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O OE: Be FEaRE 3 MEREMIX AR RERRA ST YK, ST SN 24 R R
BTG YRR R T3 R R L AR X RSB IX 3 A RAE SR AL 150 3740 7= 40177 J5 45 3~8
JEV A BEZLRE i, DA 43 SR € - 15 40 B I3 43 BT A3 T AR i v 22 AR IR I ZRE A 2 G AR R I kg
(polychlorinated dibenzo-p-dioxins/polychlorinated dibenzofurans, PCDD/Fs)H1 — M ¥ kE £2 &1 2K (dioxin like
polychlorinated biphenyls, dI-PCBs) &, 158 k& 4 &8 ¥k J¥ (toxic equivalent quantity, TEQ). £55& PCDD/Fs
Al dI-PCBs 7& H il & FLEE Al Hr ¥l 7776, dI-PCBs % 5% T PCDD/Fs, {H¥i TEQ i1}, PCDD/Fs Bifk i T
dI-PCBs; Hilt4 PCDD/Fs £ 43 & i A\ EAC 228 IF ZWE3E(1,2,3,4,6,7,8,9-octachlorodibenzo-p-dioxin,
OCDD), #ffE 102.08~195.18 pg/g BRI Z M, AT g 5 AL 2 H 5P AH %, Bl PCBs 15 e 41 &2
LA IR X (2436.88 pg/g)>ITARIX (1118.16 pg/g)>ILALIX (989.87 pg/g)MHFiL, FIAES f& R AEVIES YR
SEEASRE EA K. Ge HREERE X AL R A Y A R T A REKE, AR BT T
AR, ARSI ZR P EAE AR 855 3 T i 9 0 2 g Al T s, AR T o A S T e 2 e i DX A 2 08 155 L
A AR R A e
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Analysis of dioxin loading levels and influencing factors in breast milk of
residents in 3 non-exposed areas of Gansu province
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ABSTRACT: Objective To investigate the pollution level of dioxin-like compounds in breast milk in 3
non-exposed areas of Gansu province, and analyze the related factors affecting dioxin-like compounds pollution in
local population. Methods A total of 150 breast milk samples collected from 3-8 weeks after delivery of
primiparous parturients in urban, suburban and exurb areas of Gansu province were analyzed for polychlorinated
dibenzo-p-dioxins/polychlorinated dibenzofurans (PCDD/Fs) and dioxin like polychlorinated biphenyls (dI-PCBs)
content by high-resolution gas chromatography-high-resolution mass spectrometry, and the toxic equivalent quantity

(TEQ) was calculated. Results PCDD/Fs and dI-PCBs were prevalent in breast milk samples of Gansu province,
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and the content of dI-PCBs was much higher than that of PCDD/Fs. However, according to TEQ, the contribution of
PCDD/Fs was higher than that of dI-PCBs. The highest PCDD/Fs
1,2,3,4,6,7,8,9-octachlorodibenzo-p-dioxin (OCDD) in Gansu province was 102.08-195.18 pg/g fat, which may be

component content of
related to the pollution caused by garbage incineration. The distribution of PCBs pollution in breast milk showed the
characteristics of urban area (2436.88 pg/g) > suburb area (1118.16 pg/g) > exurb area (989.87 pg/g), which might be
related to the higher intake frequency of animal foods such as meat, eggs and milk by residents. Conclusion The
content of dioxin-like compounds in breast milk in non-exposed areas of Gansu province is lower than the national
level, generally higher in cities than in rural areas, but the number of individual homologues in rural areas are close to

or even higher than that in urban areas, which indicates that the human exposure in different non-exposed areas of

12

Gansu province has its uniqueness and complexity.
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A M ML IG5 Y4 W) (persistent  organic  pollutants,
POPs) &5 AR B A RERF AFFAE T HREE b, il &)
HEE R MY BT, Rl R BOME N WL O I
R OB R LA R f g AR B R 8 T R K R S
JA B 2 A U B I R IRBE T AETE Y POPs
FEAMFE 3 2 (1) & 7K = & £ K (dichlorodipheny
ltrichloroethane, DDT) & H G #f /= 9 5 A VL A K 24
OCPs); (2) £ & W *®
(polychlorinated biphenyls, PCBs) . £ & Bt 7K fi (poly
brominated diphenyl ethers, PBDEs) Fl 4= i 2 %¢ fiff g
(perfluorooctane sulphonate, PFOS)ZE Tl $ R AL 2 7= i
(3)Z AT I g5 22 AR I 1k (polychlorinated
dibenzo-p-dioxins/polychlorinated dibenzofurans, PCDD/Fs)
2 55 4% (polycyclic aromatic hydrocarbons, PAHs)% 1.

i@ i B Horh, SR RS AL A R BT
P sk 15 g ¥y, TEIRIG b AA e, BRI 2 1R
AR B 5r . RNE G AR, AR LR
B OGN A L R B

TW= N POPs MY FZRIE, FEFLIGWI & 4t
W o TR . AR E R . B T, DR,
BEFL AP Y POPs B AT Sz )5 A1 5L LI POPs #85/KF-,
AT S B Y 3 PR TR ) POPs 15 4L /KK, Bt A T A= 44
(World Health Organization, WHO)IA A f& BRAR %) A= Y s
Wy, JRHEREAE ZNES W ST R A A LTS e i A
T ol PR LAEA TIPS A I AR LSS S Ok B R R
ARG, JFRE TR A R T ZRESSRA S P I,
T 0 A B B LR G IR S S, AT
R ARRREEHIX | AR AR ISR S Y R ER AT
REAIZR, PEAL T4 POPs P55 JLARBL A POPs #E AR i
fR AR, 8 T R D 9 Gl Mk O 5

(organochlorine pesticides,

1 RS

1.1 SRIEEF

LIS 6 BB IAA N5, RETTTHE 3 AR
HBIX, AL A& 1 AT RAE RGN TIO0C XO) F 2 SRR R
FERLGETE BB & 5044, 2L 150 2507 917 1 Bk 2L
FEA . RAEM G0 B LU P hruEr G 8% 35 F AR
KB BE N R L BRI L FEAR MR A D 10 4
BERLRSE . IEE WA, AR H A 1 AL T
MR . ARG L Yty . 8 & T POPs
AR HLIX

SRAERE S A R, P 1) 2 0 A 1 SOl R R
HERY L 2EDT . ASHBE AR ] R ST B (S S g R
O SRR S5 B 5 B BRI A AL, JRE R A )
AR R AT ZE Y H B0 5 B P 2R L b B AR R
M55, BEAEFE.
1.2 #mREREEWE

B S RSB R AR Th AR AR R 3 k)5 3~8 JRIN S8 . 76
LRI LW AR S T, RERMIRERNF, HF 1T
Jr gk 50 mL BEFLRESY TR AR . SREERIFE 2 d N
IRRGEIN, RAEUT I EEFLRE S T AE 4 °CUKAS Hh Je it | 117,
48 h Wl AR AR BT, Gi—fEF-20 CCEAARAE .

RFER KRS G — TR . & R EIE,
SRS HIHE RIS FRFEHE S TR AR SR,
KA SEER R T R ARAT, Go— 3% 2 H R e W B 4 il o
Ly, B IS ST R R R 2R R B E R
1284 AR A RO S B0 2 AR R RS
1.3 TEERNEFREIES

FT RAEFEZLFE S h PCDD/Fs 1 dI-PCBs & 51l 5
Bl R A i 20 4 U DA P SE SR = EF T . DIRH% IR GB/T
5009.205—2013 £ fb H W0 K H2 L g 14 2 1 i
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SE ) AT, LA o B O 3 - 43 BE B S A A (high FEEHT 3 e BemiiaE PCB11S, HKCH PCBI56,
resolution gas chromatography/high resolution mass %5 3 & PCBI105,

spectrometer, HRGC-HRMS) (MAT95XP %I, 3[E Thermo
Fisher Scientific 22 R A4 —M5E, &R MNIRE. T2
W w4y B4 WHO © B & 3 % Y & [ F (toxic
equivalency factor, TEF)f 12 Fl dI-PCBs ZH43rF1 17 #f
PCDD/Fs 4147

#13L dI-PCBs 1 PCDD/Fs & & D 4 814 4 5 (toxic
equivalent quantity, TEQ)Z&7~, $& WHO ¥ [ TEF1998 4
1 TEF2005 4E 53 B MATHEE . TEQ THEMT, KA i 24H 5344
i Fi (limit of detection, LOD)TI“/\ Bl

2 HERS5SH
21 FEREBEKER

RAE 3 AL X R SR AR A AT TE 20~35 5 Z 6], Wi
BOAEWA AT AR 30 2 GEARGETE )26 & AR (EE)26
& B T KRR TG HBBLEES, BT
V557, FPZ RN R B A, HAR LR 1, A
fERF A7 10~35 422 0], H 7Bt 143 5 3T 11 4% | ir
2B 24 4 RS 23 4F,

22 EBEEEE|IBAE
R 4o 7 2 T 1 ST IR O A, SRAE AN 3 b
XEBHREEHHRAEER, LR EEH, PEa
MMULA LW EERKZ, 0 KR e D, R
KRRILTFRREH,;, BRAMAIEZRKENE, Bk
W 2.

23 HRETRMX I h ISR XM FARNER

Hild 3 PHXEF G 12 Ff dI-PCBs Fl 17 Fi
PCDD/Fs &Lk 3 Fisk 4, &R LB EEIT.
dI-PCBs #:l25 F /R, Hili4 3 4~ REE S dI-PCBs R &4

1 HRE3INMEZEEMRTZREEZAERRWIKRIE
Table 1 Constitute of educational level of volunteers in 3
non-exposed different areas of Gansu province

NEL( E /%)
25 -
IR X EIE R B
wrh 8(16%) 20(40%) 21(42%)
[ 4(8%) 6(12%) 5(10%)
h& 4(8%) 7(14%) 6(12%)
K& 10(20%) 9(18%) 9(18%)
EN 16(32%) 8(16%) 9(18%)
AR5 A 8(16%) 0(0%) 0(0%)
ait 50 50 50
PCDD/Fs frillZ5 5 7R, A 17 # PCDD/Fs 443 7E

A RAER 3 ML H IR R, R 2,3,7,8-TUE
eI (2,3,7,8-TCDD) ke . oA srh, ot

Bom o A & R Z K JF Zom o om
(1,2,3,4,6,7,8,9-octachlorodibenzo-p-dioxin, OCDD), % it 7E

102.08~195.18 pg/g BEi =z 8] . §idf 7R, PCDD/Fs 1 dI-PCBs
TEHNA 3 DHUXCERFURE G 8 £ AE, dI-PCBs &t T
PCDD/Fs, {H#% TEQ i1, PCDD/Fs ik T dI-PCBs,

B FEARHE) PCDD/Fs BRI LLE I oh Sy &
T, 3 AN RURUCH B GIERB X )>I6 26 X G T >3 18 HL (i
RBIX)o T TEQ ¥R BEARYR A G X (4l T >3 1 - (I B
KO>BELGERRIX) . i 4 W] UL, OCDD W EA R R+
e BE TUBR A AR 5, 430 o A R AR AR 70%~80% . IR N
1,2,3,4,6,7,8-HpCDD #1 2,3,4,7,8-PeCDF, & TEQ itHt,
2,3,4,7,8-PeCDF #il 1,2,3,7,8-PeCDD Xt i TEQ Biiikix K.

#*2 HREI N ERBHWXREEERERIVIMRIER (%)
Table 2 Composition of dietary frequency of volunteers in 3 non-exposed areas of Gansu province (%)
f 0 IR i " ik} & i
WG T B WOC EE B O ElE R O @l BE Boe @l sE Woe il B8 woe miE gl
MoK 2 14 14 58 90 60 4 60 52 0 6 8 0 18 28 0 14 12 0 0 0
B
. 66 66 64 38 4 30 44 30 24 4 42 34 6 12 30 10 12 28 0 0 0
T 1k
BE1K 28 10 14 4 4 8 46 8 16 2 20 24 2 0 6 2 8 8 0 0 0
BE2) 4 4 4 0o 2 0 0o 2 6 0 6 24 0 6 8 18 4 26 0 0 0
BREZK 0 4 4 0 0 2 6 0 2 14 20 10 14 26 18 54 24 12 0 24 12
SHN 0 2 0 0 0 0 0 0 0 8 6 0 78 38 10 16 38 14 100 76 88
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®3 HRE3INMERBEHXFAHRD 127 d-PCBs HYZEBREMHE
Table 3 Content and toxicity equivalents of 12 kinds of dI-PCBs in breast milk samples from 3 non-exposed areas of
Gansu province

WIE (pg/g IRNT) TEQ/(pg TEQ/g g li7)
drens WX k) R X) B GERBIX) PG X (T i H £ GEARIX) B AEZBIX)
PCB77 2.97 3.17 1.63 0.000297 0.000317 0.000163
PCBI126 11.63 6.82 9.11 1.163 0.682 0.911
PCB169 14.22 8.27 7.51 0.4266 0.2481 0.2253
PCBS1 2.96 2.00 1.62 0.000888 0.0006 0.000486
PCB105 313.10 177.20 139.40 0.009393 0.005316 0.004182
PCBI114 96.10 37.70 59.00 0.002883 0.001131 0.00177
PCBI118 1176.00 568.70 512.20 0.03528 0.017061 0.015366
PCBI123 19.40 12.90 4.60 0.000582 0.000387 0.000138
PCBI156 490.40 172.80 145.10 0.014712 0.005184 0.004353
PCBI157 128.10 47.50 46.60 0.003843 0.001425 0.001398
PCB167 129.50 51.00 17.30 0.003885 0.00153 0.000519
PCB189 52.50 30.10 45.80 0.001575 0.000903 0.001374
dl-PCBs & & 2436.88 1118.16 989.87 1.662938 0.963954 1.166049

F4 HRAINEZRBEHMXBIAHRS 17 PCDD/Fs AP R EREHHE

Table 4 Content and toxicity equivalent of 17 kinds of PCDD/Fs components in breast milk samples from 3 non-exposed areas of Gansu

province
e FE (pe/ NETVT) TEQ/(pg TEQ/g fg i)
PepbIEs SEKORT)  EERGESK)  MAGERK) KO mHRGERK)  RULGERK)

2,3,7,8-TCDD 0.54 0.63 0.44 0.54 0.63 0.44

1,2,3,7,8-PeCDD 2.02 1.01 0.83 2.02 1.01 0.83
1,2,3,4,7,8-HxCDD 0.65 0.48 0.39 0.065 0.048 0.039
1,2,3,6,7,8-HxCDD 2.51 1.38 2.33 0.251 0.138 0.233
1,2,3,7,8,9-HxCDD 0.48 0.77 0.81 0.048 0.077 0.081
1,2,3,4,6,7,8-HpCDD 16.40 9.78 20.06 0.164 0.0978 0.2006

OCDD 136.51 102.08 195.18 0.040953 0.030624 0.058554
2,3,7,8-TCDF 0.81 0.89 0.80 0.081 0.089 0.08
1,2,3,7,8-PeCDF 0.77 0.84 0.63 0.0231 0.0252 0.0189
2,3,4,7,8-PeCDF 5.67 4.49 3.71 1.701 1.347 1.113
1,2,3,4,7,8-HxCDF 3.38 2.91 2.22 0.338 0.291 0.222
1,2,3,6,7,8-HxCDF 1.45 2.28 2.05 0.145 0.228 0.205
2,3,4,6,7,8-HXCDF 0.77 0.97 1.14 0.077 0.097 0.114
1,2,3,7,8,9-HxCDF 1.08 0.16 0.19 0.108 0.016 0.019
1,2,3,4,6,7,8-HpCDF 2.96 2.15 2.66 0.0296 0.0215 0.0266
1,2,3,4,7,8,9-HpCDF 0.25 0.23 0.32 0.0025 0.0023 0.0032
OCDF 0.94 0.40 0.30 0.000282 0.00012 0.00009

PCDD/Fs & 177.19 131.45 234.06 5.634435 4.148544 3.683944
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2007 fEAE BN, FREREFL P ZIRIERY A S R
H(5.4 7 b NE)pg TEQ/g RENTE &, HAFRMX 5 25 5
R, Tl MBEPEE AT KRR, SR 2.6 pg TEQ/g
Re W5, few i BT kT e KB L, ik F] 9.9 pg
TEQ/g NEMY). 2009—2011 4EJ A Bow, T EERFLALS
B TR A S B EI T 6.7 pg TEQ/g BN, &
F 2007 4R AT A A, BT TR S S e, ik
F T 15.4 pg TEQ/g IRl SR A5 148 Wi ke o & BECH
2.9 pg TEQ/g AP, AW oAb gk 5 /s H k& REERY 3
AH1IX dI-PCBs #) TEQ 4+5ll°~ 1.66(3 7). 0.96(UL%F).
L17GERS)pg/g Na I, YHURTFH— . ke E 2R il
SHIBUE 1.7 pg TEQ/g JEW:; PCDD/Fs ) TEQ 435Ik
5.630 ). 4.15GE%F). 3.68GEXR)pg TEQ/g A&y, & ¥ 3
A X FEY O SR B0 T 2007 ARG 4 EE RO
3.7 pg TEQ/g B, HABSRMKT 2011 4R F- X%k 5.0 pg
TEQ/g R8N, V6B H 4 — 5 e AT B AR AL TR
K, Rt PR W T 9 #a%, {H PCDD/Fs 4150 K#B i
FACHTT 2007 4 AR B E™, & 5 R A OCDD &t it
MR  5~10 1%, 1,2,3,4,6,7,8-HpCDD WL.7E 10 %04 .
HRAE Wk 3 M IX. OCDD §5 L7 100 A 36 45 X > 3ok T >3 X8
X, 1,2,3,4,6,7,8-HpCDD {541 H R B H 5 Z AL #
oA —Fh g R R TS YY) 2,3,4,7,8-PeCDF 15 4L 5L
IR SRR X >PERB X . OCDD &3R8 — IR b &
Y SIS Y R R N, TR A EER 90%H PCDD/Fs
SRR T AT A Tk s 3 A b, Bt B OCDD #
o ] BE L S AR X b AR PR R R AT K. £
WFFT R, B SE B b B v] 7 A i RERER YR, (2
Xt 457 3 R A TR 2 o3 S A B A e vl ek 2 RE S g IR B HE
B AR WA T A S BB BRI SR AR 10 4E iR
SEANBE LA BTG B 2 B, B ER4H 3 PCDD/Fs 1
PCBs /K- 5 3 5 X B 2 1oL

BeAh, T RS YR LGE N B s E A,
W 2 i B A — R AR A ISR S 2 ik
U R RERS Y A 95% KU T4, SHEN
=081 sy % 3, #F 7% PCDD/Fs. PCBs SRR MLLE 5
& h AR AL AH L, £:FLH PCDD/Fs, PCBs HY/KF-
Sk NRIEAA K 2007 4EFT 2009—2011 4FAH
KWFFAIE IR h RS R A S & i S G X R K F
FEAE S BRI EERY, 2,3,4,7,8-PeCDF 325 52 8% 5 Ry bl A= A=
Y. SEATHIRE SRR PRT SR SR T IERR A
TR gY, Wik — LR RESCRE A YR AR K
MBI R E R A SRR R, O Xk
WEBAR . WA R & AL 2 M HEIX, L,

MWZBE R TR S MR AR L, &, W, 1%
WIE A H PCDD/Fs H1 PCBs #iFR 1 5 Bl A G2 oA 3L |
RSB 7 AN CFRAE - TS Y b X B8 1 R RS Y B
RPN AN ISR, 24+ 3EZ #]4Y 5 ng PCB-TEQ/kg
THRE Yy, 4R PCBs & C & 1 s RifKF;
X TS E /AN K, TR PCDD/Fs W E# 5 ng
PCDD/F-PCB-TEQ/kg THIF = Fint, stasplis i, EN
WA WIFFEUE B AR SR A8 PR B v 119 — WSSy AT ) 275
YRR, = 0y AR TR

TR T R B2 b ZE R A A TS G DL AH T
TR A B M, B SR TS SR BE, KA 145
Yo 15 R AY A W ARG 22 8] 06 Rt — TR
ToiEx & R EE RN Z R A S, RIS R B THEd
SRR RN FE B A N I AR B R o (R 6 > B S DR 1 3
Tk & JRER 0 —WES5 YKo, Sk, hnis g
A W15 JeK P I WD 5 Ak S T
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