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Estimation of Chromium (VI) in various body parts of Local Chicken
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Summary: Chicken is a common type of meat source in our food. It is fed with the feed containing 
small pieces of leather having Cr (VI) which persisted in it during chrome tanning process. The core
purpose of present study was to determine the concentration of Cr (VI) in different body parts of 
chicken like leg, arm, head, heart, liver and bone. Estimation of Cr (VI) was done by preparing the 
sample solutions after ashing and digestion with nitric acid, by atomic absorption 
spectrophotometer. The results depicted that the meat part of leg had higher mean concentration 
(1.266 mg/kg) with 0.037 mg/kg standard error while the lowest average concentration was found in 
arm (0.233 mg/kg) with standard error as 0.019 mg/kg. In case of bones, the maximum mean 
concentration was found in head (1.433 mg/kg) with standard error as 0.670 mg/kg. The 
concentration of Cr (VI) was not found similar in meat and bones of chicken by employing Kruskal 
Wallis Test.

Introduction

Chicken is an important part of cooking
menu. There is a rapid increase in consumption of 
chicken meat due to its less purchase cost than 
mutton and better nutritional value with effective 
health impacts than beef. In order to meet the 
increasing demand of chicken meat, suppliers and 
poultry farm owners try to streamline the augmented 
demand of chicken meat by uninterrupted supply [1].
In Pakistan, to meet this increased demand, poultry 
farm owners buy one day chick from hatchery and 
that chick is provided with special type of feed which 
contains a small percentage of leather to provide 
protein nourishment. This feed enables a chick to be 
ready for supply to market within 45 to 50 days.
Leather which is a processed animal hide, chemically 
collagen-based protein facilitates the rapid growth of 
chicken. Cr (VI) salts, K2CrO4 and K2Cr2O7 are used 
for chrome tanning of leather in Pakistan. During this 
process, Cr (VI) stocks into leather. [2].

Cr (VI) is a global problem, having 
genotoxic effects in human beings. Cr (VI) is one of 
the top sixteen toxic pollutants which is an ever 
increasing threat to the environment. It is released 
during many industrial processes. Because of its 
carcinogenic characteristics for humans, it has been 
classified by International Agency of Research on 
Cancer into Group 1 and by U.S.E.P.A into Group A 
for causing lung cancer [3-5]. In an organism’s cells,
the important reason of the mutagenic activity of Cr 
(VI) is its oxidation properties. It can easily pass 
through the cellular membrane and oxidizes its 
constituents which results in metabolic reduction,

first to meta stable Cr (V), then to Cr (III). Cr (III) 
binds to proteins and creates haptens which trigger 
immune system reaction. Migration of chromium 
metabolite complexes to nuclei and their interaction 
with DNA causes negative effect [6, 7]. Chrome 
sensitivity becomes fairly persistent, even contact 
with chromate dyes, textiles or wearing of chromate 
tanned leather shoes can cause or exacerbate contact 
dermatitis. There is sufficient evidence in humans for 
the carcinogenicity of Cr (VI) compounds as 
encountered in the chromate production, chromate 
pigment production and chrome plating industries.
The damage is caused by hydroxyl radicals, produced 
during re-oxidation of Cr (V) by hydrogen peroxide 
molecules in the cell [5, 8]. The mechanism of cancer 
formation caused by Cr (VI) is not known for certain; 
however, it has been postulated that Cr (VI) binds to 
deoxyribonucleic acid (DNA), therefore causing gene 
replication, repair, and duplication [9]. It also causes 
the adverse effects on kidneys and liver. Inhalation 
exposure to Cr (VI) may results in additional adverse 
effects or respiratory system may affect the immune 
system [10]. Necrosis of the kidneys is caused by Cr 
(VI) which starts with tubular necrosis as well as 
diffuse necrosis of the liver [11].

Chromium based chemicals are used for 
chrome tanning, a widely used process for turning a 
skin into bluish-white-colored leather that can be 
stored for a long time. Toxic effects of Cr (VI) may 
include hepato-toxicity; mutagenesis leading to post 
implantation loss and decreased weight and 
carcinogenesis; impaired steroid genesis leading to 
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impaired spermatogenesis ovarian dysfunction,
oxidation of hemoglobin, human lymphocyte 
apoptosis and decreased interleukin-6 levels [12-20].

Due to high toxicological effects of 
chromium on human beings, its concentration in 
different food items have been examined by different 
scientists using different methodologies like 
quadrupole inductively coupled plasma–mass 
spectrometry with ultrasonic nebulization and atomic 
absorption spectroscopy [21-24]. Meat and meat
products are important for human diet in many parts 
of the world. Due to the high concern about the 
effects of anthropogenic pollution on the ecosystems,
contamination with heavy metals is a serious threat 
because of their toxicity, bioaccumulation and 
biomagnifications in the food chain. In this regard,
meat of various animals has been analyzed by 
different workers in various ways to determine the 
amount of toxic metals [25, 26]. The main aim of this 
study is to analyze the concentration of Cr (VI) in 
various parts of chicken which is being 
bioaccumulated in it.

Result and Discussion

The concentration of Cr (VI) in various 
body parts of chicken meat were shown in Table-1.
The average minimum concentration was found in 
the arm (0.200 mg/kg). The mean concentration was 
approximately same in the neck and liver parts; 
however concentration level in these parts was 
higher. The results also depicted that leg shows 
higher mean concentrations (1.2657 mg/kg) with 
0.0375 mg/kg standard error from rest of the parts.
Second highest average concentration was found in 
heart (1.1442 mg/kg) with standard error 0.7624 
mg/kg. Furthermore, this concentration is highly 
consistent in the leg as the coefficient of variation 
was minimum in this part (5.1363) while it was 
highly inconsistent in heart of chicken (Coefficient of 
Variance =136.3494). The liver was also found 
inconsistent regarding the concentration of Cr (VI).

Table-1:  Concentration of Cr (VI) in meat parts of 
poultry (mg/kg).

Body Parts of ChickenDescriptive 
Statistics Sternum Leg Arm Gizzard Neck Heart Liver
Minimum 0.670 1.200 0.200 0.800 0.330 0.300 0.330
Maximum 0.800 1.330 0.270 1.070 0.600 2.670 0.610
Mean 0.734 1.266 0.233 0.933 0.489 1.144 0.415
Standard Deviation 0.065 0.065 0.033 0.133 0.139 1.321 0.331
*C.V 8.853 5.136 14.27 14.28 28.43 86.62 79.68
Standard Error 0.037 0.037 0.019 0.077 0.080 0.762 0.191
* Coefficient of Variance

The concentration of Cr (VI) in various 
bones of chickens was also investigated and 
presented in Table-2. The maximum concentration of 
Cr (VI) was found in head (1.433mg/kg) with 

standard error as 0.670 mg/kg followed by arm, neck,
leg and chest cage, where chest cage shows presence 
of minimum average as 0.323 mg/kg with 0.302 
mg/kg standard error.

Table-2:  Concentration of Cr (VI) in bones of 
chicken (mg/kg).

Bones of chickenDescriptive 
Statistics Chest Cage Neck Leg Head Arm
Minimum 0.267 0.300 0.369 1.366 0.370
Maximum 0.370 0.476 0.377 1.500 0.415
Mean 0.323 0.373 0.340 1.433 0.397
Standard Deviation 0.524 0.918 0.409 0.670 0.241
C.V* 61.69 40.63 83.27 213.9 165.24
Standard Error 0.302 0.530 0.024 0.387 0.139
* Coefficient of Variance

A non-parameter alternate of ANOVA, K-
Sample Kruskal Wallis test was used to test the 
equality of several population averages (Table-3).
This non-parametric alternate is used when the 
assumptions of ANOVA are violated.

Table-3: K- Sample Kruskal Wallis Test for meat 
and bones of chicken.
Statistical Tests Meat Parts of chicken Bones of chicken
Chi-Square Statistic 12.83 12.83
Degree of Freedom 6.0 6.0
Monte Carlo Signifi-
cance(p-value)

0.014 0.026

Exact Significance 0.021 0.029

One of the assumptions was normality of the 
concentrations of Cr (VI) for all meat and bones,
which was tested by using Kolmogrov-Smirnove 
(KS) test. The exact level of significance for KS was 
computed using exact test and Monte Carlo based 
test. The results showed that the concentrations of Cr 
(VI) for all meat parts and bones was normal 
(p>0.05). The second assumption of equality of 
variance was violated as p<0.05, shown by Levene 
test of homogeneity of variances [27-30]. Failure of 
this assumption directs to use Kruskal Wallis Test.
The results given in Table-3 showed that the average 
concentration of Cr (VI) was significantly different,
both in meat parts (p<0.05) and bones (p<0.05).
However, in the meat parts it differed more as 
compared to bones regarding average concentration 
of Cr (VI).The high concentration of Cr (VI) found in 
various parts of chicken is an alarming situation.
Government of Pakistan should make solid policies 
to ensure the Cr (VI) free feed for poultry industry.

Experimental

Materials

During this study, all glassware and 
apparatus were washed and rinsed with deionized 
water. The reagents used were K2Cr2O7 salt (RDH-
Germany) and nitric acid (RDH-Germany). Meat and 
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bones of chicken were taken from local shops of 
poultry from Barkat market, Garden Town Lahore.

Preparation of Standard Solutions of Cr (VI)

A Stock solution of Cr (VI) was obtained by 
dissolving 0.29 g of K2Cr2O7 salt (RDH-Germany) in 
1000 mL of distilled water to form 100 ppm solution.
Then 2, 4, 6, 8, 10 ml from 100 ppm solution were 
taken  and diluted  up to 100 mL in separate 
measuring flasks with deionized water to form 2, 4,
6, 8, 10 ppm solutions, respectively. The absorptions 
of these solutions were taken by atomic absorption 
spectrophotometer (Perkin Elmer AAnalyst 100) to 
make calibration curve and to evaluate the 
concentration of Cr (VI) in different samples.

Preparation of Sample Solutions

Different poultry meat parts and bones such 
as leg, arm, head, heart, liver, back bone, chest cage,
sternum, gizzard etc, were subjected for the process 
of ash formation in muffle furnace separately. The 
ash formed was dissolved in concentrated nitric acid 
and some distilled water was added. All these 
samples were filtered off in different beakers with 
sintered glass crucible and filtrates were boiled. The 
filtrates were transferred in 100 mL volumetric flasks 
and diluted up to the mark with deionized water [31].

All these samples were subjected for 
analysis to atomic absorption spectrophotometer 
(Perkin Elmer AAnalyst 100).

Conclusion

The feed given to poultry industry is rich in 
small pieces of leather that contains Cr (VI) during 
chrome tanning process of hide. Very high 
concentration of Cr (VI) was found in all meat parts 
of chicken especially in leg part which is main item 
of fast food [2]. The Cr (VI) becomes the part of 
human body directly through chromium concentrated 
chicken meat. The concentration of Cr (VI) was also 
found in bones of chicken body, which are usually 
used to make chicken stock and soup. The high 
concentration of chromium in chicken is an alarming 
situation regarding the health of the people of 
Pakistan. It is our recommendation that the 
Government of Pakistan should ensure the chromium 
free feed for the poultry industry.
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