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ABSTRACT. The continuous urbanization and industrialization in many parts of the world and Algeria
have led to high levels of heavy metal contamination in the soil, groundwater, and food chain products.
Given the importance of milk and dairy products in the human diet, the aim of this study is to estimate the
concentration of heavy metals (lead, cadmium, zinc, and copper) in goat’s milk and to assess the potential
health risks of those metals on adult consumers. To do so, goat milk was collected from three regions (EI-
Milia, Texenna, and Djimla) of Jijel, Algeria. Three samples were taken from each region and mixed to
create a final sample that was pooled from each region. Then, Flame Atomic Absorption Spectrometry
(FAAS) was used to determine the concentration of heavy metals. On the other hand, an online survey was
carried out to estimate the daily intake of goat milk. The non-carcinogenic and carcinogenic health risk
values were calculated. Our experiment demonstrated that the concentration of lead, cadmium, and copper
significantly exceed the acceptable limit values; whereas, the zinc concentration was within the acceptable
limit. The highest lead concentration was found in the El-milia region (0.42 mg/kg). The concentration
gradient of average cadmium is as follows: C Djimla>C El-milia>C Texenna. They range from
(0.0359+0.00247) mg/kg, (0.0155+0.00214) mg/kg, (0.00397+0.000742) mg /kg respectively, while the
Texenna region has the highest copper concentration. Daily estimated intake (EDI) of all metals did not
exceed the limit value. In addition, the target hazard quotient (THQ) of all metals and hazard index (HI)
of the mixture of metals were both below the acceptable limit, representing no carcinogenic risk to the
residents. Contrariwise, it was found that the carcinogenic risk (CR) for Cd was higher than the acceptable
level (1x106), as was the cumulative carcinogenic risk for Cd and Pb. This study will be quite helpful for
both inhabitants in taking protective measures and government officials in reducing heavy metal
contamination.
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INTRODUCTION

The global demand for milk is expected to increase by 35% by 2030, driven largely by
growth demand in Africa, as well as Asia and Latin America [1]. Dairy production is
increasing drastically in developing countries, making significant contributions to health,
nutrition, environment, and livelihoods [2]. Milk and its derivatives are the main
constituents of the daily diet, practically for all age groups (infants, school-age children,
adults and old age), due to their richness of essential nutrients including proteins, calcium,
magnesium, sodium, potassium, zinc, riboflavin, vitamin B12, and vitamin D that
contribute to the development and maintenance of human life and health [3, 4, 5].
However, milk can also contribute to human disease in many ways, as a mammary gland
excretion, it may contain numerous xenobiotic compounds and various environmental
pollutants, including plant constituents, pesticides, disinfectants, drugs, and metals, which
constitute a technological risk factor for dairy derivatives and consumer health [6].
Because of their toxicity and bioaccumulation, the presence of metals in food have
become a major bugbear worldwide in recent decades. Milk products have been shown
to accumulate heavy metals from diets and environment [7], which may pose a serious
health threat to humans.

Heavy metals, including lead (Pb), cadmium (Cd), copper (Cu), and zinc (Zn), have
been detected in milk products [8, 9, 10]. Firstly, although copper (Cu) and zinc (Zn) are
considered as essential micronutrients to living beings, they can also have non-
carcinogenic hazardous effects on human health when exposure levels are higher than the
acceptable reference levels [11, 12]. Copper (Cu) plays a critical role in many biological
processes including cellular respiration, free radical detoxification, neuropeptide
processing, cell proliferation and angiogenesis [13, 14]. Excessively enhanced Cu levels,
however, lead to cancer progression: proliferation, angiogenesis, and metastasis [15].
Zinc (Zn) is involved in numerous aspects of cellular metabolism; it is an essential
component of more than 300 catalytic enzymes in our body. It plays a role in DNA and
protein synthesis, cell division, immune function, and wound healing. It supports normal
growth and development. A daily intake of Zn is required to maintain a steady state
because the body has no specialized system to store it [16]. Zinc deficiency as well as
excess result in severe disturbances in immune cell numbers and activities, which can
result in increased susceptibility to infections and development of especially
inflammatory diseases [17]. On the other hand, the metal of lead (Pb), and cadmium (Cd)
is listed in the priority list of hazardous substances by the Agency for Toxic Substances
and Disease Registry (ATSDR) [18,19]. Lead (Pb) is a potentially toxic element that
accumulates in blood and bones, as well as in organs such as the liver, kidneys, brain and
skin. Its negative health effects can be both acute and chronic. In humans, lead has been
shown to affect the function of the nervous, reproductive, hepatic, endocrine, immune
and gastrointestinal systems [20, 21]. Lead exposure has been associated with cancer in
several countries [22, 23]. Cadmium (Cd) is produced primarily as a byproduct of Zn or
Pb smelting. Cadmium toxicity has been demonstrated in several organs inducing tissue
injury through creating oxidative stress [24, 26], epigenetic changes in DNA expression
[27, 29], and inhibition or upregulation of transport pathways [30, 31, 32] particularly in
the proximal S1 segment of the kidney tubule [33]. Other pathologic mechanisms include
inhibition of heme synthesis [34], and impairment of mitochondrial function potentially
inducing apoptosis [35]. The United States Environmental Protection Agency considered
Cdto be a Class B1 carcinogen [36]. There is scant evidence linking Cd exposure to breast
cancer [37, 38]. Prostate cancer is also correlated with Cd consumption [39] as is
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pancreatic cancer [40]. Other investigators have found a plausible association between
Cd and lung cancer [41].

Therefore, it is essential to determine the residual metal concentrations in milk and
assess the health risks related to them in order to ensure consumer safety. In Jijel province,
a northeast town of Algeria, The intensive traffic jam and the industrial activities such as
thermal power plant, Bellara steel complex, and the tannery may result in a high risk of
heavy metals contamination [42, 43, 44]. Although, there have been a reduced number of
studies about metal contamination in food in Algeria [45,46], but information regarding
the heavy metal contents in milk and its products and the evaluation of their health risks
still scarce. So, the major aims of this study were to determine the levels of four metals
(Pb, Cd, Cu, and Zn) in raw goats milk from three tragted location in Jijel province, and
to assess their potential health risks for adult population using target health quotients
(THQ) and hazard index (HI). The results of this investigation provide insights into heavy
metal accumulation in goat’s milk and will serve as a basis for comparison with other
regions and milk of other species. The findings of this investigation shed light on the
presence of heavy metals in goat milk and will be used to compare it to milk from other
areas and species.

MATERIALS AND METHODS

Presentation of study area

Jijel town is located in the North-East of Algeria; it occupies 2398 km?; goat’s milk
was sampled from three different locations of Jijel. The first is El Milia, the largest city
area of the region, located in northeast of Jijel province, it occupies 332 km?, and
encompasses 99.515 inhabitants [47]. Algerian Qatari Steel runs a steel complex with a
total area of 523 hectares in the commune of El-Milia, in the industrial zone of Bellara
(60 kilometers east of Jijel). This steel complex is situated in a privileged position
between Jijel, Mila, Constantine, and Skikda. The second city is Texenna, 20 kilometers
southeast of Jijel, with a total area of 125.79 km? and 19.985 inhabitants. The third one
Djimla, located 45 km south-east of Jijel, it covers a total area of 65.28 km? and has a
population of 22.140 according to DPAT censuses (2021) [47]. Between the
municipalities of Texenna and Djimla, there is the Tabellout dam a gravity type dam about
70 km south of the Jijel wilaya (district), in Algeria. It was built between 2010 and 2018,
with a height of 115 m, it is the fifth largest dam in Algeria with a capacity of 294 million
me,

According to the Directorate of Agricultural Statistics and Information Systems
(DSASI) of Jijel wilaya and according to the agricultural campaign of (2019/2020) the
consumption of goat's milk in El Milia, Texenna and Djimla was estimated at 29.40x10%,
15.00x10% and 12.50x10° I/year respectively [48]. The study was focused on adults
population (20 to 70 years old).

Packaging of equipment and bottling

During all steps of the study, the instructions to avoid contamination were respected.
Polyethylene bottles (250 ml) designed for sampling, as well as all the bottles used during
the preparation of reagents and assays (vials, beakers, filtration set) were cleaned with
detergent and rinsed with tap water. Subsequently, a nitric acid decontamination was
carried out, this step consisted of soaking the bottles in a nitric acid solution (10 %) for 48
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hours, combined with successive rinsing with distilled water [49]. Finally, the bottles
were sterilized at 120°C over 12 h, and then, labled.

Sampling

Three samples of goat's milk were collected by breeders, at three different targeted
areas in the Jijel province (EI-Milia, Texenna, and Djmila). Over four days from April
11" to 14™ 2021.To avoid any contamination hygiene measures have been applied such
as washing of the hands, and the udders of the animal before milking, and the elimination
of the first jet of each milking. Then, the collected milk was stored immediately in
polyethylene bottles previously decontaminated with nitric acid and transported in a cool
box to the laboratory refrigerator before use. Three samples from each location were
pooled to create a single representative pool for each region.

Heavy metals extraction

Goat's milk extracts were prepared according to the method of Shahbazi et al., (2016).
15 ml of goat's milk was mixed with 20 ml of HNO3 (65 w/w %), and heated to dryness
using a hotplate. Then, 5 ml of H2SO4 (95 w/w %) wad added and heated to dryness using
a hotplate. After that, 5 ml of H20 (30 v/v %) was added and heated until the sample
becomes colorless and dry (hotplate). Finally, residues were dissolved and completed to
5 ml using distilled water. Each extraction was performed in triplicate for each region
(Fig.1). The extract obtained was then filtered, and the filtrates were stored in bottles
closed in the refrigerator until the day of AAS assay [10].

Raw Goats milk (El-Milia) Raw Goats milk (Texanna) Raw Goats milk (Djimla)

“pooL w “poOL “pooL
(250ml) N {250ml) {250ml)

Heavy metal@tion in triplicate

n_a n mn

T [ HNO365% Heatto  H2504 T Heatto Hzoz Distilled @

Raw goats Heat
milk (15ml) (20ml) ) (S ml) |:> (5ml) ‘ watter ‘
= dryness - dryness | {sample dry (5 ml) - |

& colorless)

Fig. 1. Heavy metals extraction [10].

Analysis methods

The Goat's milk extracts were examined for the presence of heavy metals using the
SAA- 6200 Atomic Absorption Spectrophotometer (Shimadzu Corporation, KYOTO,
JAPAN). The limit of detection (concentration of an element that gives a signal equal to
three standard deviations of the background noise) varied from 0.001 to 0.02 pul with an
accuracy of 1 to 2 % on relative error. The samples were nebulised in an air/acetylene
flame, which atomises the metal elements. The stock solutions of the reagents were
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prepared using ultrapure water, and all standard solutions were made daily by diluting the
appropriate stock with the same procedure of extraction. Calibration solutions of the
target metal ions were prepared from the standard stocks by serial dilution. The ranges of
concentrations chosen corresponded to the concentrations most commonly encountered
in milk samples. The specific method parameters are resumed in Table 1.

Table 1. SAA measuring conditions.

rameters Measurement Lamp Slit Burner Fuel gas
Metals wavelength current width height (C2H2) flow

Lead (Pb) 283.3nm 10 mA 0.5nm 7mm 0.8 I/min
Cadmium (Cd) 228.8 nm 8 mA 0.5nm 7mm 0.8 I/min
Copper (Cu) 324.7 nm 6 mA 0.5nm 7mm 1.8 I/min
Zinc (Zn) 213.9 nm 8 mA 0.5 nm 7mm 0.8 I/min

Health risk assessment

The non-carcinogenic health risks of a single metal via consumption of goat’s milk were
assessed based on the THQ, a ratio of determined doses for one pollutant to its reference
dose (RfD), and can be calculated as the following equations (1) and (2):

EDI

Eqn. 1

Cmetal ®x Wmilk
BW

Eqgn. 2

EDI =

EDI: the estimated daily intake of heavy metals (mg/kg/d)
RfD: the oral reference dose.
Cmetal: the mean concentration of heavy metals in milk samples (mg/kg)
Whnii/BW: the intake of milk per kg body weight per day (kg/day-bw(kg)

The RfD values of Pb, Cd, Cu, and Zn are set to be 0.0036 [50], 0.001, 0.04, and 0.3,
mg/kg/d [51]. The average adult body weight has been set at 70 kg according to the
literature [52]. Whereas, the mean intake of milk was estimated from the online survey.

If the THQ is less than 1, the exposed population is unlikely to experience obvious
adverse effects [53]. The severity of health risks caused by toxic compounds is enhanced
with the increasing THQ value.

Exposure to two or more metals may result in additive and/or interactive effects. The
health index, HI, was used to estimate the total no carcinogenic health risk caused by
mixture of heavy metals [54]. HI can be estimated by equation (3):

HI =Y THQ
Egn. 3
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If the calculated hazard index (HI) was less than 1, this confirms that consumption of
goat’s milk does not pose a formal non-carcinogenic risk to human health, and this risk
increases with the value of HI.

The cancer risk CR for cadmium and lead was calculated based on the equation (4):

CR =EDI X CF50
Eqgn. 4

CSF (Cancer Slope Factor): the carcinogenic slope factor for the oral route of the
metals.

CSF Pb and Cd is estimated at 0.0085 and 15 mg /kg/day respectively [55]. According
to the US EPA (2001) [52], cancer risk is considered acceptable for the range from 1x10
-%to 1x10™,

The cumulative risk of cancer (CRc) in the present study was evaluated following
exposure to the two carcinogenic heavy metals, Cd and Pb, as the sum of the individual
risks of these two metals, according to the equation (5):

CRc = CRCd + CRPb
Eqgn.5

CRCd: cancer risk for cadmium.
CRPb: cancer risk for lead.

Online survey

160 people took part in the conducted online survey during April 2022. Two types of
guestions were used online for voluntary respondents to collect information on the health
risks associated with metals exposure in goat's milk:

- General question: 1) are you adult (>18 years, 2) what is your gendre,

- The daily (24h) quantity of milk consumed: 1) Do you consume goat's milk, 2) if yes,
how much is consumed each day (one, two, three, or four 200 ml glasses of milk every
day).

All of the questions were multiple choice, so you only had to select the right response
for each.

Statistical analysis

The concentrations of heavy metals (Pb, Cd, Cu and Zn) were expressed in milligram
per killogram of raw milk, and presented as the mean+=SEM for each metal. A one-way
analysis of variance (ANOVA) was performed to assess the differences in the metallic
profile of milk between the three regions targeted by the study. The p-value<0.05 was
considered to indicate a statistically significant difference between the regions being
compared. Significantly different groups are processed by post hot analysis with the
Tukey test.
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The correlations were established using the Pearson correlation method to assess the
dependence between the profiles of the four metals at the same time in the same region,
and between the three selected regions.

Descriptive statistics were performed by Microsoft Excel 2016 spreadsheet, while
hypothesis testing and factor analysis were performed by SigmaPlot software version
12.0, GraphPad Prism7 and SPSS Statistics 25.

RESULTS AND DISCUSSION

Concentrations of Metals in goat’s milk

The contents of heavy metals (Pb and Cd), and trace elements (Cu and Zn) in all
analyzed milk samples and their relevant threshold values of international standards were
summarized in Table 2, One-way analysis of variance showed that the concentration of
lead significantly exceed the threshold value in all regions, especially El-Milia
(0.4250+0.0065" 2 mg/kg) “P=0.012” with an average lead value of 0.381+0.0018 mg/Kg.
In the same way, Djimla (0.338+0.0223" mg/kg) “p=0.0001" has a cadmium
concentration that is significantly higher than the limit value, followed by El-Milia
(0.0155+0.0021" mg/kg) and Texenna (0.00397+0.0007" mg/kg). An average value of
0.01845+0.00026 mg/kg) was recorded for this toxic metal. Likewise, copper
concentration exceeds the threshold value, in particular in the region of Texenna (0.0633+
0,0044° mg/kg) “p=0.003" with an average value of 0.0500+0.0001 mg/kg. While, the
zinc concentration was within the acceptable limit and did not exceed the threshold value
with an average value of 1.868+0.731 mg/kg.

Table 2. Concentrations of heavy in goat’s milk metals and threshold values (mg/kg).

Region El-Milia Texenna Djimla Threshold References

Metals value

Lead (Pb) 0.425 + 0.382 + 0.338 + 0.02 [56]
0.0065" 0.0026" 0.0223"

Cadmium (Cd) 0.0155 + 0.00397 + 0.0359 + 0.0026 [57]
0.0021" 0.0007" 0.0025 [58]

Copper (Cu) 0.0500+ 0,0024" 0.0633+ 0.0369+ 0.01 IDF 1979

0,0044° 0,0019" [59]

Zinc (Zn) 1.425 + 2.712+ 1.467+ 3.28 IDF 1979

0.1042" 0.1148™ 0.1298" [59]

Mean£tSEM. (*) p.0.5 a significant difference heavy metals concentration vs threshold limit, (a) p=0.012
a significant difference El-Milia vs Djimla, (b) p<0.0001 a significant difference Djimla vs El-Milia and
Texenna, (c) p=0.03 a significant difference Texanna vs Djimla, (d) p=0.0003 a significant diffrence
Texenna vs El-Milia and Djimla.

Correlation analysis

Pearson coefficient (R) was calculated to assess the plausible association between
metals in the set of regions targeted in this work.

In EI-Milia, lead was positively correlated with cadmium “R=0.542”, and negatively
correlated with copper and zinc “R=-0.865,-0.499” respectively; otherwise, copper and
zinc are highly correlated “R=0.867". Strong correlations characterized the metals in
Texenna, we have a positive correlation between lead and zinc “R=0.912", and a negative
correlation between zinc and copper “R=-0.984". Moreover, in Djimla, we observed a
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high correlation between lead and zinc “R=1", and a negative correlation between copper
and cadmium “R=-0.982".

Estimated Daily Intake of Metals and Their Respective Human Health Risks
Online survey results

The observed population (160 individuals) shows a relative female dominance with
51.25% (82) against 48.75% for men. It also shows a dominance of adult goat milk
consumers with 85% (136) against a minority of 15% who report not drinking goat's milk.
For the milk consumption rates, the majority of participants (53.7%) reported drinking
one cup of milk, equivalent to 200 ml per day. Only 2.5% of adults take 4 cups and milk
daily, compared to 38.75% of those who drink two cups daily and 5% of those who drink
three cups. The outcomes were consistent with the rate of milk intake determined by
DSASI [48].

Estimated daily intake (EDI)

Since the majority of metal concentrations exceeded the threshold values of standards,
to assess if there was or not a risk for human health, the exposure of milk consumers to
heavy metals and associated health risk is determined not only by metals concentrations
in milk, but also by milk consumption rates which was estimated to 200 ml/day by the
online survey. So it is necessary to carry out health risk assessments according to the daily
intake of metals. The EDI values of heavy metals via the consumption of milk were
calculated and shown on (Fig. 2). The results obtained show that the lead EDI for the
three regions (average value of 0.00109+0.0001mg/kg BW/jour) are in below the FAO
proposed limit value (0.0036 mg/kg/day). Similarly, cadmium EDI in the three study
regions (average value of 3.6087x10™* mg/kg body weight/day) does not exceed the
standard EDI (Cd) < 0.0083 mg/kg body weight/day. In the same way, the EDI of copper
(average value of 0.000143 mg/kg body weight/day) and zinc (average value of 0.00533
mg/kg/day) was below the limit value (0.04 and 0.3 mg/kg body weight/day respectively).
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Fig. 2. Estimated daily intake (EDI) of Cd, Pb, Cu and Zn through goat’s milk
consumption, in El-Milia, Texenna and Djimla. Espressed as Mean+SEM, (**%*):
p<0.0001 vs threshold.
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The target hazard quotient (THQ)

According to the results of the calculation obtained from the THQ “Pb”, it is found
that the highest non-carcinogenic risk is observed at El-Milia (0.3467+0.005487)
compared to both other regions (Texenna and Djimla) (0.3117+0.002028 and
0.2763+0.01819 respectively) (Fig. 3). The highest non-carcinogenic risk for “Cd” is in
the Djimla area (0.1027+0.007094). A low non-carcinogenic risk that does not exceed the
value indicated (THQ<1) of “Cu” was found. Texenna region showed the highest value
compared to the other two regions. As with “Cu”, “Zn” has a low non-carcinogenic risk
and the highest in the Texenna region compared to the other two regions. For all the
results, the THQ values of metals obtained do not exceed the limit value.
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Fig. 3. THQ values of metals for all groups due to milk consumption. Expressed as
Mean£SEM. (***) p<0.0001 vs threshold.

Hazard Index (HI)

The Hazard Index determines the potential non-carcinogenic risk induced by
simultaneous exposure to a mixture of several metals, it results from the sum of all the
THQ of the individual heavy metals analyzed. The assessed values of HI revealed
significant differences between the three regions studied (p=0.0455). Furthermore, the
region of El-Milia presents the highest estimated value of this risk (0.4043+0.0126)
compared to other regions while all the values in the Table 3 do not show a non-
carcinogenic risk for consumers.

Table3. Metal hazard index results.

Regions Hazard Index P-value
Mean + SEM
El-Milia 0.4043+0.0126 0.0455*
Texenna 0.3533 +0.0034
Djimla 0.3957 £ 0.0156

The results are expressed as mean * Standard Error of Mean (SEM). “*”: Significant differences
between the three regions studied.
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Cancer risk (CR)

The results revealed the absence of carcinogenic risks associated with the ingestion of
lead (1.03x107°+1.732x107) for EI-Milia, 9.27x10°+6.35%1078 for Texenna and 8.22x10°
6+5.427.107) for Djimla. However, the ingestion of cadmium is associated with a
carcinogenic risk, especially in the region of Djimla (0.00154+0.0001041) (Fig. 4).

Lead (Pb) Cadmium (Cd)
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Fig. 4. Cancer risk values of heavy metals for adults from milk consumption. Results are
expressed as Mean + SEM. (***) p<0.0001 vs threshold values (10-6-10-4), ($)p<0.001 vs EI-
Milia and Texenna.

Cumulative cancer risk (CRc)

Cumulative risk represents the result of exposure to multiple carcinogenic heavy
metals, statistical analysis (ANOVA) revealed a significant difference between the three
regions El-Milia (0.0006747+9.19x107°), Texenna (0.000179+3,188x10°) and Djimla
(0.00155+0.0001041) (p<0.001) as shown in the (Fig. 5).
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Fig. 5. Cumulative cancer risk of lead and cadmium. Results are expressed as

Mean+SEM. (***) p<0.001 vs threshold (10*), (*) p<0.05 vs threshold (10#) and ($$%)
p<0.001 vs EI-Milia and Texanna.

During the period of April, 2021 metals (Pb-Cd-Cu and Zn) concentrations were
measured in goat’s milk from three different locations of Jijel province (Algeria). The
mean concentrations of heavy metals in all areas followed the same pattern
Zn>Pb>Cu>Cd. The mean concentrations of toxic metals lead and cadmium were

102



Balli et al.: Health risk assessment of heavy metals in goat’s milk for adults group in Jijel Province (Algeria)

significantly higher than the threshold values, this could underscore the release of toxic
metals into the ambient air of Jijel province, concentrations of these metals may also be
observed in the forage samples of the exposed area [60]. Lead is one of the most harmful
heavy metals for humans; it can cause cancer, bleeding, and kidney disorders. Based on
the recommendation of the WHO, the lead limit for milk is 0.02 mg/kg [56]. The average
lead concentration of goat milk samples in our study (0.338-0.425) mg/kg was
significantly higher than the WHO limit, these results are in accordance with those of El
Sayed et al., (2011) with Pb values close to our results (0.327 mg/kg) [61]. However, our
results showed that lead content in the goat milk samples was lower than that observed in
Nigeria (0.168-1.394) mg/kg [62], and higher than the values reported in Egypt (0.044
mg/kg) [63], and Iran (0.141 mg/kg) [64]. The high concentration of Pb in milk observed
in the present study could be explained by the pollution of the environment. Indeed,
agricultural and industrial activities (particularly in EI-Milia), and road transport are
known anthropogenic sources for the increase lead’s concentration in the environment.
Regarding road transport, many countries banned the fuel by the 1980s, but it was only
in July 2021 that Algeria became the last country to ban it; according to a study day
conducted by Sonatrach on the media coverage of unleaded petrol, the global
consumption of fuels containing lead in Algeria reached 2.71 million tons in 2017 [65].
At result, lead alkyl additives in gasoline are burned and emitted into the atmosphere and
may be responsible for the high concentration of lead in certain vegetation, roadsides,
soil, air, water and plants [66]. Likewise, cadmium (Cd) is one of the most toxic industrial
and environmental pollutants due to its long half-life (15-30 years), which amplifies the
deleterious effects on human health [67]. The maximum permissible level of Cd in dairy
products has been reported to be 0.02 mg/kg of wet weight in Turkey, 1.0 mg/kg of wet
weight in Malaysia, 0.05 mg /kg of wet weight in Egypt, and 0.01 pg/g of wet weight in
FAO/WHO limits [68]. By comparing our data results with the FAO limit on Cd, which
is the most meticulous legislator, the average Cd values in this study ranged from
(0.00397 mg/kg) to (0.0359 mg/kg), with the Djimla region recording the highest
alarming result (three times the allowed value). Our research consequently demonstrates
very substantial toxicological risks to the population's health in this area when goat milk
is consumed. The sources of this high concentration of Cd can be due to both natural
sources (altered bedrock) and anthropogenic (road traffic, activities related to the
Tabellout dam and local farming). Our results are in accordance with other studies where
the level in milk exceeded the permissible limit [69,70]. However, our results are higher
than SolaLarr anaga and Navarro-Blasco [71]; Bilandzic et al. [72]; Pilarezyk et al. [73]
and Khan et al. [74] who reported Cd values 0.0004, 0.003, 0.004 and 0.002 mg/kg,
respectively. Nevertheless, Cd concentrations in milk may increase to more severe levels,
as is the case for the Cd concentration in raw cow milk samples from India which far
exceeds those found in this study (12 mg/kg) [75]. On the other hand, trace elements such
as Cu and Zn are referred to as microelements, and have been identified to be vital for
normal growth. When the amount of intake exceeds the determined levels, they may
produce toxic and harmful effects [15, 16, 17]. The daily tolerable amount for copper is
3 mg while its permissible limit in milk is 0.01 mg/kg [59]. The mean concentrations of
copper in our study (0.03 -0.06) mg/kg were above the permissible limit, other studies
reported higher level of copper than this study, Homayonibezi et al. [64] estimate copper
content in Asaluyeh and Kaki to 0.146 mg/kg and 0.171 mg/kg, respectively. Meshref et
al. [63]; Shahbazi et al. [68] and Bakircioglu et al. [76] estimated Cu content to 0.888 —
18.316 mg/kg; 0.427 mg/kg and 0.094 -29 mg/kg respectively [64 -10 -74]. On the other

103



Balli et al.: Health risk assessment of heavy metals in goat’s milk for adults group in Jijel Province (Algeria)

hand, Ahmad et al. [77] reported a lower level of copper 0.223x10° mg/kg.
Concentrations of Zn were less than the normal level adopted by the IDF (1979) 3.28
mg/kg [58], the Japanese 4 mg/kg, Chinese 2.5-6.7 mg/kg and Brazilian Food Standard
5mg/kg [10]. This parameter is important because Zn has many functions in the body and
deficiency of Zn leads to disruption in different physiological functions [17]. The
differences in the metals contents between this study and previous reports could be due
to several factors such as goat breed and local environment; production equipment,
storage, and transport containers are also important supplies of heavy metal
contamination.

Although the estimation of metals concentration is a crucial step, but it is insufficient
to infer toxicity or non-toxicity of milk, because the exposure of milk consumers to heavy
metals and associated health risk is determined not only by pollutant concentrations in
milk products, but also by milk consumption rates. So, it is necessary to carry out health
risk assessments according to the daily intake of metals (EDI), which is used to assess the
non-carcinogenic health risk.

The mean EDI values of metals for each location group via the consumption of milk
were calculated and represented in figure 2. As shown in figure 2, the largest contributor
of studied elements to daily intake is Zn, the trends of EDI values for metals in milk were
in the order of Zn>Pb>Cu>Cd respectively. In our study, (Pb, Cd, Cu and Zn) EDI values
were estimated to approximately (0.00109057, 4.3714E-05, 0.000136 and 0.00458857)
mg/kg Bw/d respectively. All did not exceed threshold values (0.0036, 0.001, 0.04 and
0.3) mg/kg Bw/d respectively [50,51].

As shown in figure 3, for all groups no THQ value over 1 was observed, which indicate
that the consumption of goats milk in these regions do not represent a significant health
risk [53], the higher values of THQ were noticed for Pb, implying that this metal could
be of concern for adults in terms of non-carcinogenic risk. Our results differ from those
of Yu et al, (2015) where the maximum values of THQ were reported for Cd [75].
Although risk assessment of metals via milk ingestion was found to be within safe limits
(THQ<1); exposure to multiple heavy metals could result in cumulative effects.
Therefore, a cumulative non-carcinogenic risk assessment was performed, HI values (sum
of individual metal THQs) were calculated.

As shown in table 2, for average exposure, the data of HI for all groups were less than

one (0.3533- 0.4043), which indicated that there was no potential health risk to adults by
consumption of goat’s milk [54]. Despite the safety based on HI values, in comparison to
other studies that showed a lower HI values than those obtained in our study, around
(0.085- 0.238) [76, 77, 78], the danger index obtained remains alarming.
The carcinogenic risk assessment is given in Figures 4 and 5, for one heavy metal, an
ILCR less than 1x107 is considered as insignificant and the cancer risk can be neglected:;
while an ILCR above 1x10 is considered as harmful and the cancer risk is troublesome.
For the total of all heavy metals through all exposure routes, the acceptable level is 1x10°
% [79]. Our data showed that CR values of Cd (1.93x10%-1.59%x107%) exceed the limit
values; also the cumulative cancer risk values (2.02x10%4-1.60x10%) are higher than the
threshold value for all regions. The results of this research demonstrate that there is a
cancer risk through the ingestion of goat’s milk.
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CONCLUSION

The purpose of this study was to evaluate the levels of four specific metals (Pb, Cd,
Cu, and Zn) in goats milk in three rural regions in Jijel wilaya (EI-Milia, Texenna, and
Djmila) as well as the risks associated with consuming this milk for human health.

In comparison to the IDF standard, EC, and Codex Alimentarius Commission, the
assessment of heavy metals in goat's milk revealed high amounts of lead, cadmium, and
copper (0.02, 0.0026, and 0.01 mg/kg), respectively, and low values in comparison to zinc
(3.26 mg/kg).

The EDI of all metals did not exceed the limit value. Inaddition, the THQ of all metals
and HI of the mixture of metals were both below the acceptable limit, representing no
carcinogenic risk to the residents. Contrariwise, it was found that the carcinogenic risk
(CR) for Cd was higher than the acceptable level (1x10°), as was the cumulative
carcinogenic risk for Cd and Pb.

In conclusion, people should pay more attention when consuming goat’s milk in Jijel
province since the level of lead and cadmium exceed the threshold value, and on the other
side goat’s milk is poor on essential’s trace elements (Zn, Cu). In addition, data showed
the high cancer risk associated with goat’s milk consumption.

Therefore, in order to reduce the levels of exposure to these toxics for the general
population and to protect it from the substantial toxicological dangers associated with this
exposure, it is urgently necessary to put measures in place to combat the sources of
contamination of this staple food.
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