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ABSTRACT 
 
The animal feed materials contaminated with heavy metals, which usually comes from soils to plant, 
atmosphere and contaminated seawater. Various animal feed and feed supplements imported by 
local agents at United Arab Emirates (UAE) subjected for analysis using ICP- MS technique the 
concentration of the four selected heavy metals, namely; Arsenic (As), Lead (Pb), Cadmium (Cd), 
and mercury (Hg), found to be within the national standard. 

 
 
Keywords: Heavy metals concentration; animal feed; ICP-MS analysis. 
 

Original Research Article 



 
 
 
 

Ali et al.; CSIJ, 28(3): 1-6, 2019; Article no.CSIJ.52546 
 
 

 
2 
 

1. INTRODUCTION 
 
Environmental contamination is a serious 
problem to animals as well to human health, 
these trace metals found in soil, food, water and 
livestock organs, tissues and in livestock 
products are of main concern [1], several studies 
shows risk associated due to heavy metals in 
animal feed [2]. In recent years the modern 
industrialization and new agriculture techniques 
were main cause of environmental contamination 
[3]. 

 
The cattle feed products contain heavy metals, 
such as cadmium, lead, arsenic, mercury and 
some metalloids are special concern because 
these trace metals are quickly transferred 
through food chain  and cause interruption to 
important biological function [4,5]. 
 
The main causes of environmental pollution were 
due to modern agricultural and industrial 
activities harms to ecological system [1,5]. 
 
Possible entry of heavy metals in soils include 
animal manures sewage sludge inorganic 
fertilizers and atmospheric deposition [6] transfer 
of trace metals from the agricultural soils and 
farming industrial environment, use of huge 
amount precipitation and gas absorption 
methods [7]. These toxic metals from various 
sources gradually taken up by plants and 
transferred to food chain, and accumulation of 
heavy metals in plants depends on nature of soil, 
type of plants and bioavailability of metals to 
uptake in soil - system [8]. 

 
Animal farms established in china produce 
annually around 32 × 108 t of animal manure [9], 
which is used in agriculture soils to increase the 
fertility and organic stock concentration, which 
leads to environmental problems, like 
contamination of surface water with phosphate 
and nitrate.  
 

The spreading of content of heavy metals in the 
atmosphere will   transfer through food chain, 
and the trace metals have high density related to 
water which affects available in different forms 
(Cr, Hg Pb, Cd), there heavier masses, toxic 
nature were concerns to heavy metals are 
harmful even at low amount [10-13]. Some trace 
elements are essential for plants, animals and 
humans. Such as Co, Cr, Fe, Cu were usually 
low concentration and called micronutrients, 
found in various metal concentration (ppm or 
ppb) [14]. 

The important metals typically found in animal 
food as nutrients to improve the animal 
production (European Union (EU) Reg. 
1881/2006). Exposure to higher concentration 
leads to cellular disorder and source of 
contamination [15]. Other metals such as Cd, Pb, 
As, Hg were non-essential and toxicants. 
However, these heavy metals harm to humans 
and animal health, due to its toxic nature, they 
can damage the organs, even at lower 
concentration and thus are important to keep 
under control. 
 

The content of heavy metals depends on many 
factors such as soil fertility, nature of climate and 
area of the location. Usually soils contain 
different heavy metals and their concentration 
can be increased by adding pesticides or 
fertilizers, these can be eliminated through 
animal urination [16]. 

 
Our present study related to the investigation of 
concentration of selected heavy metals in 
different animal feed brought from many 
countries, usually used in UAE. The content of 
As, Pb, Cd and Hg of animal feed were analyzed 
using ICP- MS method. 

 
2. MATERIALS AND METHODS  
 
Different varieties of animal feed samples 
imported from different countries ports point for 
analysis. Animal feed supplement, fish feed 
(pellets), horse feed, wheat bran, and poultry and 
feed additive - mixed. The main aim of the study 
is focused on the heavy metal content in animal 
feed in UAE. 
 

All the samples in this study were kept in airtight 
polyethylene bags and stored at 4°C until the 
experimental work is completed. The wet 
digestion technique was used to measure                
the concentration of four heavy metals. 1.0           
gram of sample was transfer to keddahs                 
flask and 3:1 ratio of HCl and HNO3 was           
added to the sample for digestion. The            
digested sample, heated to 40°C about half          
hour and its temperature increased up to            
100°C, until a clear solution and fumes were 
vanished, this shows the completion of digestion 
[17]. 

 
Distilled water was added to the solution and the 
Whatman filter paper used for filtration. The 
polyethylene bottles filled with digested solution 
and the heavy metal analysis were carried out 
using ICP- MS method. 
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3. RESULTS AND DISCUSSION 
 

The heavy metal content of different animal feed 
samples imported in UAE from different countries 
are tabulated in Table 1. The four heavy metals 
(As, Cd, Hg, Pb) in concern to the Ministry of 
Climate Change and Environment (MOCCAE), at 
United Arab Emirates (UAE) were analyzed 
using ICP- MS technique.  
 

While the national standard in UAE for the 
maximum content of these metals in animals and 
fish feeds is as follows: Arsenic (As) 2 ppm in 
feed materials and (4) in complementary feeding 
stuffs, Cadmium (Cd) 1 ppm and 0.5 in 
complementary feeding stuffs, Mercury (Hg) 0.1 
ppm and 0.2 in complementary feeding stuffs, 
Lead (Pb) 10ppm in both feed materials and  
complementary feeding stuffs. In this study we 
would like to report the mean values of the 
concentration of these metals is found as  
follows: Arsenic (As) 0.47 ppm, Cadmium (Cd) 
0.08 ppm, Mercury (Hg) 0.09 ppm, Lead (Pb) 
2.02 ppm. 
 
The concentration of heavy metals shown below 
in Table 1 is the national standard, except for 
Mercury (Hg) concentration two samples of fish 
feed and feed supplement were found to be 
(0.26), (0.52) and (0.14). 
 
The content of As in animal feed supplement 
(Gastroguts) is higher, the amount of Cd is 
higher  in horse feed,  and camel racing diet -
mixed feed, the  content of Hg was higher in 
Gastroguts used as animal feed supplement and 
concentration of Pb was higher in Animal feed 

supplement and fish feeds, were compared to 
other samples used for our analysis, as shown 
the toxic metal  concentrations of animal feed 
and supplements of our study compared with 
other animal feed and manures of various 
sources. 

 
3.1 Arsenic (As) 
 
The more poisonous organ arsenic found in 
animal feed and livestock’s due to modern 
forming activities. Usually As in present in liquids 
sprayers to control ectoparasites of animals and 
animal feed.  Its chronic toxicity results in weight 
loss, mouth infection, decrease the milk yield. 
The acute toxicity effects were abdominal pain 
electrocardiogram [18]. 
 
The content of Arsenic (As) in different animal 
feed and its supplements ranged from 0.06-2.63 
ppm. While the Arsenic values were lower. Like 
fish feed were 7 ppm, 6.9 ppm, horse feed 6.7- 
8.7 ppm and mineral feed as 12 ppm. Dairy cattle 
field, animal manure of as 3.03 ppm and 9.01 
ppm respectively contain high amount of Arsenic 
[19]. 
 

3.2 Cadmium (Cd) 
 
Cadmium is toxic to both humans and animals. It 
accumulates in liver and kidney for long time 
exposure [20]. Usually Cd is not added in animal 
feed, but it is present in mineral supplement like 
zinc sulfate, phosphate and zinc oxide like 
impurity’s and enters animal forms causes 
contamination [21]. 

 

Table 1. Heavy metal concentration of animals and fish feeds 
 

Sample type  Physical texture   Ppm conc. 

As 
(ppm) 

Cd 
(ppm) 

Hg 
(ppm) 

Pb 
(ppm)    

Fish feed  Sinking pellets  1.05  0.20  0.02  0.14  
Fish feed  Small pellets   0.61  0.07  0.26  3.20  
Fish feed Small pellets  1.25 0.23 0.14 0.27 
Animal feed supplement  Pellets   0.27  0.08  0.01  0.41 
Animal feed supplement (Gastroguts)  Crumbles   2.63  0.05  0.52  8.35  
Wheat bran Light fluffy Texture   0.07  0.08  0.05  0.17  
Poultry feed Crumbles   0.06  0.04  0.02  2.17  
Feed additive-sugar beet pellet Pellets   0.06  0.04  0.00  0.87  
Feed additive- mixed hay  Grassy  0.09  0.02  0.00 0.23  
Feed additive-growth rabbit feed  Chunk   0.12  0.07  0.00 0.46  
Horse feed Mixed grain-chunks   0.20  0.10  0.06  0.23  
Horse feed Pellets  0.10  0.06  0.02 0.23  
Horse feed Mixed grain-chunks  0.25 0.03 0.06 0.34 
Horse feed Mixed grain-chunks  0.21 0.06 0.07 0.39 
Camel racing diet -mixed feed  Pellets   0.17  0.15  0.01  0.58  
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Table 2. Heavy metal concentration of animal feed from different sources 

 
Type of animal feeds AS(ppm) Cd(ppm) Hg(ppm) Pb (ppm) Reference  

Dairy cattle feed  1.07 0.51  2.74 24 

Beef cattle feed 0.49 0.27  <1.00 24 

Beef cattle feed 0.33 0.22  1.53 24 

Poultry cattle 0.23 0.15  <1.00 24 

Animal manures 3.43 0.53  5.67 24 

Fish feed 7    21 
Fish feed 6.9    21 

Horse  8.7    21 

Horse   0.344  21 

Dairy cattle feed   4.44   21 

Fish shrimp    0.087-0.012  21 
 
The amount of Cd in our present study ranged 
from 0.02-0.20 ppm. The values are low 
compared to other samples, such as dairy cattle 
fields, animal manures and poultry as 1.79 ppm, 
1.06 ppm and 0.19 ppm respectively [22]. 
Whereas in certain countries from year between 
2001- 2013 the Cd levels in dairy cattle feed, 
beef cattle feed was 3.77ppm and 5.1 ppm 
respectively [19]. 

 
3.3 Mercury (Hg) 
 
Mercury is more toxic even at low content. The 
main source of mercury pollution is due to 
sewage water and   waste from industries. It is 
hazards to humans and as well as animals, the 
toxicity in animals leads to visual deviation and 
decrease of awareness. The Hg contents in fish 
is more than 0.4ppm which is harmful and may 
cause health problems to humans, on the other 
side; animal cattle may consume more amount of 
Hg which could lead to disorders such as visual, 
neuropathy and gastrointestinal trough the food 
chain [23]. 
 
The quantity of Hg ranged from 0-0.52 ppm. 
Mercury concentration of present study shows 
little higher when compared to other samples in 
poultry farms as 0.344 ppm [19]. 
 
3.4 Lead (Pb) 
 
The main source of lead contamination is due to 
industrial wastes, which may spread through soil, 
water and food. Lead poisoning widely found in 
animals, these led to more attention on animal 
health and environment. It deposited in bone, 
kidney and other tissues. Lead ingestion 
increase the lead levels in blood and causes 
blood lead burden [24]. 

The lead values ranged from 0.14-8.35 ppm. The 
high levels of Pb were reported in the current 
study. In which Animal feed supplement 
(crumbles), and fish feed contains significantly 
higher amount of Pb as 8.32 ppm, 3.20 ppm and 
4.11 ppm respectively, when these results were 
compared to others. 
 

Some samples shows that higher content of Hg 
was present in animal manure as 7.07 ppm, 3.62 
ppm and 8.37 ppm respectively whereas horse 
feed contain significantly high amount of  Hg as 
52 ppm [22]. 
 

The heavy metal concentration of different 
animal feed and supplements analyzed in this 
work. Metals concentration of As, Cd and Hg 
were low compared to other animal food 
products of various sources, the content of Pb is 
a little higher in animal feed supplement and fish 
feed. These significant results shows that the 
animal feed products used in UAE contain 
normal levels of heavy metals. However, 
monitoring of the heavy metal's concentration 
carried out on random samples to avoid health 
risk problems associated to animals as well as 
humans health. 
 

4. CONCLUSION 
 

Investigation of the concentration of four heavy 
metals namely; Arsenic (As), Lead (Pb), 
Cadmium (Cd), and Mercury (Hg), in animals and 
fish feeds imported in UAE during the period of 
2018 from different countries was measured 
using ICP- MS technique.    
 
According to the national standard of UAE for 
heavy metals contents in animals feed three 
samples of mercury in fish feeds and 
complementary feed showed some variation.  



 
 
 
 

Ali et al.; CSIJ, 28(3): 1-6, 2019; Article no.CSIJ.52546 
 
 

 
5 
 

ACKNOWLEDGEMENT 
 
Support to this work from Ministry of Climate 
Change and Environment (MOCCAE), UAE and 
the University of Sharjah (UOS) is gratefully 
acknowledged. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 

 
REFERENCES 
 
1. Rajaganapathy V, Xavier F, Sreekumar D, 

Mandal PK. Heavy metal contamination    
in soil, water and fodder and their 
presence in livestock and products: A 
review. Journal of Environmental Science 
and Technology. 2011;4:234-249. 
DOI:10.3923/jest.2011.234.249 
Available:https://scialert.net/abstract/?doi=j
est.2011.234.249 

2. Leeman R, Van Den Berg KJ, Hoeben GF. 
Transfer of chemicals from feed to animal 
products: The use of transfer factors in  
risk assessment. Food Additives and 
Contaminants. 2007;24(1):1-13. 

3. Kaplan O, Yildirim NC, Yildirim N, Cimen 
M. Toxic element in animal products and 
environmental health. Asian J. Anim. Vet. 
Adv. 2011;6:228-232. 

4. NRC (National Research Council). Mineral 
Tolerance of Animals, 2nd Rev. Ed. 
Washington D.C., National Academies 
Press; 2005. 

5. López-Alonso M. Animal feed 
contamination by toxic metals. In: Fink-
Gremmels J, editor. Animal feed 
contamination, effects on livestock and 
food safety. Cambridge: Woodhead 
Publishing Series in Food Science, 
Technology and Nutrition. 2012;215:183–
204. 

6. Nicholson FA, Chambers BJ, Williams JR, 
Unwin RJ. Heavy metal contents of 
livestock feeds and animal manures in 
England and Wales. Bioresource Techno-
logy. 1999;70:23-31. 

7. Andersen A, Hovmand MF, Johnsen I. 
Atmospheric ... Pollut. 1978;17(2):113-132. 
Adriano DC. Trace elements in the 
terrestrial. Environment, Springer-Verlag, 
New York; 1986. 

8. Adriano DC. Trace Elements in the 
Terrestrial Environment, Springer-Verlag, 
New York; 1986. 

9. Wang FH, Ma WQ, Dou ZX, Ma L, Liu XL, 
Xu JX, Zhang FS. The estimation of the 
production amount of animal manure and 
its environmental effect in China. China 
Environ. Sci. 2006;26:614–617. (in 
Chinese). 

10. Bhargava A, Carmona FF, Bhargava M, 
Srivastava S. Approaches for enhanced 
phytoextraction of heavy metals. The 
Journal of Environmental Management. 
2012;105:103–120. 

11. Govind P, Madhuri S. Heavy metals 
causing toxicity in animals and fishers. 
Research Journal of Animal, Veterinary 
and Fishery Sciences. 2014;2:17–23. 

12. Dai SY, Jones B, Lee KM, Li W, Post L, 
Herrman TJ. Heavy metal contamination      
of animal feed in Texas. Journal of 
Regulatory Science. 2016;01:21–32. 

13. Giromini C, Rebucci R, Fusi E, Rossi         
L, Saccone F, Baldi A. Cytotoxicity, 
apoptosis, DNA damage and methylation 
in mammary and kidney epithelial cell lines 
exposed to ochratoxin. Cell Biology and 
Toxicology. 2016;32:249–258. 

14. Hambidge M. Biomarkers of trace mineral 
intake and status. The Journal of Nutrition. 
2003;133:948–955. 

15. Rossi L, Fusi E, Boglioni M, Giromini C, 
Rebucci R, Baldi A. Effect of zinc oxide 
and zinc chloride on human and swine 
intestinal epithelial cell lines. International 
Journal of Health. Animal Science and 
Food Safety. 2014b;2:1–7. 

16. Kochare T, Tamir B. Assessment of           
dairy feeds for heavy metals. The 
American Scientific Research Journal for 
Engineering, Technology and Sciences. 
2015;11:20–31. 

17. Audu AA, Lawal AO. Variation in metal 
contents of plants in vegetable garden 
sites in Kano Metropolis.  J. Appl. Sci. 
Environ. Manage. 2005;10(2):105-109. 

18. Franzblau A, Lilis R. Archives of 
environmental health. 1989;44:385-390. 

19. Adamse P, Fels-Klerx HJ, van der Jong J. 
de. Arsenic, lead, cadmium and mercury in 
animal feed and feed materials. Trend 
analysis of monitoring result collected in 
the Netherlands. Wageningen. RIKILT 
Wageningen University & Research 
(RIKILT report.006). 2017;123. 



 
 
 
 

Ali et al.; CSIJ, 28(3): 1-6, 2019; Article no.CSIJ.52546 
 
 

 
6 
 

Available:https://library.wur.nl/WebQuery/w
urpubs/529039, 
https://doi.org/10.18174/416680 

20. McLaughlin MJ, Parker DR, Clarke JM. 
Field crop research. 1999;60:143-163. 

21. Li YX, Xiong X, Lin CY, Zhang FS, Li W, 
Han W. Cadmium in animal production and 
its potential hazard on Beijing and Fuxin 
farmlands. J. Hazard. Mater. 2010;177: 
475–480. 

22. Nicholsona FA, Chambersa BJ, Williamsb 
JR, Unwinc RJ. Heavy metal contents of 
livestock feeds and animal manures in 

England and Wales. Bioresource Techno-
logy. 1999;70(1999):23±31 

23. Krishnamurti CR. The cycling of arsenic, 
cadmium, lead and mercury in India. In: 
Lead, mercury, cadmium and arsenic in 
the environmental. (Eds: C. Hutchinson 
and K.M. Meema). SCOPE 31, John Wiley 
and Sons, Chichester. 1987;315-333. 

24. Swarup D, Patra RC, Naresh R, Kumar P, 
Shekhar P. Science of the Total 
Environment. 2005;15(1-3):67-71. 
Available:http://www.ncbi.nlm.nih.gov/entre
z 

_________________________________________________________________________________ 
© 2019 Ali et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://sdiarticle4.com/review-history/52546 


