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Abstract

Weinan region is a typical water-drinking endemic fluorosis area in China. However, during
the investigation of fluorosis in Weinan, we found that there were specific areas with low or
even no prevalence of fluorosis under high-fluoride drinking water conditions. These areas
were defined as “Safe Islands”. The present study investigated the prevalence of dental
fluorosis among 8- to 12-year-old children and the drinking water fluoride content in all
townships in Weinan region, and 18 Safe Island areas were selected as the research objects. In

total, 5 typical townships with high dental fluorosis prevalence were selected as the control
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group, and the effects of 23 soil chemical elements on differences in the condition prevalence
were analyzed. Statistical analysis was performed using correlation analysis, the Standard
Coefficient Method and the Rank Sum Test. The results showed that phosphorus (P), copper
(Cu), zinc (Zn) and lead (Pb) had significant effects on the dental fluorosis prevalence in
children, and the contribution values of the four soil elements were 1.212, -4.267, 3.102 and
1.733, respectively. The results of the Rank Sum Test revealed that the contents of P and Cu in
the soil were significantly different between the two groups, suggesting that these two
elements probably caused abnormal fluorosis prevalence and affected the formation of a Safe

Island in the Weinan fluorosis area.

Keywords: Fluorosis in children - cultivated soil - Safe Island - Soil chemical

elements- Impacts - Weinan fluorosis area

Introduction

Endemic fluorosis is a kind of geochemical disease caused by excessive amount of fluoride in
the environment in a certain area through drinking water, food, and air, which can results in
physiologic and pathologic changes in human body [1-2]. The main manifestations of
endemic fluorosis are dental fluorosis and skeletal fluorosis. According to its causes, endemic
fluorosis can be divided into water-drinking, tea-drinking and coal-combustion types.
Water-drinking type fluorosis is the most popular form of this condition. In China, the
standard for determining endemic fluorosis of the water-drinking type is usually a fluoride
concentration of more than 1.0 mg-L"! in drinking water (according to the World Health

Organization) and a prevalence of dental fluorosis in children that is higher than 30%.

A number of researchers have studied the relationship between the amount of fluoride intake
in the human body and the fluorosis prevalence. Although the link between the fluoride
geochemistry of water in an area and the incidence of dental and skeletal fluorosis is a
well-established geochemical relationship [3], the relationship is not a simple correlation. The
investigated of the water defluoridation in Guangdong Province found that the fluoride
content in the drinking water of the Enping, Yangchun, Luoding, Xinxing and Shixing regions
was 0.18, 0.37, 0.67, 0.10 and 0.73 mg-L"!, respectively, which met the water safety standard.
However, the corresponding dental fluorosis prevalence of the five cities was 78.80%, 58.40%,

41.82%, 36.99% and 26.10%, respectively, which was higher than 30% in most areas [4]. The
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water-drinking fluorosis in Tibet was monitored in another study, and it was observed that the
F content in the drinking water in Xiementong county was approximately 0.18-0.34 mg-L"!,
while up to 50.78% of the children were affected by dental fluorosis[5]. On the other side,
recent research has found that despite the tea fluoride content in Jimsar, Nilek, Fuyun, Haba
River, Xinyuan and Zhansu counties being very high, with an average value of 417.0 mg-kg!
(national standard value, 300 mg-kg!), the prevalence of dental fluorosis in children was as
low as 4.47%, which indicated an abnormal phenomenon of high fluoride intake and low
fluorosis prevalence [6]. An investigation in nine counties of the Ningxia Hui Autonomous
Region also showed that the prevalence of skeletal fluorosis was 38.99% in the low
environmental fluoride area, which was higher than the prevalence of 31.12% that was
reported in the areas with high fluoride drinking water [7]. The abovementioned researches
proved that a relationship did not necessarily exist between environmental fluoride content
and fluorosis prevalence in the population of an area. A lower fluorosis prevalence may occur
in a high fluoride environment, or vice versa. The above situation also occurred in Weinan
region. Weinan is a typical water-drinking fluorosis area with a wide distribution of
high-fluoride groundwater and high prevalence of dental fluorosis in children. However,
during a previous investigation in this region, it was found that the prevalence of dental
fluorosis in children in some villages and towns remained low (prevalence rate of <30%)
under a long-term consumption of high-fluoride water (with a fluoride concentration of >1.0
mg-L"). We think this phenomenon indicates that besides the fluoride content of drinking
water, the prevalence of fluorosis in Weinan has other influencing factors. Until now, however,
few studies have noticed this problem or examined the causes of the abnormal relationship
between fluoride intake and fluorosis in humans. Even today, a lot of local residents in
Weinan fluorosis area think that the excessive fluoride content in their drinking water is the
only predictive factor for fluorosis. Some studies in the coal-combustion fluorosis areas in
Southwest China have found that chemical elements in the soil have a certain influence on the
prevalence of fluorosis. Previous research in Chongqing reported that the prevalence of dental
fluorosis in children is related to the contents of cadmium (Cd), copper (Cu), zinc (Zn) and
selenium (Se) in surface soil, and a weak positive correlation was detected between the soil
nickel(Ni)/mercury(Hg) content and the dental fluorosis [8-9]. A study on the
fluorosis-affected rural area within the Three Gorges Dam region in China also revealed that
the high Cd levels in rocks and soils may increase health risks to an epidemiological level,
irrespective of fluoride levels [10]. These studies suggested that soil element could have

significant effects on endemic fluorosis; however, related studies in Weinan fluorosis area
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have not been reported to date.

Humans are an integral part of the natural environment, and their growth, development and
reproduction are restricted by environmental factors. The imbalance of various factors in
nature can induce endemic diseases, and the effects of geochemical elements are particularly
prominent [11]. Endemic fluorosis is a typical biogeochemical disease caused by locally
different geochemical conditions [12]. Therefore, both hydrology and soil in the environment
may have important impacts on the prevalence of endemic fluorosis, especially in the
agricultural planting areas such Weinan. Even today, most local citizen in Weinan fluorosis
area think that the excessive F content in their drinking water is the only influence factor for
fluorosis. The present study examines the influence of trace elements in cultivated soil on the
human body, and their potential effect in selected typical villages and townships drinking high
fluoride water and low dental fluorosis prevalence (defined as Safe Islands) in Weinan. The
Standard Coefficient Method and Rank Sum Test were used to analyze whether the content of
trace elements in the cultivated soil affected the formation of Safe Islands in Weinan fluorosis
areas, so as to provide a reference for the future prevention and treatment of fluorosis in this

area.
Materials and methods
Study area

Regional overview

Weinan is located in the eastern part of the Weihe Plain in the Guanzhong region of Shaanxi
Province (34°13'—35°52'N, 108°50'—110°38'E), belonging to the arid area of Northwest
China (Figure 1). This area has a warm temperature, semi-humid and semi-arid monsoon
climate, with four distinct seasons and a rain-heat corresponding period. The average
temperature in Weinan is ~11.5-13.6°C, the frost-free period lasts ~199-224 days, the annual
sunshine duration is ~2009-2528.1 hours, and the annual precipitation is ~508-608 mm [13].
Weinan has rich soil resources and many kinds of crops can be planted in the region; the
cultivated area is 5.46x10° hm? accounting for 96% of the whole region, and the land
carrying capacity is high. There are three main rivers in Weinan, namely the Luohe River,
Weihe River and Yellow River, and the total amount of water resources is about 2.0x10°m?.
Due to these natural conditions, Weinan is a key agricultural production area and one of the
five major commodity grain bases in China, and the diet of people in Weinan is mainly

provided locally.
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Fig.1 Location of the study area
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Table 1 The fluoride content in drinking water and children’s dental fluorosis prevalence of samples

Fluoride Fluoride
content Sampl content in Prevalen
Sampl  Sample Prevalen Sample drink ce
. in drinki rinking
elD sites in drinking ce (%) sites
water ID water (%)
(mg-L) (mg'LY)
‘ Chenggua
1-1 Anli 1.46 0.00 1-13 1.28 14.18
n
1-2 Luojiawa 1.20 0.00 1-14 Gaoming 1.2 14.55
Zhuangt Shuangqu
1-3 1.18 0.00 1-15 1.29 17.19
ou an
1-4 Shicao 1.67 2.79 1-16 Zhangjia 2.29 18.00
1-5 Duanjia 1.38 5.19 1-17 Daoxian 1.4 21.25
1-6 Buchang 1.46 5.73 1-18 Anren 1.4 21.56
Zhangqia
1-7 1.40 7.05 2-1 Zhaoyi 2.46 34.54
0
1-8 Qiangbai 1.52 9.87 2-2 Boshi 1.54 36.34
1-9 Jiaoxie 1.68 10.00  2-3 Yongfeng 1.44 36.75
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1-10 Fanjia 1.20 1325 24 Xiazhai 3.12 40.19
1-11 Liangyi 1.25 13.50  2-5 Xiangcun 1.15 51.22

1-12 Liuji 1.40 14.08

Prevalence of dental fluorosis in Weinan

Weinan is a typical water-drinking fluorosis area in China, and groundwater is the main
drinking water source. According to survey data of Weinan government from 1981, the excess
rate of fluoride content in drinking water in this area was as high as 50.6%. Since the end of
the 1980s, Weinan has begun to improve its drinking water quality, and 95.5% of the villages
received the water renovation project. However, the major method of improving the drinking
water quality is changing to a lower-fluoride groundwater source: After groundwater
exploration and water quality assessment, the government selected groundwater with better
quality and lower fluoride as the drinking water source, and directly supplied this water to
residents. Due to the wide distribution of high-fluoride groundwater in the area and the lack of
a process for fluoride removal from the water, the current fluoride content of drinking water is
still in poor condition at this region. According to survey data from 2015, the fluoride content
in drinking water of the entire fluorosis area is ~0.36-6.06 mg-L"!, and there are 613 villages
with fluoride content above the standard in drinking water. Taking township as the unit to
carry on the statistics, a total of 64 out of the 92 townships surveyed in the whole area was

found to have excessive fluoride content in their drinking water.

According to survey data of the Weinan Health and Epidemic Prevention Station collected
during 2015-2016, the fluorosis area in Weinan region currently involves 8 counties, 92
townships and 804 villages, and the threatened population (population of the fluorosis area) is
1.771 million. There are 215,631 patients with dental fluorosis, of which 16,605 are children
aged ~8-12 years, accounting for 31.9% of all children. Therefore, these data suggest that the

situation of fluorosis in Weinan is serious.
Research data acquisition
Sampling and basic data

With the support from the Leading Group for Endemic Disease Prevention, the fluoride
content in drinking water and the prevalence of dental fluorosis in children were investigated
in each town of Weinan. The fluoride selective electrode method was adopted for the
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determination of fluoride content in drinking water (GB5750-85); the dental fluorosis in

children was diagnosed by technology professionals according to Dean’s Index.

The investigation data of Weinan were screened on the conditions that the drinking water
fluoride is more than 1.0 mg-L"!' and the dental fluorosis prevalence in children is less than
30%. It was found that 15.6% of the villages and townships were characterized as Safe Islands
(high-fluoride drinking water and low dental fluorosis prevalence). Among these townships,
18 were selected randomly as the research objects, namely the Safe Island group (group 1).
Additionally, 5 townships with similar drinking water conditions, but with high dental
fluorosis prevalence, were selected as the control group (group 2). The fluoride content in
drinking water and the prevalence of dental fluorosis in children in all samples in groups 1

and 2 are shown in Table 1.

Fig.2 Fluorosis area in Weinan and sampling locations of the two groups
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Soil sample collection and experimental detection

Grid Method with multi-point hybrid sampling was used in all the selected towns to collect
soil samples in each township according to the 5x5 km specification. One composite soil
sample (approximately 1.0 kg) was created from four soil cores collected from each grid. The
sampling depth of the soil was approximately 0-20 cm. All sampling sites were of cultivated

soil that was away from traffic roads.

After indoor air-drying, the soil samples were sieved through a 2-mm polyethylene sieve to
remove animal and plant residues, and other substances. Next, 100 g soil of each sample was

taken according to the quadruple method, and was grinded to ensure that the soil can pass
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through the 200 mesh polyethylene sieve. To measure the concentration of the chemical
elements, the prepared soil samples were processed using the microwave digestion method. A
mass of 0.1 g of soil sample was placed into the polytetrafluoroethylene digestion tank, and
then 4.5 mL HNO3 (68%, v/v), 4.5 mL HF (38%, v/v) and 1.5 mL HCI (38%, v/v) were added.
Subsequently, the substances were mixed evenly, and the polytetrafluoroethylene digestion
tanks were placed into the microwave digestion instrument (Anton Paar Multiwave GO),
followed by digestion at 180°C and 80% standard atmosphere pressure for 90 mins. After
digestion, 1.0 mL HCI1O4 (~70-72%, v/v) was added to the soil digestion solution, and then the
solution was heated for 6 hours (120°C) in the acid-driving device until it evaporated to 1.0
mL. Finally, the soil solution was diluted to 10 ml by adding pure water and filtered using a
0.22-um filter head. All chemicals were purchased from commercial sources, and were of

analytical grade purity.

Standard solutions were prepared for the elements, including aluminum (Al), silicon (Si),
potassium (K), calcium (Ca), iron (Fe), phosphorus (P), titanium (Ti), vanadium (V),
chromium (Cr), manganese (Mn), cobalt (Co), nickel (Ni), copper (Cu), zinc (Zn), gallium
(Ga), arsenic (As), rubidium (Rb), strontium (Sr), yttrium (Y), zirconium (Zr), niobium (Nb),
barium (Ba) and lead (Pb), and the concentration of each element in the soil samples was
analyzed using an Inductive Coupled Plasma-Optical Emission Spectrometer (ICP-OES;
SHIMADZU ICPE-9000). The analytical accuracy, controlled by duplicates and blanks, was
better than 10%.

Statistical analysis
Rank Sum Test

The Rank Sum Test can be used to analyze whether the difference of a certain factor between
different sample sets is statistically significant, so as to further determine whether this factor
dominates the sample set difference. In this study, the application of rank sum test has two
aspects: on the one hand, to judge the difference of fluoride content and prevalence in
drinking water between the study group and the control group; on the other hand, to judge the
difference of soil chemical elements content between the study group and the control group.
The Mann-Whitney U Test, a type of Rank Sum Test, has no requirements for data normal
distribution, homogeneity of variance, etc., and was thus suitable for the present study. Taking
the fluorine content in drinking water as an example, first of all, combine all the data of the

two sample sets and perform descending order. Next, the number of the times the first set of
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observations is greater than the second set is calculated and marked as Ui, and then the
number of the times the second set of observations is greater than the first set is calculated and
marked as U. Mann-Whitney U statistics are then constructed using U; and U, and the
significance probability is obtained according to the distribution function table, and compared
with the significance level a to determine whether to reject the null hypothesis or not. The

calculation process of Mann-Whitney U Test was performed by SPSS22.0 software.
Standard Coefficient Method

There are many variables involved in this study. Standard coefficient method can eliminate
the influence of dimensions among different variables and accurately measure the impact of
variables on children's fluorosis. Before using the Standard Coefficient Method to analyze
data, mean standardization of each variable was performed to eliminate the influence of the

dimension, as follows:
ZXL]:XU/XI’ ZYl:Yl/Y (1)

Where X;; is the content of each chemical element in the soil, Y; is the prevalence of dental
fluorosis in children of each sample site, and ZX;; and ZY; are the standardized values of X;;

and Y, respectively.

After the standardization of the variables, the mean value of each variable was 1, thus
eliminating the impact of different weights or units in the subsequent analysis, making the

variables comparable.

Subsequently, the multivariate linear regression model was used to analyze the relationship

between soil elements and the prevalence of dental fluorosis in children, as follows:
7Y =mX; +myX, + - +mX; + b )

Where, ZY is the regression value of dental fluorosis prevalence in children, X; is the
content of the soil element, and m; is the regression coefficient of X;. According to the
regression coefficient, the importance of each soil element on the fluorosis prevalence can be
judged preliminarily. Since the standard error of each m; is different, the regression
coefficient must be greater than its corresponding standard error in order to be statistically
significant. Based on the regression coefficient and its corresponding standard error, the

contribution of each soil element to the fluorosis prevalence can be calculated as follows:

W; =SX;m;/o; 3)
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Where W, is the contribution value, and SX; is the effect of the soil element on the fluorosis
prevalence. If the prevalence is positively related to an element, SX; = 1; otherwise, SX; =—
1. When |W;| > 1, the corresponding chemical element has a significant regression on the
prevalence of dental fluorosis in children. A greater |W;| indicated a greater the contribution

of the corresponding chemical element to the prevalence.
Results
Examination of significant differences between samples

Rank Sum Test was used to test the difference in the fluoride content in drinking water and
the difference in the dental fluorosis prevalence in children between groups 1 and 2.
According to the results shown in Table 2, the P value of fluoride content between the two
groups was 0.178, which was greater than 0.05, indicating that there was no significant
difference in the fluoride content in drinking water between the two groups. However, the P
value of the prevalence between the two groups was 0.001, which was less than 0.05, showing
that the dental fluorosis prevalence in children was significantly different between the two
groups. The aforementioned results suggested that the difference in the dental fluorosis
prevalence in children between group 1 (Safe Island) and group 2 (control) was not caused by
the difference in the fluoride content in drinking water. Therefore, the undifferentiated water
fluoride content and the significantly different dental fluorosis prevalence between the two
groups allows for studying the effects of other factors on the dental fluorosis prevalence in

children.

Table 2 Rank Sum Test results of fluoride content in drinking water and children’s dental

fluorosis prevalence between group 1 and group 2

Mann-Whitney U-test

Sum of Ranks
Sample Control (group Mann-Whitney P
(groupl) 2) U
(N=18) (N=5)

Fluoride content
R 198 78 27.000 -1.347  0.178
in drinking water
Dental fluorosis 171 105 0.000 3357+ 0.001
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prevalence *

** Mann-Whitney U test, sig<0.01, very significantly different Detection results of soil

element content

Through the ICP-OEC detection, the content of each chemical element in the soil was
obtained. SPSS22.0 was used to analyze the detection data, including the variation range,
mean value, standard deviation and coefficient of variation (Table 3). The coefficient of
variation reflects the degree of dispersion of data, eliminating the effect of different
dimensions or mean values on the comparison of two or more variables. Generally, the

coefficient of variation (=15%) is used as the criterion for judging the degree of dispersion.

As seen in Table 3, the mean values of Al, Si, K, Fe, V, Cr, Mn, Co, Ni, Cu, Ga, As, Rb and

Ba in group 1 are higher than those of group 2, whereas the mean values of Ca, P, Ti, Zn, Sr, Y,

Zr, Nb and Pb in group 1 are lower than those of group 2. Except for P, Cr and Ni in group 1,
and Ca, P and Zr in group 2, the variation coefficients of the other elements are all less than
15%, indicating that the dispersion of most elements in the same group is very small,
indicating that there is no significant difference in each element content between the sample

sites of one same group.
Table 3 Concentrations of elements in soil for descriptive statistics

(unit in mg-kg! except where indicated)

group 1 (N=18) group 2 (N=3)
Std. Std. CV®
(\'A
min max mean  Deviatio %) min max mean  Deviatio (%)
0
n n

Al*  5.89 6.74 6.49 0.192 2.96 6.06 6.50 6.38 0.181 2.84
Si* 2493  28.86 2647 0.927 3.50 25.01 28.53 26.38 1.365 5.17
K® 1.81 2.04 1.95 0.066 3.38 1.86 1.93 1.90 0.035 1.84
Ca® 3.46 6.16 4.76 0.670 14.0 3.27 5.79 4.82 1.009 20.9

8 3
Fe*  2.79 3.57 3.35 0.177 5.28 2.99 3.43 3.29 0.176 5.35
P 629.73 1489. 1021.8 230.968 1226 1246.0 1703.0 13427 201.567 150
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Ti

Cr

Co

Ni

Cu

/n

Ga

Rb

Sr

Zr

Nb

Ba

3633.6

68.56

63.68

471.30

9.11

26.72

20.52

59.36

14.06

9.13

88.32

189.69

22.71

219.63

12.47

440.49

79

3955.
91

87.76

142.7

674.2

13.66

50.07

24.58

70.05

16.11

12.95

100.8

239.8

26.86

312.5

14.99

500.5

2

3748.4
8

80.66

72.40

602.77

12.07

29.60

22.41

63.84

15.25

11.81

95.55

215.62

25.19

259.70

14.22

463.64

139.397

4.264

17.664

44.885

1.288

5.246

1.376

3.365

0.508

0.886

3.251

19.895

0.949

25.078

0.521

13.521

3.72

5.29

24.4

7.45

10.6

17.7

6.14

5.27

3.33

7.50

3.40

9.23

3.77

9.66

3.66

292

170

3691.4

73.72

66.57

556.63

10.23

24.14

18.74

60.19

14.54

9.31

90.18

211.93

24.87

245.27

13.82

430.19

5

3820.6
3

81.76

67.93

601.23

13.28

26.79

22.11

77.71

15.06

13.05

94.49

225.09

25.92

362.39

14.76

455.83

8

3761.7
5

79.10

67.46

589.35

12.05

27.06

20.01

68.43

14.84

11.37

93.28

216.34

25.77

282.84

14.32

445.87

57.305

3.214

0.518

18.643

1.654

1.915

1.271

8.613

0.189

1.453

1.795

5.503

0.807

51.200

0.440

10.683

1.52

4.06

0.77

3.16

13.7

7.08

6.35

12.5

1.27

12.7

1.92

2.54

3.13

18.1

3.07

2.40



Pb

20.00 26.55 23.14 0.651 2.81 22.81 24.29 23.51 0.559

2.38

a: Unit is g'kg!

b: Coefficient of variation

Effects of soil elements on dental fluorosis prevalence
Correlation analysis

In order to preliminarily reveal the relationships between soil element and the dental fluorosis
prevalence in children, correlation analysis was first carried out, and the results are shown in
Table 4. P value is the significance test index, and r value is the correlation coefficient. When
the P value was <0.05, the correlation was considered as statistically significant (marked with
an asterisk, *), and when the P value was <0.01, the correlation was considered as highly
significant (marked with two asterisks, **) [14]. The correlation analysis results revealed that
P, Cu, Zn, Y and Pb were significantly correlated with the dental fluorosis prevalence in
children, and the correlation coefficients were 0.545, -0.438, 0.494, 0.432 and 0.474,
respectively. The elements P, Zn, Y and Pb were positively correlated with the prevalence,
suggesting that an increase in the content of these soil elements may cause an increase in the
dental fluorosis prevalence. By contrast, Cu was negatively correlated with the prevalence,
suggesting that an increase of Cu content in the soil would result in a downward trend in the
dental fluorosis in children. The changing trend in fluorosis prevalence with respect to the soil

element content can be seen in Figure 3.

Table 4 Correlation between the prevalence of children’s dental fluorosis and 23 elements in soil

r value P rvalue P value rvalue P value
value
Al 0.001  0.996 Cr -0.122 0.579 Rb  0.077 0.728
Si 0.136  0.536 Mn  0.151 0.492 Sr  -0.170 0.439
K 0.060  0.785 Co -0.115 0.602 Y 0.432% 0.039
Ca -0.219 0.315 Ni  -0.210 0.336 Zr  0.137 0.533

Fe 0.083  0.706 Cu -0.438* 0.036 Nb  0.094 0.669

P 0.545*  0.007 Zn  0.494* 0.017 Ba -0.190 0.384
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Ti 0366  0.086 Ga -0.074 0.738 Pb  0.474* 0.022

A% -0.050  0.821 As  -0.161 0.462

*Correlation analysis, 0.05<P<0.01, significant correlation

** Correlation analysis, P<0.01, very significant correlation

Fig.3 Trend of dental fluorosis prevalence in children with respect to the content of P, Cu, Zn, Y and

Pb in the soil
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Standard coefficient method

Since the soil elements that were significantly related to the prevalence of dental fluorosis in
children were determined by correlation analysis, the prevalence was taken as a dependent
variable, and the five soil elements, including P, Cu, Zn, Y and Pb, were considered as the
independent variables. The data were standardized, and a multiple linear regression model

between dependent and independent variables was built, as follows:
y=—2.711+ 0.681x; — 6.717x, + 4.390x3 + 1.889x, + 3.167 x5

(F=10.146, P=0.000, R?=0.675)
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Where § is the regression value of the dental fluorosis prevalence in children, while
X1, X2, X3, X4 and x5 indicate the content of P, Cu, Zn, Y and Pb in the soil of Weinan,
respectively. According to the results of regression analysis, the regression coefficients of the
five elements were g, = 0.562, 0, = 1.574,03 = 1.415, 04 =3.090 and o5 = 1.827,

respectively.

Since the correlation analysis results showed that the prevalence is positively correlated with P,
Zn, Y and Pb, and negatively correlated with Cu, the SX; of P, Zn, Y and Pb is 1, while that of
Cu is -1. Next, the contribution of the five soil elements on dental fluorosis prevalence in

children was calculated based on Eq. (6), as follows:
P: Wy =0.681/0.562 = 1.212 > 1
Cu: |W,| = |- 6.717/1.574| = 4.267 > 1
In: |W3| =4.390/1.415=3.102 > 1
Y: |W,4| =1.889/3.090 =0.611 <1
Pb: |Ws| =3.167/1.827 = 1.733 > 1

The |W| value of P, Cu, Zn and Pb was greater than 1, suggesting that these four soil
elements have a meaningful regression on the prevalence of dental fluorosis in children. By
contrast, the |W| of Y was less than 1, indicating that the regression coefficient of Y is less
than its corresponding standard error and thus the effect of Y on the prevalence is not

significant.

According to the abovementioned analysis, it is determined that four elements in the soil,
including P, Cu, Zn and Pb, have significant effects on the prevalence of dental fluorosis in
children. P, Zn and Pb have a positive effect on fluorosis prevalence, while Cu has a negative
effect on the prevalence. Of all the soil elements studied, Cu contributes the most to the
prevalence of dental fluorosis and its contribution is -4.267, followed by Zn (3.102), Pb
(1.733) and P (1.212).

Dominant factors in the formation of the Safe Island in Weinan fluorosis area

After determining that the soil elements P, Cu, Zn and Pb are influencing factors of the dental
fluorosis in children, the content of these elements in group 1 and group 2 were compared and
analyzed to determine whether these elements dominated the difference in prevalence and the
formation of the Safe Island. The Rank Sum Test was carried out for P, Cu, Zn and Pb content

in the two groups, and the results are shown in Table 5. The P values of P and Cu were 0.014
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and 0.006, which is less than 0.05, indicating that both P and Cu were significantly different
between the two groups; however, the P value of Zn and Pb was 0.412 and 0.766, which is

greater than 0.05, indicating that there was no significant difference between the groups.

Content distributions of these four elements in the two groups are shown in Figure 4. As
shown in the figure, the content of P in the soil of the Safe Island (group 1) is lower than that
of the control group (group 2), while the opposite effect is observed for Cu. Correlation
analysis demonstrated that P in the soil was positively correlated with the prevalence of
dental fluorosis in children (r=0.545), suggesting that higher P content in the soil could
aggravate fluorosis in children; while Cu in the soil was negatively correlated with the
prevalence (r=-0.438), a higher Cu content could inhibit children’s fluorosis and reduce the

prevalence.

Combined with the results of the Rank Sum Test, we believe that a higher Cu content and a
lower P content in the soil can help reduce the prevalence of dental fluorosis in children, thus

promoting the formation of a Safe Island in Weinan fluorosis area.

Table 5 Rank Sum Test results of P, Cu, Zn and Pb in soil between group 1 and group 2

Mean Value
Sum of Ranks Mean Rank
(mg.kg™) Mann-Whitne »
yU
group group group
groupl groupl groupl 5
1021.8 1342.7 0.01
P 183 93 10.17 18.60 12.000 -2.460*
2 8 4
-2.759*  0.00
Cu 2241 20.01 253 23 14.06 4.60 8.000 . .
0.41
Zn  63.84 68.43 205 71 11.39 14.20 34.000 -0.820 5
0.76
Pb 23.14 23.51 212 64 11.78 12.80 41.000 -0.298 .

* Mann-Whitney U test, 0.01<sig<0.05, significantly different

** Mann-Whitney U test, sig<0.01, very significantly different
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Fig.4 Content distributions of P, Cu, Zn and Pb in the soil in the two groups

1750.00 . 00
24,00 % 26.00
1500.00 = %
\
e | 7000+ %
—— —_ |22004 % 24,00
65.00 k\“
M 20,00+ % 22,00+
60.00
750,00
13,00 55.00 20,004
| I I | ] | I |
Pl P2 Cul  Cu2 Znl  Znd Pbl  Pb2
Discussion

The significant difference in the content of P and Cu in the soil between the Safe Island and
the control group suggests that the two elements contribute greatly to the formation of a Safe
Island, while the contribution of Zn and Pb was excluded due to the negligible difference.
However, it is undeniable that these four soil elements are all factors that need to be

considered when studying fluorosis.

The pathological changes of fluorosis on the human body are complex and diverse, and the
pathogenesis has not been fully elucidated. Some scholars have studied the formation
mechanism of dental fluorosis at the molecular level, And experimental studies have shown
that high concentrations of fluoride can inhibit the expression of bone morphogenetic protein
(BMP), transforming growth factor-B (TGF-B) and fibroblast growth factor (FGF) in
ameloblasts and osteoblasts, ultimately leading to the formation of dental fluorosis and even
skeletal fluorosis [17-19]. Besides, due to the high electronegativity of fluoride, it is easily
attracted by positively charged calcium ions in teeth and bones; therefore, excessive fluoride
intake can lead to pathological changes in teeth and bones [20]. There are many influencing

factors and pathways of chronic toxic effects of fluoride on the human body.
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The present study found that the content of Cu in the soil has the greatest effect on the
prevalence of dental fluorosis in children (contribution value = -4.267). Cu is an important
trace element, and its content in human body is only inferior to that of Fe and Zn.
Krishnamachari conducted a survey between 1973 and 1985, and found that Cu deficiency
can cause osteoporosis and knee valgus, and pointed out that no fluorosis was observed in the
high-fluoride drinking water area of Punjab, India, probably due to the high Cu intake in this
region [21]. In China, the relationships between endemic fluorosis and chemical elements in
the environment were investigated by Chen and his group, revealing that Cu content in food
and vegetables in endemic fluorosis areas was significantly lower than that in normal areas
[22]. Therefore, it is believed that endemic fluorosis is closely related to trace elements, such
as Cu. Our results are consistent with the findings of the abovementioned studies,. [23]. Cu is
ubiquitous in food, which is mainly consumed through diet in human body, and the Cu
content in soil of farming areas greatly influences the Cu intake of local residents. The effect
of Cu on bone development is through the influence of Cu-containing cell oxidase on the
maturation of bone collagen and elastin, regulating bone mineralization. An adequate Cu
content can increase the resorption rate of bones, whereas the lack of Cu can lead to cartilage
and bone tissue development disorders. Fluoride can inhibit some proteinaceous substances
that contribute to osteogenesis, while the physiological function of Cu makes it possible to

antagonize the toxicity of fluoride [24].

The contribution of Zn in the soil to the prevalence of dental fluorosis in children in Weinan
was found to be 3.102. Zn is the component of more than 200 enzymes, such as superoxide
dismutase, and the activator of many enzymes that are critical in the antioxidant process.
Since oxidative stress is considered to be one of the causative factors of fluorosis [25-26], it is
believe that Zn deficiency may weaken the antioxidant process of the human body, leading to
abnormal bone growth and development, and having ill effects on people in the fluorosis area
[27]. But studies on the effects of Zn on fluorosis have been increasing; however, the
conclusions of such studies are not consistent. The relationship between Zn and coal-burning
endemic fluorosis in Chongqing has been studied, and Zn was found to be generally deficient
in patients with fluorosis, suggesting that Zn deficiency might cause or aggravate fluorosis
[28]. By contrast, an investigation on the tea-drinking fluorosis in Qinghai Province showed
that the levels of Zn in the serum of individuals with different degrees of skeletal fluorosis
were similar to those of normal individuals, indicating that Zn had no significant effect on

fluorosis [29]. However, Xiong conducted a survey on drinking water quality and dietary
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nutrient intake in children with dental fluorosis in many provinces in China, and his research
showed that dietary Zn was a risk factor for the dental fluorosis, suggesting that increased Zn
intake will aggravate the severity of dental fluorosis in children [30]. Based on the
aforementioned studies, we believe that it cannot be concluded whether Zn and fluoride have
an antagonistic or synergistic relationship in the human body so far. The effect of Zn on
fluorosis may vary in different areas, or there may be a certain threshold for the effect of Zn
on fluorosis, which needs further research. Besides, an interesting fact was revealed in the
process of literature review: Zn is medically considered as the main factor that promotes brain
development, and medical statistics demonstrate that children with higher Zn content in the
body usually have higher IQ tests and reaction capacity compared with children with lower
Zn content. However, the former children generally have a short height and a low Cu content,
while the latter are generally taller and have a higher Cu content. This phenomenon probably
indicates that Zn contributes to brain development but inhibits bone growth, whereas Cu has

the opposite effect.

The contribution of soil Pb content to the prevalence of the dental fluorosis in children in
Weinan area was found to be 1.733. With the increase in Pb content in the soil, the fluorosis in
children will be aggravated. Pb is one of the most common heavy metals that can be found in
almost all environmental media and biological systems. Adults absorb 5-15% of Pb, while
young children absorb significantly more Pb (about 30-40%) than adults due to differences in
physiology and metabolism [31]. Pb is mainly distributed in the blood, soft tissues (kidneys,
bone marrow, liver and brain) and mineral tissues after entering the body [32], which is very
similar to fluoride. The distribution of Pb in bones increases with age, from about 70% in
childhood to 95% in adulthood [33-34]. At present, there are many studies on the mechanism
of the effect of Pb on human health, which confirmed that Pb can damage human bones and
teeth, and that the action pathways of Pb are multi-faceted. Pb is considered to be an enzyme
inhibitor, and the most typical example is the inhibition of d-aminolevulinic acid dehydratase.
Gerlach’s group proved that Pb can inhibit enamel proteases (including metalloproteinases),
thereby damaging tooth enamel [35]. It has also been reported that Pb has a high affinity for
osteoprotein and can promote the release of bone calcium, thus causing damage to bones [36] .
In addition, the absorption of Pb by human body interferes with the ability of bone cells to
regulate hormones, affects the function of osteoblasts and damages the cells or
macromolecular active proteins in the skeletal system through oxidative stress [37]. Therefore,

we believe that children may be very sensitive to Pb content found in the soil and their diet.
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Furthermore, Pb may have synergistic effects with fluoride, especially in children, directly
promoting fluoride toxicity. The damage caused by Pb itself to the skeletal system may also
indirectly affect the degree of fluorosis. Several studies have surveyed the relationship
between Pb and fluorosis in endemic fluorosis areas, and verified the effect of Pb on human
fluorosis. For example, Leite et al. tested the hypothesis that co-exposure to Pb and fluoride
can alter the severity of enamel fluorosis, and found that Pb can exacerbate dental fluorosis in
rodents, while co-exposure to Pb may affect the degree of fluorosis [38]. Another study by
Jiao et al. found a weak positive correlation between Pb in the soil and the fluorosis
prevalence in Wushan County, China, indicating that Pb can promote fluorosis in the
population [39]. The results of the present study are consistent with the abovementioned
researches. As for its contribution to the formation of the Safe Island, Rank Sum Test results
showed that there was no significant difference in the soil Pb content between the Safe Island
and the control group; thus, the role of soil Pb in the formation of the Safe Island could not be
determined so far. However, it is noteworthy that the background value of soil Pb content in
Shaanxi Province is 21.40 mg-kg!, while the Pb contents in the two groups tested are both
higher than this value (Safe Island: ~20.00-26.55 mg-kg'; control group: ~23.32-24.29
mg-kg™). Therefore, whether the widespread distribution of high Pb content in the soil has an

impact on the formation of the whole fluorosis area in Weinan requires further in-depth study.

The element P is the last factor affecting the prevalence of children’s dental fluorosis in
Weinan, and its contribution value was found to be 1.212. With the increase of soil P content,
the prevalence of dental fluorosis in children was increased. Meanwhile, the significant
difference in soil P content between the Safe Island and the control group proves that P is one
of the influencing factors for the formation of Safe Island in Weinan fluorosis area. P is an
essential element of life and the second most valuable mineral nutrient in the human body.
Approximately 80-90% of the bone mineral content of the human body is composed of Ca
and P. Although P is an essential nutrient, excessive amounts may be detrimental to bones. It
has been demonstrated that a higher P intake could increase serum P levels, leading to a
decrease in free calcium levels in the serum, thus resulting in hyperparathyroidism and
increased parathyroid hormone (PTH) secretion [40]. PTH is an 84-amino-acid polypeptide
hormone that functions as a mediator of bone remodeling and as an essential regulator of
calcium homeostasis [41-42] . There are many similarities between the effects of excessive
PTH and fluorosis on the skeleton, and PTH may play an important role in the anabolic effect

of excessive fluoride on bone turnover of skeletal fluorosis [42]. Studies have shown that PTH
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increases bone resorption, dissolution and decalcification, i.e. bone loss, leading to
osteoporosis and softening, and ultimately resulting in osteoporotic skeletal fluorosis [43-44].
In addition, high P intake can cause bone calcium decline and promote bone fluoride
absorption, and the accumulation of fluoride in the skeleton will ultimately aggravate the
degree of fluorosis [42]. It is believed that the P in the soil will enter the human body through
plant absorption and human feeding, thus adversely affecting bone metabolism. Our research
results regarding the effect of P content in the soil are consistent with the above studies.
However, there is a noteworthy problem: The background value of soil P in Shaanxi Province
is 483.0 mg.kg™!, while the content of P in the soil of the Safe Island and the control group are
~629.73-1489.79 and ~1246.09-1703.05 mg-kg!, which is 2.11 times and 2.78 times of the
background content, respectively. Although the soil P content in Weinan is much higher than
the background content, the contribution of P to the prevalence of dental fluorosis in children
is only 1.212, which is lower than that of Cu, Zn and Pb. The reason behind this may be that P
in the soil is less effective, and the P supply capacity in the soil solution is limited. Zheng et al.
evaluated the soil nutrients in the main apple producing areas of Shaanxi Province and found
that the average effective P content in Weinan region was only 13.7 mg-kg™!, which was at a
low level in the whole province [45]. This may result in less P being absorbed directly from
the soil by local residents of Weinan, and thus the impact of soil P on the human body is less

obvious than that of Cu, Zn and Pb.

Conclusions

Weinan region is the most typical water-drinking fluorosis area in China. Although it has been
clear that the main pathogenic factor is drinking water with a high fluoride content, the causes
and influencing factors of the special areas with low fluorosis prevalence in Weinan deserve
attention. These special areas with low fluorosis prevalence in high fluoride drinking water
conditions were defined as “Safe Islands”. Through investigation and experiments, including
correlation analysis and the Standard Coefficient Method, it was determined that Cu in the
soil could inhibit children's dental fluorosis, while Zn, Pb and P could aggravate the degree of
the disease. The mechanism underlying the effect of these elements on fluorosis has been
relatively clear, except for that of Zn. Combined with the results of the Rank Sum Test, we
concluded that the formation of Safe Island areas was probably affected by high Cu content in
the soil. In addition, the significantly higher soil P content of in the control group areas may

further aggravate the dental fluorosis prevalence in children, and enlarged the difference in
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dental fluorosis prevalence between the control group and the Safe Island.

The present study suggests that the influencing factors of fluorosis are complex, and the
impacts of soil elements must receive further attention. The content of soil Cu in the high
prevalence area is obviously lower, which may cause Cu deficiency in children, reducing their
ability to resist the toxicity of fluoride. Furthermore, the high content of P in the soil may
cause children to consume excessive P through their diet, affecting bone metabolism and
aggravating the degree of fluorosis. In future studies, we will further determine the
relationship between elements and fluorosis by investigating the content of elements in the
serum of children, and provide effective suggestions for the prevention and treatment of

fluorosis.

Acknowledgments

This work is supported by the Key Research and Development Program of Shaanxi Provincial
Science and Technology Department (Grant NO. 2018ZDXW-SF-051). The authors gratefully
acknowledge the Endemic Disease Prevention and Control Leading Group of Weinan

Government, for cooperation in data collection.

Conflict of Interest

The authors declare that they have no conflict of interest to declare.

References

(11 Xu LY (2012) Fluorine in stratum-groundwater system. Yellow River Water Conservancy
Press, Zhengzhou.

2] Kunli Luo, Yonglin Liu and HuijieLi. 2012. Fluoride content and distribution pattern in
groundwater of eastern Yunnan and western Guizhou, China. Environ Geochem Health,
34(1):89-101. https://doi.org/10.1007/s10653-011-9393-3

31 J.P.Yadav, Suman Lata, Sudhir K. Kataria, Sunil Kumar.(2009) Fluoride distribution in

groundwater and survey of dental fluorosis among school children in the villages of the
Jhajjar District of Haryana, India. Environ Geochem Health, 31: 431-438.
https://doi.org/10.1007/s10653-008-9196-3

180



[12]

Wang JY, Chen SX, Li BL, Yu J, Xu LF, Xu HZ (2004) Epidemiological Survey and
Analysis of Effects After Water Improvement to Reduce Fluoride and Dental Fluorosis
Prevalence of Children in High Fluorosis Areas in Jiangmen, Yangjiang, Yunfu, Shaoguan
and Zhaoqing Cities. Rural Health Administration in China 24(3): 47-48.
https://doi.org/10.1080/13506120410001682569

He FZ, Guo M, Danzengsangbu, Nimachangjue, Baimayangjin (2011) Surveillance
annlysis of drinking water borne fluorosis in Tibet autonomous region in 2009. Chin J
Endemiol 30(2):194-196. https://doi.org/10.3760/cma.j.issn.1000-4955.2011.02.024

Duan YM, Wang CC, Pu D, Lin Q, Huang J, Zhang L (2018) Drinking tea type of
endemic fluorosis in Xinjiang in 2014-2016. Chin J Endemiol 37(4): 316-318.
https://doi.org/10.3760/cma.j.issn.2095-4255.2018.04.012

Yu LP, Sun J, Chen AL, Chen JJ, Yu WN (2017) Drinking water type endemic fluorosis in

monitoring data of Ningxia in 2014. Journal of Ningxia Medical University 39(3):
290-292. https://doi.org/10.16050/j/cnki.issn1674-6309.2017.03.01
Yan J, Zhong ZH, Wang YX, Yan W (2013) Changes of blood zinc content in patients

with coal-burning endemic fluorosis and its implication. Academic Journal of School
Military Medical University 34(1):58-62. https://doi.org/10.3724/SP.J.1008.2013.00058
Jiao YZ, Mou LH, Wang YX, Yan W, Zhong ZH, Li L (2012) Study on the association

between environmental chemical elements and fluorosis caused by coal-fire pollution.
Chin J Epidemio 33: 1243-1247. https://doi.org/ 10.3760/cma.j.is.254-6450.2012.12.010
Tang J, Xiao TF, Wang SJ, Lei JL, Zhang MZ, Gong Y'Y, Li HJ, Ning ZP, He LB (2009).

High cadmium concentrations in areas with endemic fluorosis: a serious hidden toxin?
Chemosphere 76(3): 300-305. https://doi.org/10.1016/j.chemosphere.2009.03.064

Wu GZ (1997) Dictionary of population science. Southwestern University of Finance and

Economics Press, Chengdu.

Gao YH, Sun DJ (2018) Study on biogeochemical diseases, ancient and new field.
Chinese  Journal of Disease  Control &  Prevention  22(2):107-108.
https://doi.org/10.16462/j.cnki.zhjbkz.2018.02.001

Niu ZY, Cao J, Li B (2009) Spatiotemporal Changes of Landform and Residential Area in
Weinan City. Bulletin  of Soil and Water Conservation 29(4):224-228.
https://doi.org/10.13961/J.CNKI.STBCTH.2009.04.046

Cen MY, Ge M, Liu YL, Wang CX, Yang SF (2016) The effect of geographical indices on

left ventricular structure in healthy Han Chinese population. Int J Biometeorol 61(2):

303-311. https://doi.org/10.1007/S00484-016-1212-1
181




[16]

[17]

[19]

(20]

(22]

(23]

(24]

Mikkola LM (2007) Genetic basis of skin appendage development. Seminars in Cell &
Developmental Biology 18(2): 225-236._https://doi.org/10.1016/j.semcdb.2007.01.007
Michon F, Tummers M, Kyyronen M, Frilander MJ, Thesleff I (2010) Tooth

morphogenesis and ameloblast differentiation are regulated by micro-RNAs.
Developmental Biology 340(2): 355-368. https://doi.org/10.1016/].ydbi0.2010.01.019
Hou TZ, Liang J, Tao H (2005) The expression of BMP-2 in ameloblast cells inhibited by

fluoride in mice incisor. Journal of Modern Stomatology 19(1):46-48.

Ji ZZ, Xia R, Mei LX (2012) Effect of short exposure to high levels of fluoride induces
the expression of BMP-2 in ameloblasts of mice molars. China Medicine and Pharmacy
02(17): 37-39.

Chang YC, Chou MY (2001) Cytotoxicity of fluoride on human pulp cell cultures in vitro.
Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology and Endodontology 91:
230-234. https://doi.org/10.1067/moe.2001.111757

Gupta SK, Khan TI, Gupta RC, Gupta AB, Gupta KC, Jain P, Gupta A (2001)

Compensatory hyperparathyroidism following high fluoride ingestion - a clinico -
biochemical correlation. Indian Pediatrics 38, 139-146.

Krishnamachari KA (1986) Skeletal fluorosis in humans: a review of recent progress in
the understanding of the disease. Prog Food Nutr Sci 10(3-4): 279-314.

Chen PZ, Yun ZJ, Li T, Gao HX, Hao JT, Qin YP (2002) Relations between endemic
fluorosis and chemical elements in environment. Chinese Journal of Public Health 18(4):
433-434.

Khandare LA, Suresh P, Uday Kumar P, Lakshmaiah N, Manjula N, Shanker Rao G
(2005) Beneficial effect of copper supplementation on deposition of fluoride in bone in
fluoride- and molybdenum-fed rabbits. Calcif Tissue Int 77: 233-238.
https://doi.org/10.1007/s00223-005-0071-2

Milne DB (1994) Asseaament of copper nutritional status. Cline Chem 40: 1479-1484.
https://doi.org/10.1016/0009-9120(94)90036-1

Varol E, Icli A, Aksoy F, Bas HA, Sutcu R, Ersoy IH, Varol S, Ozaydin M (2013)

Evaluation of total oxidative status and total antioxidant capacity in patients with endemic
fluorosis. Toxicology & Industrial Health 29(2):175-180.
https://doi.org/10.1177/0748233711428641

Izquierdovega JA, Sanchezgutiérrez M, Del Razo LM (2008) Decreased in vitro fertility
in male rats exposed to fluoride-induced oxidative stress damage and mitochondrial

transmembrane potential loss. Toxicology & Applied Pharmacology 230(3): 352-357.
182



(27]

(32]

[33]

[35]

[36]

https://doi.org/10.1016/j.taap.2008.03.008
Zhang YH, Cheng YY, Hong Y, Wang DL, Li ST (2003) Effects of zinc deficiency on

bone mineralization and its mechanism in rats. Chinese Journal of Preventive Medicine
37(2):121-124. https://doi.org/10.3760/j:issn:0253-9624.2003.02.015
Yan J, Zhong ZH, Huang Q, Wang L, Yong KW, Zhang MZ, Luo XJ, Yan W(2013)

Correlation between prevalence of dental fluorosis and soil chemical elements in endemic
fluorosis areas. Chin J Endemiol 32(3): 303-308.
https://doi.org/10.3760/cma.j.issn.2095-4255.2013.03.018

Wu JH, Li DD, Yang D, Qin M, Li BY, Liu XN, Li M, Li YY, Zhang W, Gao YH (2017)

Distribution of serum Mg, Al, Ca, Fe, Zn and Cu ions in Tibetan population in drinking
tea type fluorosis. Chin J Endemiol 36(7):502-506.
https://doi.org/10.3760/CMA.J.ISSN.2095-4255.2017.07.009

Xiong CL (2016) Study on the influencing factors of dental fluorosis in children in
drinking water fluorosis area. Dissertation, Chinese Center for Disease Control and
Prevention.

Goyer RA (1996) Results of Lead Research: Prenatal Exposure and Neurological
Consequences. Environmental =~ Health  Perspectives 104(10): 1050-1054.
https://www.]stor.org/stable/3433116

Juberg DR, Kleiman CF, Kwon SC (1997) Position paper of the American Council on
Science and Health: lead and human health. Ecotoxicol Environ Saf 38(3): 162-180.
https://doi.org/10.1006/eesa.1997.1591

Barry PSI (1975) A comparison of concentrations of lead in human tissues. British
Journal of Industrial Medicine 32(2):119-139.

Barry PSI (1981) Concentrations of Lead in the Tissues of Children. British Journal of
Industrial Medicine 38(1): 61-71. https://www.]jstor.org/stable/27723491

Gerlach, RF, de Souza AP, Cury JA, Line SR (2000) Effect of lead, cadmium and zinc on

the activity of enamel matrix proteinases in vitro. Eur J Oral Sci 108(4):327-334.
https://doi.org/10.1034/1.1600-0722.2000.108004327.x
Noor Z, Azharuddin A, Aflanie I, Kania N, Suhartonos E (2018) Interaction between lead

and bone protein to affect bone calcium level using UV-Vis spectroscopy. International
Conference on nanomaterials and biomaterials 350: 1-7.

https://doi.org/10.1088/1757-899X/350/1/012009

Liu YZ (2011) Injury Mechanism and biomarkers of lead toxicity to bone. Medical

Recapitulate 17:97-100.
183



[40]

[41]

[42]

[43]

Leite GA, Sawan RM, Teofilo JM, Porto IM, Sousa FB, Gerlach RF (2011) Exposure to
lead exacerbates dental fluorosis. Archives of Oral Biology 56(7): 695-702.
https://doi.org/10.1016/j.archoralbio.2010.12.011

Jiao YZ, Mou LH, Wang YX, Zhang MZ, Zhong ZH, Luo XJ, Yan W (2011) Ecological

study on chemical elements in soil and endemic fluorosis. Guangdong Weiliang Yaun
Kexue 18(8): 6-11. https://doi.org/10.16755/J/CNKI.ISSN.1006-446X.2011.08.018
Kemi VE, Kirkkdinen MU, Lamderg CJ (2006) High phosphorus intakes acutely and

negatively affect Ca and bone metabolism in a dose-dependent manner in healthy young
females. British Journal of Nutrition 96(3):545-552.
https://doi.org/10.1079/BIN20061838

Ilich JZ, Kerstetter JE (2000) Nutrition in bone health revisited: a story beyond calcium.
Journal of the  American  College of  Nutrition  19(6):  715-737.
https://doi.org/10.1080/07315724.2000.10718070

Koroglu BK, Ersoy IH, Koroglu M, Balkarli A, Ersoy S, Varol S, Tamer MN (2011)

Serum parathyroid hormone levels in chronic endemic fluorosis. Biological Trace
Element Research 143(1): 79-86. https://doi.org/10.1007/s12011-010-8847-2
Ren LQ, Li GS, Sun B, Guo H, Luo J (1996) Effects of different nutrients on bone

density in osteomalacia fluorosis. Chinese Journal of Control of Endemic Disease 11(3):
140-142.

Tamer MN, Kale KB, Arslan C, Akdogan M, Koroglu M, Cam H, Yildiz M (2007)
Osteosclerosis due to endemic fluorosis. Science of the Total Environment 373(1): 43-48.
https://doi.org/10.1016/j.scitotenv.2006.10.051

Zheng ZX, Wang Y, Shi L, Gong QL, Zheng W, Zhao ZY, Zhai BN (2017) Contents and

distribution of soil organic matter and nitrogen, phosphate, potassium in the main apple
production regions of Shaanxi Province. Journal of Plant Nutrition and Fertilizer 23(5):

1191-1198. https://doi.org/10.11674/ZWYF.17010

184



