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ABSTRACT

Project code: BGJ4680008
Title: Endocrine Disruption of Persistent Organic Pollutants on Neonates from Chiang Mai
Investigators: (1) Dr.Tippawan Prapamontol, Pollution and Environmental Health Projects,
Research Institute for Health Sciences, Chiang Mai University
(2) Ratana Asawasinsopon, Environmental Science Ph.D.Program, Faculty
of Science, Chiang Mai University

E-mail address: rhxxo005@chiangmai.ac.th, tprapamontol@yahoo.com
Project duration: February 2003 — June 2005

The aims of the present study were to investigate the association between
persistent organic pollutants (POPs) levels in maternal and cord sera, and the association
between POPs and hormones in cord serum. The study was performed in 127 mother-
infant pairs, 39 pairs from Mae Rim District and 88 pairs from Chiang Dao District of
Chiang Mai Province, who delivered normal term and full term gestation. Maternal blood
samples, at delivery periods, were collected and analyzed for organochlorines (OCs) as
parts of POPs compounds and estrogenic activity. Umbilical cord blood samples were
collected and analyzed for OCs, reproductive and thyroid hormones, and estrogenic
activity. p,p-DDE, the major metabolite of insecticide DDT (p,p-DDT) had the highest level
in all serum samples with a geometric mean of 1,792.7 ng/g lipds in maternal serum and
1,254.9 ng/g lipids in cord serum. The second highest level was that for p,p-DDT, followed
by p,p-DDD. All of OCs as POPs levels, except heptachlor epoxide, in maternal serum
were positively associated with POPs levels in cord serum. A negative association
between thyroid hormones and POPs levels was found only in neonates from Mae Rim
District. Cord serum TT, levels were negatively associated with cord serum levels of p,p-
DDE ([3 + SE = -0.702 + 0.301, P = 0.026), p,p-DDT ([ + SE = -0.851 + 0.394, P =
0.038), and o,p-DDE (B + SE = -1.857 + 0.696, P = 0.037), adjusted for alcohol
consumption during pregnancy and sex of infants. These results therefore suggest that
exposure to DDT and its metabolites during fetal development may cause some effects on
thyroid hormonal status in infants. These findings require further research and critical
scrutiny.
Keywords: persistent organic pollutants (POPs), organochlorines, DDT, thyroid hormones,

infants
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naanievaslagulusnenie mimmﬁazﬂs:mmjmzumﬁa@ waana bitiaNaLFaGe
mpmuan  Wasannamsuafiey Wuansfazanelwloin  dniusseniezmiasanain
umalagmetlagne #5omImITuwde  (Klassen and Rozman, 1996) RATURIS
éiv'am'sﬁuazmﬁﬂﬁuuqm FTNANLY azm‘é‘lauﬁwmﬂ%u"lmﬁmme] AENITURIRDAUAL
dontinuy  seiumIuaRsY ﬁ]:mmsﬂLﬂﬁauﬁwmwnmwwg&mm‘[mmwn WA=TN9%i
FoamdumiaaSumasnafsluuse  waminldsussusfizy unw  Wesannalnly
m‘si’_’laaﬁ'umimﬁLﬂTﬁgj«"a"Nmwaamiﬂﬂ'ﬂﬁawg‘sd ﬁdf?%ﬂ’]iﬂ%dLﬂ%ﬂﬁ\j&llﬁm“ﬂadﬂ’]i

l@suansuaiey (Waliszewski et al., 2001) MAMNTILANIUI IBNWINTMIFURFENT
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a

VAN 1u°ﬁa\1ﬁmiﬂmﬂLﬁ@agluﬂiiﬁawﬁaiﬁﬁmwammu@iai:uuaaﬂuu JUU
Qﬁﬁuﬁ‘uua:izuuﬂi:mmaa‘miﬂLLsﬂLﬁ@ashafmsﬁaLLﬁiﬂVL@T‘fuluﬂ%wﬁmﬁaﬂﬁmu
(Dorea et al., 2001; Sala et al., 2001)

ﬂ’]i?mw’]ﬁ‘hmumﬂi:q’j’]msmﬁw vraadacduansieniuszuudeanlive
I@]slm‘sf:mm‘mﬁalﬁﬁwanzwﬂﬁ‘lu%mﬂgﬂu,mJ RITNANEY UNTRAAFINITOLREWUUL
msvnwrasgaslun lusefusimmunsasussmvinuasgaslun dsaravilwifa
mﬂﬁuﬂ%aa@miﬁ’]mumaoaaﬂuuﬁ?u (Sonnenschein and Soto, 1998; Vandelac and
Bacon, 1999)

PNNNMIANB IUFAINARBINLIIMTFNRFITUANEY RANUFNAUTAUANNRALUNE
2993zUUaTlAN MIAANIRURUT NMIRATUIARITAISANE mIasuulasnganssy
NILNE  (Guillette, Jr. et al., 1994, 1996; Mills et al., 2001; Colborn et al., 1993) FIRIU
miﬁﬂmmas:m@?wmiumgwﬁ WuhnIFudEsTNATEY anuduiuidaanuiadnd
V09TUUFURUE MInaadzeIlSanauazgunInuedesd wazgt@nisaimuialianis
davgnunannuazuziTidmmzluiy uazuziFadunlunds (Ekbom et al., 1996; Hoyer et
al., 1998; Ayote et al, 2001; Skakkebaek, 2002) WANIENUADFVNIWIINAITFUNFET
VAREY UFAIGIATITIIN 2 289 [IAMUNNTANBINAVBINTTUNFRTNANEY Aany

Waswilasrasszaugaslunlusenegad launnsn

nMsenENEaREglwNINUAININUIIAA WA BYEAN TR auing
ﬁ]’mmi@’lgjmiﬂiﬁmhslm\‘lmﬂlazaE]LLﬂ:iﬂ (Kanja et al., 1992; Bjerregard and Hansen, 2000;
Waliszewski et al., 2000; Sala et al., 2001; Butler et al., 2003) LRZNNMTANHINITZLNAINEN
WM IR RN TNAN Y °1Jaam*mi:‘ﬂdwagelumiﬁmimﬁmmﬁuﬁuf@iamﬁ?ﬂaa@ﬂ'au
AU ﬁmﬂfﬂﬁaﬁamd’]mmﬁmmﬁsm MINMIUAR LA mﬁm%aazha;wm Y
ﬁ@ﬂﬂamad‘szwﬁuﬁufmaamsmmLﬁ@1 (Longnecker et al., 2001; Longnecker et al., 2002;
Ribas-fito et al., 2002; dallaire2004).

FIRTUNITANBINAYINTFUA TR TN ARBYADTEULTaSTUNINALY T31891%
msansamzludasivingis 9nnsAnwues Guillete et al. (1994) wunaTsdaio
mé’uag’immaioﬁﬁﬁﬁmiﬂmﬁaums DDT Laz&13 Dicofol ﬁizﬁuLaaI@iLaugaﬂiﬂﬁ]i:L"ﬁﬁ
oeeluunasindlidmstwdonsis 2 v wenanitganuidnwaememeinevasiila

1A

fawalngnind  dwmivadinadwuirliszdunalnmaalsudinindneduly

2
A v Ao > o

v A A A& = \ A o gda a
LL%aﬂuqﬂvlﬂJﬁJﬂ']iﬂuLﬂauﬂﬂ 3 M uaﬂ"ﬂqﬂuﬂﬂNaﬂ‘]ﬂ'mzammzuaza'ﬂﬂjzﬁuwu?ﬂw@]ﬂﬂ@]
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A9 2 Naﬂifmmiaqmmwa’mmsﬁwﬁ‘ammaﬁuﬁmﬂﬁw HIW

NANIZNU Aldrin, Chordane DDT Toxaphene Mirex BHC PCBs,

Dieldrin Dioxin,

Furans
Reproduction and development + + + + + + +
Cytochrome P450 system + + + + + +
Porphyria + +
Immune system + + + + + + +
Adrenal effects + + + +
Thyroid and retinal effects + + + +

Mutagenic effects

Carcinogenic effects + + + + + +

Skeletal changes + +

nun: www.toxicslink.org/

ANMIANH IUFATNAFIN AN HINAYDINI TR NN FFITURN 1Y favzauaaI N

;31 ' o o a % o ¢ [ o a 6
Invauans WUIINIFURNRENT DDT  JaudunwiuuunnawnulSuimaaslanlnyasd
lagannzszausaslaw TT, (Pelletier et al., 2002; Scollon et al., 2004; Verreault et al.,
2004) WATINNNNIANBIVBY Fregley et al. (1968) WuUiNMIMAaNT DDT asm@imﬁm’l,uﬁht

P o o & A A a Ak
nasasdnailivmevasinsasdlngin  Maefaunvasasleloduanad uazluAIUaATY
Y9I LUK MNTaNTUI WA UL NN
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UNN 3

selguI5AY (Research Methodology)

3.1 n'ejué’hashal,l,azl,nmsﬁn'l‘sﬁﬂl,ﬁan

lasamsIufidunm AN LLUAaUINg  (Cross-sectional study) I@amjuﬁqaﬂ’mﬁ
= A A & & o q & A= o o . o ~
ﬂm:nﬂamyammsﬂﬂmﬂyagiuwuwﬁﬂmﬂs:ﬂaumu glnaudTuLazELNBLTHIAD

v o A , & o A = Ao A
QGW’J@LTUGI%N I@]ULﬂmm‘ﬂ’]iﬂ@Laa@ﬂiz“ﬁ’]ﬂSﬁﬂ‘lﬂ”]N@ﬂu

3.2
3.2.1

3.2.2

3.2.3

(1) dundasasuinarduagluiundnmlitesnii 5 Duazdaunthitonduarlu
vﬁ%iﬁmmamﬂmﬁamaoﬂi:mﬂvlm
@2) WidsaGuasmadulsalniesd uazszavleleduludlasylaidasnin 100 unis.

(3) aaaal83tUNd uaznaaamuIAUNG ﬂfoh’;ﬁaa%ﬂwﬁ’m 36-40 FUa

AWADWNIIIVY
~ ae A & Ao A o = ¢ o & &
LuaaawﬂlﬂiaﬂWiaﬁlumﬂuimammaw%mmmnmluuwu AIBUIILFUD
a @ =) Q€ = =Y 5 > a W >
Tas9nTdaAmMENITNNIIRNNBANTRIRAN INLAzTasnwAgwaI 8 lwn1T3 9Ny
mguﬁ amﬁ'u%%’m%wmmm%qmmw YAIANLIAULTE IR LINaTaANNLARLT AL
=) a o & Qs 1 ~ a o
mwmﬂﬁﬁummaﬂuuwwﬁ FIARINENBAN VA UTOUINNAUSATINNTAN N1
a £ o o o ° A A o { o v A & ¥ {
FNTY Lan gpﬁ]mzmmsaﬁmﬂImaﬂ'mﬁ]slLﬁ'amﬂ%aulﬂnsngyamminﬂuﬁuﬁ
anusIulaTInITy I@mlammimﬁamnL'imﬁﬁﬁamﬁamﬁﬂimﬁ'mjﬁ'ﬂ
Tnmuwndiasasiiidniinlasinisy wssdumualloyalsziasudasanaaiag
o o = % Y ) wn & &
I@srua;&almwuawmwmmﬂi:ﬂaummla;&am"lﬂ 13220N13AIATIALALNNIARDA
m‘sgqu‘%ua:ﬁmgﬁ mﬂ%uazé’usi'amimﬁﬂ‘smﬁmgﬁm 48y

ﬁflmsq'mﬁué"aasmﬂam’szmaom‘ﬁaﬁt\ﬁmiﬁ Uszanms 30 Daddas et luasis
USurawlaladu %aﬁa;&aﬁaﬂﬁumﬁmezﬁmmﬁmﬂﬂ@maaaaﬂuﬂmaU@Td’]
AeUndiflasanminanmussuuaen|frovesansuafize wWisiaanmyznaleladn
Tuwsen dmdensasssivszannleloduludasizdinit 100 an/. azlaid

AuaNTANIANHITATIN uazaz U lasims

LAUAIagdliaaNIIaNnanAaaalIzanmh 2-5 T ludtszanm 12 Tadaas Watiild

a € a?
maﬁmmﬁwmmvlﬂu
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3.24

3.2.5

3.2.6

(1) shauaztSinmansuatsylasls Gas chromatography-electron capture detection
é =) Q Q 1 a a = ~a
(GC-ECD)  #93mIanaiatanasitsmianaitenzAdullamaisvasfinirm
azathe (1991)
! . .. a = a Aa .
(2) a1 Estrogenic activity UBIR1TUANBLY TI9TATTALA8ID Enzyme-linked
A2 a a a .
receptor assay (ELRA) $335n395293taneiduldanituas Seifert azamue
a (t:? Id a 6 A A a
(1998) lasmianadienzdiazidunsanaiiensfiNennuindiasuansy
A A = A ' @ a ' Ao \ o |
luReandussineniuscuudan l$viendalal wazisuiwninls lasdaluniae

Mg/l 171 -estradiol equivalent

FmIfiudednadennmeszaarasmInusniie Uszanm 12 Sadaas oy

amvdazReaaelui

(1) 78 ussSunmanIuafine Geasadiensilasldinaiia GC-ECD

2) szausaslunealasian (lAuaATIAMITAL 17R-estradiol) LazIzAUTaSINULOY
lastan (I@Elm’sﬁm’li:ﬁu testosterone) lag/l4 Chemiluminescense technique

(3) zauzaslunlniasd lasasianns=ay Total thyroxine (TT,), Free thyroxine
(FT,) Lae thyroid stimulating hormone (TSH) lagldinadia Radioimmunoassay

(4) @1 Estrogenic activity Ua3sNINaN©Y Faaraineilanis Enzyme-linked

receptor assay (ELRA)

ﬁﬂm‘nﬁuﬁagamsﬂmmﬁ@ leun wwea nin d’mga ANNNENITALATHE LA

aNyUn&INeINY

MIALAIBEINNRILIAREN THEIUTAINTANBINITUNINTZANVDIFNITNAN Y bib
ﬁuﬁﬁﬂmﬁfm:ﬁﬂmitﬁuﬁaasha"lmﬁwg I@mzLﬁué’haﬂnlu%yjﬁmusjaﬂm
= A o = & A v do A A = =
Tigungimaiuiienyasnnaulundiuidnidsmyivaiduams uwaziiy
> v =1 né 1 2{’; A a nﬂq’ a 1

Tudunylildaneall Sanymarbiasavuszunidalasfvemsaaiudululiamn
LRZLUSIIMY 39079 IATURNTNANEY  AINRIILACRZRNILTW I UNY  lagalaging
g: o =) a =3 ) A a U
NIRUALIN I AT LA AT RALRZUS N REN TN AN 1Y Faa399a R Lay |
WAla GC-ECD
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33 mﬁmﬁzﬁﬁagammﬁa

m‘ﬁme:vﬁ”agamaaﬁaﬁlﬂ“ﬁ’[ﬂil,l,ﬂim%ﬁl,%gﬂ SPSS for Windows @1 P value 7

I wnanpdiagnesia < 0.05 @awdsndninszaeldlng azvinsudssandugn

né . 1 o aa
88N13INA (log transformation) NAUNINNIINARBUNINRNE

el

(1)

AllumAseiadelUi

ROALDINTIBWN (Descriptive statistics) Usznauaie @laag (Arithemetic, AR
and geometric means, GM) fna1y (Median) A¢nga (Min) Agyga (Max)

Souaz (%) wWesiwulng (Percentile) uazdruldatunuIasgIw (S.D.)

§0®@ Independent samples t-test LﬁaﬁﬂmmmLmﬂ@hwa\‘i"faagaﬁ'ﬂﬂmaﬁ
921103710819 BATITAURTNANEY TeRIUTLTINTA081991NE LN BTN

wazdLnalTeIan?

ROALANESEY (Pearson correlation)lNafNENANNFUNBTVBILSNI AT TNAR Y
WaLAN Estrogenic activity l4iA2A3NN1IAN LAZIREAINNEIUREABVEINITA

LINLNG

&0@ Multiple linear regression analysis LWBANENANNRNNUTITILFULUL
NADNDHVDIUITVIUENINAN I LLazi:ﬁuaaﬂwﬂuLﬁa@%’mmEla::aEl"llad“n’liﬂ

wsniia lasnsaadadusuniu (Confounding variables) aan
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UNN 4

NanN13298 (Results)

Y

< Qo I3 > nly U
41 ﬂﬂaﬂ'ﬂﬂf\]']ﬂﬂ']?ﬁNﬂ"l'i&l’ﬂl;LLﬁ%ﬁﬂ']i@li')ﬁ)')ﬂL]J?J\'Wl%
Ao [ =g > \ A I3 ax A, va & A
NN Ul%ﬂ'ﬁx‘i% ﬂq&l@nﬂﬂ%‘i&l’ﬁ(ﬂ’]“ﬂL'].]%il]@n&lmm"ﬂﬂ’]'i'ﬁ] El“(lﬂ']%%(ﬂvbll‘ﬂdﬁ% 127

Ak I@UL%%&JW?@"I?IMW%WﬂéWLﬂﬂLLﬂ%N"ﬁW%’J% 39 Al RTINS NNBLTENATI $1UI% 88 Al

ﬁnﬂm‘sé’ummiﬂéjué’aamdmsmmmzéﬁmiﬁ $UTIE 127 A% WUTn ﬁmqu
a8y 246 T lagagszwing 15 Gl 43 1 LLa:VL@‘Tmé'sJagluﬁuﬁﬁﬂwﬂmmﬁ'ﬂ 154 1 ngu
G089 110 an (Aelusooas 86.6) Jandwmnuaintsy Gedandnimanueilesiads 9.4
U Tesnwanyiww 42 awasldmsaanlunmemanueas lwiniaineaInssiwmm 20
au (Fozaz 47.6) walfasdafilasmafonn 14 au (Favar 33.3) lasmnauwianuina
wnzdan  uae 8 au (Aalluiasas 19.6) I¥v19m093% ﬁa;&aﬁﬂﬂmnnwé’ummﬁmju
08I InNa I LEAIGIANTIR 3 Uz 5 LLaziTa;ﬁJaﬁﬂﬂmnmsa&”&mum“[mmwﬂ@nﬁué’]ma
Iusaansans9f 4 uaz 5 ﬁnﬂmsﬁm:nmmLmﬂ@hwaaﬁa;ﬁjaﬁ"ﬂﬂmﬂmié’ummﬁ Wing
ﬂ@;mnimmﬂé’ﬁLﬂaLLaj%uLLa:é"nmaL%mma lagl4a0id Independent samples t-test Wu7n
@hm?iwa\rﬂagaﬁy‘aaadéi’]ma"l&iﬁmmLL@m@mﬁ‘umdﬁﬂéﬁmmaaﬁa @niudadnas

seuzhinfinndoaglungim)

mnmnﬁuﬁa;&amimmmﬁ@ SNIWIIRY 127 A% WUILTWMIINATE $1962%
60 au (AnlluTopay 47.2 ) UaziWARY 31U 67 A (Aaiduiasas 52.8) fivinwtinusn
Aalagads 3,015 N3y mugummﬁ@‘[@maﬁﬂ 51 LTUALAT LazANNETaUATEE Al
DAY 333 LIWAWAT MINLINAAIWIL 11 A% (Aaduinuaz 8.7) Sadwminan
SUNAUABUIIIY 2 A% UAIINELABITBIAE WL 9 aw Siwindosninmet
VAT nandadimindsiasnin 2,500 N3W ﬁ]’mﬂ’ﬁﬁﬂ‘h}']ﬂ’)’]&lLL@Iﬂ@hG"UaGﬁ/aqﬁla
MIINWINAATERINNMIALINANNNE LN auISNLaZE LN LT 89017 lauldai@ Independent
samples t-test WUINFLAREaINMINGILINAG WazANNENTaLFTHzIasnIFasdLne Ll
JONUUANFANNUNWRIRIAYNIRDA LL@iﬂ"]LQﬁIElﬂ’s’]&]gj(\‘iLLSﬂLﬁ@]“llm“(i‘iﬁa\‘ié’]mal,mﬂ@hd

A INRIAAYNIENE T9TBYATBININUINLAAURAIGIATIN 3 Uaz 4
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AN 3 ia;gaﬁ'a"[ﬂmam@;uﬁaaﬂ'wm*sml,l,a:mimnmﬁ@ FAIUIUNIRY 127 @J’

ﬁaya‘ﬁl’ﬂﬂ Yanua

(N =127)
GM AR + S.D. Min - Max

iagaﬁﬁ"[ﬂmmmsm

g, 1 24.6 254 + 6.3 15.0 - 43.0
swmmﬁmﬁ'ﬂlwgﬁm,ﬂ 15.4 18.8 + 8.8 5.0 - 43.0
sruznmAiThmaneaInssw, 1 9.4 115 + 6.6 1.0 - 30.0
sepznafldasaaniumaneas, U 4.4 6.5 + 54 1.0 - 20.0

ﬁaga‘ﬁﬂﬂm 24NIINUINLAA

dmindusniAie, n3u 3,015.0 3,041.0 + 386.0  2,200.0 - 3,900.0
FIUFILINLTR, LEUALUGT 51.0 511 + 2.6 35.0 - 57.0
ANULNITOVATIE, LTUGLNAT 33.3 334 + 22 30.0 - 53.0

42  @saaiiny lnidananunsauaziiananagdazfazaInisnusniin

MENTWN 6 uaasThauazlSunswesansnaiey lwRaaannunsauaziianann
RUFAD IWIUNIFY 127 § WUl 813 p,p-DDE mnwunnéﬁasmﬁ‘a’l,w,ﬁa@mﬂmmﬂ

A A a A A = a [ A A A

waziiaaanaoazie uazwuludSinaigagaiiaSouiisuiumnaisggn 9 590339
wulwiaannusanlasiads 1,792.7 ng/g lipids wazlulfaaannansasialasiafs 1,254.9
ng/g lipids  asfamanululsunminsesasnnda &3 p,p-DDT uaz &3 p,p-DDD
audGL beta-HCH avalinulunnediedng donudslilduaasaluaag

WeRnsonrliausslSunmaninafing  laguonausine 63m1sen 7 WU &3
vafiwy lumsasdunadwlilusnwadonss nandemsuafisy ﬁﬁﬂ’%mmqﬂuﬁaama
BannunTuszidananmossdolurigessna leun s p,p-DDE, p,p-DDT u&az
p,p-DDD  ¢NUEIAL  INNNTANBIANNLANGIVBIFNTUAN Y izﬁiwaﬂsjué'aasiwaaﬁﬂ
dunaualsunazdnnaBosanilasltadd Independent samples t-test WU BaT8
13uwa3 p,p-DDE, p,p-DDT, p,p-DDD, 0,p-DDT, Heptachlor, HCB, W& gamma-HCH
luﬂiz"mméhasj’mmﬂé']maL%mm’;ﬁ@i'}g\miwa"ﬂmau&i’%u Tuvmefidnagovassunmas
o,p-DDE, Heptachlor epoxide, L&z Dieldrin Tutdszmnssagsannsunaldosanidane

N8N BLAIIY
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AN 4 “lTElHaﬁ")vl,l]"llElx‘ll]’]ﬁ@’]LLaz‘ﬂ’]iﬂLL'iﬂLﬁ(ﬂ IUNANNELN

gLnauiIu SLNaLTEIaN
(N = 39) (N = 88)
GM AR + S.D. Min - Max GM AR + S.D. Min - Max

”aailaﬁ"’svlﬂ“uadmmw

a1, g 23.8 245 + 6.2 16.0 — 38.0 25.0 258 + 64 15.0 - 43.0

szuzmfendolungiou, U ° 12.6 16.3 + 85 5.0 — 37.0 16.8 19.9 + 88 5.0 - 43.0

segznafivhmaneasnssw, 9 10.2 121 + 7.1 2.0 - 30.0 9.0 113 + 6.4 1.0 - 28.0

sepznmfldasaanlunmaneas, 3.8 46 + 2.6 1.0 - 10.0 4.6 7.3 + 6.1 1.0 — 20.0
‘”a;ﬂlaﬁ"a"l,ﬂmmmiﬂl,ﬁﬂl,ﬁ@

‘li”]ﬂ‘l:fmﬁmﬁ@, nsu 3,007.0 3,024.0 + 324.0 2,200.0 — 3,750.0 3,022.0 3,049.0 + 412.0 2,250.0 — 3,900.0

gaugauaniiia, iiudiweas 50.0 50.0 + 1.1 47.0 - 52.0 51.5 516 + 2.8 35.0 - 57.0

ANMUENITOLATHE, LTUALNAT 33.9 34.0 + 0.9 33.0 - 38.0 33.1 33.1 + 25 30.0 - 53.0

? AaRIWITIHLA 0T IALNALNSULAS AN T HIAI TANNLANAIIN A LN I3
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39N 5 i@}&ﬂ’*ﬂ"lﬂﬂ"l‘iéﬁlﬂ?ﬁﬂi&ﬂi@? PWWNANNELND

wNiaes Fanua gLnauaTy gLnatBeIan
(N=127) (N=39) (N=88)
1IN Jouaz 1IN Touas I Joas
() (%) () (%) () (%)
PIhLH
09 44 34.6 39 100 5 5.7
auiwila 19 14.9 ; ; 19 21.6
NURI B 6 47 ; ; 6 6.8
Tnlng 9 7.1 - - 9 10.2
D) 15 11.8 - - 15 17.1
8y 29 22.8 - - 29 32.9
aug 5 3.9 ; ; 5 5.7
TN
INHATNTIN 110 86.6 36 92.3 74 84.1
Mg 5 3.9 1 2.6 46
U9 3.2 1 2.6 3.4
WA 8 6.3 1 2.6 8
AIANEN
1ai'lddnun 67 52.8 19 48.7 48 54.6
Uszaufnm 39 30.7 13 33.3 26 29.6
UTENAN®N 21 16.5 7 18 14 15.9
ﬁ]"ﬂmuqmﬁﬁ
gl 40 315 13 33.3 27 30.7
1 au 43 33.9 9 23.1 34 38.6
NNt 1 au 44 34.7 17 43.6 27 30.7
Usziamsasnsss
17K 8 6.3 3 7.7 5 5.7
ANDANAWMAUA 4 3.2 - - 4 4.6
nIINANY 2 1.6 - - 2 2.3
ARBANRITNALG 3 2.4 - - 3 3.4
ARaALN 110 86.6 36 92.3 74 84.1
ﬂ?igﬂu‘lﬁ%ﬁ:%'ﬂ’]ﬂ;ﬂﬂiiﬁ
qu 30 23.6 23 59 7 8
laigu 97 76.4 16 41 81 92
ﬂ?iai\lﬁii’ﬁﬁﬁjﬁdéﬁﬁﬂiiﬁ
fin 9 7.1 3 77 6 6.8
Laidiay 118 92.9 36 92.3 82 93.2
MIFAANA I uNTINEaT
AaN 20 47.6 20 18 56.3
HANLUAAWUT 14 33.3 60 25
Yamesagng 8 19.1 20 18.8
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A a ' o o % & L. A
7197 6 auaney (luniswlunsudansyluduluian, ng/g lipids) luldaavasnnsen

LAZLREANFNLFLADVDIMINUINLAR TIWIBNITY 127 (fu]'

FINANLY YR (N =127)
aunz (%) GM AR + SD Min - Max
ATIINLY
p,p-DDE Maternal 100.0 1,792.7 27,935 + 3,625.8 208.2 — 27,168.8
Cord 100.0 1,254.9 21,08.3 + 3,063.3  146.2 — 23,185.0
p,p-DDT Maternal 100.0 144.7 244.7 + 320.9 11.6 — 2,002.8
Cord 89.8 101.8 166.9 + 280.6 17.0 — 2,363.3
p,p-DDD Maternal 98.9 152.2 272.7 + 392.4 11.1 — 2984 .4
Cord 88.6 144.8 224.7 + 273.0 28.6 — 1800.0
o,p-DDE Maternal 67.0 18.5 47.7 + 141.7 0.6 — 1,066.7
Cord 60.2 34.2 48.8 + 50.3 5.0 — 280.0
o,p-DDT Maternal 20.5 48.5 98.5 + 1421 9.8 — 483.7
Cord 18.2 61.7 103.6 + 106.4 10.5 - 426.0
Heptachlor Maternal 96.6 314 39.7 + 35.2 4.1 —-2875
Cord 97.7 69.2 92.3 + 66.8 10.3 — 282.0
Heptachlor Maternal 421 30.2 38.3 + 30.0 8.2 -237.5
epoxide Cord 43.2 58.7 70.3 + 46.3 17.3 - 233.6
Dieldrin Maternal 78.4 33.4 42.4 + 272.7 7.5 -238.7
Cord 88.6 67.9 83.1 +52.3 18.8 — 260.0
HCB Maternal 18.2 46.2 62.3 + 46.2 11.5-1729
Cord 17.0 70.6 1449 + 173.9 9.7 - 620.0
Y-HCH Maternal 45 22.2 289 +27.6 143 -704
Cord 1.1 27.5 27.5+0.0 275 -27.5

WANBLYAA :  Maternal = L ROANNNIIAN; Cord = LAAANNRIUFZAA
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3190 7 asnafey (lumhownlunsudensuladuluien, nglg lipids) luiRaavasunsauaziiaanaeazfevasmnusniia Suunaudine

FINAN LY gnaudn (N = 39) gnaldesan (N = 88)
Tauaz (%) GM AR + SD Min - Max Jounz (%) GM AR + SD Min - Max
ATIINY ATIINY
p,p-DDE Maternal ° 100.0 1,191.3 1,791.8 + 1,759.3 58.3 - 7,980.7 100.0 1,792.7 2,793.5 + 3,625.8 208.2 - 27,168.8
Cord ° 100.0 741.8 1,027.5 + 865.6 81.3 - 4,265.0 100.0 1,254.9 2,108.3 + 3,063.3 146.2 - 23,185.0
p,p-DDT Maternal ° 100.0 122.9 194.7 + 217.0 18.0 - 1,066.7 100.0 144.7 244.7 + 320.9 11.6 - 2,002.8
Cord ° 94.9 771 103.3 + 112.1 21.5 - 660.0 89.8 101.8 166.9 + 280.6 17.0 - 2,,363.3
p,p-DDD Maternal ° 100.0 104.0 138.8 + 114.8 16.8 - 526.7 98.9 152.2 272.7 + 3924 111 - 2,984.4
Cord ° 100.0 89.1 104.8 + 63.0 241 - 308.8 88.6 144.8 224.7 + 273.0 28.6 - 1,800.0
o,p-DDE Maternal 20.5 21.6 248 +11.2 58 - 371 67.0 18.5 47.7 + 1417 0.6 - 1,066.7
Cord 231 46.6 51.9+274 239 - 107.3 60.2 34.2 48.8 + 50.3 5.0 - 280.0
o,p-DDT Maternal ° 48.7 21.5 263 + 211 7.0 - 100.0 20.5 48.5 98.5 + 142.1 9.8 - 483.7
Cord ° 25.6 171 18.1+6.5 10.0 - 278 18.2 61.7 103.6 + 106.4 10.5 - 426.0
Heptachlor Maternal ° 82.1 20.8 272 +226 3.8 - 110.7 96.6 31.4 39.7 + 351 41 - 2875
Cord ° 79.5 371 64.3 + 102.9 9.1 - 5450 97.7 69.2 92.3 + 66.8 10.3 - 282.0
Heptachlor ~ Maternal ° 32 39.6 452 +29.0 17.8 - 176.7 42.0 30.2 38.3 + 38.4 8.2 - 237.5
epoxide Cord ° 29 38.8 459 + 27.3 15.0 - 1144 43.2 58.7 70.3 + 46.3 17.3 - 233.6
Dieldrin Maternal ° 89.7 68.0 91.9 + 941 15.9 - 533.3 78.4 33.4 42.4 + 38.2 7.5 - 238.7
Cord ° 94.9 94.9 120.2 + 115.9 324 - 638.8 88.6 67.9 83.1 +52.3 18.8 - 260.0
HCB Maternal * 35.9 17.3 18.9 + 8.0 6.3 - 384 18.2 46.2 62.3 + 46.2 115 - 1729
Cord - 17.0 70.6 144.9 + 173.9 9.7 - 620.0
Y-HCH Maternal 20.5 16.1 53.0 + 118.7 4.0 - 346.7 4.5 22.2 289+ 276 143 - 704
Cord 5.1 29.1 342 +254 16.3 - 52.2 1.1 27.5 275 +0.0 275 - 27.5

o

WANEIAG © Matemal = LROAIINIIIAN; Cord = LROAINIBAAR;  daduniniineTuasdunawituuazdnaiaseniianuuandrinuadalidumdnynasia
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Qo o 6 a
43 ANVUFNNWSVDIFIINANEY THLADAINNITAAZLADAIINFIYFZADVDINIIN
WINLNA
=4 Q e 6 a =} =} A
ANMIFANBINUTUNWTVAIFNTNANLY  IEAINNNIIALRLLIAaANRILRAD
FIWIUNIFU 127 ¢ TaulTa0i6 Pearson correlation @duaadlan3199 8 WL
Q a Qg Q Q 1
(1) &3 p,p-DDE, p,p-DDT, p,p-DDD, Waz 0,p-DDT RauUTeENITIRRIUNUT e
89 Taw r a;lisl,u"ﬁ'ao 0.642 119 0.822 URAIIIENITUANTY TR DANITALAL

A A A e e  § o
FRANIMNRIUREADUAIMURUNUINUNIN

s a A"‘ s a 1
(2) &3 o,p-DDE, Heptachlor, Dieldrin, uas HCB A&NUIzANTaRaNNUS A1
&g lag r ag’lu“ﬁaa 0.381 19 0.606 WRAITIRITNANLY HIULRDANITAUAL

= A A s @ & o
LROAINNRIYREADUANMNFNNWINULIBAANI

% a QF Q e 1 c; 1 1 e
(3) &3 Heptachlor epoxide NFNUszanTananwusluddr lasfien r Wiy
0.102 URAIIIRITUANEY HlklAaaNIIANLAZLRAAINENUFZADNANUFUNWE

Aud

deRsonanuduRnivasssuafing ludananunsauazidananaoszialay
LeNENELND WUIANURURBTIIRITNAR Y daulngluiRaaaininseuaziiaaanas
a=devosnssassnnalulUludnenzidoain nanfo a3 p,p DDE, p,p-DDT, Uas p,o-
DDD ﬁé’uﬂi:?mﬁga%ﬁuﬁuﬂumga LR85 o,p-DDE, Heptachlor, uaz Dieldrin &
sullseantanaunusludunas (EnluanuduRuiue9ans 0,0 DDT uaz Heptachlor
epoxide bl lunsnwomzidoann

44  @NNANNUBVBIEINANEY AoIEAUTOlARIA BRI INEIHEA BYBINTIINUINLIA

nndayarzavzalunnauazaailanlniesdluifoaanaoszfiiazasminusniia
FIWIUTIIRU 127 AU DIUFAIGI1T197 9 uaz 10 wudn wWasiowlnsd 5 vee TT, usz FT,
sndeanasgueailunesnsnludsanalng uasiwadionlngd 95 vas TSH gend

Wasgnaatlunsasmsnludszinelng
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{ s a £ o o . - ' A a
a7 8 mauﬂszawﬁa%awwuf (Pearson correlation coefficients, r) szmwmimwmlmﬁamlaamsmLLazLﬁa@mUazaamaomsﬂmmﬂ@

FUNIINEND
FIINANLY ﬁv'mm gLnauaIN QOWLI‘IGL%FJ\‘]@’]’J
(N =127) (N =39) (N = 88)

r P r P r P
Maternal-Cord p,p-DDE 0.819 0.000 *** 0.855 0.000 *** 0.820 0.000 ***
Maternal-Cord p,p-DDT 0.642 0.000 *** 0.768 0.000 *** 0.660 0.000 ***
Maternal-Cord p,p-DDD 0.741 0.000 *** 0.660 0.000 *** 0.780 0.000 ***
Maternal-Cord o,p-DDE 0.381 0.004 ** 0.424 0.296 0.396 0.005 **
Maternal-Cord o,p-DDT 0.822 0.000 *** 0.414 0.268 0.849 0.069
Maternal-Cord Heptachlor 0.468 0.000 *** 0.344 0.079 0.414 0.000 ***
Maternal-Cord Heptachlor epoxide 0.102 0.420 0.305 0.114 0.156 0.358
Maternal-Cord Dieldrin 0.423 0.000 *** 0.597 0.000 *** 0.364 0.003 **
Maternal-Cord HCB 0.606 0.048 * - 0.606 0.048 *

*** P <0.001; **P<0.01, *P<0.05



a3 9 i:é’uaaﬂumwﬂmﬁa@mnmﬂazﬁamaamimnmﬁ@ WWNANNELNE

go3lunlwe Min Percentile Max ANNNAIFIUVDY
manusniialy
5" 25" 50" 75" 95" Uszinelng
5th ) gsth
Testosterone, ng/ml °
NInua (N = 50) 0.96 1.03 1.42 1.75 212 7.48 7.99 n/r
gLnauiIn (N = 18) 0.96 0.96 1.34 1.70 1.98 2.26 2.26
gLnalTeIen (N = 42) 1.03 1.07 1.43 1.77 2.22 7.66 7.99
E2, pg/mi
nInaa (N = 127) 1.42 2.97 6.77 9.63 16.64 26.52 43.00 n/r
gtnauaIu (N = 39) 1.42 3.42 5.83 8.69 15.51 26.54 43.00
g1LnalTeen (N = 88) 1.58 2.69 7.44 10.73 17.89 30.90 43.00

? ATINTARWIEMIIANATIY: n/r = TURII89%



39N 10 szé’uaaﬂuuvlmawﬂmﬁa@mﬂmUazaamaomsﬂmmﬁ@ I@]U"ﬁ’]LL%ﬂGﬂ&Ié’]Lﬂa

goslunlniasd Min Percentile Max ANIAIPIUDDY
mInusniiale
5" 25" 50" 75" 95" Uszinelng
5" - 95"
TT,, Hg/d
ﬁg{'lﬁuﬂ(N =127) 3.30 4.22 6.64 7.98 9.38 11.76 17.65 53 - 11.8
NIy (N =39) 4.00 6.28 7.70 8.65 9.95 13.00 13.00
sunaiduann (N = 88) 330 4413 609  7.70 9.09 11.76 17.65
FT,, ng/dl
ﬁv'mm(N = 127) 0.50 0.72 0.90 1.04 1.20 1.50 1.90 08 - 16
Sunausisy (N = 39) 050 069 088  1.05 1.30 1.51 1.60
SLNaLTeIaAN? (N = 88) 0.66 0.74 0.90 1.04 1.20 1.50 1.90
TSH, mlU/I
ﬁ’:\iﬂ&l@(N =127) 1.71 3.14 5.34 8.38 12.20 26.62 56.50 2.3 - 24.2
Snauay (N = 39) 270 376 683 955 1550  31.80 33.70
gLNaLTHIA? (N = 88) 1.71 3.10 5.12 7.57 10.95 22.69 56.50




nMsAnEaNLFRRiTasETNaf By fiandsluienanaossfadaszauaailun
et lagldaiia Pearson correlation (a1371971 11) Wud1USuN o483 p,p-DDE Sanu§unmiLUy
WNHuNUTe@Uaaslaun Testosterone  agnlinpdAn19aia (r = 0478, P = 0.045) 9
AnuFNRREaInaIwUlanzlunInuIniiaendnewssy  uaiafnmauFNRRERINE
lagldafid Multiple linear regression analysis (A131971 13) WU MAIIINGATTITHIUNIULE

USanmans p,p-DDE fanusunusnuszauaaslun Testosterone

PMNMIANFIANVFNAUTVRIRINAAEY  Nanmdluliannansasfonaszaugaslan
nveed lasldadid Pearson correlation (13197 12) WU USaNmans p,p-DDE, p,p-DDT, Uay
=1 % a 6 Aa a a 1 s v ) >3 aa ‘é ™ % 6

0,p-DDE fanusuwudiiaunuizaugaslan TT, adndusfauniesia  T9ausuWus
AInaINLRMIEIUMINLINAANNE LN BLNTNWINTY (r = -0.366, P = 0.024 §WIUENT p,p-
DDE, r = -0.332, P = 0.048 & %IU1Y p,p-DDT, was r = -0.755, P = 0.019 &§1%IU&T o,p-
DDE) uazillafinsanuaunusadnarilaslsaiia Multiple linear regression analysis (9131991
13) WUINRMINNAATIIBIUNIULED  USuwas p,p-DDE, o,p-DDT, uae o,p-DDE £33

ANMUFNNUTLLUNNRWNUSzAUgaslan TT, adlinudannesia

45 @suansy Iudsuindaunansn
mnmsﬁﬂméhaﬂwaﬂmﬁu%gluﬁuﬁ%ﬁ'ﬂ IWINNIE® 12 @2188719 WUIIR1T p,p-DDT
a 1 a & a { a d
avanulunndradrauaziivianagga Siavanuludiunmlaniade 20.7 ng/g Usunmansf

AYIINLTBIRINNAE p,p-DDD Uae p,p-DDE gUSIAL A9a1319N 14
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{ [ a Q‘ [ [ . . . 1 a
719N 11 AFNYTZRNTARAUNUD (Pearson correlation coefficients, r) 3ERINIRITUANDYLAE

aaﬂumww‘lmﬁa@mﬂmﬂazﬁ AVAIMINUINLAA ITUUNAINELND

Testosterone ° E,
r P r P

vanua (N = 127)
Cord p,p-DDE 0.276 0.033 * 0.118 0.074
Cord p,p-DDT 0.122 0.384 0.031 0.744
Cord p,p-DDD 0.093 0.497 0.091 0.330
Cord o,p-DDE -0.195 0.302 -0.147 0.256
Cord o,p-DDT -0.071 0.809 0.098 0.635
Cord heptachlor 0.199 0.149 0.039 0.673
Cord heptachlor epoxide 0.339 0.058 0.187 0.129
Cord dieldrin 0.015 0.914 -0.054 0.565
Cord HCB 0.218 0.572 0.497 0.060

gnaudIn (N = 39)
Cord p,p-DDE 0.478 0.045 * 0.014 0.930
Cord p,p-DDT -0.178 0.479 -0.215 0.202
Cord p,p-DDD 0.058 0.819 -0.167 0.311
Cord o,p-DDE -0.890 0.110 -0.471 0.201
Cord o,p-DDT 0.869 0.329 0.223 0.536
Cord heptachlor 0.215 0.481 -0.570 0.760
Cord heptachlor epoxide 0.597 0.053 0.119 0.538
Cord dieldrin -0.280 0.293 0.004 0.983
Cord HCB - -

gnaesan (N = 88)
Cord p,p-DDE 0.203 0.196 0.170 0.061
Cord p,p-DDT 0.141 0.418 0.096 0.398
Cord p,p-DDD 0.059 0.727 0.145 0.205
Cord o,p-DDE -0.359 0.413 -0.098 0.487
Cord o,p-DDT -0.168 0.279 -0.133 0.623
Cord heptachlor 0.144 0.368 0.045 0.683
Cord heptachlor epoxide 0.170 0.462 0.184 0.268
Cord dieldrin 0.128 0.438 -0.045 0.698
Cord HCB 0.218 0.572 0.497 0.060

° ATIVIALRNIZNINLNATE)
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{ [ a Q‘ [ [ . . . 1 a
319N 12 ANFNYTERNTARAUNUD (Pearson correlation coefficients, r) JERINIRITUANLY LA

‘EIE]%IN%VL‘YWE] U@"Lmﬁammﬂmmazﬁ ATAININUINLAA IIUUNAINEILND

TT, FT, TSH
r P r P r P
vanua (N = 127)
Cord p,p-DDE -0.071 0.432 -0.119  0.189 0.026 0.774
Cord p,p-DDT 0.033 0.728 -0.166  0.080 0.007 0.938
Cord p,p-DDD -0.096 0.309 0.054 0.570 -0.029 0.761
Cord o,p-DDE -0.247 0.053 0.165 0.199 0.066 0.611
Cord o,p-DDT -0.109 0.598 -0.131 0.524 -0.166 0.418
Cord heptachlor 0.095 0.315 -0.162 0.086 -0.063 0.507
Cord heptachlor epoxide -0.078 0.534 -0.109 0.384 -0.126 0.314
Cord dieldrin 0.078 0.409 0.022 0.814 0.143 0.131
Cord HCB 0.133 0.651 -0.482 0.081 0.353 0.216
g1tnauaIu (N = 39)
Cord p,p-DDE -0.366  0.024 * -0.073  0.664 0.023 0.893
Cord p,p-DDT -0.332  0.048* -0.042 0.807 0.063 0.715
Cord p,p-DDD -0.267 0.105 0.056 0.740 0.160 0.338
Cord o,p-DDE -0.765  0.019* -0.012 0.976 0.101 0.796
Cord o,p-DDT -0.543 0.105 -0.088  0.808 -0.045 0.902
Cord heptachlor -0.145 0.444 -0.208  0.270 -0.227 0.227
Cord heptachlor epoxide 0.027 0.892 -0.241 0.217 -0.126 0.523
Cord dieldrin -0.168 0.328 0.088 0.611 -0.032 0.854
Cord HCB - - - - - -
gnalBesan (N = 88)
Cord p,p-DDE 0.084 0.445 -0.138  0.209 0.109 0.320
Cord p,p-DDT 0.170 0.142 -0.224  0.051 0.049 0.674
Cord p,p-DDD 0.021 0.858 0.061 0.602 -0.010 0.930
Cord o,p-DDE -0.266 0.054 0.215 0.122 0.052 0.714
Cord o,p-DDT 0.122 0.653 -0.133  0.622 0.040 0.883
Cord heptachlor 0.273 0.013 -0.173  0.118 0.058 0.606
Cord heptachlor epoxide 0.147 0.377 -0.056 0.738 0.025 0.883
Cord dieldrin 0.088 0.446 -0.003  0.978 0.153 0.184
Cord HCB 0.133 0.651 -0.482 0.081 0.353 0.216
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ANTHN 13 MIANHIANUINAUTITIFULULDAN 08 VDILSNI AT TNAR Y LLﬂziHﬁ‘Uﬁﬂﬂ&J%sL%

\iananasszdavasmsnusniialudunandsy laslsadid Multiple linear regression analysis

Variables Testosterone *°
B SE Partial r Adj.R’ P
Cord p,p-DDE 0.081 0.088 0.328 0.222 0.388
T,
Cord p,p-DDE -0.702 0.301 -0.366 0.146 0.026 *
Cord p,p-DDT -0.851 0.394 -0.357 0.141 0.038 *
Cord o,p-DDE -1.857 0.696 -0.737 0.437 0.037 *

* P<0.05 **P<0.01

? @T1TALANIENNINLNAT S

" Gatlasusuniuasn S9sznavsas 218 UDINIAN msguq%‘%‘smd’mé&aﬂssﬁ ahmuqmﬁ'ﬁ
W& uazimnuInAaUIMINLINIAG

> [ di Y { T~
¢ datavsuninaan o9tlsznauais ﬂ?iﬁ&lgﬁ?iz‘ﬁ'ﬂ{l(ﬂﬂﬂ‘ﬁﬂ( LRSLWADDINIIN

= a a A @ . > o [y o '
AN 14 TUhALRZ LIV VAIRITNAN LY (ng/g) Iu@aaﬂﬂavlmuuwﬁ]’luauﬂdau 12 @884

ASUATNH 30882 (%) GM AR S.D. Min - Max
ATIINY
p,p-DDE 83.3 10.52 22.78 30.44 1.16 - 94.38
p,p-DDT 100.0 20.70 28.30 29.65 6.00 - 116.79
p,p-DDD 58.3 11.02 17.35 18.22 3.32 - 5243
o,p-DDE 50.0 6.32 9.02 6.99 1.92 - 16.46
o,p-DDT 41.7 6.52 8.95 6.02 1.35 - 14.76
Dieldrin 8.3 3.41 3.41 0.00 3.41 - 3.41
Heptachlor 58.3 2.08 2.90 2.39 0.30 - 7.84
Heptachlor epoxide 25.0 12.92 13.31 3.85 9.29 - 16.97
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4.6 @1 Estrogenic activity 2098130aN B9 Ihliananansauaziianandgdcfanad
NIINUINLAA
NaN3197 15 uEAsE Estrogenic  activity luidananansanuazidanainsuaziavas
mynusniialasialuniiig pg/l 17R-estradiol equivalent WU31@N Estrogenic activity lldaa
nuadidigandnluifenanasazfazaimisnuiniinedalinodragniiaia lasn
Estrogenic activity lutiaaainunsalasiade 0.85 pg/i17R-estradiol equivalent wazluidaaan

fuFzfavaImMInuIniialagiade 0.52 ug/l17R-estradiol equivalent

PNNMIANBIANMNFUNUTVRIAN Estrogenic activity LhiRaaannunsauazidanainas
a=fa lauldaiid Pearson correlation Wu31 @1 Estrogenic activityllRaaa1nunsauasnIngsn
Walanuaunusnuluszautunans (r = 0.373, P = 0.000) LafnEANNFNAUTIZAI19AN

Estrogenic activity WacaNINaN®EY WUINNIFaIaILUT liRauNuEA

@13197 15 @1 Estrogenic activity 182031nNNIALAZIE8ANNENLFZHVBINITAUIALAN

lagialuniing pg/l 17R-estradiol equivalent

wininad GM AR S.D. Min Max

Estrogenic activitysl,ul,ﬁa@mim, 0.85 1.07 0.86 0.15 5.69

Mg/l 17R-estradiol equivalent

#in Estrogenic activity llaaaannans 0.52 0.64 0.40 0.09 1.94
ﬁza 2VBINIINELIN Lﬁ@],

Mg/l 17R-estradiol equivalent
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UNN 5

a 6 . .
UNII1Ttw (Discussions)

51  @158aNEY IhAanINN1ITALALIA oA NA1IELADYBINIINUINLAR
PMNAMIANYIIILNUIN &3 p,p-DDE maawunnéﬁaamﬁgﬂw,ﬁa@mﬂmimuauﬁa@
PMNENYRLAD LLa:wuluﬂ’%uﬁmﬁgaqmﬁmﬂ%amﬁﬁuﬁumwaﬁwﬁu q gawafine Navanwuln
USanmiisesnsanda &3 p,p DDT uas p,p“DDD anuEeL uanmnﬁﬁawudwm&ﬁuﬁmmms DDT
lugtwes pptisomers azilannnitaywusvassns DDT lujlvas o,ptisomers 1189910
Technical grade 2848713 DDTUsenaua28 p,p-DDT Uszanminsas 80 uaz o,p0-DDT Uszanmuinsas
20 fsuiirans DT axdnlFluiudidnsdsouszanm 15 Dudrfiony  uddsasianumsvafise
é’oﬂdn‘luﬂ%mmﬁgoag Haitosnnanuaiey mmf:{l'omﬂﬁwﬂunﬂizﬁumﬂsﬁmmi sznay

AUMIRIBINTNAN Y A BRANATITIANEIWIRAINN (Ataniyozowa et al., 2001; Ntow, 2001)

nMUSouisuySunaans p,p-DDE waz p,p-DDT hsldaaainuisaiuaznisnusniia
lasduwimluniag ng/g lipids WU USunaansuansy fasnuInnfgaluanIaiuazmn
winianndszmnedingln  wazilaSouiisuyUSunaans p,p-DDE was p,p-DDT lasdiuin
Turag ng/ml WuINUSH MR INAN 1Y ﬁ@li’JQWUN’mﬁq@lu&l’]i@]’]LLﬂxWﬁﬂLLiﬂLﬁ@]ﬁ]’mﬂi:mﬂ
i mes LY Y . r L ¥
Tng (Msfne3dvluasei) LLa:m’mwuuaﬂluﬂ‘s:mmmuqkﬂ AILFAI I UANTIIN 16 N9
L o AaA a ) & = & a 'Y
a1wNuNMIuntanMIktans DDT mlumimwmazmsmmimqm Fetlveneansinglnle
gnlAnNIkNal w.a. 2539 ﬂizmﬁlmmuqBﬂUmﬁﬂmﬂ%ﬂs:mm‘ﬂ W.¢. 2523 FIMSUNWN
Ans3dwsnianmIltilet] w.a. 2532 (Waliszewski et al., 2001; Turusov et al., 2002; Dallaire
et al., 2003)

52  @NAdNNWIYaIEITNANEY 1A 0AINNITANLALE 9ANENLEEA a2BINIINUINLAA

MNNANMIANNATNUIN FTUAREY ATIINLTS LWADAIININTANLAZ LB aRI N Ua=ae
YoM INUINAe  SeusealiRninasuafing sunsagsiiwiemInleneeeTn Sixenaaad
ﬁumﬁ%’waa;ﬁ%’aﬁu § (Kanja et al., 1992; Bjerregaard and Hansen, 2000; Waliszewski et
al., 2000; Sala et al., 2001; Butler et al., 2003)
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@137197 16 3aUa1s DDT luansauazmanusnifeSouifisunudseinadng g

szine No. of p,p-DDE p,p-DDT gLLﬁdLLa:ﬂﬁLL@id

Samples Cord Maternal Cord Maternal

Lipid basis, ng/g lipids

Mexico 90 4,676.00 4,378.00 2,800.00 1,848.00  Waliszewski et a., 2000
Kenya 11 1,260.00 1,520.00 600.00 810.00 Kanja et al., 1992
Thailand 39 741.80 1,191.30 7710 122.90 The present study
Nicaragua 52 6.39 712 n/r n/r Dorea et al., 2001

Fresh weight basis, ng/ml

Thailand 39 5.90 17.90 0.46 1.24 The present study
Uzbekistan 18 1.39 4.71 0.08 0.27 Ataniyazova et al., 2001
Spain 72 0.83 2.24 n/r n/r Sala et al., 2001
Belgium 44 0.58 2.16 n/r n/r Covaci et al., 2002
Canada 351 0.34 1.05 0.03 0.06 Butler et al., 2003

nr = Ladlungan

AFuleanTangunutsznieamInafiny lufsaanunsauasidannaossiavad
MINUINAALERIHIANNEINTa M ILAE auHIHT B IR TN AR 1 AMNUINFMINUINAAINT
9asuqad (Dorea et al.,, 2001; Waliszewski et al., 2001; Covaci et al., 2002) Seeusasalu
N1ILAR BUHINY BIFN TN AR 1 %uag’ﬁ'vgmauﬁ'@momymwuazmﬁmaamiuaﬁw g lag
CARTGHE) ﬁﬁmumimaqamnﬂ’h 100 sunsar1wiefasnlasisnIBuHIBULY passive
(Juchau, 1983) ®1TNANMY ﬁﬁﬂﬂﬁ%’ﬂfuﬁmmﬂiwLaqaaglmi’;a 200.85 £9 389.3 G9nuan3
AN 1Y f:%ommmmumﬂmafmgjmsmuﬂLﬁ@"l,ﬁ UsznaunuiaTuai ey ladauaInnse
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Abstract

Organochlorines (OCs), particularly dichlorodiphenyltrichloroethane (DDT), were widely used for
malaria control and farming purposes in Thailand. Several studies in animals have reported that
OCs cause adverse effects on thyroid hormone status. However, data regarding their effects on
thyroid hormone status in humans, particularly in infants, are lacking. The aims of the present
study were to investigate the association between OC levels in cord and maternal serum, and
the association between OCs and thyroid hormones in cord serum. The study was performed

with 39 mother-infant pairs from Mae Rim District of northern Thailand, who delivered normal
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term and full term gestation. Maternal blood was collected for measuring OCs and total lipids.
Umbilical cord blood was collected for measuring OCs, total lipids, and thyroid hormones,
including total thyroxine (TT,), free thyroxine (FT,), and thyroid stimulating hormone (TSH). 1,1-
Dichloro-2,2-di(4-chlorophenyl)ethylene (p,p~DDE) had the highest level in all serum samples
with a geometric mean of 741.8 ng/g lipids in cord serum and 1,191.3 ng/g lipids in maternal
serum. The second highest level was that for 1,1,1-trichloro-2,2-di(4-chlorophenyl)ethane (p,p*-
DDT), followed by 1,1-dichloro-2,2-di(4-chlorophenyl)ethane (p,p-DDD). Levels of p,p-DDE,
p,p-DDT, p,p-DDD, and dieldrin in cord serum were positively associated with levels in
maternal serum (r = 0.855, 0.768, 0.660, and 0.597,respectively, P = 0.000). The important
findings were that cord serum TT, levels were negatively associated with cord serum levels of
p,p-DDE (13 + SE = -0.702 + 0.301, P = 0.026), p,p-DDT (B + SE = -0.851 + 0.394, P = 0.038),
and 1,1-dichloro-2-(2-chlorophenyl)-2-(4-chlorophynyl)ethylene (o,0-DDE) (B + SE = -1.857 +
0.696, P = 0.037), adjusted for alcohol consumption during pregnancy and sex of infants.
These results therefore suggest that exposure to DDT and its metabolites during fetal
development may cause some effects on thyroid hormonal status in infants. These findings

require further research and critical scrutiny.

Keywords: organochlorines, thyroid hormones, infants, endocrine disruption, persistent organic

pollutants, prenatal exposure, DDT

1. Introduction

Organochlorines (OCs) were widely used for public health program and farming purposes. It
has been known that OCs act as endocrine disruptors, causing adverse effects in the
environments and human health (Longnecker et al., 1997; Turusov et al.,, 2002; Miller et al.,
2004). A number of epidemiological studies have reported the association between OCs
exposure and human health such as infertilities, abnormalities of reproductive tracts, and
reproductive cancers (Mathur et al, 2002, Turusov et al., 2002). In infants as vulnerable
groups, it has been reported the association with end points of adverse health effects such as
low birth weight, preterm birth, growth retardation, and altered psychomotor and cognitive
functions (Rylander 2000, Dorner 2002, Siddiqui 2002, Ribas-Fito 2003, Torres-Areola 2003).
However, few studies investigated their effects on thyroid hormone levels in infants (Ribas-Fito
2003). In fact, altered psychomotor and cognitive functions by OCs might be caused by

alterations of thyroid hormone levels and metabolisms (Porterfield and Hendrich, 1993).



Northern Thailand is a highly contaminated area of OCs, particularly DDT. This compound was
applied for malaria control at rate of 2 g/m2 from 1949 to 1999. It was also used for farming
activities until it was officially banned in 1983, and most farmers had used it illegally despite its
ban (Chareonviriyaphap et al., 2000; Stuetz et al., 2001). In Mae Rim District which was the
present study site, OCs were extensively used for both malaria control and farming activities.
Therefore, pregnant women in this site might have been exposed to these contaminants from
environmental and occupational contributions. Infants can be exposed these contaminants
across the placenta and through breast-feeding. Because exposure to OCs during fetus
development may result in a permanent change of endocrine system and neurodevelopment of
infants (Colborn and Smolen, 1996; You et al., 1999; Sala et al., 2001; Dorea et al., 2001), the
adverse effects of these chemicals on infants are of concern. The aims of the present study
were to investigate the association between OC levels in cord and maternal serum, and the

association between OCs and thyroid hormones in cord serum.

2. Methodology

2.1 Study population and study design

Between March 2003 and June 2004, all of pregnant women living in Mae Rim District of
Chiang Mai Province from northern Thailand for at least 5 years were invited to participate in
the study. Because iodine deficiency during pregnancy has a strong impact on thyroid status in
infants; therefore, pregnant women who had iodine levels lower than 100 pg/l in urine and who
were diagnosed as hypothyroidisms were ruled out. Volunteers who were eligible and signed
written consents were asked to complete questionnaires by trained interviewers. Data on
questionnaires consisted of personal data, lifestyle, pesticide use and exposure, and delivery

history.

During delivery, 39 mother-infant pairs who delivered normal term and full term gestation (37 to
42 weeks of gestation) were the study population. Ten ml of maternal blood was collected by
venipuncture 2-5 hours before delivery for measuring OCs and total lipids in serum. Twelve ml
of umbilical cord blood was immediately collected when umbilical cord was cut. OCs, total
lipids, and thyroid hormones, including total thyroxine (TT,), free thyroxine (FT,), and thyroid
stimulating hormone (TSH), were measured in cord serum. Anthropometric measures at birth,

including weight, height, and head circumference, were obtained from hospital delivery records.
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2.2 Analysis of OCs

Cord and maternal serum were analysed for 1,1-Dichloro-2,2-di(4-chlorophenyl)ethylene (p,p*-
DDE), 1,1,1-trichloro-2,2-di(4-chlorophenyl)ethane (p,p-DDT), 1,1-dichloro-2,2-di(4-
chlorophenyl)ethane (p,p-DDD), 1,1-dichloro-2-(2-chlorophenyl)-2-(4-chlorophynyl)ethylene (o,p*
DDE), 1,1,1-trichloro-2-(2-chlorophenyl)-2-(4-chlorophynyl)ethane  (o,p’-DDT), heptachlor,
heptachlor epoxide, dieldrin, hexachlorobenzene (HCB), beta-hexachlorocyclohexane (3-HCH),
and gamma-hexachlorocyclohexane (}HCH). Standards of OCs were obtained from the US
Environmental Protection Agency, NC, USA (p,p’-DDE, p,p’-DDT, and »HCH), laboratory of
Dr.Ehrenstorfer, Augburg, Germany (o,p’-DDE o0,p’-DDT, dieldrin, heptachlor, heptachlor
epoxide, and aldrin), and Promochem Ltd, Wesel, Germany (p,p’-DDD, HCB, and R-HCH). All
solvents for extraction were ultra resi-analysed grade for organic residue analysis (J.T.Baker,
USA). The analytes were extracted by solid phase extraction using octadecyl (C,g)-bonded
silica cartridge (BondElut, Varian, USA). Extraction of these compounds from 2 ml serum
samples was performed according to Prapamontol and Stevenson method (Prapamontol and

Stevenson, 1991). Aldrin solution was used as an internal standard.

The isooctane extracts were analysed for OCs using gas chromatography-electron capture
detection (GC-ECD). The GC analysis consisted of a Hewlett-Packard model 5890 Series I
equipped with a 63Ni electron capture dectector (ECD), an autosampler (HP 7673), a fused
silica capillary column (Ultra 2: 25 m x 0.32 mm i.d. with 0.52 pm film thickness, J&W Scientific,
USA), and computerized data handling data system (HP3365 Series Chemstation).
Temperature was 300 °C for detection port and 200 °C for injection port (splittess mode).
Temperature programming of oven was as following: initial temperature 80 °C for 10 minutes,
first ramp 30 °C/min to 190 OC, second ramp 4 °C/min to 250 °C and final temperature was held
at 250 °C for 10 minutes. High purity helium (99.993%) was used as carrier gas and ultra high

purity nitrogen (99.999%) was used as make up gas.

Recoveries of individual OCs ranged from 70.3% for o,p-DDT to 100.6% for HCB. The
detection limit ranged from 0.01 ng/ml for o,p’-DDE to 0.24 ng/ml for p,p’-DDT. The intrabatch
coefficient of variation (% CV) ranged from 4.02% for p,p-DDT to 8.91% for heptachlor and
interbatch % CV ranged from 5.83% for »-HCH to 13.72% for p,p-DDT. The determined mean
levels for calculating CVs ranged from 0.85 ng/ml for 3-HCH to 22.81 ng/ml for p,p*-DDE.
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2.3 Analysis of total lipids and hormones

Total cord and maternal lipids were measured using gravimetric method (Blight and Dyer,
1959). Cord serum of thyroid hormones, including TT,4, FT4, and TSH, were measured using
radioimmunoassay (RIA-gnost®, CIS bio International, France). The infant who had lower TT,
and FT, and higher TSH than the normal range of Thai infants was diagnosed as primary
congenital hypothyroidism. The intrabatch % CV was 5.9% for TT,, 2.1% for FT4, and 5.4% for
TSH. The determined mean levels for calculating CVs were 6.3 ug/dl for TT,, 1.3 ng/dl for FT,,
and 2.4 mlU/I for TSH.

2.4 Statistical analysis

The levels of OCs below the detection limit were not reported. Because OCs are stored mainly
in body fat, the levels were expressed on a lipid basis. SPSS version 11.0 was performed for
data analysis. Descriptive statistic parameters, including geometric mean (GM), arithmetic mean
(AR), median, standard deviation (S.D.), minimum (Min), maximum (Max), and percentile, were
computed. The level of significance was set at a P value < 0.05 (2-tailed). Variables that did not
approximate the normal distribution were natural logarithm transformed before the parametric

test.

Pearson correlation coefficient (r) was used to investigate the association between OC levels in
cord and maternal serum, Multiple linear regression analysis was conducted to assess the
association between OCs and thyroid hormone levels in cord serum, adjusted for confounders,
including alcohol consumption during pregnancy and sex of infants. Beta (f) and standard error

(SE) were calculated.

3. Results

3.1 Characteristics of study population

Between March 2003 and June 2004, 53 pregnant women who were eligible could potentially
give a birth. Among 53 women, 47 (88.7%) volunteered to participate the study and signed
written consents. Of the 47 women, 39 (83.0%) delivered normal term and full term gestation.
The geometric mean age of the mothers was 23.8 years, the mean time of residence in this
village was 12.6 years. Thirty-six mothers (92.3%) were farmers, of whom 11 (30.6%) had used
DDT for farming purposes. The mean duration of DDT use for farming was 3.8 years. Three
mothers (7.7%) drank and 23 (59%) smoked cigarettes during pregnancy. Thirteen mothers

(33.3%) were nulliparous, 9 (23.1%) were primiparous, and 17 (43.6%) were multiparous.
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Eighteen infants (46.2%) were males and 21 (53.8%) were females. The mean birth weight was
3007 g, the height was 50 cm, and the circumference of head was 33.9 cm. Only one infant

(2.6%) had low birth weight (birth weight less than 2,500 g).

3.2 OCs in cord and maternal serum

A total of 39 each of cord and maternal serum samples was analysed for 11 pesticides. The
results of OC levels expressed on a lipid basis and Pearson correlation coefficient are
presented in Table 1. B-HCH was not detected in any serum samples; therefore this compound
was not included. p,p-DDE had the highest level in all serum samples with a geometric mean
of 741.8 ng/g lipids in cord serum and 1191.3 ng/g lipids in maternal serum. The second
highest level was that for p,p~DDT, followed by p,p-DDD. These three compounds were

therefore the major chemicals in the samples.

Regarding the association between OCs in cord and maternal serum, significantly high
associations for p,p-DDE (r = 0.855, P = 0.000), p,p-DDT (r = 0.768, P = 0.000), and p,p-DDD
(r = 0.660, P = 0.000) and significantly Moderate associations for dieldrin (r = 0.597, P = 0.000)

were found. Insignificantly associations were found for the other chemicals.

3.3 The association of thyroid hormones with OCs in cord serum

Cord serum levels of thyroid hormones are presented in Table 2. The values at 95th percentile
of cord serum TT4 and TSH in infants were higher than the normal range of Thai infants. Only
one infant (0.8%) was diagnosed as primary congenital hypothyroidism. A positive association

was found between TT, and FT, (r = 0.463, P = 0.003).

Table 3 shows the association of thyroid hormones with OCs in cord serum, using multiple
linear regression analysis. Cord serum TT, levels were negatively associated with cord serum
levels of p,p~DDE (B + SE = -0.702 + 0.301, P = 0.026), p,p-DDT (B + SE = -0.851 + 0.394, P
= 0.038), and o,p-DDE (B + SE = -1.857 + 0.696, P = 0.037) after adjusting for alcohol

consumption during pregnancy and sex of infants.
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Table 1

OC levels (ng/g lipids) and Pearson correlation coefficient (r) in cord and maternal serum among 39 mother-infant pairs

OCs No. of detected GM AR S.D. Min Max Correlation coefficient
samples Cord-Maternal (r)

p,p-DDE Cord 39 741.8 1,027.5 865.6 81.3 4,265.0 0.855 ***
Maternal 39 1,191.3 1,791.8 1,759.3 58.3 7,980.7

p,p-DDT Cord 37 771 103.3 112.1 21.5 660.0 0.768 ***
Maternal 39 122.9 194.7 217.0 18.0 1,066.7

p,p-DDD Cord 39 89.1 104.8 63.0 241 308.8 0.660 ***
Maternal 39 104 138.8 114.8 16.8 526.7

o,p-DDE Cord 9 46.6 51.9 27.4 23.9 107.3 0.424
Maternal 8 21.6 24.8 11.2 5.8 371

o,p-DDT Cord 10 171 18.1 6.5 10.0 27.8 0.414
Maternal 19 21.5 26.3 21.1 7.0 100.0

Dieldrin Cord 37 94.9 120.2 115.9 32.4 638.8 0.597 ***
Maternal 35 68.0 91.9 941 15.9 533.3

Heptachlor Cord 31 37.1 64.3 102.9 9.1 545.0 0.344
Maternal 32 20.8 27.2 22.6 3.8 110.7

Heptachlor epoxide  Cord 29 38.8 45.9 27.3 15.0 114.4 0.305
Maternal 32 39.6 45.2 29.0 17.8 176.7

HCB Cord - a
Maternal 14 17.3 18.9 8.0 6.3 384

J-HCH Cord 2 29.1 34.2 25.4 16.3 52.2.0 a
Maternal 8 16.1 53.0 118.7 4.0 346.7

*** P < 0.001; a = the statistics can not be computed



Table 2

Cord serum levels of thyroid hormones among 39 mother-infant pairs

Hormones Median Min Max 5th - 95th Percentile Normal range of

Thai infants 2

Sth - 95th percentile

TT,, pg/dl 8.6 4.0 13 6.3 - 13.0 53 - 11.8
FT,4, ng/dl 1.1 0.5 1.6 08 - 15 08 - 1.6
TSH, miu/l 9.5 2.7 33.7 3.8 - 318 23 - 242

* normal range from Ministry of Public Health, Thailand

Table 3
Multiple linear regression analysis for the association of cord serum levels of OCs with thyroid

hormones after adjusting for alcohol consumption during pregnancy and sex of infants

OCs TT4 FT4 TSH
R SE B SE B SE

p,p-DDE 0702 0.301*  -0.019 0.046 0.022 0.112
p,p-DDT 0851  0.394*  -0.016 0.062 0.040 0.143
p,p-DDD -0.577 0.499 0.046 0.076 0.127 0.174
o,p-DDE 1857  0696*  -0.016 0.170 -0.039 0.361
0,p-DDT -0.593 2.871 -0.391 0.402 -0.595 0.996
Dieldrin -0.394 0.478 0.041 0.071 -0.026 0.163
Heptachlor -0.346 0.379 -0.067 0.048 -0.175 0.100
Heptachlor epoxide 0.110 0.582 -0.095 0.078 -0.128 0.196
* P <0.05
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4, Discussion

41 OCs in cord and maternal serum

It has been known that OCs have an ability to transfer from mothers to fetuses through the
placental barrier, and our findings support these data (Kanja et al., 1992; Bjerregaard and
Hansen, 2000; Waliszewski et al., 2000; Sala et al., 2001; Butler et al., 2003). Pearson
correlation coefficient between OC levels in cord and maternal serum indicates that these
chemicals transfer from mothers to fetuses and reach an equilibrium pattern between these
body compartments during pregnancy (Dorea et al., 2001; Waliszewski et al., 2001; Covaci et
al., 2002). The ability of transplacental transfer depends on the physicochemical properties of
the chemicals. The chemicals with molecular weight greater than 100 can pass placenta
membrane via simple passive diffusion (Juchau, 1983). The molecular weight of OCs ranged
from 200.85 for HCH to 389.3 for heptachlor epoxide; therefore, this transfer might occur.
Moreover, more lipid soluble substances attain an equilibrium between maternal and fetus more
rapidly (Klaassen and Rozman, 1996). Since fetus posses low cytochrome P450 enzyme-
mediated biotransformation toward OCs, it is result in low detoxification process. OCs are
therefore accumulated in the body compartment of fetuses and it might cause adverse health

effects in infants (Waliszewski et al., 2001).

We wished to compare our results for p,p~DDE and p,p-DDT levels expressed on a lipid and a
fresh weight basis with other populations. The highest level expressed on a lipid basis was
found in Mexican blood samples and the lowest level was found in Nicaraguan blood samples
(Table 4). In expression on a fresh weight basis, the highest level was found in Thai blood
samples and the lowest level was found in Canadian blood samples. The use of DDT for public
health program was banned in 1996 for Mexico, in 1989 for the present study site, and in
1970s for European countries and Canada (Waliszewski et al., 2001; Turusov et al., 2002;
Dallaire et al., 2003). However, it is difficult to compare the results in individual human studies
because data are often collected at different time periods, using different experimental designs,

in different racial groups, and under different exposure conditions.
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Table 4

Mean levels of p,p-DDE and p,p-DDT in cord and maternal serum from different countries

Uszine No. of p,p-DDE p,p-DDT @LL@iaLLazﬂﬁLLm

Samples Cord Maternal Cord Maternal

Lipid basis, ng/g lipids

Mexico 90 4,676.00 4,378.00 2,800.00 1,848.00 Waliszewski et a., 2000
Kenya 11 1,260.00 1,520.00 600.00 810.00 Kanja et al., 1992
Thailand 39 741.80 1,191.30 77.10 122.90 The present study
Nicaragua 52 6.39 7.12 n/r nir Dorea et al., 2001

Fresh weight basis, ng/ml

Thailand 39 5.90 17.90 0.46 1.24 The present study
Uzbekistan 18 1.39 4.71 0.08 0.27 Ataniyazova et al., 2001
Spain 72 0.83 2.24 nir n/r Sala et al., 2001
Belgium 44 0.58 2.16 nir n/r Covaci et al., 2002
Canada 351 0.34 1.05 0.03 0.06 Butler et al., 2003

n/r = not report

4.2 The association of thyroid hormones with OCs in cord serum

In the present study, cord serum TT, levels were negatively associated with cord serum levels
of p,p-DDE, p,p-DDT, and o,p-DDE. However, The association for o,p-DDE may be a chance
finding due to multiple comparison, since o,p~DDE in the present study was detected in only

23.1 % of the study population and only 9 tests of association were therefore analysed.

Several studies in animals have reported a negative association of exposure to organochlorines
with T, levels (Scollon et al., 2004; Verreault et al., 2004) and T; levels (Sormo et al., 2005).
DDT has been reported to disrupt thyroid hormones by increasing peripheral metabolism of
thyroid hormones through an induction of hepatic microsomal enzymes, resulting in increasing
excretion of plasma thyroxine (Fregly et al., 1968; Bastomsky, 1974; Capen, 1994; Scollon et
al., 2004). No data reported that DDT disrupts thyroid hormones by competing thyroid
receptors. However, exposure doses in humans differ from doses in experimental studies by
being lower and chronic; therefore, it is difficult to compare the results in humans with

laboratory animals (Hagmar, 2003).
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In humans, several studies have focused on the effects of HCB, PCBs and dioxins on thyroid
hormone levels. There was found a negative association of HCB levels with TT, levels, but no
association with TSH levels in adult men (Sala 2001). Prenatal exposure to HCB was found no
association with TSH levels in cord serum (Ribas-Fito, 2003). Prenatal and postnatal exposures
to PCBs and dioxin have been reported to deplete T, levels in infants (Koopman-Esseboom et
al.,, 1994; Nagayama et al., 1998). However, very few epidemiological studies have considered

the association between DDT and thyroid hormones.

In the present study, cord serum TT, levels were negatively associated with cord serum levels
of p,p-DDE, p,p-DDT, and o,p-DDE. In fact, humans are exposed to a variety of the
contaminants and the levels of individual contaminants in the body might be rather closely
interrelated. It is therefore difficult to assess which of compounds have an effect on hormonal
status (Hagmar, 2003). In the present study, cord serum p,p-DDE levels were positively
associated with cord serum levels of p,p-DDT (r = 0.637, P = 0.000), p,p-DDD (r = 0.584, P =
0.000). Our results therefore suggest that exposure to DDT and its metabolites during fetal
development may cause some effects on thyroid hormonal status in infants. Although only 39
mother-infant pairs were included in this study, the large range of exposure to DDT among
individuals reveals important clues as to the effects of these compounds on thyroid hormone

status.

5. Conclusion

OCs have an efficient transplacental transfer. The results of the present study indicate that
prenatal exposure to DDT was associated with decreased cord serum TT, levels. Thyroid
hormones play an important role in brain and neurodevelopment of infants; therefore, the small
change of hormonal levels may cause an irreversible change of these developments, and affect
later functioning in adult life. These findings emphasize the need to further investigate adverse
effects on thyroid hormones, growth, and neurodevelopment in children exposed to high doses

of DDT.
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