxol fast blue/Cresyl violet Y%
(2= U Yefa)
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(FRAX S OVRAE %)

- SEYLAE
GFAP (2R IB A )
L7 F ik b (B E)
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« JEREEHH]

*:1F344 RO T v b, FRIET v NSO EZ NS5, TORMELIIMEE R

PR 7o & GUa

ksk

B R T TSR S L

BEEROA LT D

ek HARDPBEO bR ZiE, Fl0sE2HEORETD

*x%% . PND11 (Z31T D MR A Tl
VC& 8k L Z N &2 W BRI A I W D

M EE B E L AE T L= w0 D IERES 6
L {B L. PND60*2 [Z351F 5 95 PR G 51

BRAECIIMNEEREOEY L [F— TR < TRV,
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EPA & OECD OREMBZEEMRBT A FT7 A L OHEER

EFREDOTA BT A el 6 IR ITR T < | K[E EPA & OECD D ¥ 2k T M RN BR T A
R4V OIEARHAFIZ OV TEIRE REWNIT RV, HBRYE OG- & 5 W IR
R PR REE e EETOEWVRBD OND, WA F7 A 28T D HHE I
DWTLLFIZENT 5,

1) $ 5 B0 O 5 5 IEIC $8 1 5 fHiE S

OECD Ttk 6 A b HpE% 21 B (BELH) ETTHDHDITX L, EPA TIXAEAR 6 H >
HHEZ 11 BETTHD, 7y bOMBRRIEBITERS 775 9 B (B MIAEYR 3 1) | brain
growth spurt period (BMEEHIM) 1ZHAE% 0 205 30 HTHY, X 5T cessation of cell
proliferation in whole brains (42AMIZ 33 1F 2 MR L) (ZHA 17 205 20 B LA Sh
TV % (U. Hass / Reproductitve Toxicology 22 (2006) pp.148-156), J& % a7 BR S fi F
HHIAL T E ORRNEAE - BFLVTMREE S LBV ORI T 2 B 25 & 32 72 B I,
P 51 OECD 2% LT\ 5 Ll c& 5,

5 711X EPA TIEBHIR O #5211 E L TWADIZx L, OECD Tldafiflfk b5 o
EDREEHRG S LITRAKGORELZH D, 205G, BEEEZIIHOKEORE % E
it L7 i Ze 5720,

2) BB TFIEIC T 2 BN

BB : OECD TITREMII 4 25EMIARBIZR 2 2R L TV % — 75 T, EPA TldE Mz
DEBELEWVWIHIFLIRTHLN, MAEHB L LTUIE B LIENF LB 2D, FEEMR MR
BRI E OB T D BEEEEA . S OISR - BRIREEZ T RE A~
EHZFMT 2 2 ik v, REBMHABEEOFEZRGT2 2 EBNFAETH D, HL,
BRI b9 2 AR Bt ARG & B LT NE Th D720 (R AR, BFF - K
JRFESE 2, 2003 4), MAEH H 5 WITFHMEEE $E{fbk=2=27) 255 L CHER V)
ZEBEICHRGZ LTI R 50,

Ry -

(B OFN D 2T ]

BAIZ W 2 REMW BT AIIZ EPA TIEAREMERE 10 PRIZ%f L. OECD Tl FEMERE 20
VE (1 fEd 7= MERESS 1 VT) T 5, EPA TITEHORBRICF —ORE MBS en X
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I > TV DA, OECD TIFEHORBR CRI—OREBA NS D, EE) M O
RERM A, F 70X E L OGRIERER e ST T 2Rt OMAE TR E L KT T AT RN B
ZoNb, £1-—FHT, AUREYW TEIORREZERT I LOAEMMELEZOND,
PR E DR O NCHRBR A ZBEIC L, EUREMOEI0 Y TE2E 2 5 LEERH
HEBZT,

R EALRR RO A MR R OB REFHNC I W T o T A BT A > b & REMERE 10 DT % £ ]
T 5, B L. EPA TIHMMkFRME R OTEREEHINCIZ, 205 bOKMERE 6 IBA HW2 &
LTWb,

(A H ]
OECD A K74 v CIIFEREBEEBIZOW TOMESE Y T 5 REGIMDFEANICFRE ST
WD DIZKF L, EPA A R T A CTIEHE K ORIEMA LIS Clam A5 2 & Lo aE il 72 5o il
1372\, F72. OECD TS TV 5 EBE) & QU REM & (X EPA TlE72< . OECD THit:
BlE LTHIT w5 ARER), BREESSHRELZRARR & LTRE#I T D,
OECD $£721% EPA A FI A VBT OZMEHASLZNICHEE T 24 OBREIZHOWT,
PERYVE DR T SN D MR IR A B LT, BMEICRIRSND Z ENEE
nNodEEZ 5,
B F MR DN & LT OECD TIX EPA X Y % < OFFRY I IN 2 sa e Yetarn &
DEfEZBRET HEIITRKOTND

[ 75 5 i P £

K& B2 D EIE. HEHRFRAEDOERIEY Th D, EPA WA RI A4 3HAE% 11 H
K602 H GRERF&T) THDHDIZK L.OECD HA K7 A v CldiEAMICHATR 22 B,
60-70 HIZHEMT 5, HAERL 11 HORBIIKGBEZL HTHDH, £/, ZOEITEEOMH
RIE & AR NROTE R T 6 & 0 BFER A A+ Th . MORE SIFEEI LI
Mx Thd, SBITHAER 22-60 HDOMTHL, 7 A4, BEEETEANEZ 5 2 &7
5. BEFLHITH 5 AR 21 AETIIMOTRIIARERNZ LAY & ZED L RN MoK
EIXRWL AT THLHEEBEZOLNTVD, 26D &b, HAERK 11 BITKBIT29W
PR ORI B O REEHHNEE L WA X RS & % 2. OECD A K74 I
KO MERYAEY TH D & & 2 7= (Garman, RH /Environ Health Perspectives 109 (2001)
pp.93-100, W.Kaufmann, S. Groters/Reproductive Toxicology 22 (2006) pp.196-213, U.
Hass/Reprpductive Toxicology 22 (2006) pp.148-156).
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IR DA Z EPA TIXED TS DK L, OECD TIXFEERE, M7z
(AT BN R AE R O KR & IS E D TIEW R, o (Al Eo X d naikE
TAIATENC LA R Z 20 20T, A RLMESBIC L CEHEZNY.TOHULERH D (B
21 [B] #hRRATE R AT JE R0 2008 4F), HERL £ CORMITMOIEE L Rk, EkZ Loy
RORECITEHRADORMBFEHITIR 2D 70, EPA DX I KR A TOARDEETITIEL
SFHiicE NI ERFPHMEND, 22T, 1 H 1 BOBERORICREERIUTS Z &N
PELWEEZD,

[OECD A KT A > DOIHIZFEH]
OECD A4 RI A4 v TITiBIEAE L LT, invivo & % W invitro OMED ERE N AIHE T H
HEDREND D,

FR3E R DORRTE

OECD WA RT A id, AW EPA A RT A N> TeNETHDLR, W< DDA
THRD, SHICHMEOMESCK AT HHE A OMAGITFHEMTH L2, FEFICBEMETED
B D, El—2>ORBRICUT 2 BB L L <. EF— 0B THEEORBR % i
THHAELH DD, HITT HHBRB%ORBROFMICEEL KT HENERFTT X
LEZX2%D, OECD A RTA L EPATA RTA VONEERFEEL, 28T A RTA4
[CHE S To B H D WLk, 7F A NEEBRL, ThENThOFEERRT 52
Lo IHIT, HA RTA e Te A vy FlBRE I ZBGMER R BR A £ L CF7 — 4
AUE L, bl L7oiBRetm, MAEASCEMRENAEE T2 RN ELEZD,
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5. K[E EPA TOFEEMREMERBRICEE T 5
i o 3R A
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KE EPA TOREZEMREHERRICET 2HHHAE

1. PR Y
WEAYE N FREE R 3RMFEET R 221

2. R HEF
SR 21 42 A 11-12 B

3. AT
Environmental Protection Agency (EPA)
National Center for Environmental Assessment
Office of Research and Development
1200 Pennsylvania Ave., NW
Washington, DC
U.S.A.

4. TR E
(D Susan L. Makris, Toxicologist, Office of Research and Development,
National Center for Environmental Assessment, EPA, Washington DC, USA
@ Kathleen C. Raffaele, PhD, Senior Toxicologist, Office of Research and

Development, National Center for Environmental Assessment, EPA,
Washington DC, USA

(@ Brenda May, Office of Pesticide Programs, Health Effects Division, EPA,
Washington DC, USA

@ Jess Rowland, Chief, Science Information Management Branch, EPA,
Washington DC, USA

(® Kevin M. Crofton, PhD, Neurotoxicologist, Neurotoxicology Division, EPA,
Reasearch Triangle Park (RTP), NC, USA

©® Robert H. Garman, Consultants in Veterinary Pathology Inc, Murrysville,
PA, USA
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5. HAENE KL ORER

5.1, MR EIERER (DNT B NERINDICE -8 &

EXBVET T I —OFAE (NRC, 1993) (2 XL, KED 18 FLLTFDMHE - THEDH) 12%
[ZZEEZ: EM S ORMIEEN A B, ZORKE L TREM AR AR OILTFME
(MR EFEEWE) OBENFEDNL TS, FRICBEMmoMREEYE Ch 58, PCB, 7T/
—b. B UHIEIE, R ORRER L0 IS - T O RERRRIC K IE TR
RN ERRBINTVND, ZRHD I EEZBEL T, KETIIREMLPOKEREDAY)
IR P~ DOREFE B 2 S L7z & dn i B IR LE (FQPA) 78 1996 4F 8 A 3 AT THilE =
72, Z @ FQPA (Food Quality Protection Act) (Z7E\V), EPA (X% DK THZYTdH - 7 3R
DFFFE L OISRz RE T R BEFEOT — ¥ Ol 2 D | 2 ORI 2 F 22 3R
EOUEDE LT 1998 412 DNT Bk A K7 A (OPPTS 870.6300) % 23T A N7
A RITANZHEALT,

5.2. DNT 305 0> 52 Hi Ha 1

K[ EPA i, DNT sRBREMEILHEIC SN T, & U CBImME R & O TR (5%
R 0BV T TFICRT A & S8l LR bR B A ElT 5 & 5 I
Tn3a b,

O ZIHBEMERBRICIBW T, FEROMERICHEBRMWER G ICERT LB 26N
DA BIREAD D WVITRR R~ D RE L Bt D BERERY SR 23kt L TR
LN E

@ fearBIERBRIC I W TR RO EMRICHEBRER G ICERT 2L E2 6N
D EEDFED LN

@ pEkZ AW ERBIC B W TR E R 5ICER T 2 L3 2 61 o Mikine 7
1) & B DI R B B N B S A

@ BEHn O F EMRE B E &M LB 2 m LB

® EFHITAIC &0 RIEOBRE & ko EEE BN RR S L S E

72U, ERROYIRIIEAED 5 g A T AR K OV F M AR RS SR O R (NOAEL ]
E) 1E. HLETHRBWICKTH2BBEE CREINTE D, RS D WA ISR
LFEBEORERE (BBED D WVITRAIRE ) (TE Wb O TIERWZ &2 MER &
LTETOND, ZORIZHOWTIEDNT RERZ D b DIZBWTH R REE & LTk
INTEO, S%IEBIE - FrAERIC T 2 RIS 5 W TR FLIR 5 & o 5 5 15 % Gt
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TOHOMENDHS I, FRITHRME I T 2088 & BB & ORRZEDZEZ T 5
AT, ZORBEEORBILRER ((KE kg 4720 OREE) ORIIL, MO TEE
IRRHEE S L T 0 15 5,

5.3. DNT 3B St 14 4%
k€ EPA (OPPTS 870.6300) & (X OECD (TG 426) @ DNT iRBRH A KT A L HEML L C Fjifi
SN T FE R BB OB E O & LU R ISR d 2,

BRI 'E D FEIH Sy DM 724
AL E 8

fr K 73

[ 38 3
LS 7

Bo e R 15

Z Dt

4
RN, Z o83l HIRAGEE. BE - AForBEEE

25O DNT iBROWN, KIE EPA A N7 A L ZHEHL L DNT #RBR 2 i S v, £ DR
A& A3 EPA (Office of Pesticide Programs) (22 H S 4170 23O 2006 4 8 H BT 69 Al
bV | 4 E TITHORBRAA 2 & O A RNCFHE 2 72 T L7z b D1k 58 AT, £ D H1 T DNT
BRI S ADL & D5 WX ARSI E (ARMD) IZKM SN DIZLL T O 8 Al (8/58)H -~ 7=,

Carbaryl, Chlorpyrifos, Flufenacet, Lindane, Molinate,

Spirodiclofen, Tebuconazole, Zeta-cypermethrin

ZD ) LEMEREFNIZHE S ADI REICHEL KIF LT DX 4 #l (chlorpyrifos,
flufenacet, spirodiclofen, tebuconazole) T& > 7, 245 DHEMEFHHICH VS z= > RABEA
¥ ME, FOB, =2V =27 7 —BIHMHIHE, BEEER, BRESE, 78 - LB K
HiE, MOFHREETH D,

7235, TR0 DNT 3R (110 3IR) (26 L= SEBRIE (103 {LA9) 41EBA F o< Th 2.
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chemicals and other stressors

J2EB7S

No. of
studies

1 | Abamectin 7 /3% 7 F =3 e TV 1

2 | Acephate 7t 7 =— h -2 ey DI 1

3 | Acetamiprid 7% I 7V R B (A =aF ) 4 FREEBFA) 1

4 | Acibenzolar-s-methyl -2 WET ) 1

5| Acrylamide 77 U L7 I |k * PESE (BT N F v P AKICEH) 1

6 | AE-0172747 JREE (BREA) 1

7 | Aldicarb 7 v H T JEEK (g — N A — N R B 1

8 | Alitame 7V 75— A < Ot (N THBRE 1

9 | Amicarbazone 7 I BNV EE (BRELA) 1
10 | Atorvastatin 7 h LR X F o = 3K (i A5 it A1) 1
11 | Azinphos methyl 72> &2 251 =2 Wecr PIPE 3 3:F:1) 1
12 | BAS 510F JEE R () 1
13 | BAS 670H f B (R 1
14 | Bifenthrin £ 7 x> kU > JEIE (B L R a A RRERA) 1
15 | Carbaryl #1301 BIE (B — 82— R ) 1
16 | Carbofuran HAKR7 5 * JEIE (B — 3 A — b Rk ) 1
17 | Chlorfenapyr 7 mL 7 = F L SR (% 7 =#) 1
18 | Chlorite, sodium @it # e Na PE3E 1
19 | Chlorpyrifos 7 @ v Y A= * BIE (AR Y AR ) 1
20 | C1-943 EEE Rk phg) 1
21 | Cigarette smoke % /% =} < DAth, 1
2 | ot pevwest /=7 i 1
23 | Clothianidin 7 57 =2+ BRI (R A =aF ) A NRHEHBHA) 1
24 | Coumaphos 7 ~ 7k % I (Y o RER A 1
25 Sy;l;h/e)f;l/emethanol /=R FEYE (i 1
26 | A-Cyhalothrin > /~m | U > B (AR v e A NRE ) 1
27 | B-Cyfluthrin > 7L LU~ I (BRE L AT A RRE ) 1
28 | Cymoxanil ¥ EFH=/1 =3 W3 1)) 1
29 | Zeta-Cypermethrin > ~L 2 kU > | 23K (ARRE L 2 m A FR% Al 1
30 | Decamethylcyclopentasiloxane PEE (D) 1
31| p,p-DDT * JEIE (R R ) 1
32 | DEET(N,N-diethyl-meta-toluamide) | B3 (13 #l) 1
33 | Deltamethrin 1% X ~ U o * I (B E LA A RRE A 1
34 | Diazepam 7 /<A = K (i e ) 1
35 | Diazinon %A 7/ v * JREEE (kY R A 1
36 | Dichlorvos ©7 m LR % * JREEE (kY R A 2
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37 | Dicrotophos ¥ 7 v kK A BIE (AR Y AR ) 1
38 | Dietary restriction iR < DAih, 1
39 | Dimethoate ¥ # h=— k =2 ey PISES ) 1
40 | Disulfoton ¥ &Lk kv~ =2 ey PISES ) 1
41 | Emamectin =< * 7 F = (v m T4 RRE A 1
42 | Epidermal growth factor * =3 (HiA AF) 1
43 ?l-glit;lycll)dlpropylthlocarbamate BLIE (i) 1
44 | Ethoprophos = k7" 17k A JRIE (R Y v Rk Al 1
45 | Ethylbenzene —F L~ VAL (& Rkt s EUeh 1
46 | Etofenprox = k7> 7 nm v 7 A EE (BT L R a A FREBA) 1
47 | Fenamidone 7 =73 Ko I (A 1
48 | Fenamiphos 7 =7 I /K % =% ey DINES ) 1
49 | Fentin hydroxide 7 = > 5> SR B 1
50 | Fipronil 7 4 7m =1 Y (7 == BT Y — LR R Al 1
51 | Flubendiamide 7 1~<> o7 3 K JEE K (% ) 1
52 | Flufenacet 7 v 7 =Ft v k EEE (REA) 1
53 (_}hifosinate ammonium 72 L7k ¥ % B (i ) 1
54 | Glyphosate trimesium 27 U A&t— b | f23H D o REREH]) 1
55 | GN1180 (MN rgp120/HIV-1) B (=t XU F) 1
56 | Hydrogen sulfide ffift7k# PEZE 1
57 | Imidacloprid 4 I #7 a7 F B (xA=aF )4 FREBFA) 1
53 I;{l;n;ipiofior:trﬂe {2V T nm R M 1
59 | Indoxacarb 1 > K% H L7 =3 W3V 1
60 | Isopropanol 1 ¥ 7, </, —u YIS 1
61 | Isoxaflutole 1 V%% 7L k—1 I (R EA) 1
62 | Lead nitrate FEfss * PEZE 1
63 | Lindane V> 7 JEHE (8% ) 1
64 | Malathion ~5 v » K (Y - B R A 1
65 | Maternal separation -1 < DAt 1
66 | Methamidaphos # % I K7 = =2 Wecr PIPE 3 3=:8:1) 1
67 | p-Methane-3,8-diol EXy/)-F 3 1
68 | Methimazole # F~ > —L =3 (BRI 6
69 | Methyl bromide 2 Fr7m~4 k| BREK G bl 1
70 | Methyl parathion # FA85 54> | 23K (Y > Rk Al 1
71 lijlitl;yljli)iyrgethanol AFNT I F 3678 JUME 8 32 2
72 | Methylmercury Ak * PE 6 1
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n-Methylneodecanamide » 5 /L % %

3| s i g JRRIE (% ) 1
74 | Molinate & U % — k I (A — 8 R — P RBREFA) 1
75 | Naled + L K R (Y Rk A 1
76 | Nelfinavir /17 1 51 PRI (i RIGHIE) 1
77 | Nitrous oxide HEfs{l 225 PEE 1
78 | Octamethylcyclotetrasiloxane PE 2 1
79 | Perchlorate /$—=L— L =K . pEE 1
80 | Phorate &L — k BIE CHRY R ) 2
81 | Prochloraz 7 v 7 1u o X SR (A R R A A 1
82 | Profenofos o2 7 = 7 K =& =% ey DINES ) 1
i il 7o v 73 - e
33 E/ropylthlouracﬂ A= < o A S (bR R ) )
HH, SEZ o] o5 ) N N EE %
84 | Pymetrozine v©°2x hu v g)% (BY T T AL RE AR 1
85 | Pyrasulfotole &5 2Lk f—/L -3 (7% 1
86 | Spirodiclofen 2ty /77 = FEE K (2 = F) 1
87 | Prothioconazole 7 mFA4 =y — L | 23 GEEA) 1
88 | Styrene ZF L * PESE (B psE FUE 1
29 Eitiazromoblsphenol Avzrzxz) P2 1
90 | Tebuconazole &7 =} — L -2 WET ) 1
91 | Terbufos 7 /L7 7 % =2 ey PISES ) 1
9 ;egachlorvmphos VA=Y A PLE (A7) L AR ) 1
93 | Thiamethoxam F7 A k&4 A I (A= aF A R 1
94 | Thiacloprid 77 > F BRI (xA=a3F ) A4 NREHH) 1
95 | Thiram ¥ 5 I (UF A — N 2 — F R 1
96 | Triallate ~V 7L — k IR (A — 8 R — NSRRI 1
97 | Tribufos kU 7' = IR (Y o RAE REH) 1
98 | Trichlorfon ~V 7wk * =2 et DIVE 3P 1
99 L,l/,l -Trichloroethane ~ UV 7 m o VR 1
100 Zrlchloroethylene N7 === S 2 VI 1
101 Triethylene glycol ~monomethyl Vit 1
ether
102 | Trimethyltin ~V 25133 * PEFE (BEHI. ARUEALAl) 1
103 | Ziram ¥J & IR (A — N R — R 1

o Bt RIE Y, ¥ EELTE
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5.4.EPA £ OECD @ DNT iREEH A KT A > DLk

AT T4, KE EPA & OECD DREZEMBRHEMRBRT A T4 OB B\ TURLIZ K
I, NEZREETDEWMAA RTA4 L ORICITFE A OEWTH D08, b K& 2 FHE AR
IHEBRE OB G & S REHEB T 29 T (RERIE) THDH, EPA TiL,
BEWMITER 6 HBAE% 10 HETE L, IBIR - FrAERNBRYE I CRE SN 5K %
JiE M M OVRE LR R IZ IR E L T\ 5, — 5, OECD TIXMg@ MM 24k 6 HvH4E% 21 B
HEFLRFE CT& L, &5 (RERGIEZHER LULIESE) I X o> A RITREFLLSMNC
ORI D BIRE SN D ATREMENE 223, (EREH T » h O - RO ZER A Z
BT 5L, A% 11 HOHR (EPA) L 0 IX£E% 22 HOBEALRFOSH (OECD) & J7 M EAR
ZH/NEL, WBRMEOREEZHET HITARNE VD, —FH, BMEHBICKT HY
YNNI L TILOECD WA RIA DN EVZL OF U I AHEERLTEY, #
FHEIEAT ARG R T BRI E O, B2, FREMEER R Tl BPA O KBRS 6
Bl %t L OECD 13X BESME 10 Bl &2 Bk L CR Y | FRSHEHRIT 2 £ 5 3R B0 3F
IZBWTREBEEOEWT — 2235515, OECD @ DNT B A K74 > (TG 426) I
FARMIZ EPA O A RTA4 U EBKRL TV D, KIS0 2007 £TH Y, EPA
DHA KT A > ORIERS (1998 ) 1T 10 FEELS SRS 0, £ ORI S -5k
%< @O DNT RBRICBIT B Hiffi - FEEONY T = a U EBLEENMZ 5T 5, 1
ST, B S CIIBBR BT X 2 R ik st 2 i3 231k & L CIZ OECD # 1 K
A DFNREVERL TS LB SIS, EPA & EFLO IOV TEREICEE#R L TR Y |

ITUNVEESE OECD A R A UL 72 EPADNT iRBR A K A > (OPPTS 870.6300) D&
EREHTTFETHDHZ EEF AL TS (Dr. Makris),

5.5.DNT #BRICIB 1T HIEHEED G WVEN RN T A —F —

DNT R TITHHR R RE 10 N O E I B L 2 I R D T2 DIZZE D /R T A —F — )l
STV a3, dEICHEM S vz DNT iR RO, MEMEE (NOAEL) O E
BRI (= FARA b)) & LTRSS bIE, MEE, BRERE, FF - SLEED.
BEREMEEY, 2 ) o2 X7 7 —BHE, MEE, WMEHIPRIEZR EEx ThamIc L > TR
2%, TORTHEEMEIE  ARRBREIEO UL D L UTEHIRE AT 8 21T 5
AL T 5% (Dr. Raffaecle), Z OFHAFELFRIMRAT TlX, 5 DAV BUET — & Z fEat 7RI fF
o 27, o7 AEDZ OECD A KT A AZHE U TiBRO 703 L 0 AZHMED &
F=ABNELND, ThICH Ll O RN TIEC L R E &5 SN T 5
N DM HOEAD R SN EFRIZ D RN E MRS T b, £, A Al
KRB —NA— FREBIO DNT R TiZ, 2V v = A7 7 —BIEEENT DB E LT
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Pl LTV S,

5.6. DNT kit 0 sz 1t

DNT & D& MEIZ B LTl Bl ADI R E D72 O e E (NOAEL) % Ok %
CEE U728 A . DNT RBRICE 1T D5 NOAEL (mg/kg/day) 1dEe L A @l Z2 R IHEIZH D |
ADI R EIZRIRS NI — A3 7enZ B3R ST 5 (Troy Seidle, DNT Symposium,
Virginia, 2006), ZiUIZxt L, EPA % [#F BRI W THE LN L HEM R (NOAEL) I,
FHRBOBMICICC-HEREICKFLTEY, ORI HERENGE LT
NOAEL CTHRERDEZMEEZHET D DIFRE-> T\ 5 EGH LTV 5 (Dr.Makris), 1% T,
EPA |3 TEHIM OBREEHIM (Ek 6 H64% 10 HH 5\ T 21 B) 2B EJd, %R
MR 2R SO ARG EMERBRIC IR, ZORZHET LAGWEF A D] AT
ZTWb, 72721, DNT #RBRIZH 1T 5 NOAEL 13 H < £ THHREMIC KT 2155 & CIkE
INTHBY, BIEHDWITHAENRICKT 2 EZEOREE (IR 5 WITREFLIEE )
ICEDFHME SN TWARWZ ERMERE LTETOND, 2O (BIeHdH D W IEREEL
Wk iE B DR ) 122U TU DNT RBR O FE MR & S 41 25 F A FMERER (EATEMRE) &
OB FEMERBRICB O THRRRMEE LTSN TV AROMFERETH A 5, FFIC
BRI D B & BB & OO EE T 5551213 2 ORI K
O REFLIR TR & (A kg 720 ORGEE) ORMIT, Mo CTHERERMMBERE 2 V55,

5.7. DNT i D2 4% % (Safety factor) ~D %

KIE EPA Tl JAmME (RartE) MBSO BEEERRT — 2 I AR - Fit~o
ENIRE I NTGA L, DNT REROBEMEMEZZER L, 2D K 52T —F B0 EfE
T O 2R (Safety factor) 100 12Nz, & 512 10 D RMEFELEEL (Uncertainty
factor) Z M7 1000 f5 L LT\ 5, 7272 L, DNT R T —Z L DM OEHE T E 5511
TP AFES, B h~OREME RIS - FHHTkH 222 aM) R T
X5 LM SN DHEAITIT. FORBITIE L 35D 5 W0IE 1 ISBEIMRE AR S5 Y,
BUETIEL, SR - Fe~DEENRIBEIN D — A TIEDNT R 7 — & b OFE TR
NOMEIMIZEH 5 DT, R S 7e 2B T — #7206 Bl i KV NOAEL R, £
2D & ADI SRR E 41D,

5.8. DNT kBt o v b ~D 4 FME
DNT REFE RO b ~OAEMEICBE L Tid, R U#BRYE CHLEMWMERM CREENEZRD |
F7o, b b EEREBY TIIMBITEIREORIITOEIEN H 5 W IIEEDN BREN) I0bF
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L&D Z enb, BIRATIIRIEAMENEZ TN T 212 +0 2B P T — 2 13m o T
WAV, FEICE P TCTHA LD ERERMSEIERE, FEEES L VT E BER & O R ER
FIXEBRBYWET VBN THEAT 2 L IMOTHEETHL LS TWn5, LR
N5, KE EPA T « FHE~DORENBE SN D RECEMEITRERR Y PR L
E2 LT HAL AT DNT RO FEhE 2 HELEL T 5,

SEM

1) EPA: Pesticides; Data Requirements for Conventional Chemicals
(http://www.epa.gov/fedrgstr/EPA-PEST/2007/October/Day-26/p20826.htm)

2) Makris SL, Raffaele K, Allen S, Bowers WJ, Hass U, Alleva E, Calamandrei G, Sheets L, Amcoff P,
Delrue N, and Crofton KM: A retrospective performance assessment of the developmental
neurotoxicity study in support of OECD Test Guideline 426. Environmental Health Perspectives
117(1): 17-25, 2009.

3) Andersen HR, Nielsen JB, and Grandjean P: Toxicological evidence of developmental
neurotoxicity of environmental chemicals. Toxicology 144: 121-127, 2000.

4) Bjorling-Poulsen M, Andersen HR, and Grandjean P: Potential developmental neurotoxicity of
pesticides used in Europe. Environmental Health 7:50, 2008.

5) US EPA: Determination of the appropriate FQPA safety factors in the organophosphorous pesticide
cumulative risk assessment: susceptibility and sensitivity to the common mechanism,

acetylcholinesterase inhibition. FIFRA Scientific advisory panel meeting, June 2002.

2%, KE EPA 24 v ZICLDHFDOLE 2 ———Th 5 L DOk 2) 25L&
ELTRREIZHRMT %,
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6. (LFEMEIZ XL %R EMREEIEICET D
P2 S SC R A
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EZEWEIC & 2 REMREFEEICE T 2 EFR A E OB E

YELHIFZEICEE 5 SCERIAE TlX. BT b BRE L FEYE O R EMRRRIC KT T
W9 AR S 18 SMICHOWTHAEZITo 72, T D 18 BT HIF T SWE ONFRIT
LLTFomn Th 5,

XEE S NRmE e A G8
1 PCB BV - FLEh VoM T BN AR 1996
2 PCB FLA VL ORRRFE T E (W3R & OB ) 2002
3 PCB/A KR Jig A IR R 12 X D A TEN R 2002
4 PCB/A % /K 1 AN - FHE OB I E 2003
5 A KR THEOFH - R - EEERE~ D 2000
6 AR TR EREE (A E) & OB 2006
7 BHEKER R A TR i D AR A T B B~ D R 2006
8 AR AT EHBEUC X 2 RAEIRSE op 2 2007
9 A KR A TF LK ER D F bR B 2008
10 AREKER R UC & D F R 2008
11 #n THOFEEFEE (A F =) 2006
12 === KB v hERE (R oBHEEE 2006
13 ARIT A FHLOER), FNR. RIEHERE~ DR 2006
14 G A T DOIREATEN I 2~ D R 2008
15 7 T-HED I ZEARREA~ D (BN 2008
16 HHEY Al 8 Bl FLIR 2 O 2 % 2009
17 BREZTE Qe N - FEOITEFE I~ DR 2005
18 HHEY Al T O - EEERE~ DR 2004

EORITRTERIC, FETIIFOCKSEERE [H 2 hO I AR R LS (PCB), AR,
fa. BEE (VAL B—nR"A— b, Bl RuA RE) R EORECFWE O E EYRE &
FLEIE « FHEDO MR R D IEE L OBIHPEIC OV T 2k — MFZEN R, Hi 7o SIE AR SE
MANEREN>2oH 5, BlxiX, PCB TIXHEED = A— MIEIZB W CORNLOR AR
RLEEMORERE L OBBERREINTND, 7o, AHY HIORT F A4 U gE L
TFHEOFLIRCEBIERR O T & OBEMERIER SN TWD, LA LARRL, ak— Mi%
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IZBITDBRBRE L L COREWE ITMIER TR B TR, £72, /N OIS
RS T T N LADORESHEICLVEWVRHD Z b, MK ERER L RE
HHRAEARIEZSE LN TE LT A% OEIANEIE RN R -5,

PUFIZAEFA L 18 OE MO EE 2 BT 5,
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SCHK 1.
Epidemiological and laboratory evidence of PCB-induced neurotoxicity.

Seegal RF.
Crit Rev Toxicol. 1996 Nov;26(6):709-37.

Abstract

Z ORBFRIELA TSR D NEERBT 5 K 5 72 F 0 K OVFEBRIICG 7o B 72 5 L)
D7 VT4 INRbOE RN CFHMET 522 2B ET 5,

() RUVEAE 7 = =)L (PCB) KUM@ 1 7 MG EBERKFEOFETEIL, £ LT
KREVIZ RN T, FRICHRIR Y R O S OMR R LT L 0 B 72 e R O T B 2 R e b
EolER T,

(2) PCBs O AL E L, PCB B DA IE K DR ERIF I35 1T 2 B O FE 2R iR IR A7 9
Do

B) T O DOEICET D ERAME L. AN 7T U v 7 O K OEE 7 iR
PR R DFFFAR TR E DA R OTENE, FRRFE DR OREF L O 2 & OREIGYWE I
Xt DATE UG I BT 2 N W BE O ICBE 5 L CW A ATREME N B 5
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SCHK 2.
PCB-induced neurodevelopmental toxicity in human infants and its

potential mediation by endocrine dysfunction.

Winneke G, Walkowiak J, Lilienthal H.

Toxicology. 2002 Dec 27;181-182:161-5.

Abstract

RNV E 7 ==/ (PCBs) [ZREBIOBNERY BB 2 HEHT 5 2 &I28 0, RIRICE
TIND, bic, BATECONTARITHAERICREA T D PCBs ICIRFE I D, [N

RAEMTFRIRED 5 B, NAWERE & OMEIEN KOS EMRFEED 2 (L ERS

Y DOBEE RS CH D, MRRERIE L HART S L ITHARBEMICE T 2BRETRE T
® PCBs Wg#E & OR#MEIL, WS OhDak— MIETHE IR TS, KB T, &
. PCB AT OAER T, HIEEEDO X7 b T AR OEHRME & ORI THER
ROBND DD, P EER TO PCBIRHZEICEE L THFEANEZL Z LR EN
7o THHOaR— MFFROAL T, FRFEERE OFLI & 725 PCBs O&ENL £ 7Z5EH
SNTZEF RN, ERFEERD O I1X PCBs MR EMREELZ AT HZ LT LN E A
o>, TOERORBBFIZTWELICARHTH LN, =AMy /7 v Ra g v RmRORFIC
HURIR AR V& SR 70 E ORISR & OB AEM 2 PCB#E MR I E w2 BiH 5 LT
HINTWD, ZORIZBIT DN 20O EIZ>WTHERLT 5,
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ik 3.
Developmental neurotoxicity following prenatal exposures to

methylmercury and PCBs in humans from epidemiological studies.

Nakai K, Satoh H.

Tohoku J Exp Med. 2002 Feb;196(2):89-98.

Abstract

HAERTD A F VKRR D EHEA~OEREIT, A2 BTV NREFATITb W
KOMPORIME IR — MIRIZEVHALNERSTND, 7za—fRB/N—A « 2k — |
ORI E I TIL, IRNCZRTZEEZ DIV TV HARTO A FAKBRERICBWNTH,
WL OO ZZRTEIEIC BT 2 0T REENEZ L5 2 ENFEFFES N, EFEOERD
WFZERIZ B W TIE, AF KB E RV E 7 = =/ (PCBs) ff BRI B L 7= #0547 8
FHEENRO N, —H., B = VORHIMEMHETIZ, 2D X9 7% A FILKEBRIFE
EHRRRIE EEE L OMBITRD b oo, A F VKB L AR K VAR ITRTE S
TR IR RE T, (RBRERERE L D bW o OB ERBRICE VDT I WA E R L,
WIAFEICR T 5 ZDOFJE LICEL Z ZICENT 5, & PR ATFAKBICHEES LD 1H
FITAE THD, RUHEILE 7 ==/ (PCBs) EKE GTe 2 0 O OB E 13 AHH
HIZHFIE L. F72 PCBs 252\ < DO F AL FWE I3 PRI AIC K 0 FE B O i
ICHRBELZ ISR T LV I ESTRSDH I 0D, o OFEME OB AT,
AFRKBOMBRFEEL R T D0 A TERLRTIL R LR, > TAR TiX, PCBs
BRI FE R A Y Tl BERATR & 2R — MMFSEIC DWW TR LTz,
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ik 4.
Cognitive development in preschool children prenatally exposed to PCBs
and MeHg.

Stewart PW, Reihman J, Lonky EI, Darvill TJ, Pagano J.

Neurotoxicol Teratol. 2003 Jan-Feb; 25(1): 11-22.

Abstract
WL ONDOEZIFIEICB T, AU E 7 ==/ (PCBs) O HARIIREE & BEFEaiE T
DN T 20T RR MR ERET & ORFBRNA TR STV 5 [Child Dev. 56 (1985)
853; J. Pediatr. 116 (1990) 38; J. Pediatr. 134 (1999) 33; Toxicol. Lett. 102-103 (1998) 423;
Neurotox. 21 (6) (2000) 1029-1038], L/ LAN S, 2 TOMIER L OEEZ/R L TV 5
DU TIE22n 2% (J. Pediatr. 119 (1991) 58-63), FREIFEEICI T 5 HAERTD PCB IR O
BICRET D Tk ST\ D, ARIFZEIE Z ORI A RIS 5 720 0BT — & 2§
TeOWZRIB STz, AT 4 — AR - IR ET v =7 MRS 212 AOF
fit7= & 2 41 38 » H 512 McCarthy Scales of Children's Abilities Z VN CREli L 7=, £ 7=
A1% 54 H A I b R 21T o 7o, ARENFEIED TR IV TEE R B & 72 2 e
RN (SES), REBLO 1Q, REBLOBERDL, HEEEREL, WE, T OOk~ o5l &
N TR AR 123 1T S PCBs O HHAERTREE (IFH71M PCBs) & McCarthy Scales D,
fE & OB A R L 7, BT PCBs Z2IET 5 2 &2k v, A% 38 » Hlid McCarthy
Scales DAFIZIIT 2T NI ATRE R fEE 2 e PR BIC TR TH 72, &
A2, WA I PCBs & FEBLO BE TP O/KER (MeHg) L~b & ORICA B 7e i H RN 4 5
v, HAERTNZE LL O PCB IZHREE S AV BE Tl AR O A FILIKERERE L ~L &
McCarthy Scales @D AR I ILBAHMED 727y o 7o, K9 1.5 1% (AE1% 54 » Hlli) (CHEFHE L 7=
Bi2iE, PCBs £721% A F/L/k$R & McCarthy Scales O RAE I IXBIENFRD B Lo 7,
McCarthy Scales D AR DEWGIZ L OB ZRE LI L 2 A, L0 LGS I L7k
X, kb BEI N b L 54 5 A TRIUEREICAR D 2 LR ENT, SRIOT
[L43 HJ1C Jacobson et al., Patandin et al., and Walkowiak et al. & D& 5 % [J. Pediatr.
116 (1990) 38; J. Pediatr. 134 (1999) 33; Lancet 358 (2001) 1602] ZHH L T\ 523, Z Z TH
B LR RIS RERIE S Z o 2 TREMEZ R L T D, & B, ZhUBEORE CHER
PERSEALD £ T, PCBs & A FAKBOHARERIIMERN TITRNEZEZXZ DN D,
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ik 5.
Neurodevelopmental outcomes of Seychellois children from the pilot
cohort at 108 months following prenatal exposure to methylmercury from

a maternal fish diet.

Davidson PW, Palumbo D, Myers GJ, Cox C, Shamlaye CF, Sloane-Reeves J, Cernichiari
E, Wilding GE, Clarkson TW.

Environ Res. 2000 Sep;84(1):1-11.

Abstract

YA v VIEREFHEOREA X T 4 (SCDS) TlE., IR OREHA~D A F LK ERIRETE &
FESOELEL OV R LBEEGHER TE TV, ZoHETIE, ARk
— b5 D 87 ADFHET BITONT 9 BBHCEIE 21T - 72, & i, YL Sk
FRHE K ORI 7 A b 2 VT FERI e3840 - HLRES) - EE)RE DNy 7 U —id
BraFih LT, 2D DORE, BB A FILKEIREEE & RBEORLHE & OMICEEE %
%#%@@@&w:&ﬁ%wéntoso@ﬂm%a(&MmNmmgﬁmﬁwzomﬁ%
EEN ST A R) 2o\ T, BIRToRAOm EIXHARTO A F VKRGS OB & B
L7, ZOakR— oK 35% THAEZRDBEZN KL TV HAERTR OHAER O
T3 DA FIVKRGEE B2 GTe 2 M A O3z 326 Lz, HAERTREICET 2 2 H 05
FESIE, IR OSHRERZ BRI TIERVR KB L T\ e, ZOMEOMERIZ, SCDS @
FHELaR— MNMIBT D 66 » AROFIN B/ LA LRETOFER R —H L TWnDH, A
FKBPIIMREFEE LA T D720, ZORBIROBEREEELMOERICEIVEZD
EEZDLND,
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ik 6.
Environmental mercury release, special education rates, and autism

disorder: an ecological study of Texas.

Palmer RF, Blanchard S, Stein Z, Mandell D, Miller C.

Health Place. 2006 Jun;12(2):203-9.

Abstract

TXYRPER EKRERRERETOT =2 EHNT, 7XHRTBITLRER KT S
ToKER, FEERHE . BBES & OBEIEZFIA Uiz, FRIEA D OB, RFHLXOAD
FAHFRER O IEICIT, A7 Y ARSI 2 iz, BREHICH Sz Ko 8N &
B U C, RRERBCE AfEE & BPERIIA BRI U7, SFBTIERE It Sk
ER 1000 R RIEICFFERECE R R 43%EN L. HAERIT 61%8M L=, BEEHITHK
H S A7 KRR R O R BB R O B 1T, B PER O & S Lz, 2 o
BARFZEIC L0 . BRSNS R To KR & BBRED & 5 78 iEREE L O REEICBE T 5
IR DOVEENRBIND, BURGHESBE ARG R LETH D,
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SCHR 7.
Benchmark concentrations for methyl mercury obtained from the 9-year

follow-up of the Seychelles Child Development Study.

van Wijngaarden E, Beck C, Shamlaye CF, Cernichiari E, Davidson PW, Myers GJ,
Clarkson TW.

Neurotoxicology. 2006 Sep;27(5):702-9.

Abstract

AFVRBUTFE B ORI L TIHEFICAEHFETH L, R TCORICDEFIET D7D
bt F~OIRFEIFICAHOBIUC L VEZ 2, HARNTEIRED X FLKENIRE S
BROFEEMBR IR OF RN | HIRFICANNY 7 7T T R~V DIGRIN S % faa &
LR D AEEN T TSI THBEREFE EF 28 & 72 b S LD fEMRIED @ £ 5 2 e
EWIHIBRMMNELT, =a—Y—F U K, Zxu—ghk, B4 = ViR TOMIREL LR
ESINTNrF~—7 HEIL BROEEZ»LHE I N 4-25 ppm OHEIZB W TH IR
SNOERENRGIERZENDENI ZEEZRBLTND, LnLanb, XvF~v—7H
BORMCEELE KITTLEZONDI RHEERBRIEHFET D700, BRRBIRL A
NEBEHT DI - bl LI HIEOREOMKEN KAERECTH L, LA, Fxixt
ATz ZBWT 66 7 HBHAE LA A v ak— MR TED ENZT =X IR F
~— 7 T LT R A RE LT, 22Tl 26 DR HMRITEN R 2R LT- 643
AND¥EA v 2 VEEED 9 HBOF7ZHICONWT, BEOBET DA FAKBEON S F~v—
7 & BMD) ZHMHT 5 EICL VAL akR— Moz R LTEBLEZ, Znbo
A LR TENE IR IS ) L, BRx BB E AW, K-HJET L - UL TLET L - B Y
AT 4w 7 ETNEEUOHERISET VEAEM LTz, 26 FOMBITENER D BMD © 95%
EHEIRA (BMDL) 1%, BV AT 4 v 7 E5 /L0 20.1 ppm (range = 17.2 — 22.5) /5, K-
E7 VP 20.4 ppm (range = 17.9 -23.0) T TIEL DW=, 26 OREMIL, 66 » H DBH
PETEHONIMEL Y LETIRMETH D, BA vz VIEMEFHORBER Z T 1 1%, A
FILIKER O 22 AR B O B IS 9 2 Rl 72 2 B 200 72 JE il 2 2419~ 2 72 @ 1S fikise L T
Do
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ik 8.
Separation of risks and benefits of seafood intake.

Budtz-Jergensen E, Grandjean P, Weihe P.

Environ Health Perspect. 2007 Mar;115(3):323-7.

Abstract

T AMEHICIIEERREEZENGEN TN, ATF VKRR EOFERGEYELE
ENTND, 1o THEMEVHB S, BFCHET28ELTFETLIHERHL, 20
FIEEMRL LD ELTH, 1TEAEOEFNIFR TIIREROA MNP KBOFEMEIZD
WTHELLNPRFORBRERLNTEY . ZOWGITHNrb5 b D70,

A : W CEWICHKT 5 ZoOBREMEIC X o> TRERMICIZFE 2R~ DOREN R S
N5 L) FRIL, KEOHTRAREFITHD, ZONL T AOREEZRRD70I, FE
HIX7 = v — BB D A F KR E AV ERRBEEOR B S TELNLET —
ZIZONWTHEEFRRET VA2 A LT,

AR AR A A B L 72 BRI 72 FI2E (benefit) ZIET 5 &, filEL72WIGAICHE
L CHAEM O X FVKBIRFEOREBIIIM LT, BRFCOVWTOMEIIYFAEICE TS
[T DK DRRIRA~OHHE Z HERI T 2 ITITBHKR R b O TH D L O IcEZ B,
Z DB S MRS K D A F VKB OREZmIZ A T A2 bbb LERx bR, ok
X, REZBHOFMMELFFET 27O DKESTZHNTZONAL T ADRE S &P~ 7,
RERICHFRL I D EEZ LN D IEM S O L L (Realistic imprecision) Tik, KERITHEH
AHRIEE (deficit) 1 ZAHIERTOFZRICHER L T2 5 E THMML T,

fam - ZAUD OFERD G| benefical /X7 A — & —I|ZE 1T D HIEAGE R A L N DAHKED
W2 IR S 73 T )W R 0D S B OAE IR I Y 2/ Nl &2 b 72 ST RIE & 70 D 2 RIS LT,
L72i3 o THRIT IS O A F VKRR O FER BT, BRI & b IEL T
WRWEERRIC K Vil Nl S D & E X HiLd, £ L TEDNAA T ADOREEITRBRITKAF
THHDERDLTHA D,

79



3K 9.
Human developmental neurotoxicity of methylmercury: impact of

variables and risk modifiers.

Castoldi AF, Johansson C, Onishchenko N, Coccini T, Roda E, Vahter M, Ceccatelli S,
Manzo L.

Regul Toxicol Pharmacol. 2008 Jul;51(2):201-14.

Abstract
AF KT, B B EOFEREIMICE D THREEICEEL MTT ZENENLIL D
NTWLBREFROBLFOEFEEME CTHD, AT INKEOU 275X, EICHAEA

TR DRI ESTREROE hoTF—% KOS ESERhMAzAEHRTO
HIRIZ 3610 D 7k D FE 2 L R BN O 7B NIREE & O BIMR A TR U 7o A E P 2 RO gE
ICESNWTIT DI TN D, ZEOLEPHER RSN TNDIC b LT, AT LK
FOMRFEEEH OBIE, FFICWOMRITENC O T N REEL KT T OO N TIERTE
RHATH D, AFTIE, A TF KB OFEMR NI BT 5 BRR B K O 700 AR R &
WA L7c, ATFIVKEBOBMAEMAZEMT 2 L Ebi 2 BaORE - Ml - REHE - i
DRFFIEYE & DOILIRER &\ o T2 R OBTER BT RFITIER Lz, BRITHEWIT S0
OIERDPEE Z 2 FITE(T D LW IHIEE LT, TN OERIT, HERBEOBREICEK
T ALBEEMDOHEEICEWTHMEOOE 2L b s,
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ik 10.
Neurodevelopmental effects of maternal nutritional status and exposure

to methylmercury from eating fish during pregnancy.

Davidson PW, Strain JJ, Myers GJ, Thurston SW, Bonham MP, Shamlaye CF, Stokes-Riner
A, Wallace JM, Robson PJ, Duffy EM, Georger LA, Sloane-Reeves J, Cernichiari E,
Canfield RL, Cox C, Huang LS, Janciuras J, Clarkson TW.

Neurotoxicology. 2008 Sep;29(5):767-75.

Abstract
FRUITM D BAF R R L BZELRTRERZD T EN TV LD, BHEMEMNZ RS X F KR
LbEENTWND, AT, ADOREBRZE) L CEINT 2. 380K ERE
WESTDHZ LN, FHOFREIZH U THARTO A F VKRBT OXBEHET HEOEE
KGR FEZTRL D D E WA RGE LTo, ZOWZEIL, ROBEENRZ WA » RS
BOEA Tz VIMETIT DN, ZOMETIE, B aR— ML E W, &
31 300 NDOREBIA RN BRI L7z, MOBZICEETHL LEZ LN TV DLRER
IEPRPICHE L, £, HARDO A FAKERE S & HITHE Lz, FHHZOWTIE 30
7 Al E CEMBNCIME L7z, 229 ADO T LRI O 7= OB T — & 257, i
1% 31T Bayley Scales of Infant Development-II (BSID-1I) % V>, 9 % H i & 8 30 » H i Tl
ALz, $hIRO#EAN R OENOREIX. 4 >0 KEHNZHFAL, 5. 9, 25 » HIcb
Eii Lz, ar— MBROE T HIE, FHLTHBYSZY 537g0f 9 RofzEte
B BN L, ERIORBOBEZTONE A FIVKERBRZEREIT, 59ppm THo7, F)
DT TId, A F KR, REBL O R IRAE M Ok od BSID-II D45 & OBEMEZ DU
THELIZEZ A, AT KL 30 » AITBIT 2 EERSIEE R RS (PDI) (Z¥iFH
B BTz, PDI & A FILIKERD B d BT RERIRRED A & OB 2 7R~ 7= (8] B O fig
BrCld, AFILKERE 30 % HICHIT 5 PDI OBEMIIAEER TH Y | SaEIREE & 138E
HRRO b Rd o7z, RBRIICEN L72E% 5 » ARRCBIT 23T, 3 vRBEL
BB 2B GRO BTy, HAERT A F VKRG & IXBEMENGRO bl o Tz,
6D et WMARTA F VKRR & O R ZERE R & ORI L AT 2 BRI
BWT, BEOREBREN LKA EEI LT D AR RIS,
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SCiK 11.
Longitudinal associations between blood lead concentrations lower than
10 microg/dL and neurobehavioral development in environmentally

exposed children in Mexico City.

Téllez-Rojo MM, Bellinger DC, Arroyo-Quiroz C, Lamadrid-Figueroa H, Mercado-Garcia
A, Schnaas-Arrieta L, Wright RO, Herndndez-Avila M, Hu H.

Pediatrics. 2006 Aug;118(2):e323-30.

Abstract
HEY : R, RRER T F—DHA FT 4 o TlEFko b oshoHEMEEELE
SRV EIRZ 10 pg/dL & L TWAN, ITHFEOHIE TIZ I N Z R T D ERSEML T
Do FxIZ, AFTATTAHINENAZT 4 OFT —F ZHNT, MPERIRE &A% 12 £
7olE 24w Hllc 31T 20k a8z & o H & — 2SRRI OV TR L 72,
5 AR RERL, A% 12 K24 H Hln TR R EE2S 10 pg/dL LLF Todh - 72 294 A
DO BB STz, MR EIX. 77 7 7 A4 MERFREHTEEZ W CTIlE
L 7=, [Al CHEIIC Bayley Scales of Infant Development 1T % 32 U 7=, A& #8228 5 & HE p
By R A A BT L 72,
fER AR CTHIET D &% 24 » AliCB T 2 FHto M hEpiRE & 24 » AICERIT 28
PSS EEFR B K OVRS P IE B 8 IEFR U ITA B R AHBE 358 0 b iz, 12 » HisiZ 1T % i
SR &[RRI OO RS R AR R R T RS B B R B O R R O 24 AR Bk
PR EEFE L ORNTIIBLEMED RO 2o 72 24 » AR T D ErEE R ZE R &
FABZMENBO Sz, oMK, I hEnit A, 24 » H TORMIEERLE
TG HEEN I R O A, 12 5 H OFE TORMIREZEIEHCE I I ER R Z 505
MTHIELTHEM LD o7, 24 » Al O R EBECOR/MER R EER OGS A L 2
O TO M ERIEE & OREMREIL, A EHEREN 10 ng/dL L EO 725 X v & i
PRVEFE D 10 pg/dL L FOF7= b THEICKRE o T,
fEam . NSO DS ORI R I 10 pg/dL LLF O SR 2 3 C Ui AR BY
TLZERTRBEIND, HBx OB RIT. M ERE L HRITEIFHARRHER L O
supralinear (- b fi1E) FHES & — L7,
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ik 12.
Long-term consequences of arsenic poisoning during infancy due to

contaminated milk powder.

Dakeishi M, Murata K, Grandjean P.

Environ Health. 2006 Oct 31; 5:31.

Abstract
EEPHEIIMETADDOANLICEEL LT L TS RN RMEEMECTH S5, BEO TR
T, RAHEBROERICEVIGREINTEHEIKTH D, BIEDO Y 2 73 fii, b FRITH
D HAVIEFEN ANEIZIE STV D D MRREFEED U 27 IZHOWTERIE Z STV 5, 1955
HEIZAADOHIEOB T FEFREFENREEL, 100 ALLERTEL oodz, FIKIE, #RAKRED
VEoToiBY I NI Tholz, FHAMINI FEOFEMITIAARFEOATHERRIN TN DT
B, ZOFBFEHEROEH R OZEOREMEICORE D EEFICO W THET S, fThiizs
WD, A IV DOIELNTZINZ O FREFHN 4Tmg/L R I, —HEIC
495 500 pg/kg KEEZ DTN EES, L7 FEDTHO LN, BEEITLY
BN bDEEZXOND, BIRMZPEET, RES 2,3 B THA L, HREREEITN 60 mg
Thole, ZOFHEDBIEMRFEMED A FMEG IR 2 B2 m AN G 67z, BE
600 ALLEDOREHENAEFLTE Y, 51X 50 RIS > TV D28, kMRl A2
. TOMOEEL VS BEOKBIEICE LATHD Z EAME S TWD, BEYTO
bERICRE SN T b ORFEOEFNFAE L LI, b0 T7T — X TEE L RIREDO
UAZTEHEARA MZBWT, MREENRHERIEE THDL LEXAONIMENENH D Z
LR LTS,
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SR 13.

Cadmium and children: exposure and health effects.

Schoeters G, Den Hond E, Zuurbier M, Naginiene R, van den Hazel P, Stilianakis N,
Ronchetti R, Koppe JG.

Acta Paediatr Suppl. 2006 Oct;95(453):50-4.

Abstract

A RITLDIKR~DOIRE & EEITENERNOIEE D, FRITFICEY, MERE Y
AFLZA @ L TIRESIND, BNPLOPMIZRONA TS, BlE~DHI FI T LDE
FEIX, A TROONL2EHEELEML X OEREICHEG LTS, MREGENLDT R
S ULIBREL, RAICBTAMBAICHEE L TWD, RELR ORI ZE U CTOFAER~
DBATIZR BN TIEW D, EBREWICE WO UG L O EFEERRO b, T
a2 Eie hTOREBICBIT DT —F_X—=RFRONTNDHH, Tz b OES) & O
FATENC T 2 20T, FENA RIVLARED LA LEERH D, FEITEDRY K
U AIREET, REMGIE L BREMEN D ST, ZIDORREZMND DHIZOITIT. ik d
NI TH D, Invitro LB & AW FEBRT — % Tlid, KR T — FEAEHO S S
FRVNMICEWTH RI VAR RELHEZHZ ENRRIN, NoWwd L ITRERICHE
FEEEILIDEZAOND, THICHTIH FI v LAOBEENREEL L BT, REHK
DR OENLBEEREEICH T L2HELSEZT LI 2H FI U LOFEREEL THERIR
DEES e, BEMICRE TS0 FI U LAREIHRS N R2TNERLLRVWEDTH D,
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ik 14.
Prenatal and childhood exposure to pesticides and neurobehavioral

development: review of epidemiological studies.

Jurewicz J, Hanke W.

Int J Occup Med Environ Health. 2008;21(2):121-32.

Abstract

B : RO BIKT, EhERBIND2EWERET. BRTD, MElT2FEE2EBME T
LMEDEZTED T N—T 06705, $h. KEK O PCBs OBFZE & i LT, RIEDE FHY
WFZE TIER MR FMEDOFE T L A LR STV,

MR OF I« BEIRICIRE S T2 D OMBITEN 2R RIS OV TERE Y Tl g
HIFHA %2 . PubMed * Medline + EBSCO * Agricola * TOXNET D7 — X X— A% f{EK T 25 Z &
2 XV MR LT,

i R 1 AFFEDORERIN G, FHORIEA~DREE L, MRITEIFREECEE L 697
REMENR D D LD Z &R SN D, HAERTR ORI A Y o REHE (OP) ICIREE S
Nt Hix, EHEEEE STRMEEIT ) Z ENREETH Y | F USRI OB, R b
DS JREIFAIC R SR E EOMBEZ RT LB bz, A%V REKIRE O
BT, HAEVICB W RIS R S O8N, FHEH CIBEMIOCRIEN R B & LOR
SNTND, AHEEFRREIEAORE & MREFEZEIS T 2B L OMEEZHAEL TV D
MR TIZ, FPELEMRERLTWD, H DO TITRM L O EE R PR E 2 5] &
T ERELTODOIK L MO TIL, EROMEIIH Lozl LTND,
fiam - B FIRR A S EE D IFHIE. BIRICBRE SN D AR b oMT, RIEOM
IR EIEE O BEMIC OV T ORBEMOTLERH L Z L 2R-BT 5, - T,
principle of prudence 372 O HIHE MDA Z MG & T & TH D,
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SCHR 15.

Potential developmental neurotoxicity of pesticides used in Europe.

Bjoerling-Poulsen M, Andersen HR, Grandjean P.

Environ Health. 2008 Oct 22;7:50.

Abstract
BETHWONDEEKIX, HEOHER, HEE Vot E L AW ADTRED O IUEY & (%
T OB RO, 2 DA, EROMRREENE LTS, AT L
MDDz, ZD LD 2EEITE ML THbMREEL R OrRMENH 5, FEIEWE O K
DRI EE L R T REOAEFEHIIMRFH THL LWV IBREDNEE > TWND, BIIEDOE
MERBR O BR T, BEMREEIEENL TRV, 22T, Hx3BEEH S
TWDEEOMBEEMEIZ DWW TRE SN IOV T, FRCHIHIFEER SO U 2 712
M BT CREGE 21T > 7o, BERFHAE IR ERE L Lo IV D b00, EIC
TREORGERE IOV T TR TS, IR bEWmE AW TN 5 ER T, T4 =
=By RTELDNTWDEEEY LAY, IR A—F ELArS R ZF LU ERY
FAANNA—= R TnnT =) RRERRE DL OREPMREIEEENEZ 5] X i
CTAREMENSHD Z L ETRR L TWD, MOFEEITKT D EREIL, HETH D A
Thd, H>T, THT2ILIFAREEDOELFHTRITINIR LRV, BMIZEITD
FREOM ORI TOE b ~DIRE AT 2720121, MikEtEa A7 28 fFE A2 E
L7z 672w, ZOMOWE T, IRHEFIZHOZ VA S, 723z oMKic i
FIETHDIZHONTEL, —RICHEMRBFEEOT — B RITFTWHED, FrICEY BT
THMRTLOIMLEND D, L0 EMRMAZELND E TIE, BEFMCHNL TV RN
EEMICHONTIE, ZOMDREICH T HRBELET L7200 FHRALETHD Z L
EEETRETHD,
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ik 16.
Analysis and integration of developmental neurotoxicity and ancillary

data into risk assessment: a case study of dimethoate.

DeSesso JM, Watson RE, Keen CL, Hazelden KP, Haws LC, Li AA.

J Toxicol Environ Health A. 2009;72(2):94-109.

Abstract
A RT— MI, BIEMOBEMEMIC O ZREHERERELHIET S -0ICHWL DA
WY R BAl (OP) O 1 D THDH, VA MZ— hOLEMHEAZMHRT 52D 13FE
DO, Shii, T2 52 TOIA TAT -V TCEEELZZ T RVIREREZROL L
MWEETH D, BEMREERR (DNT), 2V > x7 77—+ (ChE) &35k,
cross-fostering #HR (HERERRER), 1 A S U <IFEIMREBIA BB O RICHKSE, IR
F2—=FD2ODERBRTY FRA  FERE L, T70b5, MEOMIZKIT S ChE FHF
(ChEl) K UBEFLIRIZHBIT DT TH D, A O TIL, ¥ A b—— F 2 il 05T
3mg/kg UL LG U7 B S A E N BERL R O SHINT 2 7 LR o R %
BEOT U FRA L FE LTEIRT D LM LT, L L6, K VGEMRERND
BEFLIR O SECIZD O FICET LT Y | BB O HER OREREN > 22D B
DERPIGESNIZLDOTHEZ ERHLNER-oT2, D EITHFHRE Z £ L 2B
%, FETHERLIRONE Z & OVHEITREERICHER 6 mgkg DV A bo— b L& &
DOHAEITHEM LT, 6 mgkg DY A Fx=— N Z AR O R G L2562, BERL o
FICITRBER 2 oTe, ZOZ MG, BERLROETRICEAE L TWDL DX, WILHO
R A~DRETH D Litimm L, & HIT, UATRESNTCHEICB T 2N F~—7 &
(BMD) # Z Z5#rikTlE, W23 5 ChEl @ BMDL (10) G DOIEH M 10%4 4 5 &
DIED 95% FIR) 1XBEEAL IR DS D BMDL (10) LV & 3 [BE1r-72 (EhEh 0.19
mg/kg, 0.68 mg/kg), LA EDZ L, ZoRBRICI Y, FEMICED ST — X 25l
THE, MR EEIER L CORBARE TH LI EBHLNE o, £, A&
BROMM ChEI (X, ¥ A b= — M EMEDERRIEZ T 2 720 O IEfE CERERIMEEE TH 5
EEEmfT T 5D,
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SCHR 17.
Assessing the effects of environmental toxicant exposure in developmental

epidemiological studies: issues for risk assessment.

Rice DC.

Neurotoxicology. 2005 Aug;26(4):483-9.

Abstract

PRI 1260 R O T O TEV R S B T D BB LW E OB R L BT 5 T
TOOTHETHDL, ZNOLOREDOHKEBIIL, ARFEEOREICEHEHN VLD IFH
ERMETD 2 ThTRIER SRV, = REBEA VN OFHiE, T 2 b E o R
R L7 E OB ERE LR, 2 WVESEIEREEEY T T
7R RR 2 WD FEIZ L VT b, =2 FARA VM EBIRT 5720 OREG172 51k
BELTLH I LIIARROMKE L EENL O LT 5, REER & BET 2 ok
EMERETHZENEETH D LWV IRBIITIRE > TN DN, HIET HILEWORE
R, T, FRICHBERE VT — 2 R ELNEHAEITIEEROICR L TED XD AfE
fEMT 2 Eha 3 2 M DWW THIM R I K o TR D FEN L BN TWD, “chemicals of
interest CKEE TZAMREAICLVIESNIZBEOIFWE Y A MO FWE)” (@m0
FRFEMEZ AT 2L FWEITRICHREHREDN DI T S, 207N o 0 EHEREFRE
BoOlEER), EBIC, VAT EHAALV MIEETHLITHLPD LT, EERRR
TR L WAL OMEREBIIAE SN RO OBR— RN TH 5, BFEE | FatFE &k O risk
assessor (U A7 T7THAA L NEMZE) NEELAIKESEZ LS LICLD, B MIBITD3
E R PR N AR AT I 1T D RJE ORI IEF KL D LD TH A D,
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ik 18.
Long-term neurobehavioral health effects of methyl parathion exposure

in children in Mississippi and Ohio.

Ruckart PZ, Kakolewski K, Bove FJ, Kaye WE.

Environ Health Perspect. 2004 Jan;112(1):46-51.

Abstract

AFNNRTF AL (MP) IZRETOEHOABAISNTWDLAKY VREETHD, KE
VT EINRAE AL AN TIEFREZHE T 52 OIEEICEZE SN TN, AT AT
F AR LTI E L OBELHET 570, ATFANTFAUREA SR
BFZ 6 UL T Ch ol T b 2RERE & L, BT S TRWE Uo7t 725 2 5 R
#t & L C Pediatric Enviromental Neurobehavioral Test Battery (PENTB) % /i L 7=, PENTB
X, FREBOEFEICETIEME BICHT DA 2 B a—EERM), BT 5Bk
(4 WA EOF R T D MRATEN FROGRER) CRERL S AU, ARRRATEDNFAYRTEAM IS 2B AR TR
ZRERAES . EERE D . FERES. BENCOWTHEMET 5 HETH D, BT RNT =T <
= IVRE R OBRER DO AT VRZF A OREEY 7L (wipe samples) (ZX D, 1
fhle B 2 e E R Lc, @B O T2 513, EHRESCEEREICE T 23R
DREAENMET LT e, S 610, BBEHO T HOBIL, RO 725 0 F & g
LCHGO T HR L 0TI CEBEREICHER 5 LM LT, LLRRs,
INHOMBIIHH T B L TCROONIZDIT TR oz, £, —REEE. HE
CIEBERE DM G, LR OLIIZHB W TIEME DEWNIE ST L<FBO Lo T, U
EDZ LS, AFANRNTFFATEYLEL ERICH L THB 22 bz s 2 L,
EIBERESC W DN DITINCH S L TV D ATREMEDSRIB SN DAY, T OFERITIRER TIX
RNWEEZXOBND,
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Review

A Retrospective Performance Assessment of the Developmental
Neurotoxicity Study in Support of OECD Test Guideline 426

Susan L. Makris,” Kathleen Raffaele,? Sandra Allen, Wayne J. Bowers,? Ulla Hass,® Enrico Alleva,®
Gemma Calamandrei,® Larry Sheets,” Patric Amcoff,? Nathalie Delrue,® and Kevin M. Crofton®

10ffice of Research and Development, National Center for Environmental Assessment, and 2Office of Pesticide Programs,

U.S. Environmental Protection Agency, Washington, DC, USA; *Syngenta CTL, Cheshire, UK; *Environmental Health Science Bureau,
Health Canada, Ottawa, Canada; ®*Department of Toxicology and Risk Assessment, National Food Institute, Technical University

of Denmark, Seborg, Denmark; ®Dipartimento di Biologia Cellulare e Neuroscienze, Istituto Superiore di Sanita, Rome, Italy;

"Bayer CropScience LP, Stilwell, Kansas, USA; éEnvironment, Health, and Safety Division, Organisation of Economic Co-operation
and Development, Paris, France; 2Office of Research and Development, National Health and Environmental Effects Research
Laboratories, U.S. Environmental Protection Agency, Research Triangle Park, North Carolina, USA

OBJECTIVE: We conducted a review of the history and performance of devel al

(DNT) testing in support of the finalization and implementation of Organisation of Economic
Co-operation and Development (OECD) DNT test guideline 426 (TG 426).

INFORMATION SOURCES AND ANALYSIS: In this review we summarize extensive scientific efforts that
form the foundation for this testing paradigm, including basic neurotoxicology research, interlabo-
ratory collaborative studies, expert workshops, and validation studies, and we address the relevance,
applicability, and use of the DNT study in risk assessment.

icity
Y

ConNcLUsIONs: The OECD DNT guideline represents the best available science for assessing the
potential for DNT in human health risk t, and data g d with this protocol are rele-
vant and reliable for the of these end points. The test methods used have been subjected
to an extensive history of international validation, peer review, and evaluation, which is contained
in the public record. The reproducibility, reliability, and sensitivity of these methods have been
demonstrated, using a wide variety of test substances, in accordance with OECD guidance on the
validation and international acceptance of new or updated test methods for hazard characteriza-

tion. Multiple independent, expert scientific peer reviews affirm these conclusions.

Key WoRDs: children’s health, developmental neurotoxicity, guideline, hazard assessment,

| t, U.S. Environmental

Organisation of Economic Co-operation and De

, risk

Protection Agency. Environ Health Perspect 117:17-25 (2009). doi:10.1289/ehp.11447 available

via http:/idx.doi.org/ [Online 12 August 2008]

The purpose and intent of this retrospective per-
formance assessment was to review the history
of developmental neurotoxicity (DNT) testing.
This review demonstrates the extensive scientific
efforts, including basic neurotoxicology research,
interlaboratory collaborative studies, expert
workshops, and validation studies, that form the
foundation for this testing paradigm. We also
review the relevance, applicability, and use of the
DNT study in human health risk assessment and
the historical performance of the DNT study.
This analysis was developed by an OECD expert
group [Organisation for Economic Co-operation
and Development (OECD) 2008a] in support
of drafting the OECD DNT Test Guideline
426 (TG 426; OECD 2007) that satisfies cur-
rent OECD validation criteria.

OECD validation criteria are described
in Guidance Document 34 (GD34; OECD
2005a), which addresses the validation and
regulatory acceptance of new or updated test
methods for hazard characterization. They are
based on the “Solna Principles” for validation
and regulatory acceptance (OECD 1996b),
but additionally emphasize the importance of
flexibility and adaptability in the validation
process without compromising scientific rigor.

GD34 (OECD 2005a) also provides
concise definitions of related concepts such as
accuracy, concordance, performance standards,

Environmental Health Perspectives -

predictivity, relevance, reliability, repeatabil-
ity, reproducibility, sensitivity, and specificity.
The terminology and definitions presented in
GD34 (Annex 1) were used in the DNT review
process; however, individual studies may have
varied slightly in the definition of terms.

The first DNT guideline was devel-
oped by the U.S. Environmental Protection
Agency (EPA) and has been subjected to
numerous validation studies and rigorous
peer reviews over the years. The U.S. EPA has
deemed the method validated for its regula-
tory purposes. As described herein, extensive
supportive materials for the relevance, reli-
ability, and overall performance of the DNT
study are available. Until recently, only the
U.S. EPA DNT guideline has been avail-
able for testing laboratories. The new OECD
TG 426 (OECD 2007) DNT guideline
will fill a regulatory gap for OECD member
countries. This review summarizes the con-
siderable work that has been performed in the
development of the DNT study and provides
the rationale for the regulatory acceptance of
TG 426 as a new OECD test guideline.

The U.S. EPA DNT guideline (U.S.
EPA 1998), the prototype for TG 426, was
founded upon an extensive scientific data-
base. This includes interlaboratory validation
studies, such as the Collaborative Behavioral
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Teratology Study (CBTS), which was con-
ducted in the mid-1980s. A separate group
of experts at the Williamsburg Workshop
(Kimmel et al. 1990} agreed that the meth-
ods in the DNT study are sensitive to known
human developmental neurotoxicants. An
expert consultation meeting conducted in
2000 (OECD 2003) discussed issues on vali-
dation, especially of individual test compo-
nents versus the whole DNT test method. In
doing so, they reviewed the extensive history
of international validation, peer review, and
evaluation of DNT methods contained in the
public record. Experts agreed that individual
assays of the DNT test method have been
shown to be relevant, reliable, and sensitive
and that extensive information demonstrates
the validity of individual components of the
DNT test method (OECD 2003).

The field of developmental neuro-
toxicology evolved from the disciplines of
neurotoxicology, experimental and develop-
ment psychology, and developmental
toxicology, through an extensive history of sci-
entific research and regulatory consideration.
Developmental toxicity is defined in GD43
(OECD 2008b), which states that effects may
result from ecither prenatal or postnatal expo-
sure, may manifest at any life stage, and may
be expressed as functional deficits.

The DNT study is a specialized type of
developmental toxicity study designed to
screen for adverse effects of pre- and postnatal
exposure on the development and function
of the nervous system and to provide dose—
response characterizations of those outcomes.
The U.S. EPA and OECD DNT guidelines
recommend administration of the test sub-
stance during gestation and lactation. Cohorts
of offspring (typically rat) are randomly
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selected from control and treated litters for
evaluations of gross neurologic and behav-
ioral abnormalities during postnatal develop-
ment and adulthood (OECD 2007; U.S. EPA
1998). These include assessments of physi-
cal development, behavioral ontogeny, motor
activity, motor and sensory function, learning
and memory, and postmortem evaluation of
brain weights and neuropathology.

History of DNT Test Guideline
Development

The evolution of DNT studies has its roots
in scientific publications that began to appear
in the early 1960s; the science has contin-
ued to develop over the past four decades.

Table 1. Historical contributions to the DNT guideline.

An extensive scientific literature, composed of
studies evaluating the potential for physical,
pharmaceutical, and environmental agents to
affect the development and function of the
nervous system after prenatal and early post-
natal exposure, provides a strong foundation
for guideline development, implementation,
and validation. Table 1 lists some of the key
contributions to the development of the DNT
guidelines. Table 2 briefly summarizes the his-
tory of U.S. EPA and OECD DNT guideline
development. Although prenatal developmen-
tal toxicity test guidelines have existed for
some time (e.g., OECD 1983), the first regu-
latory protocol designed to evaluate DNT was
developed and implemented by the U.S. EPA

in support of hazard evaluation for specific
solvents (U.S. EPA 1986), and a DNT guide-
line applicable to the evaluation of both toxic
substances and pesticides was finalized in 1991
(U.S. EPA 1991). In 1998, it was revised (U.S.
EPA 1998) as part of a broader U.S. effort to
harmonize testing guidelines within U.S. EPA
program offices and with the OECD.

In 1995, the OECD initiated the devel-
opment of the DNT TG 426 (OECD 1995).
The first draft of TG 426 was prepared after
an expert consultation meeting (OECD
1996a), using the U.S. EPA DNT guide-
line as the design template, and addressed
a number of important issues and recom-

mended improvements. The draft TG 426

Date Event

Summary

References

1960s-1980s Published research on DNT and
behavioral testing

1978-1984 CBTS

1984 Cincinnati Test Protocol

1982-1985 Collaborative studies of the Japanese
Teratology Society

19851988 European Interlaboratory
Collaborative Study

1989 Williamsburg Workshop

1993-1997 Collaborative studies of the Japanese
Teratology Society

1995 IPCS

2000 ILS| workshop on DNT testing

2003 Japanese Interlaboratory Study

2003 Behavioral Test Methods Workshop

2004-2008 ILSIRSI Working Group

Evidence that developmental exposure to chemicals
and drugs can alter behavioral function in young and

adult animals

Study to examine intra- and interlaboratory reliability

and sensitivity of behavioral test methods

Within-laboratory comparison of CBTS test protocol with

the Cincinnati Test Protocol

six reference chemicals

Interlaboratory study to assess sensitivity of behavioral
test procedures to detect neurotoxicity of methylmercury

Workshop to evaluate the qualitative and quantitative
comparability of animal and human data for ONT
Three interlaboratory studies using behavioral teratogens

comparability a core battery of tests

Interlaboratory study using neurotoxic chemicals to
evaluate test validity, reliability, and measurement

variability

Interlaboratory methods evaluations and assessment of

Irwin 1968, Spyker and Smithberg 1972,
Barlow and Sullivan 1975, Butcher et al.
1979, Butcher and Vorhees 1979, Vorhees
et al. 1979, Butcher and Nelson 1985,
Adams 1986

Buelke-Sam et al. 1985,

Kimmel and Buelke-Sam 1985,
Kimmel et al. 1985

Vorhees 1985a, Vorhees 1985b,
Vorhees 1985¢

Tanimura 1986, Tanimura 1992

Elsner 1986, Elsner et al. 1986,
Suter and Schon 1986

Francis et al. 1990, Kimmel et al. 1990

Tachibana et al. 1996, Tachibana et al.
1998, Fukunishi et al. 1998,
Mishmura et al. 2001

Catalano et al. 1997, MacPhail et al. 1997,
Tilson et al. 1997

Workshop to review U.S. EPA DNT behavioral test
methods, pharmacokinetics, and neuropathology

Interlaboratory study using neurotoxic chemicals to
determine sensitivity of behavioral measures

Expert workshop to address design, conduct, and
analysis of behavioral tests for neurotoxicity evaluation

Working group focused on variability, statistical analyses,
positive controls, identification and analyses,
interpretation of treatment-related effects, and
application of DNT testing to public health protection

Cory-Slechta et al. 2001, Dorman et al.
2001, Garman et al. 2001,
Mileson and Ferenc 2001

Okazaki et al. 2003

Slikker et al. 2005
Fenner-Crisp et al. 2005, Crofton et al.

2008, Holson et al. 2008
Raffaele et al. 2008, Tyl et al. 2008

Table 2. History of the ONT guideline.

Date Event Reference

1986 L1.S. EPA OPPTS published first draft DNT protocol for peer review and public comment LS. EPA 1986

1991 U.S. EPA OPPTS published final DNT guideline {383-6) U.S. EPA 1891

1995 0ECD Working Group on Reproduction and Developmental Toxicity {Copenhagen) recommended OECD 1995
development of OECD Developmental Neurotoxicity Test Guideline

1996 OECD expert consultation meeting {Copenhagen) provided recommendations for design of Draft OECD 426 OECD 1996a

1998 U.S. EPA OPPTS issued minor revisions and harmonization of DNT guideline {OPPTS 870.6300} LJ.S. EPA 1398

1998 Draft TG 426 submitted to National Coordinators for expert review and comment

2000 QECD expert consultation meeting (Washington] held to review technical issues QECD 2003

2003 Draft TG 426 submitted to National Coordinators for expert review and comment

2005 0ECD expert consultation meeting (Tokyo) convened to respond to remaining comments on Oraft TG 426 OECD 2005h

2007 OECD TG 426 approved by WNT; guideline finalized OECD 2007

WNT, the working group of the National Coordinators of the Test Guidelines Programme.
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was distributed for comment in 1998, and
significant technical issues identified by this
review (e.g., the optimal duration of treat-
ment, direct dosing of preweaning rodents,
and conduct of morphometric evaluations)
were further discussed at an expert consul-
tation meeting in 2000 (OECD 2003). A
revised draft was subsequently circulated for
review, and comments from OECD member
countries were addressed at a 2005 expert
consultation meeting (OECD 2005b). The
final version of TG 426 was adopted by the
OECD Council in 2007 (OECD 2007}.

In the context of toxicologic screening
and testing to support human health risk
assessment and chemical regulatory activities,
the DNT study fills an information require-
ment that is not satisfied by other OECD test
guidelines. Notably, it is the only test guide-
line that includes functional, behavioral, and
anatomical evaluations of the nervous system
at multiple time points, in test subjects that
were exposed to test substance during critical
pre- and early postnatal periods of nervous
system development. This test method has
been used extensively in the past two decades
on a wide variety of chemicals (Table 3).

Scientific Basis of DNT
Guideline

The test methods recommended in the DNT
guideline have been extensively reviewed
and evaluated over the last 25 years. This has
included the conduct of a number of meetings
and collaborative studies involving experts
from academic, industry, regulatory, and pub-
lic interest groups. Pivotal influences and key
events in the history of the development of
the DNT guideline (Table 2) include both
rescarch on test methods development and
efforts to characterize and document the sen-
sitivity, reliability, and performance of the
test methods, including a number of intra-
laboratory collaborative efforts. In the 1970s,
a series of studies were conducted in which
rats were developmentally exposed to a vari-
ety of xenobiotics and subsequently tested
during postnatal development using a bat-
tery of neurobehavioral tests (Butcher and
Vorhees 1979; Vorhees et al. 1979). Other
laboratories used behavioral and histologic
batteries, focusing on sensory and motor
function, in adult rodents exposed to a wide
variety of neurotoxicants (Pryor et al. 1983;
Tilson et al. 1979). A large body of research
has provided an immense database on the
ability of the functional observational bat-
tery to detect and characterize the effects of
drugs and environmental chemicals in adult
and developing animal models (Gad 1982;
Irwin 1968; Moser et al. 1988). This carly
work was followed by wide-ranging efforts
to characterize the specificity of these test
methods and the impact of both organismal
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and experimental factors (e.g., noise, spe-
cies, strain, gender, test history) (Gerber and
O’Shaughnessy 1986; Levine and Butcher
1990; MacPhail et al. 1989; Spencer et al.
1993). Ultimately, the result of more than
30 years of work in this area is a consensus
opinion of neurotoxicologists that proper use
and interpretation of the data derived from
these test methods provide unique insight into
the impact of xenobiotics on the developing
and adult nervous system [Cory-Slechta et al.
2001; International Programme on Chemical
Safety (IPCS) 2001; Tyl et al. 2008].

The development of test methods in
neurotoxicology also includes a long history
of efforts to characterize the interlaboratory
reliability and sensitivity of the test meth-
ods now included in the DNT study design.
An article comparing a learning and reten-
tion method among three laboratories
(Butcher et al. 1979) was followed by the
CBTS (Buelke-Sam et al. 1985; Kimmel and
Buelke-Sam 1985} and the “Williamsburg
Workshop” on qualitative and quantitative
comparability of human and animal DNT
(Kimmel et al. 1990). These efforts addressed
various aspects of DNT study design and
conduct, providing a sound scientific basis
for the test method and its use in hazard
evaluation. Since the publication of the U.S.
EPA DNT guideline (U.S. EPA 1991), a
continued scientific effort has reviewed and
updated methodologies, for neurotoxicol-
ogy in general and for developmental neuro-
toxicology in particular. Examples of such
reviews include the IPCS collaborative study
on neurobehavioral sereening methodolo-
gies (MacPhail et al. 1997), an International
Life Sciences Institute (ILSI) Risk Science
Institute (RSI) workshop on Developmental
Neurotoxicity and Risk Assessment (Mileson
and Ferenc 2001), a collaborative study on
neurobehavioral screening in 11 Japanese
laboratories (Okazaki et al. 2003), and a
Behavioral Test Methods Workshop (Slikker
et al. 2005). Descriptions of each of these
cfforts and their contributions to the scien-
tific basis for DNT testing follow.

The CBTS. Several of the test pro-
cedures developed in early behavioral teratol-
ogy studies underwent validation in a large
interlaboratory effort, the CBTS. This proj-
ect characterized the performance of a stan-
dardized neurodevelopmental test battery in
six different laboratories after in utero and
lactational exposure to two known neuro-
toxicants, methylmercury and amphetamine.
The study examined the intra- and inter-
laboratory reliability and sensitivity of several
behavioral test methods and the effects of a
number of other litter- and gender-related
variables. The peer-reviewed publications that
resulted from the CBTS included descriptions

of the background and overview (Kimmel
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and Buelke-Sam 1985), protocol and test
procedures (Adams et al. 1985b), data entry
and test systems (Adams et al. 1985¢), pre-
liminary research (Adams et al. 1985a), sta-
tistical approach (Nelson et al. 1985), results
(Buelke-Sam et al. 1985), and implications,
current appl ications, and future directions
(Kimmel et al. 1985). Additionally, the results
of a workshop held to review the CBTS data
were published (Butcher and Nelson 1985;
Geyer and Reiter 1985; Kutscher and Nelson
1985; Sobotka and Vorhees 1985; Tilson and
Wright 1985). In a corollary study, many end
points in the CBTS study were compared
within one laboratory to an additional set of
behavioral end points, named the Cincinnati
Test protocol, using both methylmercury
and p-amphetamine (Vorhees et al. 1985a,
1985b). The conclusion was that the effects
of methylmercury were detected by both the
CBTS end points and some of the additional
end points in the Cincinnati Test protocol
(Vorhees 1985¢). The CBTS showed that rep-
licability of data among laboratories using
a standardized protocol was excellent and
that both positive effects (e.g., with methyl-
mercury exposure) and the lack of effects (e.g.,
after low-level amphetamine exposure) were
replicable. The CBTS also demonstrated that
the DNT test procedures were sufficiently
sensitive; no more than a 5-20% change from
control values was required to detect an effect.
The European Interlaboratory
Collaborative Study. In the 1980s, the
European Interlaboratory Study Group on
Behavioural Teratology conducted a study of
behavioral test methods (Alder et al. 1986;
Elsner 1986; Elsner et al. 1986; Schreiner et al.
1986; Suter and Schon 1986). Three labora-
tories, one each from industry, academia, and
government, tested animals perinatally exposed
to methylmercury. The results indicated that
behavioral tests were more sensitive than repro-
ductive end points and that automated proce-
dures and measures aimed at specific functional
capacities were more sensitive than nonspecific
behavioral measures (Elsner et al. 1986, 1988).
The Williamsburg Workshop. In 1989, the
U.S. EPA held a workshop on the Qualitative
and Quantitative Comparability of Human
and Animal Developmental Neurotoxicity

Table 3. Number of chemicals studied using
the U.S. EPA DNT guideline or draft OECD DNT
guideline.

Chemical class No. of studies
Industrial chemicals 8
Miscellaneous agents” 4
Pharmaceuticals 3
Pesticides 73
Positive control chemicals 15
Solvents 7

#Food additives, cigarette smoke, dietary restriction, and
maternal separation.
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(also known as the “Williamsburg Workshop”)
to provide scientific input into DNT protocol
design and to evaluate its appropriateness for
use in risk assessment (Kimmel et al. 1990).
Expert scientists from government, industry,
public interest groups, and academia reviewed
a range of representative chemicals and envi-
ronmental exposures, including drugs (canna-
bis, cocaine, methadone, and phencyclidine)
(Hutchings 1990), ethanol (Driscoll et al.
1990), the anticonvulsant phenytoin (Adams
et al. 1990), and environmental contami-
nants such as methylmercury (Burbacher et al.
1990), lead (Davis et al. 1990), polychlori-
nated biphenyls (Tilson et al. 1990}, and ion-
izing radiation (Schull et al. 1990). Based on
data available for these known human devel-
opmental neurotoxicants, the workshop par-
ticipants concluded that DNT methodologies
were adequate for detecting DNT. A number
of specific issues directly relevant to design and
usefulness of DNT studies were extensively
evaluated by participants (Buelke-Sam and
Mactutus 1990; Levine and Butcher 1990;
Stanton and Spear 1990; Tyl and Sette 1990).
Additionally, workshop participants addressed
the relationship between biologic end points
specified by DNT guidelines and adverse find-
ings observed in humans after exposure to the
developmental neurotoxic agents under con-
sideration. A major conclusion of the work-
shop was that the DNT protocol would have
identified each of the agents presented at the
workshop as a potential developmental neuro-
toxicant (Francis et al. 1990}, although the
critical effects and the dose at which the effects
were observed could vary across species. The
workshop participants also concluded that the
laboratory animal is an adequate surrogate
for humans because many of the biologic and
behavioral mechanisms underlying these neu-
rologic functions are shared between humans
and laboratory animals. The predictive power
of DNT guideline studies was attributed
largely to the scope of neurobehavioral and
neuropathologic tests used that can evaluate
neurologic functions across multiple domains
(i.e., sensory, motivational/arousal, cognitive,
and motor).

Collaborative studies of the Japanese
Teratology Society. The Japanese Teratology
Society established the Behavioral Teratology
Meeting as a satellite meeting of the Japanese
Teratology Society in 1982. This group spon-
sored a number of collaborative studies con-
ducted primarily by pharmaceutical industry,
and contract laboratories (Tanimura 1985).
The first effort involved 21 institutions that
investigated the eftects of parametric vari-
ables (water temperature, number of trials)
on performance in a water T-maze and two-
way shuttle box (Mizutani 1984). This was
followed by a larger study involving 46 labo-
ratories that investigated the effects of six
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chemicals (chlorpromazine, ethanol, hydroxy-
urea, methylazoxymethanol, phenylalanine,
and vitamin A) (Mizutani 1985). These studies
demonstrated that the T-maze test was reliable,
but possibly not as sensitive as needed, and sug-
gested the need for more complicated learning
paradigms for this method (Tanimura 1986).
Workshops were then held between 1988 and
1990, with three subgroups: reflexes and sen-
sory function, activity and emotionality, and
learning (Tanimura 1992). Subsequently, a
core battery test draft for behavioral develop-
mental toxicity was proposed. Its utility was
examined with three positive behavioral terato-
gens during 1993-1997: phenytoin (Fukunishi
ct al. 1998; Tachibana et al. 1996), retinoic
acid (Nishmura et al. 2001), and nicotine
(Tachibana et al. 1998). The numbers of par-
ticipating laboratories were 32, 28, and 18,
respectively. It was concluded that the pro-
posed core battery of tests is useful as a method
to detect postnatal developmental disorders,
including behavioral dysfunction, in rats.

The IPCS Study. The IPCS collaborative
study was an interlaboratory evaluation of
neurobehavioral screening methodologies used
in adult and DNT studies (MacPhail et al.
1997; Moser et al. 1997¢). A total of eight
laboratories participated in proficiency stud-
ies (Moser et al. 1997a), and the full study
evaluated seven neurotoxic positive control
chemicals [triethyl tin, acrylamide, parathion,
p.p - dichlorodiphenyltrichloroethane (DDT),
toluene, N.N'-methylene bisacrylamide, and
lead acetate] in adult male rats (Moser et al.
1997b, 1997c). The study examined variabil-
ity associated with the test methods and rea-
sons for differences. The overall conclusion of
this extensive study was general “agreement
across laboratories in terms of their ability
to detect dose-related changes in behavioral
end points with prototypic neurotoxic agents”
(Catalano et al. 1997). The study results were
also reviewed at a workshop held in 1995 in
Capri, ltaly (Tilson et al. 1997) and were pre-
sented in a symposium at the 1996 meet-
ing of the Society of Toxicology (Moser et al.
1997d).

ILSI workshop on DNT testing. In 1999,
ILSI established a working group of scientists
from government, industry, academia, and
nonprofit nongovernmental organizations
(Mileson and Ferenc 2001) that was charged
with evaluating revisions to the published U.S.
EPA DNT guideline that were also included
in the draft OECD TG 426. Some of these
changes were implemented by the U.S. EPA
Office of Pesticide Programs (OPP) when it
issued Data Call-In notices for organophos-
phate pesticides with tolerances (U.S. EPA
1999b). The revisions included extension of
the offspring dosing period through to the
age of weaning, ensuring that the pups are
exposed to the test substance, increasing the

number of offspring evaluated neuropatholog-
ically, and collecting chemical-class—specific
biomarker data. The extension of the dosing
period during the lactation period raised sev-
cral issues, specifically in the areas of pharma-
cokinetic/toxicokinetic data needs, behavioral
testing, and neuropathologic evaluation.
Overall, the working group agreed that the
current DNT test protocol was based upon
solid scientific principles and experience,
that there were opportunities to revise and
improve some aspects of the U.S. EPA guide-
line study, and that further research would be
valuable in providing the scientific basis for
development of TG 426 (Cory-Slechta et al.
2001; Dorman et al. 2001; Garman et al.
2001; QECD 2003). Further considerations
of methodologic issues related to the conduct
of the DNT study include an ILSI workshop
on the direct dosing of preweaning mammals.
This workshop culminated in a monograph
on direct dosing that has broad application
to study design for many areas of research, for
example, pharmaceuticals, environmental pol-
lutants, and academic resecarch (Moser et al.
2005; Zoetis and Walls 2003).

The Japanese Interlaboratory Study. An
interlaboratory evaluation of neurobehavioral
screening methodologies (used in DNT stud-
ies as well as adult neurotoxicity studies) was
carried out by 11 safety rescarch laboratories
in Japan (Okazaki et al. 2003). The study
examined technical problems in evaluating the
neurotoxic potential of chemicals, conducting
a variety of neurobehavioral tests on rats after
cither acute or repeated (28-day) exposure to
acrylamide or 3,3 -iminodiproprionitrile. All
laborataries detected neurotoxicity of both
chemicals. The report identified interlabora-
tory differences in test method sensitivity and
concluded that it is important to standard-
ize the methods and criteria and to improve
observers skills (Okazaki et al. 2003).

The Bebhavioral Test Methods Workshop.
In 2003, a workshop was conducted to dis-
cuss experimental procedures and practices
that could help enhance the utility of behav-
ioral data as a reliable index of neurotoxicity
and in the safety evaluation of chemical sub-
stances (Slikker et al. 2005}, Workshop par-
ticipants included individuals from all sectors
of the neuroscience community: academia,
government, testing laboratories, industry,
and nonprofit nongovernmental organiza-
tions. Overall conclusions from the workshop
were that consensus can be reached on the
fundamentals of behavioral assessment and
that aspects such as experimental design, test
method selection, training of technical staft,
validation, control of confounding factors,
data variability, data analysis, and data inter-
pretation should be carefully considered in
the planning and conduct of behavioral safety
assessment (Slikker et al. 2005).
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In summary, the scientific basis of the
DNT test method has been subjected to an
extensive history of international validation,
peer review, and evaluation that is contained
in the public record. Through the various
collaborative efforts and workshops that have
been conducted, a number of important con-
clusions have been drawn. The individual test
methods used in the DNT study have been
found to be highly relevant for characterizing
health risks of neurotoxic chemicals and to be
based on solid scientific principles and expe-
rience. Using exposures to known human
developmental neurotoxicants, the DNT
study has been shown to adequately identify
the potential for adverse effects of chemical
exposure on neurologic development. The
intra- and interlaboratory reproducibility,
reliability, and sensitivity of the DNT test
method has been established, using a variety
of test substances.

Use of the DNT Study in Risk
Assessment

There is a regulatory need for DNT testing to
support risk assessments in OECD member
countries. Many pesticides and other chemi-
cals are known to affect the adult nervous
system, and there are concerns regarding the
potential for DNT after early-life exposures to
these substances [National Research Council
{NRC) 2000]. This is particularly important
because unique behaviors and activities of chil-
dren place them at greater risk for increased
exposure to xenobiotics by multiple routes
(Brent et al. 2004; Weiss et al. 2004). The call
for a more rigorous assessment of the potential
for DNT has been issued by scientists from
multiple and diverse sectors with an interest in
public health protection.

An examination of the historical and
potential uses of the DNT study in risk
assessment is critical to an overall evalua-
tion of its value in protecting human health.
Currently, the largest collection of DNT
guideline studies resides with the U.S. EPA
OPP, which has obtained information on
DNT for specific pesticides to satisfy regu-
latory mandates (Food Quality Protection
Act of 1996). The U.S. EPA has furthermore
engaged in an ongoing scientific analysis and
discourse regarding the conduct of DNT
studies, the interpretation of the data from
these studies, and their regulatory impact.

A review of 12 DNT studies (Makris et al.
1998) evaluated by the U.S. EPA Office of
Prevention, Pesticides, and Toxic Substances
(OPPTS) in support of the registration and/
or use of nine pesticides and three solvents
was presented to a Scientific Advisory Panel
in 1998 (U.S. EPA 1999a). For the nine pes-
ticides examined, the analyses demonstrated
that the DNT study includes sensitive end
points that are not examined in any other test
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guideline, including prenatal developmen-
tal, reproduction, and neurotoxicity studies
(OECD 1983, 1997, 2001), thereby enhanc-
ing detection of neurobehavioral and neuro-
pathologic effects in offspring after exposure
during sensitive periods of neurologic develop-
ment. As a result, the DNT study, when pres-
ent in a chemical database, is often identified
as a sensitive study and an important source
of quantitative and qualitative information for
risk assessment.

DNT data have been shown to be valuable
in the selection of end points and doses for risk
assessment (Makris et al. 1998; Rowland et al.
2007). As might be expected of a study that
uses short-term exposures (- 25-40 days) dur-
ing development, where a single exposure dur-
ing a critical period may result in developmental
insult (Rice and Barone 2000; Rodier 1980,
1986, 1994), the predominant use of the DNT
study in pesticide risk assessment has been for
acute (single dose) reference doses (RfDs) and
for short-term (1-30 days) and intermediate-
term (1-6 months) noneccupational exposures,
which are especially applicable to risk assess-
ments for children. Results from DNT studies
have also been used in calculating a chronic
RID for lifetime exposure to a toxicant when it
has been shown to be the most sensitive study
in the toxicology database.

A survey of the use and value of neurobe-
havioral assessment in safety evaluation was
also conducted by Middaugh et al. (2003).
This survey included the results of multi-
national studies conducted since 1990 on
174 compounds, including pharmaceutical
(819%), agricultural (7%), industrial (1%),
or undefined (10%) substances. Notably,
the neurobehavioral sereening conducted
for pharmaceuticals is generally composed
of developmental and behavioral assessments
of second-generation (F) offspring but does
not address all of the end points assessed in
a guideline DNT study. Nevertheless, this
review found that F} behavioral parameters
along with other parameters defined the
chronic no observed effect level (NOEL)
in 17 of 113 (15%) and solely defined the
NOEL in 3 of 113 (2.6%) of the studies
examined. The conclusion was that F, behav-
ioral parameters sometimes improved on the
standard toxicologic measures of hazard iden-
tification, providing information on outcomes
not addressed by other standard measures of
toxicity.

By early 2006, a review of regulatory and
published sources revealed that approximately
114 DNT studies had been completed using
cither the U.S. EPA guideline or the draft
OECD guideline (Table 4). The list of agents
in Table 4 demonstrates the extensive history
and experience regarding the conduct and
interpretation of DNT studies. The outcomes
of these efforts do not comprise a focused
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attempt to validate the study protocol or spe-
cific end points. In fact, a few of these studies
did not include all the end points recom-
mended by U.S. EPA or OECD guidelines.

As of August 2006, approximately
75 DNT studies had been submitted to the
U.S. EPA OPP in support of pesticide regis-
tration. A preliminary survey of the use of
DNT studies in risk assessment in OPP was
conducted in March 2007 (Rowland et al.
2007). For 58 of the 75 pesticide chemicals,
a DNT study had been considered in the
weight-of-evidence review of the toxicology
database. The DNT study was used to select
end points and doses for risk assessments for
cight of those chemicals. Importantly, for four
of the eight DNT studies, the critical effects
cither included or were solely based upon off-
spring behavioral and neuropathelogic param-
eters that are not evaluated in other guideline
studies (i.e., motor activity, auditory startle
habituation, learning and memory, and mor-
phometric analysis). This is consistent with
the conclusions of the earlier retrospective
analysis (Makris et al. 1998) and provides
further evidence of the sensitivity of the DNT
study in identifving adverse effects in the
young and the important role of DNT studies
in human health risk assessments.

In addition to using DNT data for regu-
latory decisions, some regulatory agencies
have also, on a case-by-case basis, incorpo-
rated an additional database uncertainty fac-
tor into their regulatory decisions because
of the absence of DNT data. This approach
reflects regulator views that DNT data are
valuable in refining permissible exposure lev-
els and that the absence of these data can
increase the uncertainty about the toxicity of
the chemicals (U.S. EPA 2002a, 2002b).

Recent reviews have examined specific end
points across multiple guideline DNT studies,
to demonstrate the value of current methods
in hazard characterization and explore fur-
ther opportunities for methodologic refine-
ment. U.S. EPA scientists have conducted
cross-laboratory comparisons of methodolo-
gies and results from DNT studies submitted
to OPP (Crofton et al. 1991, 2004; Makris
et al. 2005, 2006; Raftacle et al. 2003, 2004,
2005, 2006; Sette et al. 2004). Kaufmann and
Groters (2006) reviewed the neuropathologic
assessments in DNT studies, summarized
practical aspects in planning neuropatho-
logic assessments, and highlighted the value
of morphology data in reference to both the
concurrent behavioral assessments and use in
assessing risk. A multisector ILSI RSI work-
shop examined the evaluation and interpreta-
tion of neurodevelopmental end points for
human health risk assessment and addressed
public health considerations, data interpreta-
tion, data variability, positive control data,
and statistical analysis (Crofton et al. 2008;
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Fenner-Crisp et al. 2005; Holson et al. 2008;
Raffaele et al. 2008; Tyl et al. 2008).

These various review efforts and result-
ing publications provide transparent decision
criteria for the analysis and interpretation of
DNT test results, in accordance with the prin-
ciples described in GD34 (OECD 2005a).
Additionally, they demonstrate test method
reliability, reproducibility, and relevance,
which is attributable in part to the high level
of standardization of the test methods that are
recommended in the test guideline.

Future Activities

Although the overall performance of the
DNT test method and its ability to detect
effects of concern from a regulatory perspec-
tive have been well established, the recent
increase in the number of regulatory DNT
studies being conducted has refocused atten-
tion on this test method. Although some
argue that specific tests are insensitive (e.g.,
assessment of cognitive and sensory dysfunc-
tion), others suggest that the tests are overly
sensitive and have a high rate of false positives
(U.S. EPA 1995; Claudio et al. 1999, 2000;
Cory-Slechta et al. 2001; U.S. EPA 2006).
Di\"ﬁl'sﬁ gl'OUPS hﬂ\"ﬁ ad\"ocatcd illCl'CﬂSCd

testing for DNT (Andersen et al. 2000;

Grandjean and Landrigan 2006; NRC 1992,
1993: Nelson 1986; Office of Technology
Assessment 1990; Stein et al. 2002; Vorhees
1986). There have also been calls to include
evaluations of end points not currently
assessed, such as social behavior (Cory-Slechta
et al. 2001), pharmacokinetics and neuro-
chemistry (Andersen et al. 2000; Dorman
et al. 2001), and changes during senescence
(Cory-Slechta et al. 2001). In addition, there
have been criticisms of the complexity of the
study, accompanied by calls for deleting some
test components from the protocol (Li 2005)
or using screening approaches that incorpo-
rate DNT testing into other testing proto-
cols (Cooper et al. 2006; Ladics et al. 2005).
Critics also claim that variability of some
end points (e.g., motor activity, morpho-
metrics) is too great to be useful (Chemical
Manufacturers Association 1987; Nolen
1985; York et al. 2004) and that this in vive
test is not necessary to detect DNT (Balls
and Combes 2005). These diverse opinions
do not invalidate the DNT study but rather
highlight the need for ongoing scientifically
based evaluation of this test method and the
incorporation of appropriate revisions as sci-
Clltiﬁc kl]n“'lcdgc Zld\"ﬂllces and as Cxpﬁ]'iellcﬁ
with the DNT study warrants.

Table 4. Examples of chemicals and other stressors tested using the U.S. EPA DNT guideline or

OECD TG 426.2
Abamectin Dichlorvos {2) Methyl parathion
Acephate Dicrotophos Methylazoxymethanol (2}

Acetamiprid

Dietary restriction

Methylmercury

Acibenzolar-s-methyl Dimethoate n-Methylneodecanamide
Acrylamide Disulfoton Molinate

AE-0172747 Emamectin Naled

Aldicarb Epidermal growth factor Nelfinavir

Alitame sEthyldipropylthiocarbamate Nitrous oxide
Amicarbazone Ethoprophos Octamethylcyclotetrasiloxane
Atorvastatin Ethylbenzene Perchlorate

Azinphos methyl Etofenprox Phorate (2]

BAS 510F Fenamidone Prochloraz

BAS 670H Fenamiphos Profenofos

Bifenthrin Fentin hydroxide Propylthiouracil {2)
Carbary! Fipronil Pymetrozine
Carbofuran Flubendiamide Pyrasulfotale
Chlorfenapyr Flufenacet Spirodiclofen

Chlorite, sodium Glufosinate ammonium Prothioconazole
Chlorpyrifos Glyphosate trimesium Styrene

Cl-943 GN1180 (MN rgp120/HIV-1} Tetrabromobisphenol A
Cigarette smoke Hydrogen sulfide Tebuconazole
Clodinafop propargyl Imidacloprid Terbufos

Clothianidin Iminodiproprionitrile Tetrachlorvinphos
Coumaphos Indoxacarb Thiamethoxam
Cyclohexanemethanol Isopropanol Thiocloprid
A-Cyhalothrin Isoxaflutole Thiram

B-Cyfluthrin Lead nitrate Triallate

Cymoxanil Lindane Tribufos
B-Cypermethrin Malathion Trichlorfon
Decamethylcyclopentasiloxane Maternal separation 1,1,1-Trichloroethane
po0DT Methamidaphos Trichloroethylene

DEET {N, M-diethyl-meta-toluamide] p-Methane-3,8-diol Triethylene glycol monomethyl ether
Deltamethrin Methimazole (6) Trimethyltin

Diazepam Methyl bromide Ziram

Diazinon

*Numbers indicate the number of studies conducted for that chemical.
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A number of efforts are currently under
way to review data from existing DNT stud-
ies, identify ways to refine the DNT test, and,
if possible, reduce the number of animals
used. It has been proposed that a reduction
in animal use can be achieved by applying
certain statistical approaches to the behav-
ioral analysis (Chiarotti and Puopolo 2000;
Puopolo 2004). Reviews of historical and
positive control data have demonstrated
the need for more standardized reporting
requirements {Crofton et al. 2004, 2008).
Further retrospective reviews of control data
have identified differences among laborato-
ries in data quality and variability, suggest-
ing methods to decrease variability (Crofton
et al. 1991, 2004; Raffacle et al. 2003, 2004;
Sette et al. 2004). Conversely, a review of
various neuropathology assessments (e.g.,
brain weight, standard histopathology, and
morphometric assessments) identified low
variability for these measures (Crofton et al.
2001), concluding that no one postmortem
measure is more sensitive, with each provid-
ing important data (Raffacle er al. 2005).
The outcome of this continuing effort will
allow better data interpretation, help refine
requirements for future testing, and guide
new methods development.

In addition to the goal of refinement of
the current approach to DNT testing, there
is another and more pressing driver of change
in the science arena of DNT. Currently,
thousands of chemicals lack even simple,
basic toxicologic data {e.g., high-production-
volume chemicals, pesticide inert ingredi-
ents, antimicrobial pesticides) but have a high
potential for human exposure (NRC 1984).
Assessing potential neurotoxicologic effects for
these chemicals is a major challenge confront-
ing the chemical industry, international and
national regulatory agencies, and associated
stakeholders (Dix et al. 2007; Kavlock et al.
2008; NRC 2007). New tools and methods
are required to move toward a more sustain-
able risk assessment paradigm for these types
of chemicals. Although the current DNT
guidelines generate useful data for risk assess-
ment purposes, this iz vive test is costly and
time-consuming and uses a relatively large
number of naive animals when conducted as
a stand-alone study (compared with incorpo-
rating the DNT testing into other protocols,
e.g., as proposed in Cooper et al. 2006 and
U.S. EPA 2002b). A pressing goal of future
research is to develop a validated true first-tier
screening paradigm (e.g., a high-throughput
in vitre screening battery) that can rapidly
screen large numbers of chemicals for their
potential to cause DNT (Coecke et al. 2007:
Lein et al. 2007; NRC 2007; U.S. EPA
2006). Coupled with development of deci-
sion frameworks (e.g., Combes et al. 2003),
data from these high-throughput screens may

voLume 117 [ numser 11 January 2009 - Environmental Health Perspectives

96



facilitate prioritization of any further test-
ing in vive, for example, as for substances
identified as potentially hazardous under
the European regulation on Registration,
Evaluation, Authorisation, and Restriction of
Chemical Substances (REACH) (European
Commission 2006). Data generated by the
current DNT test method will be vital in the
validation of these high-throughput in vitro
methods, providing information on their
utility and limits, as well as guidance on the
potential use of data from these alternative
methods in a risk assessment context.

Conclusions
The OECD DNT TG 426 (OECD 2007) rep-

resents the best available science for assessing
the potential for DNT in human health risk
assessment, and data generated by DNT stud-
ies are relevant and reliable for this assessment.
The test methods used in the DNT have been
subjected to an extensive history of interna-
tional validation, peer review, and evaluation
that is contained in the public record. The
reproducibility, reliability, and sensitivity of
these methods have been demonstrated, using
a wide variety of test substances. Multiple,
independent, expert scientific peer reviews
affirm these conclusions, as described in this
document. The OECD DNT TG 426 pro-
vides an outline of behavioral domains and
morphologic end points, relevant to human
neurodevelopment, that should be examined
to assess potential DNT of a test compound.
The results from DNT studies are used for
hazard/risk assessment purposes, and in cases
where data from a DNT study are not avail-
able, additional uncertainty factors may be
employed by regulators to address the need
for DNT data from a regulatory standpoint.
This document shows that a variety of chemi-
cals have been tested for DNT, constituting
a sampled spectrum of the chemical universe
that the test is proposed to investigate. Several
published reports outlined herein show that
the DNT study is robust and can be con-
ducted in multiple laboratories with consistent
performance.
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