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ABSTRACT

Background: Polybrominated diphenyl ethers (PBDEs) are used as flame retardants. Wastes burned in solid
waste incinerators may contain flame retardants such as PBDEs. Therefore, it is important to study the PBDE
exposure of residents in areas around solid waste incinerators.

Objectives: This study aimed to analyze the serum PBDE concentration of residents living in an area around
a solid waste incinerator and evaluate the factors that could affect PBDE exposure.

Methods: The study areas included an exposure area around a solid waste incinerator and a control area (8.6
km away from the exposure area). Participants were 196 women in their 40s, 50s, and 60s, with 98 from each
area. The survey investigated participants’ age, period of residence, drinking and smoking habits, menopause
status, and parity. The medical examination included body mass index (BMI), thyroid stimulating hormone
(TSH), and free thyroxine (Free T4). Twenty-two PBDE congeners were analyzed using gas chromatography
(Agilent 7890B, Agilent, USA) and mass spectrometry (Xevo TQ-XS, Waters, USA). Mann-Whitney U and
Kruskal-Wallis tests were used to compare the significant differences in serum PBDE concentrations by the
characteristics of the participants. Multiple regression analysis was performed to evaluate the factors affecting
PBDE exposure and the effect of serum PBDE concentration on TSH levels in serum (SAS 9.4).

Results: There was a statistically significant difference in serum PBDE concentration by area, age, smoking
habits, and menopause status. In the multiple regression analysis result, only the residential area was
associated with the serum PBDE concentration. The serum TSH concentration was not associated with serum
PBDE concentrations.

Conclusions: The serum PBDE concentration of residents in the area around the solid waste incinerator was
significantly higher than that of those in the control area. Based on this result it was assessed that the serum

PBDE concentration of residents around the solid waste incinerator were affected by the incinerator.
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Highlights:

- Serum PBDEs concentration in
residents living near solid waste
incinerators are higher than general
urban areas.

- Serum PBDEs concentration was
highly associated with residential area.

- Serum thyroid stimulating hormone
(TSH) concentration was not associated

with serum PBDEs concentration.

*Corresponding author:

Institute of Environmental and
Occupational Medicine, Department
of Occupation and Environmental
Medicine, Busan Paik Hospital, Inje
University, 75 Bokji-ro, Busnajin-gu,
Busan 47392, Republic of Korea

Tel: +82-51-890-5931

Fax: +82-51-895-7040

E-mail: Ick3303@daum.net

A(brominated flame retardants, BFRs) 4] PBDEs (poly-
brominated dipheyl ethers)= ¥ a3} 2
1970\t FHagiotA A8 fiet? PBDEsh EEEHE
$AE HEO 2 X3}sto] ST SletER

o} Zrof] whe} 2097H2] S-EA|(congener) 2} 1O7H94 &Z A (ho-

923 AGsto]

BE Axo] 9%

Copyright © Korean Society of Environmental Health.

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/), which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

https://e-jehs.org


https://orcid.org/0000-0002-5626-6743
https://orcid.org/0000-0001-6836-583X
http://crossmark.crossref.org/dialog/?doi=10.5668/JEHS.2024.50.5.339&domain=pdf&date_stamp=2024-10-31

340

-2l3+ 4 A& (United Nations Environment Programme,
UNEP)IIA= 20099 A4x} AEEE HoFS E9| Tetra,
Penta, Hexa, HeptaBDE (Bromodiphenyl ether)& ZHR4-5-7]
Q2 HEZ(persistent organic pollutants, POPs)Z &5} 0,
DecaBDEE B E-E5}(debromination) IS Sl A&EA9]
PBDEs & Zb}g 4= Qo] pOPs S 1 EA = Aotstgiet? ol
we HoF GHEL oligh o] g Akt 4SS A
oF @ 0157} 50w, Selttel 200740] HHH7| 0N
4 28-S Agtol PRDESE 2548710 QB AR Balal
3 O]\:P)

PBDEs:= 317 W A2 A1t AA7] o] 24 ) JEEA. kX
AJo] =om 9 Algtof A 7HAAL 7]% oA ojAlo] AJalsE
AR 53 0 A B 0 4 Sk ol
t}. tj7] 50 29] PBDEs Hl&Y2 A2 ARIAIE T} H7E
e A4 So] tjmzols 310 9&78‘01] Hj& % PBDEsE HoA}
&2 ST AESAYL 52 AA 2} BH A dF= A

] Q‘jrmn

AR 7R ;lxﬂoﬂ/ﬂ X 3F PBDEs kEof 3t A= 5
AR O] P} B8 2 PBDEs %o} o]0 wE gloje} g
ote] 77 JFol Tt AFLolet ' el IR O“HLOHH
= YN A] A3} AP ER] = A 4JR19] PBDEs =3 A
B9} lezo] JFE n|HE 890 RARBIALE 28y 5
718 AZPY 890 7 Q5 FH FAX|Y FYIE9] PBDEs &=
5 Aol T AL 22 AHo|” | 22l
4745 71 Bol A% 1404 PRDESE BIRato] el
A% EUHD 9 P ek WA 1% 22 =
# 2| o]l ATt FHES] PBDEs =& AEHE A A
© A1) 12 € Fol7 FUABBAS 912 ohal Sl B
3t /ZARE AT ok o) S A)IE ot 7
A2 Ae) T QAR 0] AT
G0 6ot A T 28 2 PoDe T
5}, PBDEs =2 ¥ PIX= 821 B7staLAt of

=

S},
. X|= L e
1 JCM- [HAI-
sq171#1§§x1‘a<14171€z4w1@ SRR REATPA-PY
Zof Tot WE)o| whet FHAYAIL W7 B A A0

-'?Lx] AAM 0 2R 300 m ol 2 Hali Qe Tt o] ¢

oA Fulzt XAAe] Gelo] wet w7 Ao m

€1 500 m ol AetE 4 BAALL.2 B2 lof A Ak

2 w3 Ao Agsleth YRALL W2 47

8.6 km Boj2 UREAK|eloln], Q%] AT} FRIE] *é%,
¥ 59| AT REI} HY|E 470 Z9 Aoz SAE Ao

https://doi.org/10.5668/JEHS.2024.50.5.339

2 4%
1 Sistel 2 S Rl olRes
50cH, 60 G Agstgon, %
% 19670191,

2. 42ZM

@—Er A= B4 F PBDEs =0 92 VA 5 U= 89
< grleb] gl 3stglon, A+ EH*JX}—A 74%%1

?Jr 7% 7178, Hol, A 59 S A, FR =3

re, _IR

A, @A B o8, 24 A § 58 2ARSHY :}.

3. &4z
A3ARE PBDEs &= QIS 7i019] A% 9T Hrtst

7| gistol St AN PR HPAT AW
15+e] 819 ek 2] 4x(body mass index, BMI), A A=

3 2 (thyroid stimulating hormone, TSH), -3-&] E]&4(free
thyroxine, Free T4), & AH|E (total cholesterol, TC), E2t
ol 2 A|gto] E(triglyceride, TG) 5|3t ©] & FZd|2H
E3} EgfolZgAjgto|=L FH % PBDEs 5% (pg/L)S B4
% & A& (total lipid, TL)O T3t 5= (ng/g lipid) 2 27g3}
7] 13 AARE 35k

4. % 5 PBDEs 24

€% & PBDEs 42 =447l QA 7 E &8
1 AR B 12877 B GO-Ms/MSE ol 83
4 5 AR LGB A NS A5k

4.1. M= JMF|2F Hx

PBDEs £41& 93t @4 AlRE A% Al @HEFE
(8 mL CAT Serum Sep Clot Activator, 455211KR, in Austria)
£ o]&sto] FHT * FHE Eeoto] ofo] A4 4°C
ojst W AH= RIS, B4 A7 ALY aLolA
-70°C o5tz Hsk3ith

@3 200 uLE 15 mL Sz =44
tube, Falcon, USA)O| B2 & YWHERE E(ISCIZ PBDE,
EO-5100, Cambridge isotope laboratories, USA) 10 uL%}
Z 2 li(Ethyl acetate:Hexane:Acetone, 1:1:2 (v/v), J.T Baker,
USA, Wako, Japan) 1 mL, 3414 (Magnesium Sulfate,
MgSO4, Sigma aldrich, USA) 200 mg, YHEE(Sodium
Chloride, NaCl, Sigma aldrich, USA) 50 mg2 7}5}] 1
B7F Ag7](Vortexer) 2 E3H5F9tE &35ksh Al QAR
27]& o]-&sto] 3,200 gollAl 5&F ARG & FSH
< A FEo &3tk A5dE @2 FHo| & &uli(Ethyl
acetate:Hexane:Acetone, 1:1:2) 1 mLS 7|5t & &3t ‘5]-1 c}

of

A g3oAE Belstet B 45 244

o 1=

SH (Polypropylene

_4



7|8 AZ% FH X|Y F91°| PBDEs =&

(Primary Secondary Amine, PSA, Agilent technoligies, USA)
100 mg W7IE F e, AEAG thA] Rejos
Be HEIGT BT 43AL Ad 557]S o] 830l
40°C, 6 psiolAl 72 5 3t & ofo] AL HRI(Iso-
octane, C8H18) 40 uLol &3] & 240 AF-8-513]t

4.2. Nz &4

4 g4 42 PBDEs 3 2239 SAA0Iqh &
A 717 712 ErtE 2 oot AFEA7(GC-MS)E
Argotg o, 7 A 2utE J 1= Agilent 7890B Gas
Chromatography (Ageilent, USA), AZFEA7]+= Xevo TQ-XS
Triple-quadrupole Mass Spectrometer (Waters, USA)0]IT}. £
4] 2712 ot Table 10 VERAICE

4.3, Xlxlal: HXY
8% 3 PBDEs 5L 83 4 o] v} gebd 4 9)
onz Add B3 AW =9 Folg By A
PBDEs 52 Eashiach 3 A% 4790 95 5
FHI2EH ST EstolZEiAEto|E g off 4o Hidst
of A-&SHct

—

o

TL=2.27XTC+TG+62.3

Table 1. GC-MS/MS conditions for PBDEs analysis
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Instrument

Conditions

Gas chromatography (Agilent 7890B)

Mass spectrometry (Xevo TQ-XS)

Agilent DB-5MS (30 mx0.250 mmx0.25 pm)
Injection temperature: 300°C

Injection volume: 2 uL

Injection mode: splitless mode

Flow rate: 1.0 mL/min (He)

Initial temperature: 90°C, hold 1 min
Rate 1: 50°C/min

Final temperature 1: 180°C, hold 1 min
Rate 2: 6°C/min

Fimal temperature 2: 320°C, hold 5 min
Run time: 32 min

Ton source: dry condition

Transfer line temperature: 300°C

N2 make-up gas: 350 mL/min

Corona pin current: 2.0 pA

Source temperature: 300°C

Auxiliary gas flow: 300 mL/min

Con gas flow: 265 mL/min

Acquisition mode: multiple reaction monitoring
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Table 2. The result of MDL and calibration curve for PBDEs analysis in serum

PBDEs MDL* (ng/mL) Range (ug/L) y=ax+b R’ Recovery (%) CV (%)
BDE-3 0.443 0.10~50.0 y=157x-0.85 0.99 99.6 7.0
BDE-7 0.448 0.10~50.0 y=6.47x-0.13 0.99 102.9 8.3
BDE-15 0.509 0.10~50.0 y=2.53x-0.67 0.99 100.8 4.5
BDE-17 0.877 0.10~50.0 y=3.57x+0.68 0.99 105.7 6.6
BDE-28 0.831 0.10~50.0 y=3.01x+0.37 0.99 103.2 4.5
BDE-47 0.641 0.10~50.0 y=1.29x+0.07 0.99 103.1 9.4
BDE-66 0.865 0.10~50.0 y=1.45x-0.36 0.99 105.3 4.9
BDE-71 1.060 0.10~50.0 y=1.46x+0.10 0.99 107.8 5.7
BDE-77 1.216 0.10~50.0 y=0.57x-0.54 0.99 97.1 9.7
BDE-85 1.731 0.10~50.0 y=0.88x-0.01 0.99 93.4 6.5
BDE-99 0.947 0.12~60.0 y=1.22x+0.10 0.99 101.0 10.8
BDE-100 1.043 0.10~50.0 y=1.48x-0.20 0.99 103.0 8.0
BDE-119 0.938 0.10~50.0 y=1.53x-0.14 0.99 98.4 7.7
BDE-126 1.171 0.10~50.0 y=0.47x+0.02 0.99 104.9 8.1
BDE-138 2.042 0.20~100.0 y=1.06x-0.23 0.99 97.5 7.1
BDE-153 1.900 0.20~100.0 y=0.82x+0.14 0.99 100.6 9.2
BDE-154 1.789 0.20~100.0 y=1.63x-0.44 0.99 95.4 8.0
BDE-155 1.601 0.20~100.0 y=1.19x-0.00 0.99 96.2 4.7
BDE-166 2.605 0.20~100.0 y=0.99x-0.31 0.99 93.6 53
BDE-181 1.785 0.20~100.0 y=0.17x+0.11 0.99 104.1 4.5
BDE-183 2.033 0.20~100.0 y=0.28x+0.27 0.99 101.5 5.1
BDE-190 1.204 0.20~100.0 y=0.14x-0.11 0.99 109.9 3.5

*Method Detection Limit.

50% ©]A+°l PBDEs 8&(BDE-3, BDE-7, BDE-15, BDE-28, Sttt BAEA-2 SAS (Statistical Analysis Software, Version

BDE-47, BDE-66, BDE-77, BDE-99) Z}Z+9] 58} o] 8 9.4, SAS Institute, Cary, NC, USA)E A2}t

%2 315l 5% (Y8PBDEs), 181 22% AAE A3 5=
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o 40
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T aQlo s Fgelglch TESITIRA A € B PBDEs  W(S%), S2(27%), 5528002 ot 7V makeh 1
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Table 3. The characteristics of participants in this study, n (%)

Factor Total area Exposure area Control area P"
(n=196) (n=98) (n=98)
Age 40~49 89 (45) 42 (44) 47 (48) 0.738"
50~59 52 (27) 28 (28) 24 (24)
60~69 55 (28) 28 (28) 27 (28)
Residence periods <5 years 18 (9) 13 (13) 5(5) 0.022"
5~10 years 36 (18) 15 (15) 21 (21)
10~15 years 52 (27) 31(32) 21 (21)
15~20 years 50 (26) 26 (27) 24 (25)
>20 years 40 (20) 13 (13) 27 (28)
Drink No 86 (44) 43 (44) 43 (44) 0.541"
Past 27 (14) 11 (11) 16 (16)
Current 83 (42) 44 (45) 39 (40)
Smoke No 15 (78) 77 (79) 76 (78) 0.1821
Past 40 (20) 18 (18) 22(22)
Current 3(2) 3(3) 0(0)
Menopause No 10 (53) 48 (49) 55 (56) 0.3171
Yes 93 (47) 50 (51) 43 (44)
Parity* 0 8 (4) 6(6) 2(2) 0.523%
1 38 (20) 18 (19) 20 (21)
2 12 (62) 61 (62) 61 (62)
3 28 (14) 13 (13) 15 (15)
BMI' Under weight 7 (4) 5(5) 202 0.193"
Normal weight 12 (66) 59 (60) 70 (71)
Obesity 60 (30) 34 (35) 26 (27)
TSH' Normal 16 (86) 86 (88) 82 (84) 0.414"
Abnormal 28 (14) 12(12) 16 (16)
Free T4® Normal 19 (98) 98 (100) 94 (96) 0.043"
Abnormal 4(2) 0(0) 4(4)

*The number of children born.

"Body Mass Index (Under weight: <18.5, Normal weight: <25.0, Obesity: >25).

"Thyroid Stimulating Hormone (Normal: >0.27, <4.20 mIU/L).
SFree Thyroxine (Normal: > 0.93, <1.71 ng/dL).

I Probability value.

I Chi-squared test by exposure and control area.

AEXA 23 5 AF 7172 =&KX YolA 109 o4 15
| ulek AR AR 31H(32%) 0.2 71 oo, tix
A 9L 20 o4 AFe A7} 27H(28%) 22 71 wok
o} 183 AFA ol ;b2 A 717H2 F-9)g Aol Helth
(p=0.022). A S+ AFo| AL SHT A= L&A
g3} djZ2A|9o] ZH2F 118(11%), 16%8(16%) 2.2 tjxA]Ho]
LEAGEC gokon, dA) 58 stal Qlthal SET oA
A= =293 2 X Go] 2+ 4478(45%), 398 (40%) 0.2
LA Yo] txA|GE} wottt J2j1 AFAYG] 2 &
FE 7Yt Zol7t GI9tHp=0.541). A A HFo| Uck

SUT AL wEAT 2 Aol 22t 187(18%),
207(22%) 0.2 REAZe] A ur} goror], B4 5
2 o3 ek S A B 3HGHOE B =34
ool AFBek. 12|13 AFALe] 2 FAL G Fol
7+ Q9IEH(p=0.182). @A) HFolek S AL 1B
o} thzA|elo] 27} 50%(51%), 438422 1o H|elo]
gaAHet Gokor], AFAe] hE HRL {2 Fol
7 QTHp=0.317). 24 A S B\ f2A o BE
2 olekT S AL 7P Btom, wE AT g
Aol 4 247} 619629902 Beket. 121 AFA o] w2

=1
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Table 4. Geometric mean serum PBDEs concentration by characteristics of participants (ng/g lipid)

Factor BDE-3 BDE-7 BDE-15 BDE-28 BDE-47 BDE-66 BDE-77 BDE-99 X8PBDEs ' Y2PBDEs'"
Detect, n (%) 196 (100) 174 (89) 185(94) 185(94) 188(96) 145(74) 109 (56) 166 (85) - -
Area Control 55907 01517 03947 0418 0376 01707 0241 02347 814’ 11.7287
Exposure 11.542" 04077 08597 0462 0319 02907 0217 03277 158477  21.585"
Age 40~49 6938 0219 0547 0418 0320 0212 0240  0251* 10.074*  13.957'
50~59 8971* 0247 0549 0483 0342 0221 0210  0267° 12478* 172717
60~69 9.171* 0304 0677 0436 0399 0241 0230  0334* 12.692*  18.192"
Residence <5 years 13014 0268 0461 0372 0319 0180 0205 0209 16232 21.758
periods 5~10 years 6.876 0235 0508 0375 0330 0255 0232 0293 9.826 14.197
10~15 years 7683 0271 0671 0493 0351 0226 0219 0279  11.519 15.816
15~20 years 7799 0222 0566 0469 0334 0215 0224 0275  10.903 15.364
>20 years 8183 0257 0626 0435 0389 0220 0257 0296 11496 16.119
Drink No 8183 0249  0.530 0444 0340 0197 0218 0282 11416 16.055
Past 7553 0285  0.657 0414 0394 0233 0282 0299 11473 15.721
Current 8037 0236 0615 0444 0339 0248 0224 0263 11314 15.816
Smoke No 7.791 0.243 0580 0454 0342 0218 0226 0276 11123 15.565*
Past 8339 0249 0560 0376 0354 0233 0236 0269 11588 16.216*
Current 23524 0.694 1063 0622 0516 0297 0296 0437 28503 37.713*
Menopause ~ No 70087 0221 0528 0439 0318 0.217 0240  0246'  10.176" 14.1827
Yes 9337"  0282* 0647 0440 0382 0228 0217 03147 12.884"  18.065
Parity® 0 7606 0296 0425 0423 0338 0240 0170 0319 10957 15.737
1 7714 0251 0627 0433 0412 0219 0267 0273 11404 15.959
2 8.174 0237 0579 0432 0341 0215 0227 0278 11427 15.879
3 8004 0282 0584 0490 0298 0257 0209 0263 11268 16.055
BMI! Under weight 8891 0281 0477 0403 0358 0329 0309 0319 12219 17.064
Normal 8142 0237 0555 0446 0335 0220 0234 0263  11.325 15.784
weight
Obesity 7714 0268 0658 0430 0372 0217 0210 0302  11.393 16.039
TSH' Normal 8199 0253  0.608 0445 0340  0232* 0227 0274  1L6I2 16.297
Abnormal 7092 0218 0448 0405 0389 0172 0238 0293 10115 13.791
Free T4™* Normal 8.085 0248  0.585 0437 0345 0222 0227 0274 11416 15.959
Abnormal 5772 0267 0436 0544 0420 0243 0318 0401 9728 13.915

Denotes statistical significant difference in Mann-Whitney U test or Kruskal-Wallis test (*p<0.05, 'p<0.01, 'p<0.001).

The number of children born.

||Body Mass Index (Under weight: <18.5, Normal weight: <25.0, Obesity: >225).
c"Thyroid Stimulating Hormone (Normal: >0.27, <4.20 mIU/L).
**Free Thyroxine(Normal: > 0.93, <1.71 ng/dL).
"TSum of (BDE-3, BDE-7, BDE-15, BDE-28, BDE-47, BDE-66, BDE-77, BDE-99).

T*Sum of (BDE-3, BDE-7, BDE-15, BDE-17, BDE-28, BDE-47, BDE-66, BDE-71, BDE-77, BDE-85, BDE-99, BDE-100, BDE-119, BDE-126, BDE-

138, BDE-153, BDE-154, BDE-155, BDE-166, BDE-181, BDE-183, BDE-190).
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H7|E A2 FH X9 F019| PBDEs =&

o} 283 AFAGol| w2 -] EEAl Fre 795t o7t
A= Ao 2 YERFFOLH(p=0.043), B4 thA=te] =71 &
I BE 22 Ho AFste] {25t 2ol7t vkl Hrfs|
otk

2. 17 CHARESO| QITIEH EM0| M2 2 &
PBDEs
BEzAL A3A A e ef2 A7 daRte] AT

54 E4Jo] ot % 5 PBDEs?] 7|l 8+t 5 Table 49
eIt

FA 9o W2 &% % Y8PBDEs®} Y22PBDEs 5%

= =EA 90| 747} 15.847, 21.585 ng/g lipid, TR A<
o] Z+7+ 8.174, 11.728 ng/g lipid= }r_g;(]oclo] 2AGH
o o5kl =3 tH(p<0.001). 183 ZF EXHEE = BDE-3
i} BDE-7, BDE-15, BDE-G0, BDE—997]— LE229(11.542,
0.407, 0.859, 0.290, 0.327 ng/g lipid)°A === (5.590,

Table 5. Result of multiple regression analysis between serum PBDEs concentration and the characteristics of participants

Factor BDE-3 BDE-7 BDE-15 BDE-28 BDE-47 BDE-66 BDE-77 BDE-99 Y8PBDEs** ¥22PBDEs''
Area Control"
Exposure 089" 11597 09557 0131 -0.329*  0.890" -0056  0.575" 1.045" 1.128"
Age 40~97
50~59 0.207 0.118 -0.121 0.309 0.049 0.477*  -0.041 -0.070 0.231 0.323
60~69 0.135 0.270 0.006 0.271 0.185 0.501 0.032 0.113 0.154 0.347
Residence <5 years'
periods  5_Qyears  -0612* 0205 0319 0071 0082 07757 0220 08757 -0537*  -0.524*
10~15 years -0.616* 0.208 0.524* 0.455 0.212 0.408 0.079 0.676* -0.447 -0.490*
15~20 years -0.626" 0.004 0.338 0.364 -0.062 0.369 0.094 0.612* -0.584* -0.605"
=220 years -0.368 0.298 0.542 0.300 0.120 0.628* 0.496 0.732* -0.271 -0.319
Drink No'
Past -0.058 0.230 0.299 -0.027 0.083 0.355 0.351 0.019 0.074 0.023
Current 0.099 -0.077 0.085 0.044 0.110 0.396*  -0.059 -0.095 0.093 0.117
Smoke No'
Past 0.178 0.069 -0.054 -0.242  -0.026 0.070 0.011 -0.068 0.148 0.168
Current 1.258* 0.665 0.613 0.557 0.856 0.074 0.944 0.451 1.271* 1417
Menopause No'
Yes 0.160 -0.071 0.103 -0.231 0.231 -0.309 -0.339 0.279 0.139 0.098
Parity§ o7
1 0.489 0.305 0.851* 0.123 0424  -0.243 0.984*  -0.150 0.627 0.609
2 0.589 0.147 0.651 0.088 0.048 -0.310 0.671 -0.209 0.616 0.584
3 0.531 0.345 0.675 0.322 -0.192 -0.137 0.500 -0.341 0.581 0.580
ViU Under
weightq‘
Normal 0.044 0.119 0.493 0.176 -0.185 -0.501 -0.352 -0.293 0.123 0.087
weight
Obesity -0.183 0.108 0.592 0.135 0.007 -0.636 -0.536 -0.127 -0.042 -0.064

Serum PBDEs concentrations were converted to natural log in multiple regression analysis, value of table are standardized regression coefficient.

*p<0.05.
Tp<0.01.
Tp<0.001.

$The number of children born.
"Body Mass Index (Under weight: <18.5, Normal weight: <25.0, Obesity: >25).

IReference.

**Sum of (BDE-3, BDE-7, BDE-15, BDE-28, BDE-47, BDE-66, BDE-77, BDE-99).
"*Sum of (BDE-3, BDE-7, BDE-15, BDE-17, BDE-28, BDE-47, BDE-66, BDE-71, BDE-77, BDE-85, BDE-99, BDE-100, BDE-119, BDE-126, BDE-
138, BDE-153, BDE-154, BDE-155, BDE-166, BDE-181, BDE-183, BDE-190).
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0.151, 0.394, 0.170, 0.234 ng/g lipid) =2} F-2JsHA =4TH
(p<0.001).

AFo| w2 dF F Y8PBDEs 5T+ 40912} 500, 60T
7} 242+ 10.074, 12.478, 12.692 ng/g lipid 2 607} 714 &
kom, Ag 7+ o3t 5k ZpolE HEHSITH(p<0.05). 1
2]3l Y22PBDEs 5=k 40t} 50T, 60HH7F 2+ 13.957,
17.271, 18.192 ng/g lipid & GOTH7} 714 =qtom = 7+ &
o3t F% Aol UEFHATHp<0.01). Z+ E4H == BDE-3
7} BDE-99+& 40(6.938, 0.251 ng/g lipid)2} 50TH(8.971,
0.267 ng/g lipid), 60H(9.171, 0.334 ng/g lipid) 7+ -F-2]3t &
T 2ol = JERRATH(p<0.05, p<0.05).

A 717tol| WhE €4 S PBDEs 5= 549 3] /l8l
th A 717k W& €% F X8PBDEs k= A 7170l °5
| ugr, 59 o]4 109 "R, “109 o]/ 159 w9k, 15|
o4} 20 =¥l 209 o]/4d7o] 747} 16.232, 9.826, 11.519,
10.903, 11.496 ng/g lipid°]12™, Y22PBDEs 5%+ 717t
21.758, 14.197, 15.816, 15.364, 16.119 ng/g lipid°] ATt

=70 & €% & X8PBDEs 5w FF5 oM &+,
TA S5 Bl U, B 75 Aol 47 11.410,
11.473, 11.314 ng/g lipid°]12™, ¥ 22PBDEs =+ Ztzt
16.055, 15.721, 15.816 ng/g lipid2 &3] w2 Atk 7}
T FARITE

o] & 3 % Y8PBDEs = ‘FAL 1A UL
‘TA FA Aol A, "EA A= o] A 11.123,

11.588, 28.503 ng/g lipid®]2.0H, Y 22PBDEs Hxx= 2z
15.565, 16.216, 37.713 ng/g lipid2 et 7 |23t 5= 2}
o]& UEIHATHp<0.05). Lt @A & st At
$7F Aof §ogt 5= 2pol7} lrar BrFst] ook

H7 offof W& FA 5 T8PBDEs®} Y22PBDEs =
AR H7Q0 AR Z12F 12.884, 18.065 ng/g lipid, @A
H7do] ofd ARt 2+ 10.176, 14.182 ng/g lipid 2 @AY
HAZA A F-25kA =%tHp<0.01, p<0.001). L&t
7} 229 2= BDE-337} BDE-7, BDE-99°0] @A #| 7l thA}
#H9.337, 0.282, 0.314 ng/g lipid)ollA @A 70| ofd tf
A2H(7.008, 0.221, 0.246 ng/g lipid) 2t 525 =4th
(p<0.01, p<0.05, p<0.01).

S4t A $eo] E EH F PBDEs 5= 49 B
o] Itk SA4E AR o] WE EH F Y8PBDEs 5= &
A 2R =71 “0787, (197, “2787, 39 o|4To] Z¥Zt 10.957,
11.404, 11.427, 11.268 ng/g lipido]% 2™, >22PBDEs &%
= 15.737, 15.959, 15.879, 16.055 ng/g lipid°| 1Tt

A A A]pof 2 Y 8PBDEs = AAET HAL, H|Th
Q1 tA7F 22 12.219, 11.325, 11.393 ng/g lipide] 10,
Y22PBDEs =% 217} 17.064, 15.784, 16.039 ng/g lipid 2
A& Ao 2 Jt 7 FE= FASHI:

W A= 328 559 B vl & 88 F
> 8PBDEs 5+ 27} 11.612, 10.115 ng/g lipid 2 F-AFSHR
t}. 183 ¥22PBDEs 5%+ ZZF 16.297, 13.791 ng/g lipid

Table 6. Result of multiple regression analysis between serum PBDEs and thyroid stimulating hormone concentration

PBDEs B' iy pl R p (model)**
BDE-3 0.076 0.083 0.869 0.175 0.146
BDE-7 0.030 0.037 0711
BDE-15 -0.051 -0.062 0.557
BDE-28 0.076 0.072 0.398
BDE-47 ~0.053 ~0.046 0.589
BDE-66 ~0.062 ~0.056 0.547
BDE-77 ~0.020 ~0.017 0.833
BDE-99 0.225 0.189 0.037
¥8PBDEs* ~0.121 -0.105 0.864
¥22PBDEs’ ~0.136 ~0.099 0.732

In multiple regression analysis, serum PBDEs and thyroid stimulating hormone concentrations were converted to natural log. Area, age,
residence periods, drink, smoke, menopause, parity, BMI variable were included as covariate.

*Sum of (BDE-3, BDE-7, BDE-15, BDE-28, BDE-47, BDE-66, BDE-77, BDE-99).

TSum of (BDE-3, BDE-7, BDE-15, BDE-17, BDE-28, BDE-47, BDE-66, BDE-71, BDE-77, BDE-85, BDE-99, BDE-100, BDE-119, BDE-126, BDE-

138, BDE-153, BDE-154, BDE-155, BDE-166, BDE-181, BDE-183, BDE-190).

TUnstandardized regression coefficient.
*Standardized regression coefficient.

I Probability value.

ICoefficient of determination.
**Probability value of regression model.
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B2 A1 AL Bl A tE T 2o, BAH R
fFolokA] ettt 7k 4 2= BDE-662 HIAAQ! tiAkAL
(0.172 ng/g lipid)7} 421 tH/AAH0.232 ng/g lipid) 2} -7-2]
SHA| 2 THp<0.05).

2 HE4 sE9 ZAL HABL dE BF F
Y 8PBDEs 5=t 27t 11.416, 9.728 ng/g lipide] ] oH,
Y22PBDEs H&+= 2+ 15959, 13.915 ng/g lipid2 %421
AL B Rl ARk =kth Ty AR E &
ofs}A] Qkgrom, ulgARel thaxe] 27} 2ol 1 2jo)2 Wt
Spl ofick

4 X

Ol
i

3. S PBDEs s&=0f| a2 0|X|= 291

A tob A% FES 79t 2 @73 5 PBDEs 5%
o < HZ= 821 RASH| fIsto] B3l HEAS
gotolom, 11 At AFA|Gto] {3t MFE YEGT
(Table 5). 71FA]o] w2 Y 8PBDEs®} Y 22PBDEs 5= U]
ZAGE 7IE0 R L E3A YT B F9] AT S YERSIL
H(p=1.045, p=1.128), BAF 0.2 725 tH(p<0.001). 1]
I 7} E4¥ 2L BDE-37} BDE-7, BDE-15, BDE-66, BDE-
990] AL 7|FO0 R LEqA G B O] ARGS U
BRI 212 (3=0.899, p=1.159, $=0.955, =0.890, =0.575),
BAACE o513 tH(p<0.001).

Ml
0.

Hd
PN
S

ook
filo

4. ¥ PBDEs Sk0| M2 ZYM X7 SEZ
(TSH) sk

E% PBDEs® I A5 T2 & 7 OS5I AEA
235 o Table 6o UEFHATE 3 A= S22 5
L= Y8PBDEs, Y22PBDEs®} BF 29| A4S HEHY
AOH(B=-0.105, p=-0.099), TAXLE F-OJskA] ekt
(p=0.864, p=0.732). 18|31 BDE-3%} BDE-7, BDE-28, BDE-
99 MM A= S 2R =19} ko] WAL T Ao
2 YePEoH(3=0.083, p=0.037, p=0.072, p=0.189), °] &
BDE-99%to] BAA 0 & §-9J5}31tH(p=0.037).

v.n F

o] A<} Aatof] o5t AF=A|Hof| wh BH 5 PBDEs &
T H7lE A28 FH A Gof] AFste FHlo] AREAIA]
Gl AFohe FRET & A0 2 ARG J8]i o5
SR A A=A G S 7IE R HYlE 7P S0
A|93+ 8% 5 PBDEs s T2 A& 7= AoR 1
ERTE Liu 5(2016)79] ko] ofstd #7]% A2jA)dof 7}
7to] AFe5 @3 & PBDEs =7t 3Lt o=fgt A7
At} g o] A7) A2 Kol H71E AL 1 FH0
AFote F19] B4 F PBDEs 550 ¥FL nlAE Zow

Ir
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H71&E &
AFA]
= =
Ao d% & PBDEs 5=+ H|H5to] 7ot 4%
S HYou, thE3| AR A3t A3 % F PBDEs s
Aol = Ao @ ZAHEILE Jeon 5(2021)%2] AT
olotH, @% & PBDEs 5%+ PBDEs?] w2 W43 A=
SEZ0= Q5| AHo] FUIEeE SRt B askgic
T3y 53t €% 5 PBDEs == AEHdo] Qicka B gt
A= 9lo], ) FF &4 PBDEs 5ol YT vAE ok
3k QR1E& =3et A7t E gsirt
&3 Ao W2 d% % PBDEs HEt BT JAGIIC
o, oS3 AEA 23 A S5 AJEiet 84 S PBDEs 5%
£ d#Ao] gl Aoz FAEITE Kim 5(2012)99]
of oJstH iRl S5 AHi7F 8% 5 PBDEs ko] A1F
Q1 JFE v|A&= 8%lo] opletarl B usk9ick J&juh o] A
Fo} o] ojAg giAFe 2 33t Min 5(2009)2] Ao
AE SFAPE SRR A 23 olgo] e A v+
AEC @ PBDEs /b L et v glof Sl
APt g 9s)tt,
ZAAE o] E 3 F PBDEs 5= @A U of= o
J27F §AE sHA AU A A Eo| U tARRED
2 A0 RAEG oY, thEs AR Aite Aol ¢l
Ao g AT Lee 5(2013)29] A7) olstd AT
JAke] 5994 Hi+= PBDEs¢} 22 ARV 2989 A
T 3o TS A & U= 8% 8Qle g HIls)
¥om, Moon (201792 EAA} Bl EAAELY B %
PBDEs %7} &rh1 B 15kgic}. 12]1 Jang S5(2010)'®2
AP B2 Fdo] oKt @4 5 PBDEs 5k 0] &
kil B stoth o k9] At o]t o] 9] At Aute}
FAFRIG o Fojzt F AR FAL she AR Hol(F 3
) S94Hel w2 2% 5 PBDEs 5 52 B7lok=
Algto] Ak
H7 ojio] w2 ¥ % PBDEs 5= @A #Al thit
A7t @A #H7o] obd thARpECE 2 Ao E RAEQICE 1
2y o33 A4 A3 #7437 @3 F PBDEs s A%
o] = Ao & ZAFEQTE Kim 5(2022)79] At o}
H ¥4 8% 5 PBDEs w0 ¥ 1A 4= 1.2, Jeon
502172 H77] o4 @3 Foll= PBDEsS} ¢ A5
AR71AEHY sErt ok Bttt WA €4 S
PBDEs ‘5o tgt HE5t wlAYSS ob%] HalE]R] gkgko
W, 577] oj/d2] @4 ZF PBDEs 5= 50| 2 91 A
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S4F A =0} @4 F PBDEs % (o= Eolgt A3
o] Y= Aoz FAEILE AR EA4F AR 0 EH F
PBDEs 5= 7F o] B3t A B x| goreh 1

PBDEs =0 ¥FL v]d & Qlrke= Bavt 9lod P &4t
A% 4 0] E% F PBDEs & 0] FAF O & WolHlk
£ Bk ok o]gjdt ATER Hol EAto] wat 84 F
PBDEs7} A4 2 Ho|slo] Akme] B B o] Wold 5
% ZoE Wbk defut o Ao 799k ol wixgt
B 2] AH7EA A3 717ko] BEEt 49 At
I 22 €% PBDEs 5kt 540l 942 vIAl= 821°]
202 PAsto] Blo] ARH O gatoick. upehA
ZAF AR =] hE ¥ PBDEs w0 Bt A= vt

npR|eE AR & B3} 717h 120 w5 o 5ot oA w4
< A3t 71742 wkgstofor & Aojck

AA=F 2|40l ©E FH F PBDEs s AAS dAgA
7} /g3t Bl oAt} zof o] Q] et AdvtEl= A
= YERIEE T8y ohEel AR Ao AdE Ao E
% & PBDEs 5= Aol gl A2 & ZAMESQIHE Choi
5(20185"9] qito] oJ5h PBDEs®} 22 AFAR7| 09 E
A2 A W Aol 29 & 9o, Pumarega 5(2016)
© A4 A%2] Z71] et B4 F PRDEs BE EF 57}
athy Wuskeh et o AToAE A dFE A5
% % PBDEs 59k Agho] girkal B wsigick”

71457 £41 A4 B4 % PBDEs B A A3
SER FE7 ARl AL ARl dhRact wgko
U o538 4 23 @4 5 PBDEs 5= A A= 5
2 5ote Aol QIglth 18a SR HH A
of w2 &4 PBDEs®} A A= T2 5k IF 53
24 A1} B SAHCE Fou|gk Aol ISIth Makey
5(2016)*79] 170l 2J5tw &4 % PBDEs B 144 #
= 3 EZ 5L 4 ABAIE = Ao R Basiitt 11
2 Chevrier 520102 @34 % PBDEs S5 A &}
I 2R w0} 89 AWIL 7k 0 R Bushlrt 1
2131 Kim 5(2013)”79] eA0]l41= B4 5 PBDEs 5= F
AA AT SER 5 7 Agkdo] girka Bastel, A
what A2 e 23S Yehfgld. o] A7olM: 9% 5 %
AA AT BER SRS THsGom, FF ATME o
T AR A Aol T QAke] Xt} X7 o R A
I} FAof BkgstojoF o Zojch
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A99] AW(x]) HX]ell PBDEs7} ZEg=o] Ukl B ilst3 0
o 39 Ao Z2¥ vl WA= PBDEs7} A& HTkY B
SRR 2] Ao A= AYje} Aejof Bixst= WA F
PBDEs’} @% % PBDEs 5k $%°] YF& njAE= Aoz
B39 eE® Stapleton 5(2012)*72 1]l 8392 tiAke
2 AYR) WA 5= WA & PBDEs, 8% % PBDEs 5
ZF AAdol SRRtk B arskgith 3k AtolA= HrE
A7V FH A9 A oA AFst= FR1] EH
% PBDEs 50l 93k 713 &= Q= 8212 H7Isk] 54
= o] RA}F Z2 ARz 17F%], 12]al Hio] @ HUE]
B3} A thAF X199 7|t A €7 5 PBDEsO] #3et &
AHE H3slor & Aolrt

PBDEs % BDE-472 A=A A% 1A aiidS 8T+
9lom 40 QB ojLof A} BDE-47°] PBDEs?] QIA| =20
st JEAEZ B stech? 183 Kim 5(2012)99] 4
ol oJstH vt} Q149 % % PBDEsO|A] BDE-479]
L7t okl B askoity. ey o] dA-tollAl BDE-479] &
E= W2 5302 ZAERIOH, T RAXY 7t s FA
SHAE 181 53] AEA 23 BDE-479] 5= IFS
Hj2]= Fo3t e lon, I A= S 2R e
foju|et dAdo] gl= Ao R YEyith @4 5 BDE-47 &
Lo A A S 2R 5 7F AL V)E 9% A
S04 Aolgt A5 VYERfRITE v]=2] UREE A|R] o] A
QAR 270HS thAFO. & 383t Chevrier S-(2010)°Y2] AT
9} 5o} 802 thAko & 533t Jacobson 5(2016)V2] &
T 8% F BDE-47 5= A AT S 2R et A
o] = ACoE HIstct Iy F=r9] URIEA|R]|HofA]
Y I S 2R 5 HIFGAE AL E 3% Yang 5
(2021)29] A7 B4 % BDE-47 B=9} A A2 52
= 5% 7t Aol gle Al = Hilsklom, AZFY =
A9} UtE AR o] FRES 4o 2 453t o] 9]
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