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A B S T R A C T   

Togo’s phosphate processing plant at Kpeme discharges waste, containing Cd, Pb, and fluoride, into the sea and 
on the soil. Heavy metals toxicity on kidneys and the liver has been studied. However, fluoride toxicity on these 
organs remains to be investigated. The present study deals with the variation in renal and hepatic functioning 
parameters due to fluoride, Cd and Pb. Totally, 350 volunteers were recruited from five different localities 
around this phosphate processing plant for sample collection. Cd and Pb contents in blood samples were 
determined by spectrophotometry and fluoride by the titanium chloride method. Biochemical parameters were 
measured using Biolab kits. The pollutant contents were elevated in polluted areas where ASAT, ALAT, creati-
nine, and urea increased, and total protein decreased. Correlation and multivariate tests showed that fluoride is 
related to the various pathologies mentioned. PCA revealed that phosphate processing in Togo is a source of renal 
and hepatic toxicity.   

1. Introduction 

Human activities are the cause of environmental pollution [1]. 
Contamination of the human body by pollutants is the cause of several 
pathologies in polluted environments [2,3] as in the case of industrial 
areas [4,57,5]. The developing countries are not immune to this situa-
tion because of the ever-increasing industrial activities. These industrial 
activities which are sources of sustainable human development then 
become a factor of alteration of human health [6,7]. This is the case of 
the phosphate plant in Togo. Although, the extraction and processing of 
phosphate remains one of the main sources of revenue for the Togolese 
State, this industrial activity results in intense and diversified pollution 
[6,8,9]. In effect this plant discharges solid waste and effluents into the 
sea and on the soil, and dust and combustion gas into the atmosphere 
(Fig. 1). The pollutants these wastes include toxic heavy metals such as 
cadmium (Cd) and lead (Pb) as well as fluoride (F) [10,11,12,13]. These 

elements then contaminate seafood, agricultural products, and water. 
Table 1 summarizes the data from studies on Cd, Pb, and F contents 
ranged in the soil, phosphate ore, marine sediments, seawater, drinking 
water, seafood, and agricultural products in the study area. These data 
express the degree of population exposure through the food chain [14,8, 
15,16]. This same population is exposed through transcutaneous and 
respiratory contamination by dust and gas that pollute the atmosphere 
and contain about 49 ppm of Cd and 1500 ppm of F. It is also to be noted 
that about 5100 tons of sludge are released into the sea every day. The 
dry sludge contains 28 ppm of Cd and 13500 ppm of F according to 
earlier studies [14]. The same studies evaluated 2.3 mg/L of Cd in the 
liquid sludge [14]. Thus, following the anthropogenic contamination by 
the pollutant, several pathologies are observable in the area surrounding 
this plant. Among these pathologies, we not only note the renal and 
hepatic dysfunction, but also dental and bone fluorosis especially [6]. 
The frequency and intensity of dental and bone fluorosis suggest that 
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this is an area of endemic fluorosis. In addition, the prevalence of renal 
and hepatic dysfunction according to the localities follows that of 
fluorosis [6]. However, apart from the alteration of the hard parts of the 
body such as teeth and bones through fluorosis, very few studies have 
tied the fluoride toxicity to the physiological dysfunction. Yet, some 
authors have reported probable toxicities of fluoride in the kidneys 
[17–19], nervous system [20,21], and implications for the severity of 
diabetes mellitus [22,23]. Fluorides have also been somewhat incrimi-
nated in hormone and endocrine dysfunction [17,22]. The toxicity of 
fluoride is also cited in cardiovascular diseases [24,25] and the occur-
rence of cancers [26]. Nevertheless, only a few studies have tied the 
fluoride toxicity and hepatic pathologies. Fluoride is a trace element 
which is naturally present in the soil, water, and food, and is also known 
as an important environmental toxicant obtained from industrial sources 
[27]. It is normally used in low concentrations to reduce the incidence of 
caries and proper bone mineralization. However, chronic excessive 
fluoride exposure, results in higher fluoride accumulation in the blood 
and different tissues due to its metabolism and utilization in the body. 
This impairs human health and induces damages to the skeletal system 
and teeth [27] leading to simultaneous increase in osteocalcin and 
calcitonin levels in the plasma which may cause fluoride-dependent 
bone damage and dental fluorosis, characterized by 
hypo-mineralization of enamel and dentine. Because of the high fluoride 
affinity to calcium ions, calcification of tissues, vascular walls, and sy-
novial capsules and ligaments appears, leading to persistent joint pain 
and limited joint movement [28,29]. Studies based on animal models 
have shown oxidative stress, DNA damage, and apoptosis in the liver as 
an effect of fluorosis [30–32]. However, the mechanism of 
fluoride-induced hepatic toxicity has not been definitely explained. This 
study tested the hypothesis that fluoride intoxication may be associated 
with a renal and hepatic dysfunction in an area polluted by fluoride and 
heavy metals in Togo. 

The objective of this study is to determine the variations of certain 
biochemical parameters related to renal and hepatic pathologies with 
the contents of Cd, Pb, and F in human blood. This work has been carried 
out in the interest of contributing to the resolution of persistent health 
problems and to check the link between industrial pollution and the 
frequency of these diseases in the industrial zone of New Phosphate 
Mining Society of Togo (SNPT).This study also shows the role of the 
toxicity of fluoride, alongside toxic metals, in the renal and hepatic 
alteration. 

2. Materials and methods 

2.1. Location of study area 

The study area is described by Melila et al. [25]. It is located in the 
south side of Lome-Aneho National Road, from the village of Gbodjome 
(west) to Aneho (east) via Agbodrafo, Kpeme, and Goumoukope, for 
approximately 20 km (Fig. 2). By its geographical location, this complex 
is part of the prefecture of the lakes, located at an altitude of 66 m in 
06◦22’0" N and 01◦40’0" E in the maritime region of Togo. The 
geographical description of the five villages in this study is as follows: 

Kpeme (06◦2’45.9" N and 01◦30’16.1" E) is the site of the phosphate 
treatment plant. After this treatment, sludge and solid waste are released 
into the sea and on the soil while dust and gas are released into the at-
mosphere (Fig. 1); Goumoukope (06◦12’51, 7” N and 01◦31’57.4” E) is a 
village located about 2 km east of Kpeme. This site is also subject to 
release of phosphate sludge and solid waste resulting from the treatment 
of phosphates; Aneho (06◦13’41.5” N and 01◦36’09.9” E) is located 
about 9–10 km east of Kpeme where the phosphate waste discharged at 
Kpeme and Goumoukope comes from the movements of seawater; 
Agbodrafo (06◦12’39.8” N and 01◦28’4,7” E) is a village located about 
3–4 km west of Kpeme where the solid wastes resulting from the treat-
ment are also rejected. In addition to solid wastes, sludge discharged at 
Kpeme and Goumoukope is eventually drained to this site due to relative 
movements of seawater; Gbodjome (06◦11’39.6” N and 01◦25’03.8” E) 
is a village located to the west at 10–11 km from Kpeme and 13 km from 
Goumoukope (upstream) and is not directly affected by the rejection of 
the waste from the plant. This locality is considered as control zone. 

2.2. Methodology 

Blood sampling was carried out between April and September 2012 
in 350 people, 70 people per locality, (Table 2) under the supervision of 
a doctor with the help of nurses and laboratory technicians. The age of 
these persons was between 16 and 52 years. Blood samples were 
collected from individuals who had been fasting for 12 hours (night-time 
fasting) in lead-free 5-ml tubes. For each person, 10 ml of venous blood 
was collected and divided into two tubes: one without anticoagulant for 
assay of biochemical parameters; the other with anticoagulant (EDTA) 
was used for metals (Cd and Pb) and F [25]. 

The criteria for inclusion and exclusion of people for sampling were 
mainly concerned by their lifetime in the localities, sources of heavy 
metals and fluorine contamination other than industrial pollution, 
physiological state, and dietary and living habits. Thus, consumers of 
tobacco (active smoking), alcoholics (chronic alcoholism), newcomers 
(shelf life < 4 years), irregular persons in the localities, pregnant and 
lactating women, HIV positive, and hepatitis people were excluded. The 
evaluation of the anthropometric parameters concerned the weight and 
the height of the respondents. 

2.3. Sociological and health data on respondents 

Sociological and health data on the respondents were obtained using 
survey forms. The survey sheets were pre-tested and readjusted before 
the actual survey. 

2.4. Frequency of food consumption 

The frequency of food consumption was determined from food 
consumption surveys using survey cards that were pre-tested and 
readjusted before the actual survey. 

Fig. 1. Reject of phosphate sludge in the sea at Kpeme (A), at Goumoukope (B); of phosphate wastes in the sea at Agbodrafo (C) and factory chimney of the industry 
of Kpeme spreading gas (and/or dust) of phosphates in the surroundings (D). 
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2.5. Determination of the contents of Cd, Pb, and F in the blood 

The content of Cd and Pb in the blood samples was determined with 
the aid of Bulk Scientific Atomic Absorption Spectrophotometer, AAS, 
2000 series. An acetylene–air mixture was used as the flame. The values 
were obtained by extrapolation from the standard curve [4,34]. 

Generally, ICPMS is recommended for measuring the metallic trace 
elements in the blood due to the low concentrations. However, the 
previous studies in the concerned area have shown that the exposure is 
high and diverse [14,6,8,15,16]. Given this level of exposure, we were 
able to use the atomic absorption spectrophotometer to measure Cd and 
Pb in the blood of individuals. The accuracy of the results obtained was 
checked each time by standards whose concentration was well known, 
and the blank made it possible to check whether the samples were 
contaminated during mineralization or not. 

The fluoride was dosed by the method using titanium chloride based 
on the decolorization of the red Ti02

++compound in the presence of the 
fluoride ion by the formation of colourless (Ti(F)6)H+ [35,36]. 

2.6. Determination of biochemical parameters 

The samples reserved for this purpose were centrifuged at 3000 rpm 
for 15 min at room temperature. The plasma was then used for the 
different dosages. The biochemical parameters (ASAT, ALAT, creatinine, 
urea, and total protein) were measured using Biolab kit reagents. Our 
research protocol has been certified by the Bioethics Committee for 
Health Research (CBRS) from the Ministry of Health of Togo under No. 
87/2012/MS/CAB/DGS/DPLET/CBRS. 

2.7. Statistical Analysis 

All results were expressed in terms of mean ± ESM and analyzed 
using the GraphPad Prism software version 7.0. Correlation analysis was 
performed with Pearson correlation and 95% confidence interval. 
ANOVA was used to compare each experimental sample with the control 
one. If significant differences were found (P < 0.05), the polluted areas 
were compared with the control using Student’s t-test. All the statistics 
were carried out in SAS (The SAS System for Windows, v8; SAS Institute 
Inc., Cary, NC). Principal component analysis (PCA), a multivariate 
statistical method, was used to reduce the dimensionality of the data and 
predict the influence of fluorine on various renal and hepatic biomarkers 
with the help of PAST 3.0 package (Windows version). 

3. Results 

3.1. Variation in the anthropometric parameters of the respondents 

The various anthropometric parameters, such as age, weight, height, 
and body mass index (BMI), of the respondents across the five different 
localities have been tabulated in Table 2. The minimum and the 
maximum age of the total respondents was 16 and 52 years, respec-
tively, with a P value of 0.74. The lowest and highest weight was 45 and 
84 kg, respectively, with a P value of 0.55. The height of all the 

respondents fell in the range of 1.52–1.76 m, with a P value of 0.27. The 
BMI of the respondents was observed in the range of 16.22–32.03, with a 
P value of 0.91. There was no significant difference (P > 0.05) between 
the anthropometric parameters of the respondents from the localities. 
The data from this study are, therefore, very little influenced by 
anthropometry. 

3.2. Heavy metals (Cd and Pb) and fluoride contents in blood 

The highest mean concentration of Cd in blood was recorded in 
Kpeme (13.53 ± 1.07 μg/L), and the least mean concentration was in 
Gbodjome (1.01 ± 0.21 μg/L). The maximum Pb value was in Kpeme 
(384.09 ± 22.45 μg/L), and the minimum in Gbodjome (87.27 ± 12.57 
μg/L). Similarly, the value of F was also highest in Kpeme (540.12 ±
51.07 μg/L) and the lowest in Gbodjome (101.36 ± 17.73 μg/L). The 
results show that the contents of Cd and Pb in blood are significantly 
high at Agbodrafo, Kpeme, Goumoukope, and Aneho (P < 0.001) 
compared to Gbodjome. Values decline as one moves away from Kpeme 
and Goumoukope which represent the areas closest to the factory 
(Table 3). Blood fluoride contents increased at Agbodrafo and Aneho 
relative to Gbodjome but not significantly (P > 0.05); this increase is 
significant (P < 0.05) at Kpeme and Goumoukope compared to Gbod-
jome (Table 3). 

3.3. Variation in biochemical parameters of renal toxicity 

The variation in the biochemical bio-indicator parameters for renal 
toxicity like creatinine, urea, and total protein are shown in Table 4. The 
lowest mean creatine value (8.480 ± 0.35 mg/L) was from Gbodjome, 
whereas the highest value (9.982 ± 0.31 mg/L) was reported in Kpeme. 
Following a similar trend, the mean value of urea was also lowest in 
Gbodjome (17.03 ± 0.51 mg/dL) and the highest in Kpeme (27.18 ±
0.86 mg/dL). However, in the case of total protein, the lowest mean 
value was from Kpeme (60.50 ± 1.79 g/L) and the highest in Gbodjome 
(68.53 ± 2.78 g/L). Significant increases in creatinine (P < 0.05) and 
urea (P < 0.05, P < 0.01, and P < 0.001) were observed with decrease in 
total proteins contents (P < 0.05) in polluted areas compared with the 
control (Table 4). The correlation test shows that there is a relationship 
between fluoride concentration in the blood and the bio-indicators of 
renal dysfunction (P < 0.0001). The coefficient of correlation R varied 
from 0.6102 to 0.8475 for creatinine, from 0.6523 to 0.7835 for urea, 
and from 0.5402 to 0.7966 for total protein (Figs. 3 to 5, and 
Tables S1–S5). 

3.4. Variation in biochemical parameters of hepatic dysfunction 

The variations in the biochemical bio-indicator parameters for he-
patic toxicity like aspartate aminotransferase (ASAT) and alanine ami-
notransferaese (ALAT) are shown in Table 5. The mean values of ASAT 
across the different localities are as follows: Gbodjome, 39.54 UI/L; 
Agbodrafo, 42.71 UI/L; Kpeme, 54.39 UI/L; Goumoukope, 53.04 UI/L; 
and Aneho, 43.29UI/L. The average values of ALAT across the different 
localities are as follows: Gbodjome, 39.71 UI/L; Agbodrafo, 50.25 UI/L; 

Table 1 
The concentration of Cd, Pb and F in soil, phosphate ores, marine sediments, seawater, drinking water, seafood and agricultural products in the study area (ppm).  

Pollutants Environmental and biological samples  

Soil Agricultural products Phosphate sediments Marine sediments Seawater Seafood Drinking water 

Cd 1.27–42.53 
[55] 

0.006–2.84 
[55] 

2.00–109.00 
[10] 

2.00–44.00 
[10,14] 

3.50–12.00 
[14] 

0.10–1.68 
[14] 

00.00–0.025 
[16] 

Pb 2.58–16.05 
[55] 

0.04–1.37 
[55] 

NA 22.0–176.0 
[10,14] 

0.33–6.97 
[54] 

5.99–8.49 
[14] 

0.06–0.26 
[16] 

F 0.05–1.54 
[33] 

0.16–2.06 
[33] 

1500.00 
[14] 

NA 0.85–3.77 
[14] 

0.18–4.56 
[14] 

0.15–0.63 
[33] 

NA : Not Available ; Cd : cadmium ; Pb : lead ; F : fluoride. 
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Kpeme, 58.75 UI/L; Goumoukope, 56.58 UI/L; and Aneho, 52.33 UI/L. 
Significant increases in ASAT (P < 0.001) and ALAT (P < 0.05 and P <
0.01) were observed in polluted areas as compared with control 
(Table 5). There is a relationship between the fluoride concentrations in 
blood the bio-indicators of hepatic toxicity. The coefficient of correla-
tion R varied from 0.5240 to 0.7907 for ASAT and from 0.6528 to 
0.7938 for ALAT (Figs. 6 and 7, and Tables S1–S6). 

3.5. Multivariate analysis 

In all the five study areas, including the control site, first principal 
component clearly explains the strong positive correlation of fluorine 
with urea and creatinine followed by either ALAT or ASAT (Table 5). 
Among the total variables observed, the above four increased in samples 
taken from participants in localities close to the phosphate processing 
plant. Likely, the total protein level was decreased with the evidence of 
negative correlation in all the polluted and control sites. Decreased 
protein concentration is indicative of reduction in kidney function due 
to the loss of capable reabsorption of protein. This shows the strong 
influence of fluorine concentration towards an increasing trend of renal 
biomarkers. Furthermore, in terms of fluorine concentration on hepatic 
biomarkers, a strong association was found in ALAT and ASAT in 
Gbodjome (control site), Goumoukope, and Aneho. Even though 
Gbodjomeis is far away from the polluted sites, there was evident renal 
and hepatic toxicity. Based on the PCA analysis, it was confirmed that 
fluorine influences either renal or hepatic or both toxicities. 

3.6. Frequency of food consumption 

The frequency of food consumption like the agricultural products 
from the locality, seafood, and the usage of well water are provided in 
Table 6. The P values for the consumption of agricultural products, 
consumption of seafood, and the usage of well water across the localities 

Fig. 2. Map of study area with the prospected localities.  

Table 2 
Anthropometric parameters of people whose blood has been taken.  

Localities & respondents 

Anthropometric parameters 

Age 
(year) 

Weight 
(kg) 

Height 
(m) 

BMI 

Gbodjome 
Men = 51 
(72.86%) 
Women = 19 
(27.14%) 

Range 16–52 47–78 1.52–1.74 18.36–32.03 
Median 34.50 69.00 1.69 23.62 

Average 34.66 ±
0.97 

67.39 ±
0.75 

1.69 ±
0.01 

23.59 ±
0.26 

Agbodrafo 
Men = 48 
(68.57%) 
Women = 22 
(31.43%) 

Range 18–51 45–84 1.59–1.75 16.22–29.05 
Median 36.50 68.00 1.70 23.81 

Average 
35.87 ±
1.09 

67.99 ±
0.91 

1.69 ±
0.004 

23.79 ±
0.30 

Kpeme 
Men = 47 
(67.14%) 
Women = 23 
(32.86%) 

Range 16–49 54–82 1.52–1.74 18.83–32.03 
Median 34.50 67.00 1.69 23.40 

Average 34.66 ±
1.004 

66.13 ±
0.68 

1.68 ±
0.005 

23.46 ±
0.24 

Goumoukope 
Men = 49 
(70.00%) 
Women = 21 
(30.00%) 

Range 19–51 55–84 1.57–1.76 18.83–28.39 
Median 34.00 67.5 1.69 23.57 

Average 33.97 ±
0.96 

67.34 ±
0.77 

1.68 ±
0.004 

23.62 ±
0.24 

Aneho 
Men = 52 
(74.29%) 
Women = 18 
(25.71%) 

Range 19–51 54–84 1.57–1.74 19.94–28.39 
Median 34.50 68.00 1.70 23.29 

Average 
35.24 ±
1.02 

67.09 ±
0.77 

1.69 ±
0.005 

23.52 ±
0.25 

P value  
P =
0.74 P = 0.55 P = 0.27 P = 0.91 

The results are expressed as mean of 70 samples ± ESM. The analysis of the 
variables showed insignificant differences between the localities surveyed (P 
values > 0.05). 
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are P = 0.4516, P > 0.999, and P > 0.999, respectively. The results show 
that there is no significant difference (P > 0.05) between the frequencies 
of food consumption (agricultural or market garden products and sea-
food) between the localities surveyed. The same is true for the use of 
well water (Table 6). Additionally, all these food products are frequently 
consumed in these localities (Table 6). 

3.7. Sociological and health data on respondents 

The average lifespan of the participants in each of the localities 
surveyed is greater than 10 years with a non-significant difference be-
tween the localities (Table 7). The distribution of ethnic groups was 

generally similar with a predominance of ethnicities from Southern 
Togo. This is explained by the fact that the study area is in the south of 
Togo. However, there were more ethnic groups from the north at Kpeme 
compared with other localities due to the fact that it is a cosmopolitan 
locality with the presence of the phosphate processing plant. However, 
this difference in the distribution of ethnic groups was not significant 
(Table 7). 

All the participants in this study have socio-professional and eco-
nomic characteristics that are not significantly different from one lo-
cality to another, with a predominance of the level of secondary 
education (Table 7). In addition, the level of knowledge about pathol-
ogies linked to metallic trace elements and fluorine is low in all the lo-
calities surveyed because of the low level of education. The diseases 
declared or observed were mainly cardiovascular diseases and fluorosis 
with higher proportions at Kpeme and Goumoukope. However, renal 
and hepatic dysfunctions have also been reported (Table 7). 

4. Discussion 

4.1. Fluoride, Cd, and Pb contents 

The fluoride, Cd, and Pb contents were generally high compared to 
the concentration of these elements in the environment and food prod-
ucts (Tables 1 and 3). This observation confirms a true bioaccumulation 
of these xenobiotics by humans, which remains the final receptacle of 
these pollutants. Given the intensity and diversity of the pollution 
induced by industrial activities in the study area, human exposure to 
pollutants can be through trophic, transcutaneous and respiratory 
routes. This justifies the higher levels of these toxic elements in human 
blood, especially in the areas close to the factory [25,38]. 

The variations in contents and those in parameters linked to renal 
and hepatic functioning are not linked to a difference in the eating habits 
of individuals in the localities surveyed. The level of contamination of 
individuals by fluoride and metals would then be linked to the degree of 
pollution of the living environment, concomitantly with the contami-
nation of food and water used by these xenobiotics [39]. The intensity of 
the pollution induced by the phosphate treatment plant in Togo is felt 
greater at Kpeme and Goumoukope and decreases the further when one 
moves away from this plant. The impact of this pollution on man will be 
felt more in these two localities, as the results of this study indicate. 
Moreover, the results of the present study are also not linked to the 
socio-demographic characteristics of the participants (Tables 6 and 7). 

4.2. Pollutants and renal toxicity 

Data from the previous work [6] have shown that renal diseases are 
among the prevalent pathologies in the phosphate treatment area of 
Togo, especially at Goumoukope and Kpeme. This is also justified by the 
results of this study, especially in these two localities with an increase in 
creatinine levels and uremia and a decrease in total protein (Table 4) not 

Table 3 
Heavy metals (Cd and Pb) and fluoride contents in blood according to the lo-
calities (μg/L).     

Pollutants  
Localities  Cd Pb F 

Gbodjome 
(control) 

Range 
0.00 
(ND)– 
7.87 

10.72–305.03 39.57–359.8 

Average 1.01 ±
0.21 

87.27 ± 12.57 101.36 ± 17.73 

Agbodrafo 

Range 
0.00 
(ND)– 
17.21 

21.33–476.74 57.72–688.70 

Average 
7.73 ±
1.23*** 

165.66 ±
19.92*** 

320.24 ± 39.11* 

% of 
difference 

665.34 89.82 215.94 

Kpeme 

Range 
0.00 
(ND)– 
20.09 

18.97–637.23 69.79–865.50 

Average 
13.53 ±
1.07*** 

384.09 ±
22.45*** 

540.12 ±
51.07*** 

% of 
difference 

1239.60 340.11 432.87  

Range 
0.00 
(ND)– 
19.13 

54.67–621.29 58.79–861.37 

Goumoukope Average 
11.68 ±
2.38*** 

327.88 ±
32.13*** 

504.01 ±
47.98***  

% of 
difference 

1056.43 275.70 397.24  

Range 
0.00 
(ND)– 
17.37 

71.49–574.28 19.79–846.30 

Aneho Average 
3.59 ±
1.08*** 

167.31 ±
21.57*** 340.08 ± 31.87*  

% of 
difference 

255.44 91.71 235.51 

Limit standard < 5.00 
[56] 

< 100.00 [56] 100.00–200.00 
[17,23] 

The results are expressed as mean of 70 samples ± ESM. 
Significantly different in relation to the control: * P < 0.05; *** P < 0.001. ND: 
not detected. 

Table 4 
Variation of biochemical bio-indicators parameters of renal toxicity.  

Plasma parameters 
Localities 

Gbodjome Agbodrafo Kpeme Goumoukope Aneho 

Creatinine (mg/L) Accepted value: 
8–12 [37] 

Range 2.31–14.25 5.08–12.73 4.09–15.45 2.37–15.98 5.12–14.57 
Median 9.08 9.10 10.56 10.58 8.88 
Average 8.480 ± 0.35 8.991 ± 0.23 9.982 ± 0.31* 9.787 ± 0.37* 8.912 ± 0.24 

Urea (mg/dL) 
Accepted value: 
10–40 [37] 

Range 5.23–25.65 15.21–31.79 6.09–43.46 11.65–29.98 16.01–28.57 
Median 18.05 22.16 27.89 24.32 22.89 
Average 17.03 ± 0.51 22.83 ± 0.41* 27.18 ± 0.86*** 23.50 ± 0.43** 22.86 ± 0.27* 

Total protein (g/L) Accepted value: 
60–76 [37] 

Range 34.34–91.89 37.55–87.45 24.38–88.25 20.87–91.89 31.26–87.56 
Median 68.58 64.33 60.48 57.98 64.20 
Average 68.53 ± 2.78 62.52 ± 1.49* 60.50 ± 1.79* 60.70 ± 2.22* 65.50 ± 1.77 

Values are expressed in terms of average ± ESM of 70 samples. 
Significantly different from control: * P < 0.05; ** P < 0.01 and *** P < 0.001. 
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only in these polluted areas (Goumoukope and Kpeme) in relation to 
control, but also in Aneho and Agbodrafo (P < 0.05,P < 0.01, and P <
0.001). The kidneys are not only the main organs responsible for 
excretion of xenobiotics, but also intervene in their metabolism [4]. 
These organs will therefore be vulnerable to the toxic effects of pollut-
ants [4,40,41]. The damage often caused to the kidneys can lead to an 
increase in the serum creatinine levels and uremia, as confirmed by our 
results, and also a decrease in other biochemical parameters such as total 
protein [42,43]. Indeed, the variation in these parameters as observed 
through our results at Agbodrafo and Aneho, but especially at Kpeme 
and Goumoukope, is an indicator of renal damage [42–44] which was 
consistent with the prevalence of renal disease in previous studies [6]. 
Moreover, the variation in cadmium, lead, and fluoride levels in the 
blood and biochemical parameters confirms the role of the SNPT’s in-
dustrial activities in the occurrence of renal pathologies. The increased 
serum creatinine indicates a decrease in glomerular filtration rate and 

hence kidney failure. This is the inability of the kidney to eliminate the 
products of nitrogen metabolism. It also indicates the acid–base, 
hydro-electrolytic and hormonal unbalance [45]. 

This study confirms the toxicity of heavy metals on the kidneys, as 
the highest levels are observed in the areas surrounding the plant, where 
there are more reports of renal dysfunction [6]. Moreover, the concen-
tration of the pollutants decreases with the renal pathologies as one 
move away from the plant. Beyond the role of the phosphate treatment 
plant in Togo in renal dysfunction, our results reveal a likely toxicity of 
fluorides on the kidneys. In fact, a significant (P < 0.0001) correlation 
was observed between the fluoride concentration in blood and renal 
alteration parameters values with a correlation coefficient (R) varied 
from 0.6102 to 0.8475 for creatinine, from 0.6523 to 0.7835 for urea, 
and from 0.5402 to 0.7966 for total proteins (Figs. 3–5, and 
Tables S1–S6). The multivariate analysis clearly indicates the high 
impact of fluoride in the variation of biochemical parameters with 

Fig. 3. Correlation between creatinine and fluoride concentrations in blood. The correlations are established by considering the five localities and in relation to the 
values of 70 samples corresponding to the number of individuals recruited per locality; A: at Gbodjome, B: at Agbodrafo, C: at Kpeme, D: at Goumoukope and E: 
at Aneho. 
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respect to Cd and Pb (Tables S1–S5). This indicates that in areas of 
endemic fluorosis, the impact of fluoride toxicity may exceed that of 
toxic metals. This confirms with the few studies that have indicated the 
toxicity of fluoride on the kidney in endemic fluorosis zone, with an 
increase in the intensity of diabetes mellitus expressed by a decrease in 
insulin secretion [44]. This toxicity could be explained by the fact that in 
the case of fluoride poisoning, the kidneys constitute the main excretory 
organ and can therefore be impacted by the toxicity of this element [41, 
46,47]. It is then true that fluoride exhibits renal toxicity in an endemic 
zone of fluorosis, such as that of the SNPT’s plant in Togo. 

4.3. Pollutants and hepatic toxicity 

Significant variations (P < 0.05, P < 0.01, and P < 0.001) in the 
ASAT and ALAT enzymes observed in our results (Table 4) indicate an 
alteration of liver functions [27], especially at Kpeme and Goumoukope. 

Indeed, the liver is the first site of biotransformation and detoxification 
of xenobiotics; and thus, this organ may be vulnerable when over-
whelmed by high concentrations of cadmium and lead [48–51], and 
fluoride [27]. This shows that toxic metals and fluoride cause liver 
damage. The liver is the center of metabolism and has a high ability to 
concentrate xenobiotics because of the proteins that facilitate their 
agglutination [4,50]. Here, our data showed again a significant corre-
lation (P < 0.0001) between the fluoride content and the hepatic 
dysfunction parameters with a correlation coefficient which varied from 
0.5240 to 0.7907 for ASAT and from 0.6528 to 0.7938 for ALAT (Figs. 6 
and 7, and Tables S1–S5). Multivariate analysis showed that Cd and Pb 
impact liver function. However, this analysis reveals the critical role of 
fluoride toxicity in relation to toxic metals (Tables S1–S5). It can 
therefore be concluded that fluoride toxicity is effective in organ 
dysfunction as shown in this study. This may be justified by the role of 
the liver in fluoride metabolism as in the case of xenobiotics [27,50]. 

Fig. 4. Correlation between urea and fluoride concentrations in blood. The correlations are established by considering the five localities and in relation to the values 
of 70 samples corresponding to the number of individuals recruited per locality; A: at Gbodjome, B: at Agbodrafo, C: at Kpeme, D: at Goumoukope and E: at Aneho. 
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Fig. 5. Correlation between total protein and fluoride concentrations in blood. The correlations are established by considering the five localities and in relation to the 
values of 70 samples corresponding to the number of individuals recruited per locality; A: at Gbodjome, B: at Agbodrafo, C: at Kpeme, D: at Goumoukope and E: 
at Aneho. 

Table 5 
Variation of biochemical parameters, bio-indicators of hepatic toxicity.  

Plasma parameters 
Localities 

Gbodjome Agbodrafo Kpeme Goumoukope Aneho 

ASAT (UI/L) 
Accepted value: 
10–45 [37] 

Range 7.65–78.89 20.69–67.06 18.12–69.77 23.37–69.86 20.65–88.57 
Median 44.86 42.71 55.71 54.48 41.78 
Average 39.54 ± 12.81 42.71 ± 1.34 54.39 ± 1.05*** 53.04 ± 0.81*** 43.29 ± 1.69 

ALAT (UI/L) Accepted value: 
10–65 [37] 

Range 5.23–77.89 16.02–73.07 20.01–85.59 33.35–71.87 29.65–85.81 
Median 42.95 51.10 55.87 55.61 51.33 
Average 39.71 ± 2.15 50.25 ± 1.52 58.75 ± 1.65** 56.58 ± 0.94* 52.33 ± 1.62 

Values are expressed as mean ± ESM of 70 samples. 
Significantly different from control: * P < 0.05; ** P < 0.01 and *** P < 0.001. 
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Our results clearly indicate that the toxicity of fluoride could also impact 
on the liver system. Indeed, it suggests that fluoride-induced apoptosis 
and autophagy in liver were caused by activating the IL-17 signalling 
pathway [52]. In addition, Girardi and Merler [53] indicated that a high 
cumulative internal dose of perfluorooctanoic acid showed a statistically 
significant increase in mortality from liver cancer and liver cirrhosis in 
male employees. However, further research is needed to explain the 
mechanism of action of fluoride in liver toxicity. This work shows once 
again the role of SNPT’s industrial activity in the ever-increasing alter-
ation of human health. 

5. Conclusion 

The high concentrations of cadmium, lead, and fluoride in the blood 
of people at Agbodrafo, Kpeme, Goumoukope, and Aneho in relation to 

Gbodjome are due to the environmental pollution following the indus-
trial activity of the SNPT plant. This is explained by the fact that bio-
accumulation of pollutants by exposed individuals is more important at 
Kpeme and Goumoukope, which are closer to the factory, than at 
Agbodrafo and Aneho. The correlation tests, multivariate analysis, and 
the variation of the fluoride concentrations show that fluoride toxicity 
impacts renal and hepatic systems already affected by toxic metals. In-
dustrial activity in the phosphate treatment area of Togo leads to human 
contamination with fluoride along with cadmium and lead which in-
creases the risk of renal and hepatic dysfunction. It is necessary to 
continue the study to know the mode of action of fluoride toxicity on 
these organs. Furthermore, it is necessary to consider the present data 
and those of previous studies on human health impacts of this industrial 
activity in Togo in order to improve the management of the waste 
produced in order to prevent or limit these impacts. 

Fig. 6. Correlation between ASAT and fluoride concentrations in blood. The correlations is established by considering the five localities and in relation to the values 
of 70 samples corresponding to the number of individuals recruited per locality; A: at Gbodjome, B: at Agbodrafo, C: at Kpeme, D: at Goumoukope and E: at Aneho. 
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Table 6 
Frequency of food consumption.  

Localities Frequency of consumption per week 

Consumption of agricultural products and/or market 
gardeners from the locality 

Consumption of seafood Use of well water 

n(%) P value n(%) P value n(%) P value 

Gbodjome 
Two or more times 57 (81.43) 

P = 0.4516 
(R2 = 0.000) 

54 (77.14) 

P > 0.999 
(R2 = 0.000) 

56 (80.00) 

P > 0.999 
(R2 = 0.000) 

Once 05 (07.14) 06 (08.57) 00 (00.00) 
Rarely/never 08 (11.43) 10 (14.29) 14 (20.00) 

Agbodrafo 
Two or more times 55 (78.57) 59 (84.29) 70 (100.00) 
Once 03 (04.29) 01 (01.43) 00 (00.00) 
Rarely/never 12 (17.14) 10 (14.28) 00 (00.00) 

Kpeme 
Two or more times 58 (82.86) 56 (80.00) 53 (75.71) 
Once 02 (02.86) 02 (02.86) 04 (05.71) 
Rarely/never 10 (14.28) 12 (17.14) 13 (18.57) 

Goumoukope 
Two or more times 61 (87.14) 59 (84.29) 70 (100.00) 
Once 00 (00.00) 02 (02.86) 00 (00.00) 
Rarely/never 09 (12.86) 09 (12.86) 00 (00.00) 

Aneho 
Two or more times 49 (70.00) 51 (72.86) 52 (74.29) 
Once 02 (02.86) 03 (04.28) 00 (00.00) 
Rarely/never 19 (27.14) 16 (22.86) 18 (25.71)  

Table 7 
Sociological and health data on respondents.  

Parameters 
Localities 

Gbodjome Agbodrafo Kpeme Goumoukope Aneho 

Lifespan in the 
locality 

[4–5] years n(%) 16 (22.86) 23 (32.86) 09 (12.86) 07 (10.00) 18 (25.71) 
[6–10] years n(%) 34 (48.57) 32 (45.71) 43 (61.43) 39 (55.71) 27 (38.57) 
˃ 10 years n(%) 20 (28.57) 15 (21.43) 18 (25.71) 24 (34.29) 25 (35.71) 

Average (years) 14.22 ± 1.89 12.38 ±
1.59 

10.14 ± 0.89 15.68 ± 1.84 12.83 ± 1.41 

P = 0.1359 (R2 = 0.02003) 

Ethnic group 
Southern n(%) 57 (81.43) 49 (70.00) 37 (52.86) 52 (74.29) 47 (67.14) 
Northern n(%) 13 (18.57) 21 (30.00) 33 (47.14) 18 (25.71) 23 (32.86) 

P = 0.4857 (R2 = 0.00000) 

Level of knowledge and perception on pathologies 
linked to the ETM and fluorine 

Low n(%) 29 (41.43) 23 (32.86) 18 (25.71) 27 (38.57) 17 (24.29) 
Medium n(%) 26 (37.14) 31 (44.28) 39 (55.71) 29 (41.43) 32 (45.71) 
Good n(%) 15 (21.43) 16 (22.86) 13 (18.57) 14 (20.00) 21 (30.00) 

P ˃ 0.9999 (R2 = 0.00000) 

Socio-professional characteristics 

Student n(%) 07 (10.00) 09 (12.86) 05 (07.14) 03 (04.29) 08 (11.43) 
Unemployed n(%) 13 (18.57) 12 (17.14) 07 (10.00) 13 (18.57) 09 (12.86) 
Farmer/Market 
gardener n(%) 11 (15.71) 07 (10.00) 15 (21.43) 18 (25.71) 08 (11.43) 

Fisherman n(%) 12 (17.14) 13 (18.57) 13 (18.57) 17 (24.29) 12 (17.14) 
Trader n(%) 13 (18.57) 11 (15.71) 14 (20.00) 08 (11.43) 14 (20.00) 
Artisan n(%) 06 (08.57) 07 (10.00) 03 (04.29) 05 (07.14) 04 (05.71) 
Functionary n(%) 08 (11.43) 11 (15.71) 13 (18.57) 06 (08.57) 15 (21.43) 

P ˃ 0.9999 (R2 = 0.00000) 

School level 

Unschooled n(%) 11 (15.71) 08 (11.43) 06 (08.57) 12 (17.14) 05 (07.14) 
Primary n(%) 21 (30.00) 17 (24.29) 11 (15.71) 23 (32.86) 22 (31.43) 
Secondary n(%) 29 (41.43) 34 (48.57) 38 (54.29) 31 (44.28) 27 (38.57) 
University n(%) 09 (12.86) 11 (15.71) 15 (21.43) 04 (05.71) 16 (22.86) 

P = 0.4380 (R2 = 0.00000) 

Monthly income 
(dollars) 

˂ 100 n(%) 12 
(17.14) 

13 (18.57) 11 
(15.71) 

14 (20.00) 11 
(15.71) 

[100 – 300[n(%) 
29 

(41.43) 34 (48.57) 
26 

(37.14) 33 (47.14) 
26 

(37.14) 

[300 – 500[n(%) 
19 

(27.14) 17 (24.29) 
22 

(31.43) 16 (22.86) 
23 

(32.86) 

≥ 500 n(%) 10 
(14.29) 

06 (08.57) 11 
(15.71) 

07 (10.00) 10 
(14.29) 

P ˃ 0.9999 (R2 = 0.00000) 

State of health declared in a health document and/or 
observed 

Cardiovascular diseases 
n(%) 18 (25.71) 17 (24.29) 22 (31.43) 21 (30.00) 16 (22.86) 

Diabetes n(%) 02 (02.86) 04 (05.71) 04 (05.71) 02 (02.86) 03 (04.29) 
Kidney dysfunction n(%) 03 (04.29) 02 (02.86) 05 (07.14) 04 (05.71) 03 (04.29) 
Hepatic dysfunction n 
(%) 

01 (01.43) 00 (00.00) 02 (02.86) 01 (01.43) 02 (02.86) 

Dental fluorosisa n(%) 15 (21,43) 18 (25.71) 27 (38.57) 30 (42.86) 16 (22.86) 
Bone fluorosis n(%) 01 (01.43) 02 (02.86) 09 (12.86) 11 (15.71) 01 (01.43) 

P = 0.7684 (R2 = 0.06775)  

a Mild, temperate, moderate and severe dental fluorosis. 
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