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Correlations Between PBDEs and Thyroid Hormone Concentrations in Adults

from Production Source Area
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Abstract: Polybrominated diphenyl ethers (PBDEs) concentrations in 36 resident serum samples from PBDEs production source area
were analyzed by gas chromatography/negative chemical ionization/mass spectrometry ( GC-NCI-MS) method, and the concentrations of
thyroid hormones were determined as well. The Z 5PBDEs (BDE-28,-47,-153,-183,-209) concentrations ( lipid weight) in serum
ranged from 130.3 to 4 478. 4 ng-g™'

accounting for 69. 8% of the total PBDEs concentrations. Spearman rank correlation coefficient was calculated between PBDEs and

1

with an average value of 529.9 ng-g~ . BDE-209 was a dominant PBDE congener, on average

thyroid hormone, it showed that there were high significant negative correlation between BDE-28, -47  -153, -183 and thyroid-
stimulating hormone ( TSH ), and significant negative correlation was also found between BDE-183 and free thyroxine ( fT4 ).
Additionally, there were significant positive correlation between BDE-28, -47 and triiodothyronine (T3 ) , as well as between BDE-28,
-153, -183 and free triiodothyronine (fT3). In summary, the concentrations of PBDEs in serum in this study were at a high level, and
BDE-209 was the predominant congener. The exposure to the PBDEs may affect thyroid hormone levels, and the further research should
focus on the relationship between PBDEs and thyroid hormone concentrations.
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UK. T PBDEs [ 7 1 46 kg 15 = il BT IR D 2 TR
(triiodothyronine , T3 ) Fl B IR It Z (thyroxine, T4 ) JE
HAHARL, M7 H. PBDEs QS = 9 5 IR IR 0 4 RE
% 742 J B2 B AL R A B K K, KE 48 PBDES [7] 284
CIRYS: i IS 1958 SRR N 78 & U RE ok /R X (2T
BN SEE W 5E A O £E PBDEs | [A] & 4, K AR
PBDEs Xf K &I IE th B (0 5 3 AF & 3o — 4k
(PeBDE > OBDE > DeBDE ) , i1 bt # I 0 R AT I A4S 1k
R MR AE P 5E KT Tseng % BE5E T 46N BT
W 4k 7 £ BDE-209 Xif #E 5 5 AR i 9 3% T fig
AR S, R 2 LR AN [R] 7 ) BDE-209 , ke Bk
J 10 mg-kg ™" Fil1 500 mg-kg ™" 524 41/ B AR
T3 A EFETEE(LH21% ), H T4 KA LA FEX A
PR BFFT R Julander 220 R B 11 44 W17 [
b 3 A2 ORI W & ( thyroid-stimulating
hormone, TSH ) . T3 Fl Il 35 37 & 4K I & (free
thyroxine , T4 ) 55 PBDEs [f] J& %) /K 1 ¥ A7 W 2% £ AH
K ,BDE-28 | -153 | -183 5| T4 [1) f & 'k 5% hn b A
BAT 45 i 2 2 . Bloom 251" HF 5% B WAy TSH Al
fT4 5 PBDEs [{] KW /K-F & A & #F MK, H
Hagmar 26" #1iA Jy BDE-47 15 TSH 5 3 i 5 2% 1k
MR HE, 5 i B HOAR IR 2% T3 A T4 g W 3% P A
S, Turyk %'V 30 %4 PBDEs 5 T4, i35 k T3
(reverse triiodothyronine , rT3) B IEM %, M5 T3,
TSH 2 $fUAH 5%, 3X =R 45 B A5 1A N PBDEs 471 i 1) 18§
0, T4 X3, i T3 A1 TSH 2% BEAG. AL AT 1 F 52
B UG AN [F] 2% 5 4 9% PBDEs % A & FFIR i
PR S HIIE 5 45 18 1 AN 58 42 48—, 1y A0S I T
THI PR A 38 B DL A O 3

AW B E T3 3 M 2 R R I
WX AR S Rl AR 4 Bk ( BDE-28 | -47 | -153
=183 -209) /K-, [AlIF 5 1 5 1T B A P HEOIR
Ji# 5 b T3, U B = W H IR B R ( free
triiodothyronine ,fT3) | T4, T4, TSH, 747 ¥1 P & 2
)R AH OGR4 R Tk — 22 1 i A\ & PBDEs
L5 FORBR 3R 7K W A R AR

1 MKk

L1 FEacREE

F-2009 £E 2 ~4 H, {E3E N R M X B B
IR R T 36 AN NG FE A, R i 25 352k 3 RAR
FEAAR) L) B IE A . 36 AT B4Ry 42.5
LW 21 ~51 %), Ho 21 4 2o fE -1 B 4 i
41.9 % (Jall: 21 ~50 %), 15 4 Y e

43.3 Z (JuH : 33 ~51 %) . MR E wR I 2 i R
Jik , 4 FE 3 000 remin ' B0 15 min, 3875 2 ~4 mL
M3 . 5% B2 A 2 1 AR e 4R b 1 30 ~ 50 %, o B
PERESL 1S 03, ZOMERE S 21 1.

FHOR B Th RE TCHEAE (W J0) &% & JF I 2 e =+
AR R 2 W WL v LM A R B, BT T S
M (n=T74)11 (T3 T4 KA FAR I 3R 2 AR Hu A oK1
W S T T R IE W 4 (no=39) . [R It Ay 38 4 3R
PN SR I B R B AL RN A SN TR R )
Furp PBDEs 7K ~F-Xf FOIR B ¥ 38 K 1 10 AH G o 7= A
SR SOUE T DR N R A DU e H R IR 48 A i 1) gF
AT DRI 5E | xF JH DA 6 4 /b — 350y B A A A A4
T LG B SR A M5 A 8 By 38 b s, o
R T8O 1= Bt DK A, SR AR 27 016 928 23 A AT
FE b b DR IR SR K- 30 AT € Ja , T 22 ook Af i
PS8 5 L HVE T - 20°C UK AR A, BT
1.2 s ol

T AL LR Agilent 6890-5975N A Jiit 4 1% Bk
AL (Agilent, USA) , /& i & 0§l ( Beckman, USA) ;
BF2000 % WA (b 5t )\ 7 A BH A7 R A H) ) 5
GL88B it i i 15 s (¥ 1] 117 FL AR DR A 2 1) 3 A7 PR
Aw]) . ARERHIE O b, S S (Tedia, USA) 5 {4
L TP RE LT LK | 5 A ( Baker, USA) 5 B 2K
( B, & [ Millipore A w]#E4i/K R4 ); F4i. IE
ot A, PR SR OIE . K ORE K
HCI. % H,S0,. 7K Na,SO, . KOH, KCI( 4 #r4li,
b HTACARS 9l Ak 27 Wb A BR 2 ) ) . 2 BRI A T b U
)% : BDE-209 . “C,,-BDE-139, “C,,-BDE-209
% H 2& [E Cambridge Isotope Laboratories.

fE T A6 (100 ~ 200 H ) - 1 — &0 B ke bk vt , i
TR fE180C FHLE 1 h DL b, A H 5 B T
7RI TR A R ) A SR H 44 g Wk R O T
ANE 100 g 3G RE I, 78 70 W 5 2 4k IR e AT 45 e

BTG B 3 3 L 28 19 Sk /KRR 4l 7K o ks, i+
J5 1550°C MAE S g K ke 5 h, AR 4F 25 H
A FH I 715 O b A = & e i U
1.3 B ST AL 2R

375 HE 5 6 5T 48 BE J7 5% ] Hovander %) g
S5 v BCHS I RE T 20 mL B A, N [
W% A P C,-BDE-139 (100 pgepl ™' x40 pl)
MTC,-BDE-209(1 ng-pL ™' x40 pL) f5,MA 1 mL
6 mol-L™" HCL,iE A ¥ A G, N 6 mL S A BE. &
Ja 6 mLE Cke/ HAERUT BEmE (1 1 4R L) A
W, B A3 I, A LS N 2364 4 mL KCI K



114 2 5 45 o 2 I DN I mR 22 SR R T 7 - L DR IR 3R A O PR T 3273

VWL (1%, J5Ui o 20 M 34 . 1] 4 mL IE
Chbe/ B L AT Rk (11, R B b)) R ZEHCR =
KCL 7KW 3 I, &R AN T E Al b Al
AT R, M S A ik S8 I IR
O OAREEEERE P IA 4 ol ECk, 2
mL KOH ¥ (0.5 mol-L™" ¥ T 50% L F%) ¥4 .
R EREANMET s, TR 4
mL IE QR B R A 3 R, PR T L b
TR B T AR R R 10 mL A SRR I
4 mL KRBT, R & . B0 5, A AU B N 21008l
oL B RAH T 4 mLaE CRE A3 K, A O A
Bl . R R BOR A BORIK 4 2 1 mL A Ay

S mLoE S g8 s A i A (A R B AR IR
0.1 g PEEf, 0.5 ¢ RIERER A 1.5 g JoK
Na,80,), % 5 LA, JT 12 mL E & ke/ — 50 H ke
(12 1, ARRLEL ) R UEAE 7 R VR B v v /R &
20 L i, 8 2w i b, 4T GC-NCI-MS ] .
1.4 &

(30 4 PF € W KE DB-SMS K (30 m x0.25 mm,
i.d. x0.1 pm, Agilent Technologies, Palo Alto, CA,
USA). B85 THili : 91803 5 A 100°C, £ £F 2 min, 2R )5
BA4°C +min "' 138 2 T £2300°C , {3 £ 30 min. DL 4l A
AN FEE 1.0 mLemin ' FTHEARE 1R E320°C
i N IELEE300°C , AN WIERE , HERE R T L.

FRE 2 A A S HL B R (NCT) | 328 45 2 1 i
3 (SIM) |, UH BE g [ WS (40% ), 11 P it 2

150°C , DU #% #T % /% 4 150°C. BDE-28, -47, -153,
183 B F (m/z) K3 79.0, 81.0; BDE-209 44
B 1 (m/z) } 407. 6, 486.6; Wki"C-BDE-139 m/z
$79.0,81.0,573.7,575.7; “C-BDE-209 {#] m/z
Sy 415. 6, 494. 6.

1.5 YRRV RHE 2 | Kt BR A ot 42 i)

BDE-28, -47 -153, - 183Kl Whpik g A5
R IE M1 2k32:; BDE-209 SR A [A) 47 38 W B V2 8 & A 5 0
RIE i 25 BT AT [R) 28 4 e v il 26 1O A % R B0 KT
0.999 0. BDE-28 . -47, -153 . - 183 ({1 () S& B 7E 0. 2
~0.5 pg 2 [1] ,BDE-209 {25 HIBR A 10 pg.

SIS HT L A IR AR K AE S T, AT A ]
WM 52, P AT B AR 4 4, B E 7 3k R R P C-
BDE-139 [A[W 40 109.3% (n =3 ), AH X 5 1 4 72
(RSD) 4y 20.4% ; "“C-BDE-209 [0] i % % 60.2%
(n=3) AHXS b5 AE Al 22 (RSD) 2y 26. 6% . It 17 S 5
AR IFF A E 1614 J7 ik K 15 % (i (BDE-28
~ =183 [A] it & 3t [ 7F 60% ~ 140% , BDE-209
50% ~200% ,RSD<40% ).

2 SRS

2.1 Z WIS EE K (R0 E 5 R

36 3 M5 FE il f S A PBDESs [a] 409 R 3 [
95% B AFIX ] I ME . PAELL K S ~95th 15
fEIE S5 R ILFK 1, 36 43 M35 4 b 7 5 Ff PBDEs [A]
KWy ARG ILE 1.

F£ 1 ML PBDEs [7KF (n=36) (BUIEE 1) /ng-g ™!

Table 1 ~ Concentration of PBDEs in human serum samples(n =36) (1. w. )/ng-g ™"

T BDE-28 BDE-47 BDE-153 BDE-183 > ,PBDEs BDE-209 > ,PBDEs

3t Fl 2.3 ~50.4 2.1~439.0 13.3 ~955.9 1.6 ~135.0 19.2~1471.0 90.2~4181.0 130.3 ~4478.4
95% H A5 X 1] 22.6 ~32.1 9.1~55.3 7.6 ~109.0 15.2 ~29.5 63.4~217.0 164.9 ~614.6 286.7 ~773.2
IREESL 27.3 32.2 58.3 22.4 140. 2 389. 8 529.9
RS 32.9 24.2 29. 1 21. 4 109. 8 209. 8 332.4
5th B 4 A 3.1 2.4 14.8 1.8 22.1 111.5 180. 2
95th 17437 46.9 42.4 97.3 36.8 234.2 1052. 4 1380.5

2.2 MdEFEAR S IUHAR IR R AR 2K F

36 /I35 A a5 IR IR FiE b TSH, T3
fT3 | T4 K {T4 7KV 5E 45 R W3 2.

WrFER I, 36 4 W F h FAR IR A5 b 5
17 4. Horb, 1 A4 AME TSH K TR u L S
AR T3 KPS o 2 o TIEWE L, 3 4
T IEH . 5 4K T3 KT IEH i . 10 4

AR T4 S, Ho 9 MR T IEH YO, 144 W
4 AR T4 S T IE R AT 2 4.
2.3 MUY S S B PBDEs [ A 55 IR IR 4R AR
[y ¢ & A

RV JH] SPSS 16.0 45 v 25 B % R i Ho 4 AT 1
AR5,V FT 36 ASFEah 5 Bl PBDES [ ik
155 HUIR R B FEFR 1 Spearman A ¢ R %, W% 3.
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Fig. 1 PBDEs congener patterns in human serum samples
F2 ML AR S P R IR B KF (n =36)
Table 2 Thyroid hormone concentrations measured in human serum samples(n =36)
FEDR M % TSH T3 T3 T4 T4
1E H ¥ 0.35~5.29 pIlU-mL™" 0.8 ~1.9 ng-mL ™' 3.0~6.5 pgemL™"  5.0~13.0 pg-dL™"  0.88 ~1.85 ng-dL ™'
JIRCESE(E 2.04 1.27 3.89 7.32 1.24
s HE i 22 1.10 0.38 0.90 2.68 0.32
EeR(ER 1.59 1.29 3.98 6.38 1.26
5th ¥ 4 il 0.96 0.73 2.26 4.40 0.91
95th ¥ 43 7 3.96 1.91 4.79 11. 67 1.69
£3 36 ANULHTHE NS PBDESs [ j 14 55 HUR B 95 b5 17 (©) Spearman 15 R 3"
Table 3 Correlation coefficient of five PBDEs congeners and thyroid index in human serum samples
TSH T3 T3 T4 T4 BDE-28 BDE-47 BDE-153 BDE-183 BDE-209
TSH 1 -0.163 -0.265 0. 107 0.271 -.625""  —.585"" —.644" " -.6327" -0.053
T3 1 .366 " L7197 .365" .400 " .399° 0.225 0. 157 -0.199
T3 1 0.235 -0.074 .438 " " 0.295 L4507 .488 " " -0.067
T4 1 L6477 0.167 0. 189 -0.018 -0.079 -0.274
T4 1 -0.157 -0.09 -0.213 - 361" -0.264

1) s % RIRAE 0. 01 /K-FAI SR PE R 25, RIRAE 0. 05 /KA 5 1 i 25 (U AR )

3 itie
3.1 AMKIiEH PBDEs [f) /KT

WA LR AT L R el S PBDEs 3

R (LU, 1)) 4 529.9 ng-g ™', i {H Ny
332.4 ngrg ', 5 ~95th [ 4 fH 4 B K 180.2
ng-g ' F1380.5 ng-g . Mazdai 2" %} 2 [H 18 {7
AU L3 A0 B A I AE AS o i) PBDEs (BDE-47 | -99
-100, -153, -154, -183) ¥k J£ Wl & & O, H
> PBDEs iK% G 5251 15 ~580 ng-g ™'l 14 ~

o

R{eA

460 ng-g” ', F ¥ K FE Sk 41.1 ng-g”' FI 41.3
ng-g ' Kim 25" BT T 6 B 9 B 3 A Be s TN

3% § PBDEs ¥ J%, BDE- 28, -47. -99 . -100,

153, -154 -183 {54 ¥k Ji 76 [l Jy 8.61 ~ 46.05
ngeg ', WK WS B T B N BE. T0OA B 5T b

> ,PBDEs (BDE-28, 47, 153, 183 ) i Ji it [/l 4

19.2 ~1471.0 ng-g ', %M} 140.2 ng-g ™', iX —
4 L) T Hites™ 338 1 3% 3 A B PBDEs & J&
U [ 7.24 ~ 28.90 ngeg™', & T Mazdai
Kim" "' S fF 5 i [7) 240 3 9 .
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L24S Bl KK i > PBDEs 7K1 )
A b, RS BDE-209 (1) )5t & 3 JE 70 [ 24 90. 2
~4181.0 ng-g ', % {4k 389.8 ng-g ', BDE-209
%f > PBDEs [ F 3 STk R L F] T 69.8% , X 5
Tnoue %5 f H A I L 41 £ 13 Hh IR BIF 9T 45 R
3, BDE- 209 & ¥ ¥ & s 0 [H K. B
> PBDEs Jgx i FE ik £ T4 478.4 ngeg ™', Hop
BDE-209 ¥ & 44 181.0 ng-g ', %At & F Qu 2"
OB )7 R A by oAb BTN I E 3 436
ngeg L WE T AR R AT KT
P e 207 A R () IR B KT

gk L TiR  ARWFFUHL XA 1fil th PBDEs (¥ 5 8 4b
T8 K, 5w A 7 2. LAk, Jin
22U gm0 % PBDEs AE 7 R X 10 J B 5 55 8 42 i
WA, N R R 7 O IR BN (29% ) J W
TEN (T1% ), it LLAE 7= 1 N 12 R B B2 45 it sk /1>
PBDEs H 80, g /b H 5 A 2K 1) 46 fi.

3.2 MiEFES 5 PBDEs [ 284 5 HUR IR
TR B0 AH O 1

R3GRER T3 5 T3 1A KR E r=0.366
(P=0.028),T4 5 fT4 (UM =A% r=0.647 (P <
0.01) ,%tH] T3 5 T3 T4 5 T4 2 [a] A7 W 2% IEAH
KK ZR. EPr b, FOR IR A ) T3 | T4 32 3% 3] 1 )
TR 5, 5 H g & i (T3 T4 & 0F B4 1 v F
WIRBE SR> A S EARYS S, ZHFEE,
5 T3 | T4 75 M p R 8 AR e, 4 45 30 01 5 0 2
By R, X 5 ARG PR AR B A,
T4 141 i 20 2348 Tt n] DA B2 0 3 PE A 1
T3, H TN T3 BRAE R IG5, 1% N gy
19 70% ~90% ri1 T4 % i ' 3 th 745 & AW 5T
T3 b T4 2 ) B R G (r=0.719,P<
0.01).

BDE-28 . -47 . -153, -183 5 TSH x ji K47 4k
WO M M (r B -0.625, -0.585,
-0.644 . -0.632,P<0.01) ,BDE-183 41 fif [f1 384 Jin
WM TR T4 KF B FEBEAC(r = -0.361,P <
0.05). 1fj BDE-28 fil BDE-47 5 T3 W A7 & 2% ¥ 1F
I (r=0.400,P<0.05; r=0.399,P<0.05), %
4h BDE-28 | 153 | 183 45| jid T3 R4 B3 11 n
(r=0.438,P<0.01; r=0.450,P<0.01; r =
0.488,P<0.01). & ml LL A f BDE-28, 47,
153 183 5 TSH Z [u] B A7 & 2 (1 47 A0 OGP, Ui ] 72
NARH X 4 B[R] S 4 2 5 7K 7 1 38 n <% 5 80 TSH

KV 2 35 N B, BDE- 183 471 far [ 3% in &5 & 3%
T4 7K 7 55 2 ¥ %4 fi BDE-28 #l BDE-47 5 T3 1|
AT R FVEEA G, & U i 2 S 80 T3 (1 2
HMETEE, 34 BDE-28 | 153 183 #5 2 5]t T3 3
W 085 . Hagmar 257" 30 BDE-47 &5 TSH
S I SOCER I AR S B, (RS A
[A] 1Y /& Hagmar i\ 24 BDE-47 5 T3 I T4 g 8 ZF M
S B, Julander 2517 B 50N b L5 R FPOIR R M 2%
(TSH) , =AU AR D 208 (T3 R0 I 75 it 29 R R
2% (fT4) 5 7 F PBDEs [ 2% (BDE-28 , -47 . -100 ,
-99., -154  -153 -183) # & A W # 1k % Bk, BDE-
28, -153, -183 5|2 T4 (¥ & 25 Mk In 78 A H A 4
T2 8 . Bloom %1 HF 58 & Bt 1Ay TSH Fil T4
59 % PBDEs [ 254 (BDE-28, -47, -66, -85,
299 . =100, -138, -153, -154) #B A A 1 2 1k K k.
Turyk 2512040 K zSPBDEs ( BDE-28 . -47 . -49
-85, -99 -100, -138, -153) 5 T4, i ¥% Jx T3
(rT3) B A IERHE, 5 8 T3, TSH 24 41 % B, X &
WK #5 B 45 44 9 PBDEs 7 af (K38 0, T4 23 38 n, 1fi T3
HTSH 23 B, w7 UL, H §7AS [W #F 5T %F T PBDEs
X N A PR R 8025 7K T 10 58 W A5 55 A TR 1R &5 48, 1K
AJ g 5 AN [R] IR A 55 2 B 4% 1 RIS 4R X PBDEs 1) 48
2% T AT 6 AR AL 36 42 R M 363 K
B E, BRI R b o 0 A2 80, Wi 51 R A A7 K
PBDEs X} F AR Jif 30 3= (1) 5% wa AL ) ik A7 45 12F — 28
WA

4 4ie

AW ST S5 BTN, M AR 7 YR DX AR LV
PBDEs 7K - &b -5 i 1) 2 5% /K °F , L& ' PBDESs 1]
FEF Y BDE-209. AHHF 50N R A2 77 U5 XN 4K
Iy BDE-28 . -47 . -153, -183 /K V-5 TSH /K *f-
BB FEVESU G, BDE-183 5 (T4 & I 2 P A OC
BDE-28 . -47%5 T3 ,BDE-28 , -153 . -183 4 {T3 2 |
) FAT 3 P IR AH OGRS AT FURE A A B, R
FER I U X AR ML 1 PBDESs &b 1882 & 7K -
HOR B i A 5 5 R B, AR 7 I N AR AR — € 1)
i JE AR A5 ¢ PBDEs 2 58 7K 7 5 FR I 3 K -
Z TR (AR S R — 2B RN S
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