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INTRODUCTION 

Chronic exposure to arsenic (As) increases the risk of 

cancer of skin, bladder, lung and kidney. It also leads to 

higher rates of cardiovascular diseases and impaired 

immunity. Furthermore As exposure decrease the 

intellectual quotient (IQ) among children.1 The drinking 

water is the main source of exposure for As and an 

estimated 200 million people are at risk globally.2,3 

However, exposure of As from food is less commonly 

reported. For example, reports of crops cultivated in As-

contaminated soil including rice and leafy vegetables had 

high As.4,5 Furthermore, food items such as fish, dairy 

product and chicken meat were also sporadically reported 

for As contamination.6-9 

Chronic exposures of lead (Pb) cause 0.6% of global 

burden of disease, mainly due to neurobehavioral 

disorders among children in developing countries. 

Despite the control of Pb in the primary sources 

(petroleum), exposure still occurs through secondary 

sources (mainly food) due to its widespread 

contamination of the general environment. 10 Thus, a shift 

in investigation has occurred to determine exposure of Pb 

through secondary sources.  

The groundwater in river Indus is contaminated with As 
and approximately 13 million people are potentially 
exposed in Pakistan.11-16 Also, several food items 
including vegetables, grains and fish have been reported 
to be contaminated with As, mainly by groundwater.12 
Also, despite control of Pb in petrol since 2001, studies 
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have reported high blood lead levels in Pakistan.17,18 
However, the sources of exposure to Pb are unclear. 

This experiment was part of investigation of our recently 
published work to estimate the exposure of As and Pb 
among pregnant women, children and newborn in 
Pakistan.18 The common food items including lentils, 
potato and chicken were analyzed for concentration of As 
and Pb. Furthermore, this investigation estimated the 
contribution of these metals from leaching during 
cooking process using commonly used cooking utensils. 

METHODS 

This experiment was a part of a larger cross-sectional 
study, which was aimed at identifying potential 
environmental sources of As and Pb exposure among 
pregnant women, newborn and young children. The 
details of the methodology were already published.18  

 

Figure 1: Examples of types of utensils used in 
cooking food items. A) Alloy of aluminum, B) non-

stick black-coated, c) stainless steel, d) iron. 

In November 2015, we bought a market basket of random 
samples of three commonly consumed food items 
including chicken muscle meat, lentils and potato from 
Karachi city, Pakistan. Four samples of each food items 
were washed and cooked for 20 minutes in tap-water 
(only) in utensils made of aluminum, iron, stainless steel 
and black-coated non-stick cookware, separately (Figure 
1). After cooking, each food item was homogenized 

adding 80 ml of deionized water (in Magimix® food 
processor). One uncooked sample of potato was also 
homogenized for comparison and sample of the tap-water 
used for washing and cooking the foods were also 
collected. Twenty-five (25) ml of each food sample and 
tap-water were packed into lead and arsenic free bottles 
and shipped by commercial carrier in ice-boxes to 
National Institute of Environmental Studies, Japan. Upon 
receipt, samples were stored at –20°C until sample 
preparation and analysis. 

Instruments, analysis and quality control 

The concentration of As and Pb was estimated by 
Inductively Coupled Plasma Mass Spectrometry (ICP-
MS) at National Institute for Environmental Studies 
(NIES) Japan. 

The homogenized food samples (2 g) were digested with 
nitric acid (5 mL, Ultrapur-100) and hydrogen peroxide 
(1 mL) (Wako Pure Chemical Industries, Ltd., Osaka, 
Japan) using the microwave digestion system 
(TOPwave). ICP-MS analysis was conducted using 
Agilent 7500ce (Agilent Technologies Japan, Ltd., 
Tokyo, Japan) by Japan Food Research Laboratories 
(JFRL; Tokyo, Japan). JFRL is certified by ISO9001, 
ISO/IEC 17025 ISO9001, ISO/IEC 17025, and JAS. 

Tap water samples were filtered with a 0.45 µm cellulose 
acetate disk filter MILLEX-HA 33mm diameter 
(Millipore Corporation, Billerica, MA, USA) and 1/100 
volume of nitric acid was added to the filtered samples. 

RESULTS 

None of the water, food (uncooked or cooked) samples 
were free from Pb or As. The Pb and As concentration in 
tap water was 1.3 ng/g and 2.5 ng/g, respectively. 
Uncooked potato had 10.3 ng/g of Pb and 3.5 ng/g As. 
The concentration of Pb in chicken and potato cooked in 
iron cookware was 23 ng/g and 13.4 ng/g, respectively. 
Concentration of Pb was high in lentils cooked in 
aluminum and steel cookware, 55.1 ng/g and 34.6 ng/g, 
respectively. The As level was high in cooked chicken 
muscle meat regardless of type of cooking utensils and 
ranged from 41.3 to 47.7 ng/g (Table 1). 

Table 1: Lead and arsenic concentration in uncooked and cooked staple food items boiled in different types of 

cooking utensils (ng/g). 

Chemical Food item 
Uncooked concentration of 

food items and water 

Cooked food item concentration 

Types of utensils used for cooking 

Steel Aluminium Iron Non-stick 

Pb 

Chicken - 13.0 19.3 23.0 13.3 

Lentils (Daal)  - 34.6 55.1 8.6 9.1 

Potato 10.3 9.4 8.9 13.4 10.1 

Tap-water 1.3     

As 

Chicken - 45.0 47.5 47.7 41.3 

Lentils (Daal) - 3.6 6.2 7.2 8.0 

Potato 3.5 1.4 1.1 1.7 2.7 

Tap-water 2.5     
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DISCUSSION 

This experiment was a part of larger observational study 

conducted in urban and rural Sindh, Pakistan, which was 

conducted to determine the total exposure of pregnant 

women, newborn and children from three-day food from 

As and Pb. In the previous study, the weekly As intake of 

young children through food was high (188 µg/kg bw) 

and around 14% of the children’s weekly As intake was 

exceeding the provisional tolerable weekly intake (PTWI) 

level of 15 µg/kg bw.18,19 The logical next step was to 

identify the main sources of food commonly contributing 

to high level of exposure among the vulnerable 

population. This study confirms that the common food 

items consumed by the population including lentils, 

potato and chicken were contaminated with As and Pb in 

the city of Karachi, Pakistan. 

Furthermore, the PTWI standard used for above 

assessment for As was withdrawn by Joint Food and 

Agricultural Organization/World Health Organization’s 

(FAO/WHO) Expert Committee on Food Additives 

(JECFA) in 2011 because of the uncertainty regarding its 

safety for human health. Reports suggest that lower levels 

of As below PTWI levels were also associated with lung 

cancers.20 Exposure to 0.01–0.04 mg/kg/day As reported 

to increase the risk for several internal cancers and 

adverse health outcomes.21-24 

Few other studies have also reported high levels of As in 

chicken meat. For example in United States Roxarsone 

fed chickens had high As (30 to 86 ppb), and the sample 

of chicken from Canada also has high As (29 ppb).6,25 

Therefore, further investigation and monitoring is 

required regarding poultry feed and vaccination in 

Pakistan. The chicken meat makes a large share of meat 

consumed because of lowest price and it is one of the 

main sources of protein for the population.26 Studies have 

also shown that, arsenic is excreted by chickens in their 

manures and remain in the environment for longer time, 

these excretory products are used as fertilizers in 

agricultural fields, elevating soil arsenic loads and 

leading to expanded chain of human arsenical exposure.27 

A study conducted in Pakistan reported that chicken feeds 

in poultry farms may contain as high As as 43.7 µg/g 

(43700 ppb).28 In Pakistan, chicken feeds are mostly 

prepared from small sized sea and fresh water fish, waste 

materials of animals (blood and non-consumable parts) 

and low quality grains. This pattern of chicken raising 

supports the claim for this vicious circle runs to 

sufficiently maintain the chain, from chicken feeds to 

chicken and their excretions and finally entering into 

crops and feeds. Findings also showed direct strong 

relationship of the accumulation of arsenic in different 

tissues of broiler chicken and amount of As in feeds.28 

In our study we used cooked food samples to determine 

the contribution of different types of utensil in 

contaminating it. There was apparently no significant 

difference in concentration of both As and Pb across all 

types of utensils. However, estimated concentration of Pb 

was high in lentils which were cooked in steel and 

aluminum types of cooking utensils. A possible 

explanation of this higher concentration in lentils could 

be due to the larger surface area which comes into contact 

with type of cooking utensils. However, it needs to be 

further investigated.  

The As contribution of water used for cleaning and 

boiling of food items was negligible. Our study was 

limited to few food items therefore in future studies we 

recommend including variety of food items and 

particularly for children, the junk foods which are being 

frequently consumed, for analyzing concentration of 

arsenic and lead. Exclusion of spices, condiments and 

other food additives used while cooking is another 

limitation of our study as higher concentrations of such 

metals have been identifies in spices in Pakistan.29 We 

have not used the spices while cooking to determine 

contamination from raw food items instead. 

CONCLUSION  

The food items including lentils, potato and chicken meat 

which were commonly taken by the population in 

Pakistan was contaminated with As and Pb. In the wake 

of endeavor of lowering the standards of exposure As and 

Pb and uncertainty around its safe level in food, a 

significant proportion of vulnerable population in 

Pakistan should be considered at risk. Chronic exposure 

of As and Pb have potential for increasing the risk for 

cancerous and non-cancerous disease burden. Therefore, 

strict enforcement of regulation regarding prevention of 

contamination during raising of chickens, processing and 

packaging of food items are required. Furthermore, 

investigation should be expanded for other food items 

and regular monitoring is warranted. 
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