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SERUM FLUORIDE AND DENTAL FLUOROSIS IN TWO VILLAGES 
IN CHINA
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SUMMARY: An epidemiological investigation was conducted to determine the
relationship between dental fluorosis and serum fluoride (measured by a
minitype fluoride ion selective electrode) in the children aged 8-13 years in the
Jiangsu Province villages of Wamiao (water fluoride: 2.45±0.80 mg/L; range:
0.57–4.50 mg/L) and Xinhuai (water fluoride: 0.36±0.15 mg/L; range: 0.18–0.76
mg/L). When divided into five groupings, higher serum fluoride levels were
significantly associated with higher prevalences of dental fluorosis and the
more severe defect dental fluorosis, which included significant dose-response
relationships between serum fluoride levels and these two degrees of dental
fluorosis (regression equations: Y = 1025.512X – 20.005, R2 = 0.830; and Y =
614.656X – 16.922, R2 = 0.920). Gender related differences in serum fluoride
levels and the prevalence of dental fluorosis were found in both village, but not
age related differences. There was also a significant positive relationship
between the levels of fluoride in drinking water and the levels of fluoride in
serum (Pearson correlation coefficient = 0.860, p<0.001). The survey findings
indicated that drinking water is the main source of fluoride intake in Wamiao and
Xinhuai, along with a significant positive dose-response relationship between
serum fluoride and dental fluorosis. 
Keywords: China; Dental fluorosis; Fluoride in serum; Fluoride in water; Jiangsu Province; 
Wamiao village; Xinhuai village.

INTRODUCTION
Serum fluoride concentration is recognized as a good indicator of fluoride

exposure and provides useful data for endemic fluorosis control and preven-
tion.1-4 Some researchers have reported a relationship between fluoride in
serum and the degree of fluorosis.5-12 However, the results of these studies, at
least in China, are not consistent. Two investigations indicated that there were
significant differences in serum fluoride levels between endemic and nonen-
demic fluorosis areas.6-7 On the other hand, Fan and co-workers7 and Li et
al12 found significant differences between serum fluoride levels in skeletal
fluorosis cases and non-skeletal fluorosis cases in an endemic fluorosis area.
Song et al6 also discovered that as the symptoms of skeletal fluorosis became
more severe serum fluoride levels increased, whereas Wang et al8 found they
did not. 
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Since the relationship between fluoride levels in serum and the prevalence
of dental fluorosis has had only limited study, the present investigation was
undertaken to examine levels of fluoride in serum and drinking water and
their relationship to the prevalence and severity of dental fluorosis.

MATERIALS AND METHODS
Two villages (Wamiao and Xinhuai), 64 km apart, near Lake Hongze, about

215 km inland from the coast and about 730 km southeast of Beijing, were
selected for study in Sihong County, Jiangsu Province, People’s Republic of
China. Wamiao village (drinking water fluoride mean and range in mg/L:
2.45±0.80, 0.57–4.50), in northeast Sihong County, about 32 km northeast of
Sihong and 40 km southwest of Huaiyin, is located in a severe endemic fluo-
rosis area, while Xinhuai village (drinking water fluoride mean and range in
mg/L. 0.36±0.15, 0.18–0.76), in the southwest part of Sihong County, about
32 km southwest of Sihong and 100 km southwest of Huaiyin, is in a nonen-
demic fluorosis area. Neither village has fluoride pollution from burning coal
or other industrial sources. None of the residents drink brick tea. 

The study was conducted between September 2002 and June 2003. All the
children, aged 8–13 years old, were investigated in both village primary
schools. A questionnaire, completed with the assistance of the parents, was
used to collect information on personal characteristics, exposure history to
fluoride, medical history, family socioeconomic status, and lifestyle. Children
who had been absent from either village for two years or longer, or who had a
history of immigration were excluded. In Wamiao 97.12% of the children
(236 out of 243) were selected, while in Xinhuai 95.08% were included (290
out of 305). Children in the two villages, considered as a whole, were divided
into five subgroups according to the levels of fluoride in their serum: <0.030
mg/L (group A), 0.030–0.059 mg/L (group B), 0.060–0.089 mg/L (group C),
0.090–0.119 mg/L (group D), ≥0.120 mg/L (group E).

Fluoride in serum was determined with a minitype fluoride ion selective
electrode and in drinking water with a standard fluoride ion selective elec-
trode.2,13 Fasting venous blood samples (2–2.5 mL) were collected and pre-
served in clean plastic centrifuge tubes, which were immediately centrifuged
for 10 min at 3000 rpm. Serum was removed to other clean plastic tubes and
kept in a refrigerator at 4ºC and subsequently analyzed within one week. The
linear ranges of the method for the serum fluoride measurements were 0.02–
0.50 mg/L, r = 0.9999, b = 57.8. The lower test limit of this method was
0.012–0.013 mg/L, and the coefficient of variation ranged from 0.99% to
4.72%.14,15 The drinking water samples, which were collected from the
household shallow wells in each child’s family, were kept in clean plastic bot-
tles and analyzed within one week. 
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A dentist and a specialist in endemic fluorosis control and prevention
examined the children for dental fluorosis with a mouth mirror, forceps, and a
probe under natural light. Dean’s classification and the Chinese “Clinical
diagnostic standard for dental fluorosis” (WS/T208-2001)16 were used for
diagnosing dental fluorosis. The six grades of Dean’s classification scale for
dental fluorosis are: none (normal enamel) (0), suspected or questionable
(0.5), very mild (1), mild (2), moderate (3), and severe (4). In the WS/T208-
2001 scheme, dental fluorosis is divided into eight grades. Grades 5 (which
has a small amount pitting on the surface of enamel) and above were consid-
ered “defect dental fluorosis.” Statistical analysis of the prevalence of dental
fluorosis was made according to the rates of DF% (DF, dental fluorosis by
Dean’s classification) and the rates of DDF% (DDF, defect dental fluorosis by
the WS/T208-2001) scheme. DDF included some "moderate" dental fluorosis
(grade 3) and all "severe" dental fluorosis (grade 4) diagnosed by Dean’s cri-
teria.             

 
The data were analyzed using SAS and Excel 2000.

RESULTS
The two villages are situated in isolated, poverty-stricken areas with low

economic development and a relative lack of communication with the outside
world resulting in poor living conditions for the majority of the residents,
especially the elderly and children. There are no significant differences
between Wamiao village and Xinhuai village in diet, medical care, socio-eco-
nomic standard, lifestyle, communication, climate, etc.

As shown in Table 1 and Table 2, significant differences were found
between Wamiao and Xinhuai in drinking water fluoride, serum fluoride in
the children, and the prevalences of dental fluorosis and defect dental fluoro-
sis.

Prevalence of dental 
fluorosis

No. of children with very mild 
dental fluorosis or higher

(DF%) = x 100
No. of children investigated

Prevalence of defect 
dental fluorosis

No. of children with defect dental fluorosis
(DDF%) = x 100

No. of children investigated
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Data from the 526 children in the two villages were combined and consid-
ered as a whole to make five subgroups as shown in Table 3, from which it
can be seen that when the serum fluoride increased, the prevalence of dental
fluorosis and defect dental fluorosis also increased. The dose-response rela-
tionship between serum fluoride in the children and the prevalence of DF and
of DDF was significant. The regression equation between serum fluoride and
DF is Y = 1025.512X – 20.005 (R2 = 0.830), and between serum fluoride and
DDF is Y = 614.656X – 16.922 (R2 = 0.920). 

In Xinhuai but not in Wamiao, a significantly higher serum fluoride level
was found in boys than in girls (t = 2.136, p = 0.033). However, the serum flu-
oride levels in both boys and girls living in Wamiao were about double of the
levels in Xinhuai. There were significant differences between boys and girls
in the prevalence of DF in both villages (p<0.05). In Wamiao the prevalence

Table 1.   Fluoride in drinking water and serum in two villages
Village No. of 

samples
F– in drinking water (mg/L) F– in serum (mg/L)

Mean ± SD Range Mean ± SD Range
Wamiao 236 2.45 ± 0.80 0.57 – 4.50 0.081 ± 0.019 0.040 – 0.160
Xinhuai 290 0.36 ± 0.15 0.18 – 0.76 0.041 ± 0.009* 0.021 – 0.094

*p<0.001, compared with Wamiao village.

Table 2.   Prevalence of DF and DDF in children aged 8 – 13 in two villages
Village No. of 

children
No. with DF No. with DDF Prevalence of 

DF (%)
Prevalence of 

DDF (%)

Wamiao 236 209 92 88.56 38.98 
Xinhuai 290 13 0 4.48* 0*

*p<0.001, compared with Wamiao village.

Table 3.   Relationship between serum fluoride and dental fluorosis
Groups No. of 

samples & 
children

F– in serum 
(mg/L)

No. with DF No. with 
DDF

Prevalence 
of DF (%)

Prevalence of 
DDF (%)

A 18 0.027 ± 0.002 0 0 0 0
B 280 0.042 ± 0.007 23 2 8.20 0.71
C 169 0.074 ± 0.008 145 60 85.80 35.50
D 47 0.100 ± 0.009 44 25 93.62 53.19
E 12 0.135 ± 0.010 12 7 100.00 58.33
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of DDF of boys was higher than that of girls, but the difference was not sig-
nificant. The details of these comparisons are shown in Tables 4 and 5. 

As shown in Tables 6 and 7, there were no significant age-dependent differ-
ences and trends in serum fluoride levels and the prevalence of either DF or
DDF in either village. However, in each age group the level of fluoride in
serum and the prevalence of DF and DDF in Wamiao were considerably
higher than in Xinhuai.

Table 4.   Prevalence of DF and DDF vs. serum fluoride by gender in Wamiao 
village

Gender No. of chil-
dren

F– in serum (mg/L)
Mean ± SD

No. with 
DF

No. with 
DDF

Prevalence 
of DF (%)

Prevalence 
of DDF (%)

Boys 130 0.0798 ± 0.0170 122 56 93.85 43.08
Girls 106 0.0818 ± 0.0217 87 36 82.08* 33.96

*p < 0.05, compared with boys.

Table 5.   Prevalence of DF and DDF vs. serum fluoride by gender in Xinhuai 
village

Gender No. of chil-
dren

F– in serum (mg/L)
Mean ± SD

No. with 
DF

No. with 
DDF

Prevalence 
of DF (%)

Prevalence 
of DDF (%)

Boys 159 0.0425 ± 0.0087 11 0 6.92 0
Girls 131 0.0402 ± 0.0092 2 0 1.53* 0

*p < 0.05, compared with boys.

Table 6.   Prevalence of DF, DDF, and fluoride in serum by age in Wamiao village
Age No. of 

children
F– in serum (mg/L)

Mean ± SD
No. with 

DF
No. with 

DDF
Prevalence of 

DF (%)
Prevalence 
of DDF (%)

8 20 0.0841 ± 0.0278 18 5 90.00 25.00
9 16 0.0739 ± 0.0131 13 4 81.25 25.00

10 19 0.0875 ± 0.0260 18 7 94.74 36.84
11 39 0.0800 ± 0.0172 35 19 89.74 48.72
12 69 0.0796 ± 0.0184 60 23 86.96 33.33
13 73 0.0809 ± 0.0172 65 34 89.04 46.58

Table 7.   Prevalence of DF, DDF, and fluoride in serum by age in Xinhuai village
Age No. of 

children
F– in serum (mg/L)

Mean ± SD
No. with 

DF
No. with 

DDF
Prevalence of 

DF (%)
Prevalence 
of DDF (%)

8 39 0.0422 ± 0.0091 1 0 2.56 0
9 46 0.0423 ± 0.0091 1 0 2.17 0

10 31 0.0410 ± 0.0087 1 0 3.23 0
11 60 0.0406 ± 0.0072 5 0 8.33 0
12 61 0.0427 ± 0.0115 4 0 6.56 0
13 53 0.0399 ± 0.0071 1 0 1.89 0
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 Figure 1. Correlation between fluoride in drinking water and serum.
(Pearson correlation =0.860, p < 0.001).

A significant positive relationship was also found between the level of flu-
oride in the drinking water and fluoride in the serum of the children. As the
fluoride level in the drinking water increased, so did the serum fluoride level
(Pearson correlation coefficient = 0.860, p<0.001). 

The regression equation between the levels of fluoride in drinking water
and serum was Y = 0.018X + 0.036 (R2 = 0.740). The results suggest that flu-
oride in drinking water is the main source of fluoride intake in Wamiao and
Xinhuai (Figure 1).

In regard to fluoride intake over time, almost every home in both Xinhuai
and Wamiao village has a shallow household well in their yard, as illustrated
in Figure 2. These wells provide water for drinking and washing for the home.
When a shallow well fails, the peasants dig another one nearby in their yard.
Since the inhabitants seldom move from their residence to another area, the
children’s exposure to fluoride in drinking water can be estimated from the
length of time the household shallow well was in use. As shown in Table 8,
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the mean exposure to fluoride in drinking water was about three years longer
in Wamaio than in Xinhai. 

DISCUSSION
Stepwise multiple regression analysis indicates that there are significant

positive relationships between the degree of endemic fluorosis and the level
of fluoride in drinking water. The regression equations between levels of fluo-
ride in the drinking water and prevalences of dental fluorosis or skeletal fluo-
rosis are Y = 24.741X – 4.604 (r = 0.729, p<0.01) and Y = 6.55X – 0.48 (r =
0.96, p<0.001), respectively. However, no correlation has been found with the
fluoride levels in grains (flour, rice, and meal) and vegetables or soil in
Jiangsu Province, China.17-18 Consequently, in this region endemic fluorosis
is caused mainly by fluoride in the drinking water. This finding is consistent
with the present study indicating that fluoride in drinking water was the main
source of fluoride intake. 

Figure 2.  A typical household shallow well.

Table 8.  Basic information about the household shallow wells in 
Xinhaui and Wamiao villages 

Village No. of children Years of use of household shallow wells
Mean ± SD Range 

Xinhuai 290 5.16 ± 3.12 1 – 16
Wamiao 236 8.27 ± 3.02 1 – 15
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In China, villages have had land reform beginning early in the 1980s. Peas-
ants have contracted land from the local government for about 30 years, with
the longest term of a valid contract being about 50 years. Hence they and their
children hardly ever move from one residential site to another one. As shown
in Table 8, the mean exposure time to fluoride in drinking water of the chil-
dren aged 8-13 was a little over eight years in Wamiao village and a little over
five years in Xinhuai village. It is likely therefore that exposure to fluoride in
drinking water occurred during permanent tooth formation and enamel matu-
ration, and thus the present findings of fluoride levels in the drinking water
and serum probably reflect the fluoride exposure of the children during
infancy and early childhood. 

As found here, there were significant dose-response relationships between
serum fluoride levels and the prevalence of dental fluorosis and defect dental
fluorosis, which are consistent with the findings of Song et al.8 Some
researchers have reported no gender related differences in serum fluoride in
healthy adults.12, 19-21 The results of the present study, however, revealed that
the mean serum fluoride level in boys 8 to 13 years of age was significantly
higher than in girls (p<0.05) in the low-fluoride village of Xinhuai, whereas it
was not in the high-fluoride village of Wamiao.

We also found significant gender related differences in the prevalence of
dental fluorosis in both villages, which are consistent with the findings of Sun
et al22 and Li et al,23 but not those of Cao et al24 and Fan et al.25 Possible rea-
sons why there were gender related differences in serum fluoride levels and
the prevalence of dental fluorosis among the children in both villages might
include a greater physical activity and total intake of drinking water by the
boys than the girls, leading to a higher level of fluoride intake by the boys
than the girls. However, the exact reasons require further study. Finally, it
should be noted that no age related differences in serum fluoride levels and
the prevalence of either DF or DDF were found in the children in either vil-
lage. 

REFERENCES
 1     Wan GM, Chen Z, Zhang L, Liou Z. Fluorine in serum or plasma. Chin J Ctrl Endem 

Dis 2000;15(2):90-2. [in Chinese] 
 2     National Department Standard of PR China. Determination for fluoride in serum – 

Ion selective electrode method (WS/T 212-2001).
 3     Kono K, Yoshida Y, Watanabe M, Orita Y, Dote T, Bessho Y. Urine, serum and hair 

monitoring of hydrofluoric acid workers. Int Arch Occup Environ Health 
1993;65:S95-8. 

 4     Kono K, Yoshida Y, Watanabe M, Tanioka Y, Orita Y, DoteT, et al. Serum fluoride as 
an indicator of occupational hydrofluoric acid exposure. Int Arch Occup Environ 
Health 1992;64:343-6. 



 36   Xiang, Liang, Chen, Wang, Zhen, Chen, Chen

Fluoride 37 (1) 2004

 5     Nohara M, Itai K, Onoda T, Tatsumi M, Tsunoda H. Relationship between serum flu-
oride ion concentration and bone mineral density. Fluoride 1997;30(1):64.

 6     Wang DS. Study on the relationship between the fluoride in drinking water and 
serum in endemic fluorosis and nonendemic fluorosis areas. Chin J Prev Med 
1986;20(5):292. [in Chinese]

 7     Fan SG, Wang T, Tang XL, Zeng LS, Wang QY, Mei QL. Relationship among the 
levels of fluoride in indoor air, in serum, and in saliva in the endemic fluorosis area 
caused by burning coal. Chin J Ctrl Endem Dis 1992;7(1):41. [in Chinese]

 8     Song CF, Huang WY, Yan BW. Study on the relationship between the biochemical 
assay of blood and the patient’s condition of skeletal fluorosis cases caused by burn-
ing coal. Chin J Endemiol 1995;14(5):291. [in Chinese]

 9     Zhou ZR, Zhao MZ, Jin Y, Zhen MJ, Li CY, Li JX. Study on the change of biochem-
ical marker in skeletal fluorosis cases after use low-fluoride drinking water. Chin J 
Ctrl Endem Dis. 1997;12(1):50. [in Chinese]

 10    Zhou ZL, Han FL, Hai XD, et al. Study on clinical effect and the mechanism of 
acceleration fluoride excretion of serpentine on skeletal fluorosis cases. Chin J 
Endemiol 1985;4(3):262. [in Chinese]

 11    Li ZH, Cheng YF. Serum fluoride assay of 719 healthy people and 50 skeletal fluo-
rosis cases and analysis of normal values of fluoride in serum in Yizhou district, 
Shanxi Province. Chin J Endemiol 1992;11(3):184. [in Chinese]

 12    Li CS, Ke XD. Ionic, nonionic, and total fluoride in human serum. Fluoride 
1990;23(4):164-70.

 13    National Standard of P. R. China. Standard examination method for drinking water 
(GB 5750-85).

 14    Ye P, Liou Y, Bian JC. Verification and application of standard method for detecting 
serum fluoride. Chin J Endemiol 2001;20(2):140-2. [in Chinese]

 15    Wan GM, Wang SZ, Xu CB, Yu GQ, Wang YW, Ye Pin, et al. Study on standard 
method for determination inorganic fluoride in serum. Chin J Ctrl Endem Dis 
2000;15(5):266-9. [in Chinese]

 16    National Department Standard of P. R. China. Clinical diagnostic standard for dental 
fluorosis (WS/T208-2001).

 17    Wang CS, Bu XH, Gu TD. Epidemiological study on endemic fluorosis in Subei 
area of Jiangsu Province. Chin J Ctrl Endem Dis. Supplement 1997;12(4-A):10-3. 
[in Chinese] 

 18    Jiang F, Wang CS, Gu TD. Multiple stepwise regression analysis on dental fluorosis, 
drinking water and other factors in Jiangsu Province. Chin J Endemiol 
1987;6(4):215-7. [in Chinese]

 19    Torra M, Rodamilans M, Corbella J. Serum and urine fluoride concentration: Rela-
tionships to age, sex and renal function in non-fluoridated population. Sci Total 
Environ 1998;220(1):81-5.

 20    Meng SJ, Liang F. Analysis on the concentration of fluoride in serum from 224 
healthy people. Chin J Public Health 2000;16(8):728. [in Chinese]

 21    Yao ZY, Li DS. Analysis on the blood serum from 1572 healthy people. Chin J 
Endemiol 1994;13(6):371. [in Chinese]



Serum fluoride and dental fluorosis in China   37

Fluoride 37 (1) 2004

 22    Cao J, Zhao Y, Liou J. Brick tea consumption as the cause of dental fluorosis among 
children from Mongol, Kazak and Yugu populations in China. Food Chem Toxicol 
1997;35:827-33.

 23    Fan YZ, Bai JL. Epdemiological study on endemic fluorosis caused by brick tea. 
Chin J Endemiol 1998;17(5):345. [in Chinese]

 24    Experts group of the Ministry of Public Health for epidemiological survey of fluoro-
sis of tea drinking type (Sun DJ, Zhao XH, Chen Z, et al). Logistic analysis the rela-
tionship between skeletal fluorosis and effected element. Chin J Ctrl Endem Dis 
2000;15(4):193-5. [in Chinese]

 25    Li J, Mao YJ, Zhou HL. Effect of high fluoride intake on children development. 
Acta Acad Med Nei Mongol 1999;21(1):1-3.

____________________________________________________________
Published by the International Society for Fluoride Research

Editorial Office: 727 Brighton Road, Ocean View, Dunedin 9051, New Zealand 


