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WA R B R EE KA, FEEEZA AT RS N, T T AR E KA H V. Mn, Co,
Se. Mo, Cr. Ni. As, Cd. Sb 1 Pb 5§ 11 Ffi TR B BKT, WAL 2240 BRI 2 N K 42 22 (8] i i
TCR MMM, HREAMETRERRKTEAERZEE, HIPAE N KA i o 260 Z 18 0 (g
. FFE 2B, 11 Pl e R AR R BE KA IR AT 1.95—159 pe-g™', FEZIARIIN T34k %
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As GRES, ZOARBTHHEHNEICREEE N AsFINI, DTFHEICE Se & B MAL. A E
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Pb #1 Sb, Mo. Se. As Fl Co 43l A7 ¥ A AH R i B2 R IR AN 42 N DR EM Z ol I3 Fr, Z2id
PRI AT S JCE Mn FIA B R JCE Cd. Pb B BB N 5 WA 56, 72 I UR 0T R 20 15 A 06 A B
VAR 27 Ok ) fE . AR KU DA &5 SR B, B K 4 v b 75 R J6 3 Min % 2 4 {1 T R A7 A 41K X
B, ZRI RO AT MR LR Mo MG R JCEE Cr. As, Pb fE7EMRKRS. ARIEAFFE YT 245 58, %
HIGHE Mo, Mn. Cr. As 1 Pb X242 00 K it JL A g s i i) REAETE G 3, 75 275 JECR BT T4 it
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Abstract Pregnancy period is a critical time window for fetal growth and development, during
which the pregnant woman and fetus are vulnerable populations to exposure to trace elements. Indoor
environment is one of the main places where maternal and infant exposure to trace elements, and

living habits had significant effects on the exposure levels. In this study, pregnant women's urine and
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corresponding household indoor dust were collected, and pregnant women's living habits were
collected by questionnaires. The levels of 11 trace elements (V, Mn, Co, Se, Mo, Cr, Ni, As, Cd, Sb,
and Pb) in urine and household indoor dust were determined by inductively coupled plasma mass
spectrometer. Pearson correlation analysis and principal component analysis were applied to evaluate
the correlation of trace elements in pregnant women’s urine and those in indoor dust. Multiple linear
regression model was applied to evaluate the potential influencing factors of trace element exposure
in pregnant women. Besides, the health risks for pregnant women exposure to trace elements in
indoor dust were assessed. The average concentrations of 11 trace element individuals ranged from
1.95 pg-g ™' to 159 pg g™ in household dust, and 0.244 pug-L™" to 37.2 ug-L™" in the urine of pregnant
women, respectively. Compared with the average concentration in domestic and foreign studies,
relative high levels of toxic trace elements like Cr, Ni, and As were observed in indoor dust. As and
Ni were the primary toxic trace elements in urine of pregnant women, whilst the levels of essential
trace element Se were relatively low. The results of correlation analysis and principal component
analysis showed that Mn, Co and Mo, Se and Cd in household dust may have the same source,
respectively. Pb and Sb, and Mo, Se, As and Co in urine of pregnant women may have the same
exposure sources and pathways respectively. Multiple regression analysis of demographic
characteristics showed that the increase of essential trace elements Mn and toxic trace elements Cd
and Pb in urine of pregnant women was associated with smoking environment. The results of health
risk assessment showed that the levels of essential trace elements Mo and toxic trace elements Cr, As
and Pb in the urine of pregnant women suggested a low risk, and essential trace element Mn in
household dust may pose a low risk to the health of pregnant women. According to the analysis
results of this study, trace elements Mo, Mn, Cr, As and Pb may have harmful effects on the health of
pregnant women and fetuses, and intervention measures should be considered.

Keywords Trace elements, pregnant woman, urine, household dust, exposure characteristics.

MR ITC R M TEA B2 BUR Y AV E Y % B LT AR Bum Py, eI RE . RS
Jilg & Ve bl B SR VE . o 7 e oo R BUIR A SR T R WS R R EEEN, S 30
WEEE I . IR R . ph e PR 0 e R e A Jmﬁjlggkﬁif@% SN AP 2 YN R
5 % BN E T R B3, Mayumi 450 & AR (Cd) 1T g & 82 1H 7™, Mistry 5519 & B IR Y =
B (Se) Fl4# (Mn) AT RE & T 8000 7. © A WFR R (As) . Cd A4 (Pb) 554 B i o R nl il i ik £
Ji B i ARG EIG JLAR Y, DT 5 |6 S Ji6 2 1 RN B B4 FH . Boucher 5511 A A58 6 W 22 1) Pb 5 &
X B2 L= A ph 22 B Pk, Cabrera-Rodriguez 55 IR 57 & BEA230] 86 (Sb) ATER (Ni) % 88 584 L Ak &
BERMCKR. OFME IR M HEZ St WX L AE R ZE AR RZm!. Vigeh 551 {4
FEEI Mn 5= 56 LS N EBREA X, Ozel T A & A 1042 Mn 7K P48 508 A= Lf
ﬁ%@lﬂi‘fﬂﬁﬁi"é
TCRBAFFANE . AW E LK . AT A W R SO AT 3 S, T RIMAEE TR, +
i%%\f"‘ 125 SAEAREE - B R A & — P e 22 19 % TS e R A7 A iU, A ML L &R
ZHRA. AT H 285 2 1 R K A2 U e O NS R 2 i U, S IR R AR R EEA A
FEEICR WEZ I PT 2 L HE R, R i 7R = N B, A 5 2 B TR
LM, 5 N IR AR A AR A 2 B A AR SR W IR 6 AR JER M, JEG v Py ol et o0 38 A A T A ) £ R XL 2,
Sharma 55 J& B2 N IR A2 E ALY As Fil Pb J& AR R B8 A B U 2 0 F 2RI Doyi 5509 K ML ZE N
JRA RS (Cr) FiT P X L (8 B A7 A T e A B XU . [RLtE, X F AN 284 B 22 A i g e, &= N k2
i TR T oY B B . AR S I AT S N S PPAN TR T 2R R EE K R A, AT R A 3L AR 4R
M R > 20 IR R 282 B i) 2R Oy X, R PP A R B K R EEGRRT A
60% M T TC R 2 PRIEHE R AR N, AR TR JC R TE 8 h IN#E A SR s R G0 )5l g 1280, [ 24
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i X BT AR B R T R B AR DN, ARG T e R WO R TR S, IR AR
2 JE PR e ST B X IR LA KR B IS B2 3 N AN I 2 T e KB A7, AT LA
AR LR B I AR X — IR AR A PR R BRR DL, 100 28 4 PRI U T A DA 2 Wy s IR ORL, B e 2 38 P 2 B
ARDL. AR 538 A, 210 L b T R IR A A2 BRARE R, X2 ) o e S NAURR, TR I A e B2 1
0 5 I PS5 IR AR DAY ol G 3R ) % B 17 0 S L T A T XL

J7 O EAT 1800 J7 A A IR RIS, S v [ 22 B R T i JR i PRy M X A g vl ] e
A Tolk Aot 22—, A AL A Il IR B A PR RS A T AR BB R TR AR IR R
FARA S IO Y TR AR 4Rk, i 7o Cd Al Pb 12T M5 e 7 5, 4l £
HErF Y Pb AU Y, ARAE IR S HFFER B, )R EINKAE T Cd M Pb 1975 YL B P IR R R
TR FYIE IR 2 S FE AT REAFAEAG T, DML ERTE )™ M 2 L i T 3R A R B AR

AWTFEAR SR, R W) PRI A T PR BT 1 28 K 22, 3 A Holl 7 Tl T R
(V)| Mn, %4(Co). Se. #(Mo), LI A FEMIEITEK Cr. Ni, As, Cd. Sb, Pb ByH K LRFAE, $R3}
T TR 5 5 N BRI AR 136 T A50T 22 0 fold o0 2% 22 1) A ST % 8 14 2 W), Ak HE X 2 401 0 g B XU,
O NFEAEE R B 4 12 B Al 4

1 #MRLE5 )7 (Materials and methods)

1.1 W5 ARE

2020 4F 1 2 2021 4F 2 J, 75T ARG T N T RAE 22 0 282 40 42 1 300 DR 8 S HL A3 R 2 IR AR AR,
FEEE T P A4S L PR 1A 24 BT B A 5T 5 5 40 (body mass index, BMI) | 221 K H B 2 5 5 . WeAm >
TR A L. PRV FH SR PR A DROBAR OB T4 (B B BB T, —20°C it A B9 RE 2 N LT | 52 1D 45
JR AR SRR Ml R i AT OISR, IR A AT 100 H NS (150 pm FLAR) 5 ¥ RS L 2,
—20°C 617, A 2 5 E 2B G W A5, ABFFE 4 K22 B JE 25 /S BE B AS B2 R At
1.2 RIEEETTER (FEAS) 40 H7

AR R REA B T 300 T R, IR IR, F 1% iR LA 1:10 He R B PR W, IR 3% 1R 51 ) #6 8 ad
W, ZJ5 T 45 C R BE N HA 1 h, 12000 r-min™ 25000 5, 6 1] A8 6 4 B AR Bt G 743 AT
R T B ORUE A BT R ], ARV A AT P AT REAS | B s R AR [l S gy, R L EE A OE
WP £ IC R 1 [EISCRAE 78%—107%. W IJCEK V. Mn, Co. Se, Mo, Cr, Ni, As, Cd. Sb., Pb kil R
(limit of detection, LOD) 43 %1l & 0.003. 0.024. 0.001. 0.409. 0.005. 0.021. 0.043. 0.014. 0.002. 0.002.
0.026 ng-g ', bR h £k (A 5 R EFI KT 0.999.
1.3 R ITER (FEA) 737

FREL 0.1 g Ze A7 RASBE A, A 6 mL /K (3:1 ERER AR ) , 16 Il 1 e AL rp 0 A 7 . Soliple T A4
THRFEF H: 120 °C A£F 2 min; 150 °C 235 5 min; 185 °C {745 40 min. T4 MW T 4K E 4% 50 mL, i
FHE AR 55 B TR TS AEA T 0T o0 T o s PRI R S 4 1, At R AR B AR 2 T A AR D)
J5i (certified reference material, CRM) FIF2 ¥ 25 . CRM HHfsfiE G & 1Y [FISCRAE 70%—125%. Tl T3
V. Mn, Co. Se, Mo, Cr, Ni, As, Cd. Sb, Pb [ LOD 43 %% 0.005. 0.030, 0.004. 0.607. 0.004, 0.002,
0.058. 0.025. 0.002, 0.027. 0.022 ng-g ", bRk Al £ A9 5 REII KT 0.999.
1.4 St

fifi ] TBM SPSS Statistics(26.0) # {4 E 47 H B PEGE AT . AR S PE 447 il Z2 e 2 vk [l )= 2. 3153
FBE IR AR AR A PRI T R IR AR LOD LA LA L e/ IMEL R KB (8 R AR AN 49 LR Hl A
I RAS B A PRI 28 N K 2 e i 22 Kolmogorov-Smirnov 1F 2546 56 J5 52 e 25 40 A1, iouk He B4 7 X% %%
4. Pearson AHIC A M PTA% 22 40 PR VRN 28 N K 22 Ui JE 28 Z (A1 G 2R . SR FH 22 T84 M [l U A B 1A 22
A PR AR et TG 2R 7K R 5 i PR 22, v N I SRR AR RN 2 P R 2 % 5 B v A o A A8, 22 1A R
TR T 2 A B Tk A S PR AR i, FR AR IR T 0BT, Geit a4 B 3 s e Ol P<0.05.
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1.5 R RS DAl
151 ZEEIR AR RS P AG

X TR KT 50% il IT &R, 2 36 [E A B Ak & (US Environmental Protection Agency, US-
EPA) J7 5 AT B ITAL . B TR ALMG TH 45 R 5 R A R o0 2 0 L SSKOP B R E T, DL 95%
{5 IX.[H] (confidence interval, CI) fF Ay fat B AU 115 A AR 1A, A (A fg B JXURS: R ALK (1) —(3)1)

CDI
HQyy = RD v
CDI
HOw . - Ch! 2
SRR
HI = Zho,,: HQyn &

1, HQ(hazard quotient) 2 AE EU& M XU 4, HI(hazard index ) A7 &b XU 15 3 45 %4 ; RfD(reference dose)
REEHGERE T B H e A A B 2% Fl i (ug-kg-d ™) ; RFC(reference concentration) W A48 T
H i & A S S %7 (pg-kg'-d ™) ; CDI(chronic daily intake) A4 H % A & (mg-kg'-d ™).

MOHIE KT 1.0 B A 8 0 AT AR 32 VRS, 1 5 SR BT LR il . PR B A i i 7S M i (Cr(VD) B &
A%, RUMAERE S USCEE | A7 Ao BT 3 B] Cr &7 =M SRS A Z Rk , AWF5E i i 5s S 4 Cr ik
FE. U A 35 B REC 1938 B R S T 7S A8, Ay ol B 5% £t B JXURS: 3R 3k 3o B2, SR FH AP IEM0 1)
PRAF HE 2 (Cr(VD)=0.25:1) il 5 REC {EP. i T HAB R F A0 BT . SRR K FIAE: it i oo & A A
JE W ARG B TPALT, 2 SO A A 7 v X SR R A AR 0 3R A4 £ XU R AL T RS T SR
DRSS o 3t T 255 20 B B, 7 e i e PR 3 sk A 7 itk — 2D i A
152 Z 3 BRUGAZEFE AURS DA

AL [ B Xk 22 01 PRV PN 2 R AT 1 it B RURS A, AR A K (4) —(5) 7

UExUV
Dlygiz = FX XMW 4>
DI
HQ=— (5)
Q RfD

A H: DI(daily intake) b5 Jo R 19 H 3 A & (ug-kgBW'-d™") ; UE(urinary excretion) A JR i HH il i
JCE WY (umol-L ™) ; UV (volume of daily urinary excretion) >4 24 h JRI&EHEH = ( L-d™'); MW (molecular
weight) K FEARGH I K 9 J7 1 it ; F(urinary rexcretion fraction for a given metabolite ) 3¢ 7 JR & H il i
JCZ B R HEM 43 %%, V. Mn. Co. Se. Mo, Cr, Ni, As, Cd. Sb. Pb ] F,. 43 % 4 0.66. 0.049. 0.726.
0.176. 0.600. 0.163, 0.400. 0.109. 0.020. 0.800. 0.0363% ~*; RfD &% | & (ng-kg'-d™"), S [E k4.
1.6 ZAHEAFERE

AWM 22 228 AR HEAF B LR 1. 2 AR AR (3144 ) 2 (J1 %), 81.8% 42104
BMI 7E 1E i il (18.5—24.5) [N, 81.8% A2 1A Je MLt #5258 K& M LA EHH, 54.5% B2 R 5 —
WA TR 2 A SR, 14.3% W28 IO 70 2 S AE A 1 20 1Y) MR B 55 28 6 . FE AR IR 1], 30.0% M2 1
AR K, A 22 A3 B TIRAK A0 7 i, 55.0% W22 IETE R RiTAN 78 T IR,

F 1 BOEAFER(=22)

Table 1 Basic information for pregnant women(n=22)

(R S ZERiTBMI PR B (M EE e
<30 =30 P <185 >18.5 Ty wEE Ztia REUT KERUE KEUT  KRERMLE
28+2 3443 3144 16740384 21.6£1.95 20.742.60  54.5%  45.5% 18.2% 81.8% 18.2% 81.8%
Bl SR GELTESIIN Rk = 7R

2= f = f B3 mEd—ek A3 BRE—ek WARET IRAR
14.3% 85.7% 30.0% 70.0%  95.0% 5.0% 20.0% 80.0% 55.0% 45.0%
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2 75 53718 (Results and discussion )

2.1 ARG BE KA i JC R K-
2,11 FpE KA TR KT S R E

11 Ao JE A = N KR BIRS 235 R 100%. K2R HP i e 2 i CEYME . TPl . JE R )
A 2R HE P AR IR 2 . Mn(456 pg-g ', 416 pg-g'. 131—1109 pg-g') > Pb( 159 pg-g'. 96.3 pg-g'.
2.27—592 pug-g)>Ni( 125 pg-g™. 99.9 pg-g'. 23.0—451 pg-g')>Cr(107 pg-g'. 113 pug-g', 44.7—
147ugg")>V(239pugg'. 23.0pug g’ 8.88—41.6 pg-g')>As(15.6 pug-g'. 11.1pug-g'.3.73—21.9 ug-g™")
> Co(9.66 pg'g™"'. 824 pg-g'. 2.78—23.3 pg-g')> Sb(8.78 pngg'. 8.80 ugg'. 2.90—19.7 pg-g') >
Mo( 5.11 ug-g’1 3.56 ugg'. 1.75—19.7 pg-g')> Cd(2.21 pgg'. 1.62 pgg'. 0.62—7.86 pgg')>
Se(1.95 pg-g'. 1.70 pgrg'. 0.796—3.18 pg-g™"). EN KA iEITE & & BTk KA NSNS HHE,
AWFIE 5 E NSNS ET T R, Wk 2.

R 2 EANSM R R KRR TR R E U (ng-g ™)
Table 2 Comparison of trace element concentration in household dust of different cities at home and abroad (ug-g™)

i P R S R T A T

1 .
Province/city Sampling date :ampe Mn Co Se Mo Cr Ni As Cd Sb Pb  Reference

umber

I 2020—2021 22 239 457 966 195 511 107 125 156 221 878 159 AWK
JHRBWIET  2013—2014 78 - - - -  — 416 — — 245 — 214 [46]
JUREWHILARR 2013—2014 78 - - - = — 294 — — 418 — 39 [46]
P48 oK T 2019 72 488 444 819 — — 134 405 174 0560 — 503 [43]
P AR 2014—2015 90 - - - — — 87 526 — 231 — 123 [23]
TR G 2018 41 180 177 — —  — 295 261 — 439 200 954 [45]
LB LN 2010 125 526 — 103 — — 114 389 446 — — 349 [44]
JIE-PN 2016 125 150 250 540 1.60 830 920 600 13.0 110 360 450 [15]
kA 2020 50 - -  —  —  — 2895 106 — 148 — 756  [48]
YHRERT AR 2016 20 — — S — — 467 322 — 0540 — — [47]
G 2016 19 - — — 143 571 — 531 — 209 [49]

T : — R TORUR. 26 TP D [ N SNSRIl s G IR A4 ke TE 3P 2.

— Indicates no data. The data in the table are the average Values of trace elements in household dust in different cities at home and abroad.

T LT R TG E, AR EE KA VK (23.9 pg g ) 5 E AT 4(45.0—55.0 pg-g )
AH ARG, 5 E M HTT(10.0—20.0 pg-g ™) e HEUT; Mn ¥R B (456 pg-g ™) 5 [ P U FE AP0 3
(150—250 pug-g )M Hed i, H 5 LRI TT(400—500 pg-g ™) E—2 Co W JE (9.66 pg g™ i T H
SRIRTT(5.00—6.00 pg-g ™), 5 EIAIRAT#I(8.00—11.0 pg-g WL ; Se W (1.95 ng-g ) 5
AR IR T I(1.00—2.00 pg-g™) MR BE 235 S BE JK 2R Mo Wk BE (5.11 pgeg™) 5 B Ah 3 i 11(8.00 —
9.00 png-g )M LA, X T B MR ITC R, FEERK AP Cr iR IE (107 pg-g ™) HoFE PR 7 i 2 4 fyh
FEBTHIAA(25.0—85.0 pg-g ™) fmr, bb P AE T 3ol T 0 FE i 1 58145 #1(130—300 pg-g ') ks Ni ¥k B2
(125 pg-g ") 5 E AN TTIS24 - 54491(20.0—60.0 ng-g ) IS, SHPIEE(100—130 pg-g ') W
A4 As ¥ ¥ (15.6 ug-g ™) Ho Y R 7 3 T 9( 4.00—5.00 pg-g ™) &, 5 B Py A6 J7 36 T 0 A [ Sh 5
H1(10.0—20.0 pg-g ') A 245 Cd ¥R (2.21 pg-g ") LR AR T 149(10.0—15.0 pg-g K, SE N
I T 2345 460(2.00—5.00 pg-g ) AH 4 Sb ¥ (8.78 pgrg ™) HLE 3R i #(1.00—3.00 pg-g ) i, b E 4
W H(30.0—40.0 pg-g ' )IK; Pb HRBE (159 pg-g™) b E AR 449 Finhin & K 1(300—500 pg-g )ik, 5
] P4 R 3 T 224 4 (100—250 pg-g ™) AH 4. SR UG, AR T A 22 10 5 EE JR A2 Cr. Ni Fll As Ve 7K
SR T, e B R R L R ) 15

FWN KA PR ICE Z M AEFE A M (1), K42 Mn fil Co(7=0.898) . Mo(=0.722) .
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Cr(7=0.750) . Ni(r =0.559) . As(7=0.761) & iE. A )¢ ¢ & (P<0.05) . Co Fl Mo(7=0.784) . Cr(r=0.714) .
Ni(7=0.675) . As(r=0.768) . Sb(r=0.431) & IF A 3¢ 3¢ & (P<0.05) . Mo F1 Cr(7=0.521) . Ni(r=0.814) .
As(r=0.791) . Sb(r=0.464) . Pb(,=0.525) £ IEAHIC K £ (P<0.05). Cr 1 Ni(+=0.580) . As(»=0.736), Ni Fl
As(r=0.696) ., Sb(r=0.512) . Pb(+=0.475), Sb Fl1 Cd(7=0.436) . Pb(r=0.543) £ IEAH KK F (P<0.05). £ i,
SRR T 4 AN, b RO 2209 84.3%(F1 2N 45.5%; F2 i 15.9%; F3 4 13.9%; F4 & 8.98%), Hrh
Mn, Co. Mo Fll As j& A 5. MK 2 (1 oo Kl LU ), ZE6E K22 Min, Co il Mo 4R
E—ig, Se Fl Cd R —L, SH MM TIIEE R —30. Wang S50 (95T 2B 25 S Mn FlT Co BY5%
AHIOCHE AT RER IR T L3 45 H SR K328, Gurbanov 4851 i 58 K B Mo 7776 T T3, I AZEE K42 H M,
Co 1l Mo 7] BEHA I [F Bk 5. A WKW, Se By 7E LI & £, Cd TR KPP 2 FEEEITR
Z P G kA Se Fl Cd A] g3k [F] ok 5 T 3 Hh I Fky 2R Bl 4 SRR

vi@ L

. 0.8
Se . 0.4
Mo ON | ‘ 02
ale @ @ - @ 0

Ni C W ] C N ) . ~02
s 00 0000 04
cd . 0.6
Sb . . . 3 . 08
Pb ® & ® . -1

V. Mn Co Se Mo Cr Ni As Cd Sb Pb
Bl 1 FEERAE TR AT (P<0.05)

Fig.1 Correlation analysis of trace elements in household dust (P<0.05)

4

PC2(15.9%)
=

2 F

-3 F

4 1 1 1 1 1 1
-8 -6 -4 -2 0 2 4 6 8

PC1(45.5%)
B2 KR P A
Fig.2 Principal component analysis load map of household dust
2.1.2 ZARE i TT R K S A BURRE
ZEA R, BR Sb BYAE R 54.6% Ab, ARG TR R 1 R TE 75% VL b IR TR CF
P . i . MR D) 4 R HES A Mo(37.2 pg L', 21.1 pg-L7', 1.19—123 pg-L™)>As
(26.6pug- L 11.7ug' L™, 2.20214 pug-L")>Se(16.1 ug-L™', 10.0pg' L™, nd.—92.6 ug-L™") >Pb (5.81 ug-L™",
432pg-L' 1.41—325ug- L )>Cr(5.63ug- L', 4.78pg-L"' ., nd.—13.1 pg-L")>Mn(2.68 ug-L'. 2.56 pg-L",
nd. —8.10 ug-L™") >Ni(2.64 pug-L™"', 291 pug'L'. nd. —8.09 pg-L™")>Cd(0.538 pg-L", 11.7 pg-L",
2.29—214 pg-L")>Co(0.495 ug-L ™", 0.310 pg-L™", nd. —1.79 pg-L")>V(0.339 pg-L", 0.218 ug-L', nd.
—1.81 pgL™)>Sb(0.244 pg-L™". 0.530 pg-'L™". 0.0300—1.10 pg-L™"). AW ¢ 5 E Py 4MIF 5% 22 10 F s
Y PRI e T R MR AT T AR (R 3).
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R 3 [E NI TR i B PR B TR R B LA (ng L)
Table 3 Comparison of urinary trace elements concentrations of residents in different cities at home and abroad (ug-L™)
P 2R8I SRREAEAY A ) . .
ol OMURH RS TRy e w om om o owm om om ow om oo
P ping P A% Mn Co Se Mo Cr Ni As Cd Sb Pb  Reference

city category date number
Il ZE 20202021 22 0339 268 0495 161 372 563 264 266 0538 0244 524 KOG
PEEI ZEd 2014—2016 675 0960 — @ —  —  — 112 — 200 0630 — 254 [54]
PERN WA 20142016 226 — 0530 — 340 — 0240 — 409 1.09 — 0920 [30]
FAREI A 20162017 334 — 580 — 301 — 446 — 488 147 — 469 [56]
UYL ZH 2004—2008 1346 — — 0520 17.1 388 — 127 344 0230 0350 1.14 [57]
mEx A 2016 29 0.170 0.630 0.630 582 — 0.130 0.960 7.40 0.120 — 0.160  [55]
IR A 2017—2018 817 - - - —  —  — 573 83 0470 — 153 [60]
ESE| M 2003—2014 9537 — — 0340 — 386 — — 885 0240 0.06 0.50 [58]
i A 2014 33 —- - - 12 - - = = = — 167 [59]

VE: — R SRR Feb SRR A [ P S AR R T i PRVl bk 7 2 P
— Indicates no data. The data in the table are the average values of urine trace elements of residents in different cities at home and abroad.

XTI TCR, AR AR VM (0.339 pgrg™) HOE N 22 1H54(0.900—1.00 pg-g™)
1%, HEAR2E1E5(0.100—0.200 pg-g ™) & 22 R Mn %S (2.68 pg-g ™) FLi DU B Fil [ A2
1H59(0.500—0.700 pg-g™) i, 5 AR RIS LY BRI H B9 BE (2.00—10.0 pg-g ™) AH 2 ; 22 R
Co ¢ (0.495 pg-g™) 5 E AN -59(0.300—0.800 pg-g™") —&; Z2 AR Se ¥eE (16.1 pg-g™) & T
PRI RS 5093 3991 Rk B2 (30.0—110 pg-g "), SPHBEF 21957 PR E (10.0—20.0 pg-g ™) #H 24;
Mo ¥ % (37.2 pgrg ™) 5 EAME RSN R (30—40 png-g ) MY, Bk, AP 241
PR Se KRR, F= 5 Se 7KPARA TR 58 19 5¢ R O, F5 21 A R ORI ] Se A %h 7E.

XA BME TR, AW A AR T Cr vk (5.63 pg-g™) Fu a2 il F sl AL 91(0.200—
1.50 pg g™ ) i, B 5T R IED ALY (4.00—6.00 pg-g™ ) AH 24 Z2 0 R Ni e (2.64 pg-g ™) B 5 T
ZE A5 0.500—1.50 pg-g™) PR R BE, IR T 1 A ©(5.00—6.00 pg-g™) 5 22 I IR As ¥k B
(26.6 pg-g ™) W& 1 AN ZE IR 55%1(5.00—20.0 pg-g™) ;s ZE4A PRI Cd e (0.538 pgrg) 5
FE] P A ik i B0t 8010, 100—1.50 pg-g ) — B Z2 IR Sb MR (0.244 pg-g ') b 32 [ g A B(0—
0.100 pg-g ) &, SUHHEF22457(0.100—0.500 pg-g ™) A 245 2R Pb e (5.24 pgg ) 51 HRIE
I FEP(3.00—6.00 pg-g™) —F. ARG A2 PR IE As FI Ni W B, HOHLGREE K2R As Fll Ni ik
JEACV-38 1, B 7R PR AT Wi 31 1) 55 22 10 B 502 KA h A B JU R As R Ni 22 id Mg )Ly e 3.

ZE A R T i D0 R Z AR A OGP (1 3), 21 PR Se Fil Co(1=0.481) . Mo(1=0.472) .
As(7=0.631) , Cd(7=0.546) & 1F A 5 & & (P<0.05) ; Co Fl Ni(7=0.676) 1 1F # K 5 & (P<0.05). iX 5
Maxime 25 B} 5% 1 Co 1 Ni FHH e —3L, Zhao 25 1, & 3 FR M ' Co F1 Ni, Cd #l Se Z [A] 7715 &
FR M. 22 AR P Mo Fll As(7=0.646, P<0.05) £ 1EAIE K R, Pb fil Cd(7=0.475) . Sb(r=0.647) £ IE
FHIE IR (P<0.05), A W5 R Pb Al Cd 2Z 18] HA7 Sz 41 il iy P [ 24 02 . 32 W A3 o 4 B 17 4 A B
T, BT 76.5%(F1 2 27.4%; F2 19 23.7%; F3 K 15.6%:; F4 4 9.73%), H:Hd Pb, Sb. Mo FI Ni &
FZAR R NE 4 22 A PRI FE 85 o i e AT LUE 220 PR i Pb Fi Sb REEZE—i2, Mo. Se.
As Fll Co REAETE— &, SHIC/HITE5 R —2 E4EE, Po 1 Sb |12 B AR TR, R EOLAE K
a5 Y H 25 0 Ph 1 Sb AT RELZE 1 HE AKIN. A WF9E & B Mo, Se. As il Co EZRIE S
TREA K791 B LA Z2 I BRI Pb 1 Sb, Mo, Se. As Fll Co 7] g 547 #H [ i1 3 J5 sl AR5 it 72 1% 45
RE R IR RS R A, R AR PR TR g m R RZ A SRR KA, T2t —
i AR R R, ROk I E Y s,

2.2 NE=EERERY £ el 3 50 Hr

R PRI R 2% AR £ 20 18 A I 2 () 45, ol ) 22 S04 Pk (8] DA RAF 5 S Xo) 2 0] PRV i TG 38 MR B R TS AE

SN AR R T Y S A I AR R (0 25 AN 2% 4. 45 R B R, BE AR MR T R R =
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FEATBRAEY; BN AR Cd Yk E R IR i Cd R (=—0.870, P<0.01) {5 2 HU K 2 . 22 10 /R TR
Mn(4=0.848, P=0.001) . Cd(p=1.24, P=0.001) #1 Pb(=1.51, P<0.01) ¥ & ¥ /i1, Co(f=—0.594, P<0.01) FI
Mo( f=1.94, P=0.004) ¥ £ 1 /1>, 35 5 9 sh W MR A 5. Tsley 455 (4 BIF 5% 2 B0 PR W HP 44 15 ¥ 5 119 Min
Pb AJ B % NI AH A 5C; De S50 J SR AT { JRIE H Cd % FE 3G 5 Manuel 5807 fF5% & 9 Co % f %
85 A S a0 e Sh W R A 6. A B Je 3R S0 A AR L BUAS R 520 Eguchi 4670 & S22 AR Y
Mn 3 B K- S538 A LAY A Sk LR A OG. Cd 2 T 28 AREUEY), EIRWIZ T Cd St LA
KA E EB. Sk Pb &5 M 245 5B ™, Daniali %7 & 30242 AR N Pb ¥ BE7KF- 58148 L
AR AR 2 AR DG, DR I e iR B 7 45 A 3 P AR 2 R Y 18

Vi@ !

Mn . =
Co . 0.6
Se * . 0.4
Mo » @ 0.2
Cr . 0

Ni " ) @ -02
As ® 0 ‘ -0.4
cd ® . -0.6
sb X -0.8
Pb » 00 .

V. Mn Co Se Mo Cr Ni As Cd Sb Pb
B 3 ZiE R IR TR A AT (P<0.05)

Fig.3 Correlation analysis of trace elements in urine of pregnant women (P<0.05)

PC2(23.7%)

4 +

a2 0 2 4
PC1(27.4%)
B 4 AR F ek 2 E

Fig.4 Load map of pregnant woman's urine by principal component analysis

[RIE, Z2 R Co(p=0.698, P=0.020) [ 4 BEHE I, JR Mo(p=—0.786, P=0.024) ¥k & i /b, 54
B PR A G 27 AR IR Mo He R He ) 7= 1015 (=0.574, P=0.012) . Baraquoni 55" & #1H 4= )L
Mo ¥ JE 5 5 & B IR %47 K, Chaoqun 557 & BLAT Ik 1 (0] 22 58 Mo S LM & K B A K. Z21akN
Se(=0.552, P=0.012) 1 Co(=0.909, P<0.01) ity ¥ & 14 i 55 W #b 5E it A OC; IR Co 5HH
B 52 IEAH 5 (=-0.962, P=0.003). Co FEIR P T M JC K 2 —, Zhi S A58 R B2 IA R Co 7K
SRR AT RE 25| A& B, Se TE AR BRI XT AL S 2 R 47 7E HIU, Hawkes 557 & 4210 Se B /K Fad {2
FECUTURNE PRI, Se Ik B A 2538 i fif Lk /N JRURS: B Wang 450 (B 5% s R Min R B2 5 2 1)
AT IR 2 A O, AR ST A A BRI 25 R, {2 IR Se Vi E B X — 25 R S AR O — B0 AR 45 R4
7 ] DL 6 FI = S AN SRR ) Co A9, R AN TR IR B INZ2 I R ) Se B 75 .
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Table 4 Multivariate linear regression model results of factors influencing urinary trace element concentration

Frifefk 25 95% {5 X [1]95%
R ILER R K 2 Standardized Coefficients Confidence interval 5 JEELR?
Trace elements Influence factor B si TR A Adjust R?
cta '8 Lower bound Upper bound
Wi — 0.050 -3.64 0.004 0.56 0.499
Mn ‘ 6
B R () 0.848 0.001 0.912 2.93 — —
B — 0.302 -1.17 3.44 0'775 0.669
BRE(KREUT) ~0.962 0.003 —4.06 -1.05 — —
Co BB () ~0.594 0.005 3.05 —0.672 — —
B
(4—67/) 0.698 0.020 0.425 3.95 — —
A FEI TR (P2 0.909 0.000 1.08 2.69 — —
Se W — 0.023 247 —-0.212 0'3 0 0.428
FhFEITR (2T 0.552 0.012 0.245 1.68 — —
B — 0.183 -1.22 5.78 0'5 > 0.422
FER (L) 0.574 0.012 0.307 2.04 — —
IR
Mo (;ﬁé &F’ff) 1.94 0.004 1.84 7.66 — —
SR ) -1.54 0.004 -6.79 -1.63 — —
B
(e—63/) -0.786 0.024 -4.69 -0.396 — —
0.84
) ig5a — 0.002 2.02 6.42 N 0.771
Ni
AR K G -0.373 0.032 -1.55 -0.086 — —
e 0.78
WL — 0.638 -2.19 1.40 5 0.695
Cd Cd(K2R) -0.870 0.000 -1.33 —0.600 — —
I CR) 1.24 0.001 1.72 5.04 — —
oy 0.74
WL — 0.214 -2.28 0.554 4 0.709
Pb ‘
BB ) 1.51 0.000 2.72 5.48 — —

1 — 2R TCEHE. — Indicates no data.

2.3 fRERUR DA

5 AN T AR U R A #R 1 S FE KU Al s ZBE /K2 Min, Mo, Cr. As 11 Pb BYELXU 2033
(4.07£1.94), (1.59x10°£1.25x107), (5.61x10°+4.80x107%), (4.77x10 '+4.73x10™") Fl (4.00x10*+3.83x10°2).
AT GERE KA Min (19 5 RURS: 50 g, P 2200 W A B 6 k. SR, DAAEAIE 905 ik e BRI AR TG 3R
X AR £ 8 B RS AR 21, i O I A RO o 200 T N T A D2, By bk IR A R B ey TR
FEREAS TR, EL S PR A B RS PP ) o A 1 52 80 G A PR 3R A S ), IR AR KA R/ | SRR I Y
PRI, T S B PR B S AR MR A0 AT, BT A 28 A A B A BB i i 7 20t — 2P T R TR AR

RS EFRAEITA

Table 5 Health risk assessment

RER =GR IR B2 G TR

AR RfD/ RfC/ Household dust Mean + Standard deviation(range) Pregnant Wome? u'rme Mean
Trace o o Standard deviation(range)
element (hgkg-d) (ngkg™d?) HQ#EI HQW A DI/
HQ ingestion HQ inhalation HI (ug'kg'BW-d) HQ
v 5.04 0.1 (2.16x107°£9.39x107)  (1.09x107%4.73x102)  (L.I1x107= 0.0470+0.0563 0.00933£0.0112
' ' (7.55x10*—4.01x107%) (3.81x10°—2.02x10"")  4.83x107%)  (nd.—0.252) (nd.—0.0500)
-3 4
Mn 140 0.05 (1.45x107:6.92x107) 4.07+1.94 oreloq | SA054T3 0.0386:0.0338

(5.63x10°—3.55x10) (1.589.94) (nd—16.3)  (nd—0.117)
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24k S
o FEEIA b2 G ZA PR i@{aﬂ‘m@i(ﬂllﬁ)
It ER L Pregnant women urine Mean +
RfD/ RfC/ Household dust Mean + Standard deviation(range) o
Trace o o Standard deviation(range)
element (hg'kg™d?) (ng'kg™-d™) HQHI HQW A DI/
HQ ingestion HQ inhalation HI (ng'kg'BW-d™" HQ
Co 03 0.006 (1.42x107£6.42x107%) (7.11x107'£3.21x10™")  (7.26x107'+  0.0695+0.0726  0.232+0.242
’ ’ (5.56x107°—3.47x10%) (2.78x10'—1.74) 3.28x10™")  (nd.—0.262) (nd.—0.872)
Se 5 20 (1.78x107*+6.83x10°%) (4.42x107°£1.71x107°)  (2.21x107*+  1.01+0.854 0.261+0.317
(7.35x10°—3.24x10")  (1.71x10°—8.10x107°)  8.54x107°)  (nd.—28.0) (nd—15.0)
Mo 5 5 (4.53x107*+3.57%x107) (1.13x107°+8.93x107%)  (1.59x107+ 10.7+9.51 2.14+1.90
(1.62x10*—1.77x107%) (4.04x10*—4.42x107)  1.25x107)  (0.343—35.4) (0.0685—7.07)
Cr 3 01 (1.81x10*£1.55%107) (5‘43><10:3i4.65><10’3) (5.61x107°+ 3.234+2.64 1.08+0.881
' (5.74x10°—5.84x10%)  (1.72x107°—1.75x107%)  4.80x107°)  (nd.—7.50) (nd.—2.50)
Ni 20 0.09 (2.75%107°£1.96x107*) (6.11x10'+4.35x10™")  (6.14x107'+  0.698+0.502  0.0349+0.021
’ (6.89x10*—9.09%107%) (1.53x10"'—2.02) 437x10")  (nd—2.14)  (nd—0.107)
As 03 0015 (2.27x1072£2.25%107?) (4.55x10'+4.51x10™") (477107 18.4+14.3 44.5427.1
’ ’ (7.46x107°—1.10x10™") (1.49x107'—2.20) 473x10")  (2.83—52.6)  (9.43—102)
cd 01 0.01 (9.63x107°+7.48x107°) (9.63x107°+£7.48x107%)  (1.06x10"'+ 5.44+3.31 0.544+0.331
’ ’ (3.56x10°—3.32x10%)  (3.56x10>—3.32x10"")  8.22x107%)  (0.303—11.1) (0.0303—1.11)
Sh 04 03 (9.77x107°+4.63x107%) (1.30x107°46.18%107°%)  (2.28x107+  0.0668+0.225  0.167+0.561
’ ’ (2.86x10°—2.08x107%)  (3.82x10°—2.78x107%) 1.08x107)  (nd.—1.09) (nd—2.72)
Pb 15 3.5 (2.01x1072+£1.92x107?) (2.00x107°£1.91x107%)  (4.00x107°+  46.0+18.3 13.2+7.50
(2.67x10*—7.15x10%)  (2.65x10*—7.10x107) 3.83x107)  (14.5—83.5)  (4.14—23.9)

1. nd., £ 1. nd., not detected.

St ok 2 41 PR R %) it BE XU 74l 5 7 Mo, Cr. As. Pb Ab T 7 XU (HQ>1), Cd F1 Sb %)
3 AF11 AN HQ>1, Zhong Z5™ i 5y LR BA ) I J& R IR As &
AR, HRRE K2 Cr F1 Pb K88 5, i Bl e K 22 1] §

RS

LA WA NS Z2 10 PR AP Cr Al Pb /K
ag\%unmawz Cr F1 Pb #4e B 7K

L RS BE KA T Mn B HQ>1, T 22 1 R W P Min 19 HQ<1, 1 B 52 Ji JK 42 7T JE R 2 3R A

Mn & &0 FEHZE. Mo, Cr, As., Pb 7ERJE K42 H HQ<1, M7 2 {0 R il HQ>1

AEJFIE Mo, Cr, As Fl Pb i#E AZ2 i 1A N i) = 2542

3 %58 (Conclusion)

AW TR T 2210 PRI e F e A2 Hp b F5 3 % (V.. Mn, Co., Se 1 Mo) Fil A &

Ni, As, Cd. Sb fl Pb) ¥k B K, ZBEE KR H () Cr, Ni 1 As &

e, Se &

X i}éfﬁf"‘%/\T

L& (Cr,

R PRI As FINI B
SRS, AR IR PR EE 23 (22 1 PRI T Mn, Cd F1 Pb 19 3 B2 180, Sl 1507 4T O 0 0kt e AR =

PR AR . AR 5 i B XU PA 8 2 JK 22 v Min 1) HQ>1, 221 BRI 1 Mo, Cr. As 1 Pb 1) HQ>1, HARA

WA WAL R = H AR

R R RAES 25 7 B ) PR W, {ELE AR IS AR IS 1) 20 A7, I BB SRl T 30

@ﬁﬂ&ﬂAJLE"J@%%ﬂﬁﬂ%Tffl%, B R BT U . h T AT AR A D, b ik
S HEFF IR 5, L0 0 ) TE X A0 A0 L O
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