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Urinary iodine, fluorine, and arsenic levels and goiter prevalence of school-age children
exposed to water-source environment with high iodine, high fluorine, and high arsenic
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Abstract:

[Background] The imbalanced distribution of iodine, fluorine, and arsenic in nature causes
biogeochemical diseases in some rural areas of China.

[Objective] This study investigates the physical development status of school-age children in
areas with high iodine, high fluorine, and high arsenic in drinking water, explores the relationships
among urinary iodine, urinary fluorine, and urinary arsenic, and analyzes the influencing factors
of goiter in this group.

[Methods] Using cluster sampling, 208 children aged from 8 to 12 years (101 males and 107
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females) were selected from three villages in Qingxu County, Shanxi Province. The height and weight of the children were measured on
the spot. Thyroid volume and nodules were examined by ultrasound. Meanwhile, random urine samples were collected during the day
for the detection of urinary iodine, fluorine, and arsenic levels.

[Results] In the selected school-age children, the median urinary iodine, fluorine, and arsenic levels were 541.85 pg-L*, 1.82 mg-L?,
and 0.11mg-L?, respectively. The mean height, weight, and body mass index (BMI) were 145.74 cm, 35.95kg, and 16.50 kg-m?, respectively.
Except urinary iodine (Hurinary iodine=9-11, Purinary iodine=0.06), there were significant differences in urinary fluorine and arsenic levels among
different age groups (Hurinary fluorine=10.97, Purinary fiuorine=0.03; Hurinary arsenic=11.12, Purinary arsenic=0.03). Based on the partial correlation analysis
adjusting for age, there were positive correlations between urinary iodine and urinary fluorine (r=0.44, P<0.001), between urinary iodine
and urinary arsenic (r=0.32, P<0.001), and between urinary fluorine and urinary arsenic (r=0.40, P<0.001). The positive rate of goiter
was 10.58% in total participants, and the positive rate of goiter in each age stratum of the children aged 8 to 12 years was 13.33%, 8.33%,
14.70%, 19.05%, and 3.84%, respectively (x’=8.47, P=0.06). The thyroid ultrasound results showed that the goiters were mainly diffuse
type (9.13%) and mixed type (1.44%), and there was no simple nodule type. In the multivariate logistic regression analysis, large BMI
(OR=1.17,95% Cl: 1.03-1.33) and high urinary fluorine level (OR=2.67, 95% CI: 1.72-4.14) were risk factors for positive goiter detection.

[Conclusion] The positive rate of goiter is high in the study areas with high iodine, high fluorine, and high arsenic in drinking water. Types
of goiter are mainly diffuse type and mixed type. The physical development of the school-age children aged from 8 to 12 years is basically
normal. There are positive correlations among urinary iodine, urinary fluorine, and urinary arsenic. Large BMI and high urinary fluorine

level are suspected risk factors for goiter.
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2 4
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FHITRAER DI AT, RMSRKREFEERXX
% (r=0.44, P<0.001), RIS RIQFEEMHEX KR
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Table 1 Thyroid volume and physical development indicators of
school-age children at 8-12 years old from areas with high iodine,
high fluorine, and high arsenic in drinking water

Flit #EE8 () BERBRER/ML 5F/ =/ BMI/

B/%  (B/R) M (Pys, Pys) cm kg (kg:m”)
8~ 30 (13/17) 2.90(2.13, 3.83) 131.70+6.18 25.47+8.23 14.48+3.38
9~ 24 (11/13)  3.40 (2.45, 4.30) 134.54+6.11 27.67+6.11 15.19+2.67
10~ 34 (16/18)  3.75(3.20, 5.53) 140.79+7.91 32.65+8.45 16.41+3.62
i 42 (21/21)  4.90 (3.35, 6.30) 147.57+6.38 36.17t7.90 16.51+2.91
12~ 78 (40/38)  5.15(3.78, 6.53) 155.76%7.50 43.86+11.87 17.71#3.52

&1t 208 (101/107) 4.20 (3.21, 5.80) 145.74+11.54 35.95+11.57 16.50£3.48
X/HIF 0.70° 44.54° 88.76° 27.10° 6.36°
P 0.95 <0.001 <0.001 <0.001 <0.001

Cla:fE;b: HIE; c: Fl&E,

x®2 KEMSH., SEMEEMX 8~12 % F18) LE R,
FRAHMRIHBEE (M (Ps, Pys)]
Table 2 Urinary iodine, fluorine, and arsenic levels of school-
age children at 8-12 years old from areas with high iodine, high
fluorine, and high arsenic in drinking water [M(Ps, P7s)]

FORER o (gl R/ (gl FREH/ (mgl”)
A/%E ()

8~ 30 674.60 (493.45, 902.30) 1.76 (1.40, 2.18) 0.11 (0.08, 0.17)
9~ 24  551.05 (383.70, 851.95)  1.50 (0.92, 2.06) 0.08 (0.05, 0.14)
10~ 34 540.40 (344.50, 946.25) 1.49 (1.26, 2.34) 0.09 (0.07, 0.14)
g 42 462.85 (206.05, 628.48) 1.75 (1.07, 2.45) 0.08 (0.04, 0.14)
12~ 78  553.50 (346.15, 1016.10) 2.06 (1.51, 2.98) 0.13 (0.08, 0.20)
43t 208 541.85 (339.60, 857.53) 1.82 (1.37, 2.41) 0.11 (0.07, 0.17)
H 9.11 10.97 11.12

P 0.06 0.03 0.03

2.3 FREREh AR TR HIE

BB MR8 M. LT BIFE SR 3 Feh FRIK R Beb
KEIAE 5159 19 I ofFIFN 35, ERIRARAP KB9HE
H 7 10.58%. FREIFEAF ) LEF KRR AR
HE, ZRTHITFERN (¥=8.42, P=0.06) , T3 3,
2.4 FIRERBR KRR R

ZAE logistic[AADITERETR, BMIBERZE
FURBRBD K& £ R ] 2B A2, ORENRE 95%C1
1.17 (1.03~1.33) ; RASESEFREM KL EN
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AR EZE, ORBERE 95%C1 7 2.67 (1.72~4.14)
3= 40

R3 KEMSHA SEMSHHX 8~12 $FR) L8
ERBRBh R BVIE HIER
Table 3 Positive rates of goiter of school-age children at 8-12
years old from areas with high iodine, high fluorine, and high
arsenic in drinking water

ERE) RS Gi=4c BAE Aait

4 ) g R Bl RERE% Bl REE/%
8~ 30 4 13.33 0 0.00 4 13.33
9~ 24 2 8.33 0 0.00 2 8.33
10~ 34 4 11.76 1 2.94 5 14.70
11~ 42 7 16.67 1 2.38 8 19.05
12~ 78 2 2.56 1 1.28 3 3.84
&it 208 19 9.13 3 1.44 22 10.58
X 8.79 1.97 8.42
P 0.04 0.91 0.06

x4 8~12 FFIR) L EFRERMAZME RN ZE R logistic
B35
Table 4 Multinomial logistic regression analysis of goiter in
school-age children at 8-12 years old from areas with high iodine,
high fluorine, and high arsenic in drinking water

Y= b S, Wald x° P OR (95%CI)
431 0.02 0.50 0.01 0.96 1.02 (0.39~2.71)
FEiE -0.30 0.16 3.62 0.06 0.74 (0.54~1.01)
BMI 0.16 0.06 5.99 0.01 1.17 (1.03~1.33)
R& 0.98 0.22 19.23 <0.001 2.67 (1.72~4.14)
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