
 

 
A Quantitative Analysis of Chromium and Zinc in Water and Raw Milk in 

Chittagong, Bangladesh 

 
S. Akther1*, S. M. S. Shahriar2, H. M. Zakir2, M. K. Alam1 

 
1Department of Food Processing and Engineering, Chittagong Veterinary and Animal Sciences 

University, Khulshi, Chittagong-4225, Bangladesh 
 

2Department of Applied Chemistry and Chemical Engineering, Rajshahi University, Bangladesh 

 
Received 28 August 2015, accepted in final revised form 12 October 2015 

 
Abstract 

 

The concentration of selected heavy metals (chromium and zinc) was detected and 

estimated in water and raw milk collected from Chittagong City of Bangladesh. A total of 

25 water samples and 20 raw milk samples were collected from different farms situated in 

10 locations of Chittagong, Bangladesh. Chromium content in water was obtained in the 

range from 0.2 µg/L to 13 µg/L. The highest level of chromium content in water was 13.068 

µg/L. The content of chromium in raw milk was obtained in the range from 2 µg/L to 17 

µg/L. The highest level of chromium in milk was 17.062 µg/L. Chromium concentrations in 

water and milk were below the maximum allowed limit.  The concentration of zinc in water 

was in the range from 0.01 mg/L to 1 mg/L. The highest level of zinc in water was 1.024 

mg/L. The concentration of zinc in raw milk was in the range from 0.6 mg/L to 0.9 mg/L. 

The highest concentration of zinc in water was 1.024 mg/L which is around the 

toxicological guidance value of zinc.  
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1. Introduction 

 

Chromium (Cr) and zinc (Zn) is a naturally occurring element found in food products of 

both plant and animal origins. These are regarded as essential trace element in humans 

and animals, taking part in various metabolic processes. Cr an essential element is usually 

present in food in the trivalent form; the hexavalent form of Cr is toxic and not normally 

found in food [1]. Cr(VI) has been reported to be toxic and carcinogenic to humans owing 

to its oxidizing potential and easy permeation of biological membranes [2]. In living 

organisms, Cr is present in the more stable trivalent state, and its essential biological 
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activities are due to the complexes known as “biologically active Cr” (glucose tolerance 

factor or GTF) [3]. Cr is a component of enzymes which control glucose metabolism and 

synthesis of fatty acids and cholesterol, and its deficiency leads to severe impairment of 

glucose tolerance, which finally leads to diabetes and atherosclerotic disease [4]. 

Insufficiency of Cr is caused mainly by its insufficient supply with food products. The 

recommended daily intake proposed for Cr by the US RDA is 50–200 μg/day for a 60-kg 

person [5]. These levels are not usually reached in the industrialized countries where Cr 

deficiency is perhaps the principal trace element deficiency, particularly in people above 

the age of 35. As a result, it is referred to as geriatric nutrient [6]. According to literature 

data, daily Cr intake in European countries ranges from 22 μg to 146 μg, but in most of 

them it is under 100 μg, and in the USA it is as low as 23 to 62 μg [7]. On the other hand, 

Zn is a trace element that is essential for human health. Zn constitutes about 33 µg/g of an 

adult body mass and it is essential as a constituent of many enzymes involved in several 

physiological functions, such as protein synthesis and energy metabolism [8]. Too much 

Zn can still cause eminent health problems, such as stomach cramps, skin irritations, 

vomiting, nausea and anaemia. Zn can be a danger to unborn and newborn children. When 

their mothers have absorbed large concentrations of zinc the children may be exposed to it 

through blood or milk of their mothers. To assess the dietary intake of Cr and Zn with 

food it is necessary to know their content in different groups of food products. Cr and Zn 

contents in fruits, vegetables and dairy products are relatively low, but their consumption 

is high, which make their contribution to Cr and Zn intake significant [2]. However, 

scientifically reliable data on the Cr and Zn contents in different foods and agricultural 

products are still insufficient [9]. Water, milk and dairy products make an important 

contribution to the supply of Cr and Zn for the human diet. The aim of the present study is 

to determine the concentration of Cr and Zn in water and cow's milk available in market in 

Chittagong city corporation area of Bangladesh. 

 

2. Experimental  

 

2.1. Sample collection  

 

Total 25 and 20 samples of water and raw milk were collected from 10 different locations 

during March-April, 2014 in Chittagong area of Bangladesh which are listed in Table 1.  

 

2.2. Sample preparation 

HNO3 was used for the dilution and mineralization of water samples. 100 mL of each 

representative water sample was transferred into Pyrex beaker containing 10 mL of conc. 

HNO3. The sample was boiled slowly and then evaporated on a hotplate to the lowest 

possible volume (about 20 mL). The beaker was allowed to cool and another 5 mL of 

conc. HNO3 was added. Heating was continued with the addition of conc. HNO3 as 

necessary until digestion was complete. The sample was evaporated to dryness and then 

cooled, followed by the addition of 5 mL HCl solution (1:1 v/v). The solution was 
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warmed and 5 mL of 5M NaOH was added, and then filtered through Whatman No. 42 

filter paper. The filtrate was transferred to 100 mL volumetric flask, diluted upto the mark 

with deionized water and then subjected to elemental analysis. 

For the milk samples, 5 mL of milk was pipetted into the 200 mL cylindrical flask. 

Conc. HNO3 (10 mL) and H2SO4 (3 mL) as well as milk were heated at 120°C for 4 h. 

After heating 1 mL of 20% H2O2 was added and heated the mixture at 200°C for 8 min. 

The final digested sample was diluted to 50 mL with deionized water and then filtered 

through Whatman No. 42 filter paper. The filtered solution was then used for the 

elemental analysis. 

 

Table 1. Locations of sample collection. 
 

Sample Code Location 

Water Milk 

W-1 

W-2 

M-1 

M-2 

Anwara 

W-3 

W-4 

M-3 

M-4 

Patiya Pourashava 

W-5 

W-6 

M-5 

M-6 

Hathazari 

W-7 

W-8 

M-7 

M-8 

Raozan 

W-9 

W-10 

M-9 

M-10 

Sitakunda (north west) 

W-11 

W-12 

W-13 

M-11 

M-12 

Chandanaish 

W-14 

W-15 

W-16 

M-13 

M-14 

Mirsharai 

W-17 

W-18 

W-19 

M-15 

M-16 

Halishohor 

W-20 

W-21 

W-22 

M-17 

M-18 

Bondor 

W-23 

W-24 

W-25 

M-19 

M-20 

EPZ 

 

2.3.  Analytical methods and instrumentation 

 

Cr and Zn in water and milk samples were determined according to previously described 

methods [10,11]. The samples were analyzed in a laboratory with a quality assurance 

schemes by using “Analytikjena Atomic Absorption Spectrophotometer, model: 

ZEEnit700P, Germany”. 
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2.4.  Measurement of different variables 

 

Exposure estimates have been compared with health-based toxicological reference values 

(e.g. heavy metals have been compared with acceptable daily intakes ADI). 

 

2.5. Data analysis 

 

The concentrations of Cr and Zn in water and raw milk were determined by using ASpect 

LS 1.2.0.0, Analytik Jena AG 2011-2012 system software. Statistical analysis was 

performed by using SPSS statistical software of version 14. All values were expressed as 

mean ± standard deviation (SD).  

 

3. Results and Discussion  

 

Atomic absorption spectrophotometer (AAS) was calibrated with Cr concentrations at 5 

ppb, 10 ppb, and 15 ppb respectively for the calibration of the AAS. The AAS was also 

calibrated with Zn concentrations at 0.40 ppm, 0.80 ppm, and 1.20 ppm respectively. The 

results of water sample analyses are given in Table 2. The content of Cr in water was 

obtained in the range from 0.2 µg/L to 13 µg/L. The highest level of Cr in water was 

13.068 µg/L. Cr concentration in water was below the maximum allowed limit. The 

concentration of Zn in water was in the range from 0.01 mg/L to 1 mg/L with the highest 

concentration being observed was 1.024 mg/L. The concentration of Cr and Zn in raw 

milk are given in Table 3. The content of Cr in raw milk was obtained in the range from 2 

µg/L to 17 µg/L. The highest level of Cr in milk was 17.062 µg/L. The concentration of 

Zn in raw milk was in the range from 0.6 mg/L to 0.9 mg/L and the highest concentration 

was 0.984 mg/L. 

The maximum allowable limit of Cr in water according to United State 

Environmental Protection Agency (EPA) is 0.1 mg/L or 100 µg/L [12]. The Codex 

Alimentarius Committee considered the level of Cr is 0.05 mg/L or 50 µg/L
 
for water and 

health-related certain substances [13]. The Secondary Maximum Contaminant Level of Zn 

in water according to United State Environmental Protection Agency (EPA) is 5 mg/L 

[12] and according to Codex Alimentarius the toxicological guidance value of Zn is 0.3-1 

mg/kg body weight [14]. In this study, the Cr content in all the samples was found under 

maximum permeable limit.  The maximum concentration of Cr in raw milk (17.062 µg/L) 

is below the safe limit for Cr in water and health-related certain substances. The highest 

concentration of Zn in water (1.024 mg/L) is around the toxicological guidance value of 

zinc. 

In several countries, similar studies were previously reported concerning heavy 

metals as is the case in the current study. In surface waters in the USA, levels up to 84 

μg/L have been found [15]; in central Canada, surface water concentrations ranged from 

0.2 to 44 μg/L (National Water Quality Data Bank (NAQUADAT), Inland Waters 
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Directorate, Environment Canada, 1985). In the Rhine, Cr levels are below 10 μg/L [16], 

and in 50% of the natural stream waters in India the concentration is below 2 μg/L [17]. 

 
Table 2.  Concentration of chromium and zinc in water 
 

Sample no. 

Concentration in  

Cr (µg/L) 

(mean ± SEM) 

n=3 

Zn (mg/L) 

(mean ± SEM) 

n=3 

W-1 1.882 ± 0.0003 0.524 ± 0.0015 

W-2 0.604 ± 0.0050 1.024 ± 0.0013 

W-3 1.033 ± 0.0008 0.832 ± 0.0007 

W-4 0.614 ± 0.0008 ND 

W-5 0.512 ± 0.0006 0.442 ± 0.0010 

W-6 1.098 ± 0.0004 0.015 ± 0.0008 

W-7 2.112 ± 0.0015 0.016 ± 0.0006 

W-8 4.232 ± 0.0030 0.826 ± 0.0012 

W-9 0.947 ± 0.0009 0.429 ± 0.0005 

W-10 0.854 ± 0.0012 ND 

W-11 3.122 ± 0.0012 1.006 ± 0.0006 

W-12 1.342 ± 0.0010 0.085 ± 0.0010 

W-13 5.622 ± 0.0022 ND 

W-14 8.245 ± 0.0045 0.634 ± 0.0008 

W-15 0.896 ± 0.0028 0.084 ± 0.0012 

W-16 ND 0.224 ± 0.0007 

W-17 0.287 ± 0.0017 0.205 ± 0.0005 

W-18 6.438 ± 0.0060 0.064 ± 0.0004 

W-19 3.232 ± 0.0017 0.322 ± 0.0007 

W-20 0.697 ± 0.0004 0.084 ± 0.0004 

W-21 1.872 ± 0.0033 ND 

W-22 9.523 ± 0.0086 0.109 ± 0.0006 

W-23 13.068 ± 0.0098 0.566 ± 0.0010 

W-24 ND 0.342 ± 0.0006 

W-25 1.456 ± 0.0015 0.435 ± 0.0008 

ND = Not detectable 

 

In general, the Cr concentration in groundwater is low (<1 μg/L). In Netherland, a 

mean concentration of 0.7 μg/L has been measured, with a maximum of 5 μg/L [18]. In 

India, 50% of 1473 water samples from dug wells contained less than 2 μg/L [17]. In 

groundwater of the USA, levels up to 50 μg/L have been reported [15]; in shallow 

groundwater, median levels of 2–10 μgL have been found [19]. Most supplies in the USA 

contain less than 5 μg/L. In 1986, levels in 17 groundwater supplies and one surface water 

supply exceeded 50 μg/L. Approximately 18% of the population of the USA are exposed 

to drinking-water levels between 2 and 60 μg/L and <0.1% to levels between 60 and 120 

μg/L [15]. In Netherland, the Cr concentration in 76% of the supplies was below 1 μg/L 

and of 98% below 2 μg/L [20]. A survey of Canadian drinking-water supplies gave an 

overall median level of Cr as 2 μg/L, with maxima of 14 μg/L (raw water) and 9 μg/L 

(treated water) [21]. Cocho et al. reported that normal cow milk contains 5-15 μg/L of Cr 

[22]. 
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In natural surface waters, the concentration of Zn is usually below 10 μg/L, and in 

groundwaters, 10-40 μg/L [23]. In tap-water, the Zn concentration can be much higher as 

a result of the leaching of Zn from piping and fittings [24]. The most corrosive waters are 

those of low pH, high carbon dioxide content, and low mineral salt content. In a Finnish 

survey, 67% of public water supplies, the median Zn content in water samples taken 

upstream and downstream of the waterworks was below 20 μg/L; much higher 

concentrations were found in tap-water, the highest being 1.1 mg/L [25]. Even higher Zn 

concentrations (up to 24 mg/L) were reported in a Finnish survey of water from almost 

6000 wells [26]. 

 
Table 3. Concentration of Cr and Zn in raw milk. 
 

Sample no. 

Concentration 

Cr (µg/L) 

(mean ± SEM) 

n=3 

Zn (mg/L) 

(mean ± SEM) 

n=3 

M-1 6.016 ± 0.0015 0.984 ± 0.0012 

M-2 5.014 ± 0.0008 0.826 ± 0.0041 

M-3 4.625 ± 0.0012 ND 

M-4 7.116 ± 0.0023 0.728 ± 0.0022 

M-5 5.348 ± 0.0022 0.904 ± 0.0034 

M-6 6.316 ± 0.0010 0.711 ± 0.0016 

M-7 10.452 ± 0.0011 0.920 ± 0.0052 

M-8 ND 0.684 ± 0.0046 

M-9 8.254 ± 0.0028 ND 

M-10 12.045 ± 0.0016 0.832 ± 0.0058 

M-11 ND 0.801 ± 0.0046 

M-12 2.854 ± 0.0014 0.588 ± 0.0055 

M-13 8.482 ± 0.0026 0.942 ± 0.0064 

M-14 11.624 ± 0.0058 0.785 ± 0.0048 

M-15 5.033 ± 0.0008 ND 

M-16 6.614 ± 0.0008 0.905 ± 0.0082 

M-17 17.062 ± 0.0086 0.769 ± 0.0085 

M-18 6.342 ± 0.0048 0.824 ± 0.0050 

M-19 3.868 ± 0.0082 0.916 ± 0.0085 

M-20 6.134 ± 0.0030 0.774 ± 0.0065 

ND = Not detectable 

 

Zn concentrations in cow milk ranges from 2–6 mg/L [27]. Pechova et. al. reported 

that Zn level in cow milk is  3.855 ± 0.814 mg/L [28]. Only a few studies on the content 

of Zn in cow milk have been published to date, and the factors affecting its concentration 

in milk have not been described thoroughly. Zinc in cow milk primarily binds to casein 

and, to a small extent, citrate. Almost 90% of Zn binds to casein in mature milk, in 

contrast to just 60% in the colostrums [29]. In casein, Zn binds primarily to colloid 

calcium phosphate of casein micelles [30]. 
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4. Conclusion 

 

The purpose of this study was to focus on concentration of selected metals in water and 

raw milk. In this study, it was found that in both water and raw milk concentrations of Cr 

and Zn were within the maximum limit. Comparative study of the present work with those 

of relevant works done in other countries revealed similar levels of metals in water and 

raw milk. Further studies are necessary to evaluate the contents of „„essential‟‟ and 

„„toxic‟‟ heavy metals on a greater number of samples to confirm the absence of possible 

toxicological risks. 
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