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Abstract:

[Background] Heavy metals are widely present in the environment, difficult to degrade, and
bioaccumulative. Children's physical development are not mature, and exposure to heavy metals
which may cause irreversible harm to them. However, the current research conclusions are still
inconsistent. Therefore, it is very important to pay attention to the impact of heavy metal
pollutants on physical development.

[Objective] To detect the level of heavy metal exposure of school-age children in Laizhou Wan,
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Shandong Province, and to explore the relationship between heavy metal exposure level and physical development indexes of school-age
children.

The subjects of this study were 318 children born to pregnant women recruited from Laizhou Wan Birth Cohort in Shandong
Province from September 2010 to December 2013. The school-age children at age 7 were followed up from July to September 2019.
Their urine samples were collected and the levels of arsenic (As), cadmium (Cd), lead (Pb), and mercury (Hg) in urine were detected by
inductively coupled plasma mass spectrometry (ICP-MS). At the same time, the height, weight, body mass index (BMI), waist
circumference, and body fat percentage of the children were evaluate to analyze the relationship between the four heavy metals in
children's urine and the indicators related to children's physical development.

Among the 318 school-age children with an age (x * s) of (7.771£0.67) years, the median (P,s, P;) levels of As, Cd, Pb, and Hg in
urine were 73.98 (44.81, 124.61), 0.40 (0.27, 0.58), 1.20 (0.71, 1.72), and 2.38 (1.32, 4.80) pg-g™" (of creatinine), respectively. The
children’s urinary Cd level was positively correlated with their weight, BMI, and waist circumference (P<0.05), and corresponding
regression coefficients (b) and its 95% confidence intervals (Cl) were 0.99 (0.14-1.83), 0.43 (0.06-0.81), and 1.35 (0.27-2.42), respectively;
while the other heavy metals were not related to the above physical development indicators (P> 0.05). After sex stratification, it was
found that boys’ wurinary Cd level was positively correlated with their height, weight, BMI, and waist circumference
(P<0.05) with associated b (95%Cl) of 1.73 (0.53-2.93), 2.03 (0.60-3.47), 0.75 (0.11-1.38), and 2.66 (0.85-4.47), respectively; such
associations were not found in girls. After further stratification of boys’ BMI according to normal, overweight, and obesity, it was found
that a higher urinary Cd level was correlated with an increased risk of obesity in boys (P <0.05), and the associated b (95%C/) was 2.34

(1.02-5.36).

The level of urinary Cd exposure of boys in Laizhou Wan, Shandong Province is positively correlated with their height,
weight, BMI, and waist circumference, and may be related to obesity in boys.

heavy metal; urinary cadmium; physical development; sex difference; body mass index
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FREEZBTENRIE,
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FBE. AER¥; 8 ¥ LE L BMI<18.32 18.32~<20.70 «
>20.70 PRIEXAAEIEE. BE. B, RBAZT

logistic [BIYA 7T A D RAVEFRIEGH 4 HEEE K
T5) L ERMRZEBESFERK. U L) LERE
A&, §F%EZH BMI. XD ZE. DA R
FERWN. FREERFEREMN. FIERIEIIN
M5, ¥2327K# a=0.05,

2 4R
2.1 —fRAOEYHE

WR 1P, 318 BFWH) LEF IR (x£5) 1
(7.77+0.67) %, {KE (27.40+6.45) kg, B =9(128.89+
6.69) cm, BMI A7 (16.33+2.71) kg-m~, fE B  (58.69+
7.93)cm, RREBE 2 EE79(20.2248.03) %, J LEHEAE
79(3.41+0.45) kgo

xR 1 HARWNEKR—AOFIFE (n=318)
Table 1 Demographic characteristics of study subjects (n=318)

AOZH4FAE( Characteristic) fIE(n) X+ s (or)%
JLE(Child) 318
1451 (Sex)
% (Boy) 163 52.80
Z(Girl) 155 47.20
H 41K /kg(Birth weight/kg) 318 3.41£0.45
Z2[E (Gestational week)
<37 30 8.60
>37 288 91.40
WS/ % (Age/years) 318 7.77+0.67
B /cm(Height/cm) 318 128.89+6.69
&5 /kg(Weight/kg) 318 27.4046.45
BMI/(kg:m™) 318 16.33+2.71
SBEBMI/(kg:m?)
BMI of boy/(kg:-m™)
IE % (Normal)(BMI<17.96) 122 15.23+1.21
#BE (Overweight)(17.96<BMI<20.07) 20 19.06£0.66
BEB¥ (Obesity)(BMI=20.07) 21 22.40+1.93
ZEBMI/(kg:m™)
BMI of girl/(kg:m™)
IE& (Normal)(BMI<18.32) 132 15.19+1.44
#BE (Overweight)(18.32<BMI<20.70) 16 19.64+0.71
BEA¥ (Obesity)(BMI=20.70) 7 23.40£2.28
BE[El/cm (Waist circumference/cm ) 318 58.69+7.93
{RBEE 9 Eb/%(Percentage of body fat/%) 318 20.22+8.03

22 JLEREEJE (As. Cd. Pb. Hg) BEKF

Cd. Pb 7E) LERA BV HZE 75159 99.68%(317/
318). 97.80%(311/318), As. Hg TL &= M8 HH K19 K
100%; FRANEFRIIEFTHY As. Cd. Pb. Hg BYFR{IEkKF
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%079 42.15. 0.23. 0.70. 1.31 pg-L ", ERAVEFARIE AT
G4 MEZERBKERKEHTEEREK 2
BEAMRSERNIIEMBEXHARN)LERE
&8 (As. Cd. Pb. Hg) BEEKFHITLLER, L3R 3. W
RIEMIEHIX ) LEFRA As. Cd. Pb. Hg X 4 MESE

LB R IERGI R EKFESD S A 73.98. 0.40.
1.20. 2.38 pgg (LR ALEFIt); EAR As FI R Cd
B TFTHREIASAMX ) LEKF(As: 25.7 pg-g ™, Cd:
0.19 ug-g )™, BRER Pb 4b, As. Cd. Hg 3= FERSH
HAX) LEKF, W 2. 3.

®R2 RIFREFE TS EREEEBHNEEKTE (n=318)

Table 2 Exposure levels of selected heavy metals in children at age 7 before and after urinary creatinine correction (n=318)

BT E A/ (L) AEFRIES/(ugg™)
LR e Crude concentration/(ug-L™) Creatinine-adjusted concentration/(ug-g™)
Heavy metal Detection rate/% e TUat% BHEE T t%k
. . PZS M PSS . . PZS M P75 P95
Detection range Geometric mean Detection range Geometric mean
As 100.00 2.98~1015.76 43.41 23.78 42.15 80.81 238.29 2.70~4042.33 80.01 4481 73.98 124.61 427.02
cd 99.68 <LOD~2.66 0.22 0.12 023 0.39 0.96 <LOD~13.30 0.41 0.27 0.40 0.58 131
Pb 97.80 <LOD~20.47 0.61 039 0.70 1.10 2.14 <LOD~81.88 1.13 0.71 1.20 1.72 4.64
Hg 100.00 0.16~51.37 1.44 1.01 131 1.96 3.72 0.14~167.96 2.66 1.32 2.38 4.80 18.51

[ 7 ]1<LOD: {RFHHPR,
[Note] < LOD: Below the detection limit.

&3 BEMX)LERYT 4 MEZRKFLER

Table 3 Comparison of levels of four heavy metals in urine of
children from different countries/areas

ANEFRIEfZ %/ (ngg™
ERZHX Ehy/ Median of creatinine-adjusted

Country or area

=i

Sample size Age/year concentration/(ug-g")

As Cd Pb Hg

TR (RELLRIME)

Laizhou Wan, Shandong 318 7 7398 0.40 1.20 2.38
Province, China

FRELT 7 44pA™

Sheyang County, Jiangsu 296 7 25.70 0.19 1.34 —
Province, China

ZE"(America) 6602 6~19 — 009 050 —
YIS (Spain) 120 6~11 2840 018 114 0.79
EbFBS ™ Belgium) 125 6~11 — 005 — —
BEAF(1taly) 250 6~11 = = — 022

[ 1= R,
[Note]— : Not detected.

23 JLERBRESRBKFSEFIBEABIXE
FIRH) L ERBREEERESSE. A&, BMI
BEREEE DX RIE 40 ZRELMELTS
MAEILER Cd K FESEHERLEIEHEERX
BX; PR Cd BIEI0— " BAAN IR L, HAEE. smI.
EIE N2 M E 95%Cl 53579 0.99(0.14~1.83) kg, 0.43
(0.06~0.81) kg:m™ | 1.35(0.27~2.42)cm, BN ER
I, RERANBEZIRENBER cd K FEHEHER.

AE. BMI BB ZEMXEX(P<0.05), B3R E b &
H 95%C1 93 5!l /9 1.73(0.53~2.93). 2.03(0.60~3.47)
0.75(0.11~1.38) . 2.66(0.85~4.47); LEH, ELRE K
T 5 ERIEREIXEIITRITERX(P>0.05),

BAEFRIERR Cd K FRED AR 2 H
Ql~Q4 4, L Ql HAEE, [ XEMEE DT AI:
Q4 ARE. BEIST Ql A, AENERN LFHE
K2 95%C 53559 2.28(0.42~4.13) . 2.91(0.52~5.30);
Q2 A BMI &F Q1 4B, H EFHER 95%C1 /9 0.56(0.25~
1.38), LA £ P<0.05; BEFEE—TEFE-VN KR, &
BERBBERITFEE X (Pay <0.05),

U D BEERI, B4 LE Q4 AEEN EFH
B2 95% CI 9 3.83(0.27~7.39) , EF T 8- N =
F(Puy <0.05); MBENES. KAE. BMI KIEE 7
b ERIIRARFIFAITFERX(P>0.05), BE MR
BTG FE X (P >0.05), LEFR cd KF5LL E
A& L BBNIIR N KBE(Ps >0.05) o LEIN R ATEE
53 BEEAMNEURL, it MeeE R Xx. AEiF
AT S1o

H—TEMNDBHEMEX BMIREE. B8
&, BR#HITHHE, WE 1. %7t logistic [T ITLER
B EHABENR cd/KESEREA) EMRLE
E5(P<0.05), EbfELL OR KEL 95%C1 79 2.34(1.02~5.36),
EM)LEREHR cd KESEHE XEK(P<0.05);
MZERRIAEX(P>0.05),
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x4 15 ERPESRKTSHEBLEENXER

Table 4 Correlations between four urinary heavy metal levels and selected physical development indicators in children at age 7

=

E2R 1E5 S B(Height) PRE(Weight) Ll Waist cifi%lnference Percefi}z:i?bt:dy fat
Heavy metal Sex

b(95%Cl) P b(95%Cl) P b(95%Cl) P b(95%Cl) P b(95%Cl) P

As \(Total) 0.13(-0.54~0.79) 0.707  0.33(-0.41~1.07) 0.377  0.20(-0.13~0.52) 0.232  0.56(-0.38~1.50)  0.245 0.14(-0.84~1.12)  0.779

B (Mmale) 0.98(-0.01~1.97) 0.052  1.15(-0.04~2.33) 0.057  0.45(0.09~-0.07) 0.087 1.30(-0.20~2.80)  0.089 0.69(-0.88~2.25)  0.387

Z(Female) -0.42(-1.35~0.51) 0.374 -0.18(-1.13~0.77) 0.712  0.04(-0.39~0.47) 0.859  0.13(-1.11~1.36) 0.842 -0.17(-1.45~1.11)  0.795

Cd S\(Total) 0.65(-0.11~1.42) 0.094 0.99(0.14~1.83) 0.022  0.43(0.06~0.81) 0.023 1.35(0.27~2.42) 0.014 1.07(-0.06~2.19)  0.062

E(Male) 1.73(0.53~2.93) 0.005 2.03(0.60~3.47) 0.006  0.75(0.11~1.38) 0.021 2.66(0.85~4.47) 0.004 1.89(-0.02~3.80)  0.052

%Z(Female) -0.01(-1.03~1.02) 0.993  0.46(-0.58~1.51) 0.380  0.31(-0.16~0.78) 0.195 0.65(-0.70~2.00)  0.344 0.73(-0.67~2.12)  0.307

Pb 2\(Total) 0.32(-0.37~1.00) 0.366  0.49(-0.28~1.25) 0.210  0.21(-0.12~0.55) 0.212 0.76(-0.21~1.73)  0.126 0.66(-0.35~1.67)  0.197

5 (Male) 1.03(-0.01~2.07) 0.051  1.21(-0.03~2.44) 0.056  0.43(-0.11~0.97) 0.118 1.60(0.04~3.17) 0.045 1.13(-0.50~2.76)  0.173

ﬁZ(Female) -0.16(-1.12~0.79) 0.736 0.05(-0.92~1.03) 0.914 0.10(-0.34~0.54) 0.660  0.24(-1.02~1.51) 0.704 0.44(-0.87~1.75) 0.505

Hg S\(Total)  -0.39(-1.36~0.59) 0.436 -0.34(-1.42~0.74) 0.538 -0.09(-0.56~0.39) 0.724 -0.29(-1.67~1.09)  0.684 -0.32(-1.75~1.11)  0.664

5 (Male)  -0.71(-2.28~0.86) 0.374 -1.06(-2.92~0.81) 0.266 -0.43(-1.25~0.38) 0.297 -1.45(-3.81~0.92) 0.229 -1.36(-3.81~1.09)  0.273

Z(Female) -0.11(-1.45~1.22) 0.869 0.198(-1.16~1.56) 0.773  0.18(-0.44~0.79) 0.571  0.50(-1.27~2.26)  0.580 0.52(-1.31~2.34)  0.576

[ EHRAER EZHEKE. 280 ML ZRDENZE. D18HHN. KEBWAN. JLIEHERKSE. L EFK,

[Note] Confounding factors listed below have been adjusted: maternal education level, pre-pregnancy BMI, gestational age of current delivery, mode of

delivery, family monthly income, child birth weight, and child age.

[A]3 6 . 4 3
3, g4 g3 S,
X l l X X 2 X
wn wn wn wn
) @2 1 ) [ )
1 1 1
3 I 1 3o ! S L : 3 I
0
0 L L L L L L L L L O L L
& X 2 X % 3 24 X
o P &4 gEs o s S B T £ o s
& T TS & TE TS & g TS & TS TS
o -~ © S S 3 o - © S Q\ 3
T & N NI © NI N NS S
OA OQ OA
> > \ >
B (As) % (cd) 4 (Pb) K (Hg)
B]4 4 4 6
= 3 = 3 = 3 =24
N 3 N N
32 | 52 52 I g2 i
1 1 1
3 + 1 3 i L 3 1 1 So ‘ L
O L L L 0 L L L O L L L L L L
2 X % X % X % 3
S P Fa S o s £ o o S P &
& B & & o & & & & & o &
O R NS O & \ o R NS $° & S
N © N © N © N & 9
o o o o
& > > AN
B (As) 1 (Cd) 4 (Pb) K (Hg)

CEzRIRARER: SRTHE KT 251 ML ZRDENZEE. DBHFR. KEBRAN. JLEHERE. JLEM. L EFR, * SEBAHL

3, P<0.050

[Note] Confounding factors listed below have been adjusted: maternal education level, pre-pregnancy BMI, gestational age of current delivery, mode of
delivery, family monthly income, child birth weight, child sex, and child age. *: Compared with the normal group, P<0.05.
1 75BE (A, n=163). ZE (B, n=155) RE&REKTS BMI HIXF

Figure 1 Correlations between urinary heavy metal levels and BMI in 7-year-old boys (A, n=163) and girls (B, n=155)
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