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Abstract

Background: Both deficient and excessive intake of fluoride can lead to adverse health problems.
Objective: The aim of this study is to investigate the fluoride content in three types of drinking water in Suzhou urban area.
Method: Ion chromatography was employed to conduct the validation of analysis of fluoride ion in water and the method was
applied to analyze the concentration of fluoride in 22 drinking water samples, including tap water, purified water, and
commercially available bottled water, collected from five municipal districts of Suzhou urban area.
Results: The method was validated in the range of 0.05–2.00 mg/L with good repeatability and accuracy. Results of water
analysis indicated that fluoride content in tap water ranged from 0.267 to 0.336 mg/L (average 0.304 mg/L), and the levels of
fluoride in purified water and bottled water were 0.068–0.317 mg/L (average 0.134 mg/L) and 0–0.120 mg/L (average 0.080 mg/
L), respectively.
Conclusions: The amount of fluoride in all samples analyzed were lower than the limit set for fluoride in drinking water
according to the China standard (1.0 mg/L). Low fluoride exposure for the population in the studied area was observed, and
the replacement of tap water with purified and bottled water could further aggravate the deficiency of fluoride intake for
local residents.
Highlights: The present study is the first to characterize the fluoride content in these three types of drinking water in Suzhou
urban area by ion chromatography.

Fluoride is an indispensable micronutrient for the human body,
especially for the maintenance of teeth and bone health (1).
Fluoride enters the body through drinking water, food uptake,
and inhalation (2) and the most important route is drinking wa-
ter, with a rate of 75% (3). Lower or higher than standard level of
fluoride intake can lead to adverse health effects, including
tooth decay when exposed to fluoride in drinking water with
low concentrations of less than 0.5 mg/L (4, 5), fluorosis in long-
term use of drinking water containing fluoride when concentra-
tion is higher than 1.5 mg/L, and other health problems such
as digestive disorders, hypertension, infertility, Alzheimer’s,
thyroid disease, neurological problems, arthritis, which have
been reported in related with chronically excessive fluoride

intake (6–11). High levels of fluoride in drinking water exist in
many parts of the world, especially in some regions of South
Africa, America, India, Iran, and China (12–16). The monitoring
of fluoride content in drinking water is a key factor in prevent-
ing negative health consequences. To protect human health,
the maximum permissible limits of fluoride in drinking water
established by the World Health Organization (WHO) and the
Standardization Administration of China are 1.5 and 1.0 mg/L,
respectively (17).

Suzhou is one of the developed areas in China with surface
water as its main water source, which has significantly different
hydrogeological conditions from other reported areas (18, 19).
Moreover, one prevalent trend in recent years in various
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countries, including China, is the utilization of purifier devices
to remove harmful chemicals in drinking water, such as lead
ion, arsenic ion, and nitrate ion (20). Another trend among con-
sumers is the replacement of their daily water with bottled wa-
ter, possibly due to apprehension about contaminants in
natural water supplies (21, 22). Therefore, this research deter-
mined to study the fluoride content in three types of drinking
water, including terminal tap water samples collected from five
municipal districts, purified tap water samples obtained from
home water purification system in these areas, and four of the
most popular domestically produced bottled waters of different
brands collected from local stores. To the best of the research-
ers’ knowledge, this present study was the first to characterize
the fluoride content in these three types of drinking water in
Suzhou urban area by ion chromatography (IC). The results of
this study could provide scientific and useful information of
fluoride content in drinking water for consumers in these areas.

Experimental
Area Studied

This study was carried out in Jiangsu province, Suzhou city,
in 2020. Suzhou is located in the southeast of China. According

to the latest census, the population in this city is 10 459 890
(city: 7 329 514, village: 3 130 376). The city has six municipal
districts, which are Gusu district, Xiangcheng district, Suzhou
new district (SND), Suzhou industrial park (SIP), Wuzhong dis-
trict, and Wujiang district. The main water source of this
city is surface water from Tai Lake and the drinking water for
residents in these six districts is supplied from five main water
sources, including Xujiang, Xiangcheng, Baiyangwan, Wuzhong,
and SND water works. The water for both Gusu and Xiangcheng
districts is supplied from Xiangcheng water works. Three differ-
ent collection sites of terminal tap water provided from
each water works were selected randomly, so that water sam-
ples collected from five municipal districts, not including
Xiangcheng district, were analyzed. The studied area is shown
in Figure 1.

Instruments and Chemicals

Stock fluoride standard 1000 mg F�/L was obtained from
National Nonferrous Metal and Electronic Materials Analysis
and Testing Center (Beijing, China). Sodium hydroxide, sodium
carbonate, and sodium bicarbonate with guaranteed reagent
(GR) grade were all purchased from Aladdin (Shanghai, China)
and used as supplied.

Figure 1. A view of the studied area.
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Sample Collection

Fifteen tap water and three purified tap water sites were se-
lected randomly in thefive districts. All tap water and purified
water samples were collected in sterile 50 mL polyethylene tere-
phthalate (PET) tubes according to the standard method (23),
and then transported to the laboratory. Based on a question-
naire survey, the four most popular domestically produced bot-
tled waters under different brands were collected from local
stores. Three of the waters are labeled “mineral water” and one
is named “pure water”. The bottled water samples were stored
in their original closed containers with plastic screwcaps until
the actual analysis. After sampling, they were preserved in stan-
dard conditions (24). All collected water samples were colorless,
odorless, and no particulate presented. Prior to measurement,
each water sample was shaken, and then 10 mL aliquots were
filtered through a 0.45 lm filter membrane.

Preparation of Standard Solution

The stock fluoride standard solution of 1000 mg/L was firstly di-
luted with ultrapure water (the conductivity is 15.2 ls/cm) to
give an intermediate solution (50 mg/L) in a 100 mL volumetric
flask. Then, the intermediate solution was further diluted to
give working standard solutions of 0.05, 0.1, 0.2, 0.5, 1.0, and
2.0 mg/L (25).

Fluoride Determination

The fluoride ion in water samples and standard solutions was
determined by IC (ECO-IC, Vantone, Swiss), equipped with a
suppressed conductivity detector (MSM-A Rotor A 6.2832.000).

An anion analytical column (Metrosep A supp 5–150/4.0) was
employed for analysis at 25�C. The mobile phase was 3.2 mmol/
L of sodium carbonate with 1 mmol/L of sodium hydrogen car-
bonate. Run time was set as 7 min per injection. The sample vol-
ume injected was 25 lL, and the flow rate was 0.7 mL/min, with
the column pressure 7.55 MPa (26). The quantification was mea-
sured through the peak height or area. All samples were mea-
sured in triplicate.

Results and Discussion
Reliability of the Method

Standard curve.—The method was calibrated by a series of stan-
dard fluoride solutions with different concentrations. The set-
tings for the chromatograph are listed in Fluoride Determination.
Six standard fluoride samples with concentrations between 0.05
and 2.00 mg/L were measured in triplicate and the mean values
were used to construct the standard curve. The linear relation-
ships of the obtained data are shown in Figure 2 and the linear
regression was done from the peak area (ls/cm�min) and con-
centration (mg/L). The equation for linear regression is

y ¼ 0:169xþ 0:00474

and the linear correlation coefficient R2 is 0.9999.
The LOD was expressed as the equation

LOD ¼ 3:3r=S

where r ¼ residual SD of the intercept and S ¼ slope of the cali-
bration curve. The LOD for determining fluorides in this method
was 0.013 mg/L.

The LOQ was calculated as:

QL ¼ 10 � r=S

where r ¼ residual SD of the intercept and S ¼ slope of the cali-
bration curve. The LOQ for determining fluorides in this method
was 0.039 mg/L.

Repeatability.— To evaluate the precision of fluoride determina-
tion, the repeatability of this method was investigated by mea-
suring six standard solutions with a concentration 1.00 mg/L
(the permission level in drinking water of the Bureau of China
standards) under the selected experimental conditions, as
exhibited in Table 1. The analyses of these six solutions were ex-
ecuted by the same analyst using the same apparatus in the
same laboratory within 1 day. The RSD was calculated as 1.93%.

Recovery.—The recovery was investigated to evaluate the accu-
racy of fluoride determination. Three randomly selected water
samples were spiked at one concentration level of fluoride
(1.00 mg/L, the permission level of fluoride in drinking water of
the Standardization Administration of China) before treatment
by filtration membrane. The samples were measured in tripli-
cate and the average values of fluoride ion determined in the
three original water samples were used as the initial concentra-
tion of fluoride. The percentage recovery values were calculated
by comparing fluoride concentration obtained from the spiked
samples with the actual added fluoride concentrations. As pre-
sented in Table 2, the percentage recovery values were in the
range of 95.3–97.2%, indicating the reliability of our method.

Table 1. The results of precision of fluoride analysis

Sample of
1.00 mg/L F-, No.

Determined
value, mg/L

Mean,
mg/L

SD,
mg/L RSD, %

1 0.941 0.945 0.019 1.96
2 0.968
3 0.924
4 0.966
5 0.928
6 0.944

Figure 2. The calibration curve in the range of 0.05 to 2.00 mg/L fluorides in water

(replicates: 3).
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Water sample analysis.—Fluoride contents in all collected water
samples were investigated by this validated IC method. Each
sample was measured in triplicate. The determined values
are presented as the mean 6 SD (mg/L) as exhibited in Tables 3
and 4.

The fluoride content in tap water samples (No. 1–15) ranged
from 0.267 to 0.336 mg/L. The average of samples was calculated
as 0.304 mg/L, and the SD was 0.019 mg/L. Among them, water
sample No. 9 containing the lowest concentration of fluoride
was collected from Wuzhong district, and No. 6 with the highest
value was collected from SND. According to the values deter-
mined, the concentration levels of fluoride in tap water of these
five districts from high to low are: SIP 0.320 (6 0.008); SND 0.314
(6 0.019); Wujiang district 0.304 (6 0.010); Wuzhong district
0.298 (6 0.027); and Gusu district 0.285 (6 0.017) mg/L. In conclu-
sion, all tap water samples from the studied area are lower than
the permission level of fluoride in drinking water of the
Standardization Administration of China (1.0 mg/L). The results
of this study were compared with studies conducted in other
parts of the world. According to the study of Zhang et al. (27
fluoride content in tap drinking water of 29 provinces of China
was determined as 0.10–2.14 mg/L, in which the level of fluoride
in Jiangsu province was measured as 0.19–3.04 mg/L. The tap
water fluoride in the present study (0.267 to 0.336 mg/L) was in
this reported range, which shows consistency in results. In an-
other study, the level of fluoride in deep and shallow well water
of Chiang Mai city, Thailand, was measured as 2.21 (63.17) and
0.65 (60.76) mg/L, respectively, which was higher than the
obtained result in this study (28). Similarly, the pooled level of
fluoride in Iranian drinking water was reported as 0.51 mg/L,
higher than Suzhou urban area (12). Biglari et al. (29) investi-
gated the groundwater fluoride in Sistan and Baluchistan

provinces, Iran. The obtained results showed many changes of
fluoride concentration in groundwater, from 0.125 to 1.71 mg/L,
which exhibited a relatively larger difference of fluoride amount
in groundwater due to hydrological conditions, compared with
samples taken from the drinking water distribution network in
this study.

Samples 16–18 were purified water collected from home wa-
ter purification systems of different brand names, which are
denoted as purifier 1, 2, 3, as shown in Table 4. The determined
concentration levels of fluoride was 0.068–0.317 mg/L, and the
average was 0.134 (6 0.160) mg/L. As compared to tap water, the
fluoride content decreased significantly in purified water sam-
ples 16 and 17, whereas no obvious change was observed in 18.
A large difference in fluoride concentration among purified wa-
ter samples was observed, which indicates that some purifier
devices removed most fluoride ions, whereas others tended to
retain the original fluoride ion in water as a result of the utiliza-
tion of different purification principles by home purifiers (30).
The obtained results were consistent with the study of Eftekhar
et al. (20) in 2015. They evaluated the effectiveness of six domes-
tic brands of home water purification systems in Iran on the
amount of fluoride in drinking water and the fluoride
concentration was significantly decreased after using purifier
devices (20).

Since bottled water is frequently used as an alternative
source of drinking water, it has gradually become another

Table 2. The results of measured spiked samples

Sample of tap
water, No.

Initial
F- concm,

mg/L

Added
F- concn,

mg/L

Total
F- concn

determined,
mg/L Recovery, %

8 0.316 6 0.010 1.00 1.270 96.5
10 0.307 6 0.013 1.00 1.246 95.3
12 0.292 6 0.011 1.00 1.257 97.2

Table 3. Fluoride content in tap waters

Sample
No. Sample source

Content of fluoride,
mean 6 SD, mg/L RSD, %

1 Tap water (SIP) 0.314 6 0.013 4.14
2 Tap water (SIP) 0.317 6 0.012 3.79
3 Tap water (SIP) 0.329 6 0.007 2.13
4 Tap water (SND) 0.302 6 0.015 4.97
5 Tap water (SND) 0.305 6 0.008 2.62
6 Tap water (SND) 0.336 6 0.011 3.27
7 Tap water (Wuzhong District) 0.311 6 0.010 3.22
8 Tap water (Wuzhong District) 0.316 6 0.010 3.16
9 Tap water (Wuzhong District) 0.267 6 0.005 1.87
10 Tap water (Wujiang District) 0.307 6 0.013 4.23
11 Tap water (Wujiang District) 0.312 6 0.008 2.56
12 Tap water (Wujiang District) 0.292 6 0.011 3.77
13 Tap water (Gusu District) 0.284 6 0.009 3.17
14 Tap water (Gusu District) 0.287 6 0.013 4.53
15 Tap water (Gusu District) 0.284 6 0.005 1.76

Table 4. Fluoride content in purified waters and bottled waters

Sample
No. Sample source

Content of fluoride,
mean6SD, mg/L RSD, %

16 Purified water (purifier 1) 0.068 6 0.003 4.41
17 Purified water (purifier 2) 0.017 6 0.002 11.76
18 Purified water (purifier 3) 0.317 6 0.013 4.10
19 Bottled mineral water

(Brand: Dongting mountain)
0.120 6 0.005 4.17

20 Bottled mineral water
(Brand: Nongfu spring)

0.041 6 0.0015 3.66

21 Bottled pure water
(Brand: C’estbon)

NDa

22 Bottled mineral water
(Brand: Master Kong)

ND

aND ¼ Not detected.

Figure 3. The distribution of the sample population related to their fluoride

level.
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important source of fluoride (21, 22). The concentrations of fluo-
ride in the four most popular domestically produced bottled wa-
ters in the local area were analyzed. Among them, the fluoride
levels in samples 21 and 22 were too low to be determined, and
the fluoride contents in samples 19 and 20 were 0.120 and
0.041 mg/L, respectively. The levels of fluoride in bottled water
in this study were 0–0.120 mg/L, and the mean value of fluoride
content in the other two bottled water samples was 0.080 (6
0.056) mg/L. Similarly, Ghaderpoori et al. studied fluoride levels
in 10 brands of bottled water sold in Sanandaj city, Iran by IC.
The results showed that the amount of fluoride ranged from
0.04 to 0.32 mg/L (31). In a study by Amanlou et al. (32), 18 com-
mercial brands of bottled water in Iran were investigated and
fluoride concentration was in the range of 0.039–0.628 mg/L.
According to another study reported by Ahmad et al. (33) they
evaluated the bottled water and tap water in Yanbu city, Saudi
Arabia. The determined fluoride content in 14 brands of bottled
water was in range of 0.06–1.2 mg/L, with no significant differ-
ence between bottled water and tap water. As compared with
studies in other countries, it is noted that the measured amount
of fluoride in bottled water in the present study was lower than
those studies conducted in parts of Iran and Saudi Arabia.
Furthermore, the loss of fluoride in domestic bottled water was
significant compared with local tap water.

Despite the fact that purified water and bottled water are
usually considered as safer and healthier drink than tap water,
the levels of fluoride in all three types of drinking water were
carefully monitored. The distribution of the sample population
related to their fluoride level is exhibited in Figure 3. According
to the obtained results, all measured values are lower than both
the WHO and China standard, which indicates that drinking wa-
ter in the studied area is of good quality and poses no threat of
fluorosis. Nevertheless, the World Health Organization recom-
mends the concentration of 0.5–1.0 mg/L to prevent tooth decay
(17). Hence, adding fluoride to public drinking water is suggested
to prevent the risk of dental cavity increases in people (34).
Furthermore, local residents should elevate fluoride intake by
using fluoride supplements, such as toothpaste and tea drinks
containing fluoride (35).

Conclusions

In this study, the results of validation exhibited high sensitivity,
good precision, and accuracy of the implemented IC method,
which indicates the reliability of determined fluoride concentra-
tions. The fluoride levels measured in these three types of
drinking water in Suzhou urban area were in the order of tap
water > purified water > bottled water. All water samples were
lower than the China standard (1.0 mg/L), but no sample ana-
lyzed exceeded the recommended lower limiting set by the
WHO (0.5 mg/L). Based on these results, a low fluoride exposure
for the population in the studied area can be observed, and the
replacement of tap water with purified and bottled water could
further aggravate the deficiency of fluoride intake for local resi-
dents. Therefore, continuous monitoring is necessary to guaran-
tee safe drinking water and further investigations on water
samples from more collection points and other sources of drink-
ing water are highly recommended.
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