
Pharmacy and Applied Health Science Journal                                                                                                      

Volume 1, Number 2 (2022)                                                                                                                                             Knowledge University 

11 
 

Heavy Metal Toxicity and its Effect on Living 

Organisms: A Review in Toxicology Study  

Dldar S. Ismael¹, Muharam Y. Mohammed1, Tariq W. Sadeq2 

 

1Department of Medical Laboratory, Erbil Medical Technical Institute, Erbil Polytechnic 
University, Erbil, Iraq    

2Department of Pharmacy, College of Pharmacy, Knowledge University, Erbil, Kurdistan 

Region, Iraq 

 

 

 

ABSTRACT 

The pollution chain of heavy metals, such as industry, climate, soil, water, food and humans, nearly always assumes cyclical 

order in the climate. It is clear that the harmful consequences are caused by prolonged exposure to metalloids and heavy metals 

at minimum doses. It has been proven that heavy metals are harmful for environmental and human. Strong toxicity of a metal 

is recognized with a significant hazard and it is associated with many health hazards. They also antagonism component of the 

body, but metabolic activities can interact with metabolic processes at some times. By reduction exercises, few metals, such as 

aluminum, can be eliminated. 

Kewords: Free radicals, Metal toxicity, Heavy metals, Oxidative stress.  

 

1. Introduction 

Metals comprise a significant class of radioactive 

compounds found in working and environmental 

environments on a regular basis. Due to the ubiquity of its 

exposure, the influence of such toxic agents on human health 

is currently an area of passionate concern by growing the use 

of large truth of metals in industry and in everyday life job 

hoods [1, 2, 3]. Heavy metals are important environmental 

contaminants, their toxicity is a significant environmental 

issue [4]. 

The heavy metals widely present in waste water which 

cause undesirable effects to health and environmental through 

entering the atmosphere by human activities [5]. Also erosion 

of soil, natural weathering of the earth’s crust, industrial 

effluents, mining, urban runoff, sewage discharge, insect or 

disease controlling agents, which are applied to crops [6]. 

 

2. Toxicity mechanisms of heavy metals and their 

effects on humans 

Thirty five metals, most of which belong to heavy metals 

(arsenic,bismuth, antimony, cerium, cadmium, chromium, 

cobalt, copper, gold, gallium, iron, manganese, lead, mercury, 

nickel, platinum, silver, tellurium, thallium, tin, plutonium, 

vanadium, and zinc), are of interest to us because of 
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residential or industrial exposure [7]. Fig. 1 shows the effect 

of some heavy metals. 

 

 
Fig.1: Effect of some heavy metals. 

 

 

2.1. Arsenic 

Arsenic is semi-metallic in nature and is one of the most 

common heavy metals, triggering ecological and personal 

health warning because it is prominently poisonous and 

carcinogenic, because it is the twentieth most abundant 

element on earth, in inorganic forms such as arsenite and 

arsenate derivatives, it is toxic to both the atmosphere and 

living organisms [8, 9]. Via natural supplies, industrial 

sources, or from accidental sources, humans may come across 

arsenic. The utilizing of arsenic pesticides, common mineral 

deposits or the unequal transfer of arsenic chemicals can 

pollute drinking water [10, 11]. The intentional use of this 

metal in cases of suicide or unintended ingestion in children 

will cause extreme damage and its protoplasmic poison 

nature ultimately affects the selection of sulfhydryl cells that 

cause malfunction of cell enzymes, cell respiration, and 

mitosis [12]. 

 

2.1.1 Effects of Arsenic on humans. 

As a result of normal geological phenomena and manmade 

procedures, arsenic pollution happens on earth. The ancient 

and modern methods of smelting will cause leaking of arsenic 

to the air and soil [13]. The use of groundwater ejection and 

drainage can influence on the consistency of water surface 

[14]. Arsenic is contained in many soaps, dyes, paints, metals 

and medicines. Arsenic is also emitted in higher 

concentrations to the atmosphere by some fertilizers, 

chemicals and animal feeding operations [15].  

 

2.2. Lead 

Storage batteries, ammunition, cable coverings, pipes, 

nuclear power plants, tetraethyl Pb paints and manufacturing, 

and radiation shields around X-ray equipment are all made of 

lead (Pb). Lead oxide is used to make fine crystal and flint 

glass, as well as soldering and pesticides. Lead, in particular, 

is a volatile substance that has resulted in unnecessary 

environmental emissions and health risks in several regions 

of the world. Agricultural activities, smoking, drinking water, 

and home sources such as gasoline and paints, pewter 

pitchers, plumbing tubes, toys, storage batteries, and faucets 

are the main sources of lead pollution. [16], see Fig. 2. 

 

 
 

Fig.2: Different sources of Lead 

 

2.2.1 Mechanisms of lead toxicity 

In living cells, lead toxicity is activated by ionic and 

oxidative stress pathways. Oxidative stress of living cells 

occurs because of the irregularity in the development of free 

radicals. The antioxidants creation detoxifies the 

intermediates reactive. The presence of antioxidants like 

glutathione prevent formation of free radicals in living cells 

(e.g., H2O2). Owing to the effect of lead, the amount of 
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reactive oxygen species (ROS) rises and the level of 

antioxidants declines. 

 

 2.2.2 Effects of Lead on humans 

Lead is a particularly poisonous substance to living 

organisms, but its use of different goods (paints, oil, etc.) has 

now been greatly limited. Yet logging, fossil fuel combustion, 

lead-based paints, gasoline, cosmetics, ammunition, 

soldering, polluted dirt, factory pollution are the major causes 

of lead contamination [17, 18]. The lead toxicity is nowadays 

known as a conventional illness and symptoms that are 

exhibit in adults and children is basically linked to the 

gastrointestinal tract and nervous system [19]. Lead 

contamination by drinking of water often takes place if lead 

compounds present in water-carrying vessels [20]. 

The lead Poisoning may be acute or chronic, the acute 

exposure cause hypertension, loss of appetite, stomach pain, 

headache, kidney failure, exhaustion, arthritis and 

sleeplessness. Sever lead exposure happens mostly in some 

workplace Fig. 3. Chronic lead exposure may lead to birth 

defects, mental retardation, paranoia, autism, hyperactivity, 

dyslexia, asthma, paralysis, weight loss, muscle failure, 

kidney injury, brain damage due to this chronic lead exposure 

and can also lead to death [21]. 

 

 
 

Fig.3: Toxicity Effect of lead 

 

2.3. Mercury 

Mercury (Hg) is an omnipresent, very permanent product 

that can practically be found anywhere. It is a naturally 

occurring metal, polished silver-white, odorless liquid on 

earth, and on heating it becomes colorless and odorless gas. 

It is particularly poisonous and highly bio accumulative in 

nature [22]. There are adverse effects of mercury on the 

aquatic ecosystem therefore many new research programs in 

global studies are therefore targeted at the distribution of 

mercury in the water environment.  Anthropogenic 

interventions, including irrigation, urban wastewater 

discharges, mining, commercial wastewater discharges and 

incineration are a primary cause of mercury emissions. 

Mercury occurs principally as metallic components, 

inorganic salts and organic compounds; each has distinct 

toxicity and bioavailability [23]. The mercury available in 

water resources such as oceans, lakes and rivers may 

converted by some microorganisms into methyl-mercury, 

ultimately experiencing biomagnifications causing major 

disruption to aquatic lives that therefore causes imbalance in 

the aquatic setting. The use of this type of marine animal by 

humans is the primary path to formation of methyl mercury 

[24].  

 

2.3.1 Mechanism of mercury toxicity 

Mercury is a well-known dangerous metal on earth. It is 

one of the neurotoxic compounds responsible for the 

degradation of microtubules, lipid peroxidation, 

mitochondrial damage and the aggregation of neurotoxic 

molecules (serotonin, aspartate, and glutamate). The 

estimated production of mercury in the atmosphere has been 

measured at 2,200 metric tons per year [25]. Mercury may 

also impair the potential of the membrane and disturb calcium 

intracellular homeostasis [26]. Asthma, bronchitis and 

occasionally temporary respiratory issues may be caused by 

mercury vapors [27]. Mercury interfere with the processes of 

transcription and translation for ribosomes, thereby stopping 

functioning of natural killer cells and therefore leading to the 

eradication of the endoplasmic reticulum. [28]. 

 

2.3.2 Effects of Mercury on humans 

Mercury is introduced into the world by the operations of 

different sectors. It is considered one of the environment's 

most dangerous heavy metals. Mercury has the potential to 

mix and shape organic and inorganic mercury with the other 

elements. Organic and inorganic mercury will affect the 

kidneys, brain and fetus growth [29, 30]. Mercury is found 

within the range of < 1 to 50 pg/kg in virtually all foods and 

drinks, though mercury is typically seen at higher 

concentrations in aquatic foods [31]. Methylmercury, one of 

the mercury compounds, is principally responsible for the 

neurological changes seen in humans and experimental 
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animals. The mechanisms are thought to be linked to a 

hazardous increase in reactive oxygen species (ROS). The 

genesis of neurodegenerative illnesses such as amyotrophic 

lateral sclerosis, Parkinson's disease, and Alzheimer's disease 

is linked to oxidative stress, but the mechanisms are yet 

unknown [32]. 

 

2.4. Cadmium 

It is the seventh most toxic heavy metal in the world, 

according to the Agency for toxic Substances and Disease 

List (ATSDR). 

Cadmium is the produced as result of zinc production. 

During working hours or in the atmosphere, humans or 

animals may be exposed to this metal and it may accumulate 

within the human body during life until it has been consumed 

by it [33]. In the First World War, cadmium was first used as 

a substitute for tin and also as a dye in the art industry. It is 

now used every day in rechargeable batteries for the 

manufacture of special alloys and is even found in cigarette 

smoke. Human beings can be mainly exposed by inhalation 

and ingestion of this poisonous heavy metal and can cause 

acute and chronic toxicity [34]. For decades, cadmium 

dispersed throughout the atmosphere will linger in the soils 

and sediments, plants steadily pick-up and accumulated in the 

food chain and finally enter the human body because 

cadmium is primarily present plant [35]. 

 

2.4.1 Mechanism of cadmium toxicity 

Its toxicity function is not yet well understood, but its 

effects on cells are documented in several research papers 

[36]. It can form complex of cystein-metallothionein induces 

liver hepatotoxicity and circulates to the kidney if 

nephrotoxicity is induced by it following aggregation in renal 

tissue [37]. The tendency of cadmium to bind to cysteine, 

aspartate, histidine and glutamate ligands can contribute to 

iron deficiency [38]. Cd is thought to cause dispositional 

tolerance via attaching to the protein metallothionein (MT). 

By reducing Cd distribution to sensitive cellular 

macromolecules, MT induction protects the liver. However, 

extremely high amounts of cadmium result in unbound and 

free Cd, resulting in hazardous effects.  [39]. The kidneys 

may easily absorb Cd bounded to MT. The compound is 

extremely toxic to the kidneys and is thought to play a role in 

Cd nephrotoxicity. Cadmium can imitate the function and 

behavior of other metals. Cd, for example, attaches to 

albumin in plasma in the same way as zinc does. As a result, 

calcium, zinc, and iron homoeostasis are disrupted [40]. 

 

2.4.2 Effects of Cadmium on humans 

Cadmium metal from the 20th century has many uses in 

numerous types of batteries, plastics, pigments, metal 

coatings and is commonly used in electroplating [41]. A 

certain amount of cadmium is found in coal and mineral 

fertilizers in soils and rocks. Latest studies of International 

Organization for Research on Cancer are considered 

cadmium and its derivatives have been listed as category 1 of 

human carcinogens [42]. Weathering, water transportation, 

volcanic eruptions and other human activity inject cadmium 

into the atmosphere [42]. Kidneys are the most damaged 

organ if exposed to cadmium toxicity since it accumulates in 

higher concentrations in the proximal tubular cells of kidney 

and in the bone causes bone mineralization. 

 

2.5. Chromium 

In multiple oxidation states, chromium available as Cr2+ 

to Cr6+ in the atmosphere. Trivalent Cr+3 and hexavalent 

Cr+6 are the most common types of Cr, all of which are toxic 

to wildlife, humans and plants [43, 44]. Naturally, chromium 

production happens by the combustion of oil and tar, 

ferrochromate refractory petroleum, pigment oxidants, 

catalysts, fertilizers, chromium glass, oil well drilling and 

tannery metal plating [45]. Chromium is released 

anthropogenically by waste and fertilizers in the setting. It is 

immobile and insoluble in water in the reduced Cr(III) form, 

while it is mobile and strongly soluble in water in the oxidized 

Cr(VI) state [46]. 

 

2.5.1 Effects of Chromium on humans 

In nature, chromium is found as solid, liquid, gas and 

preent in minerals, soil, animals and plants [47]. The most 

reliable chromium III and VI have the high important relation 

to human. 

 

2.6. Iron  

The second metal within metals in earth crust is iron; it holds 

the 26th elementary position in the periodic table and is the 

most crucial part of nearly all living species for development 

and life [43]. Iron is one of the most essential components of 

some protein-carrying species (algae) and some enzymes 

(cytochromes and catalase). The origins of iron in surface 

water is anthropogenic and connected to mining [48]. 
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2.6.1. Mechanism of iron toxicity 

In mammalian cells (especially the gastrointestinal tract) 

and biological fluids, various dangerous free radicals are 

produced due to the lack of absorbed iron binding with the 

proteins. The rate limiting absorption stage becomes 

saturated after entering extreme amounts of iron into the 

bloodstream. Free iron may result in lipid peroxidation, 

causing severe damage to microsomes of the cells, 

mitochondria and other organelles of the cells [49]. 

 

2.6.2. Effects of Iron on humans 

The respiration of aerobic organisms during the process is 

stimulated by several iron-mediated reactions. This could 

speed up the creation of internal radicals, which can damage 

molecules, cells, tissues, and the whole body if iron is not 

adequately used. For pediatricians, iron poising has long been 

of concern because babies are especially vulnerable to iron 

poisoning because they are more prone to iron-containing 

items [50]. Iron toxicosis occurs after 6 hours of iron 

overdose in four phases I. Iron toxicosis is characterized by 

gastrointestinal symptoms (gastro intestinal bleeding, 

vomiting and diarrhea). (ii): iron toxicosis is recognized 

within 6-24 hours of the iron dosage as an apparent medical 

healing moment (latent period). (iii): iron toxicosis symptoms 

are tachycardia, shocks, lethargy, metabolic acidosis, 

hypotension, hepatic necrosis, and sometimes by iron-dose 

mortality within 12-96 hours. (iv): iron toxicosis is 

characterized by the formation, within 2-6 weeks of the iron 

dosage, the ulcerations of gastrointestinal and the 

development of strictures [51, 52]. 

 

2.7. Conclusion 

Heavy metals in industry, climate, soil, water, food and 

humans, needs always considered cyclical order in the 

climate. It is clear that the harmful consequences of 

metalloids and heavy metals are caused by prolonged 

exposure to minimum doses. It has been proven that heavy 

metals are harmful for environment and human. 

 

References 

1. Guan DS, Chen YJ, Ruan GD. Study on heavy metal 

concentrations and the impact of human activity on them in 
urban and suburb soils of Guangzhou, Acta Scientiarum 
Naturalium Unversitatis Sunyatseni. 2001;40(4):93-6. 

2. Yan J, Ye ZX, Yan Y, Huang XP. Study on heavy metals 

distribution in atmospheric particulate matter on both sides of 

the Cheng- Ya Expressway. Sichuan environment. 2008;2(2): 
19-21. 

3. Christoforidis A, Stamatis N. Heavy metal contamination in 

street dust and roadside soil along the major national road in 
Kavala's region, Greece. Geoderma. 2009,151:257¬63. 

4. Shi XS. Molecular mechanisms of metal toxicity and 
carcinogenesis. Mol Cell Biochem. 2001;222:3-9. 

5. Beyersmann D, Hartwig A. Carcinogenic metal compounds: 

recent insight into molecular and cellular mechanisms. Arch 
Toxicol. 2008; 82;8:493-512. 

6. Arruti A, Fernandez-Olmo I, Irabien A. Evaluation of the 

contribution of local sources to trace metals levels in urban 
PM2.5 and PM10 in the Cantabria region (Northern Spain) J 
Environ Monit. 2010;12(7):1451-1458. 

7. Showkat Ahmad Bhat, Tehseen Hassan, Sabhiya Majid1, Roohi 
Ashraf, Sonallah Kuchy. Environmental Pollution as Causative 
Agent for Cancer-AReview. Cancer Clin Res Rep, 2017 1:1 003. 

8. Kapaj S, Peterson H, Liber K, & Bhattacharya P, Human health 

effects from chronic arsenic poisoning - a review, Journal of 

Environmental Science Health Part A, Environmental Science 

Engineering Toxic Hazard Substance Control, 41, 2006, 
2399¬2428. 

9. Arif Tasleem Jan, Mudsser Azam, Kehkashan Siddiqui, Arif Ali, 

Inho Choi, Qazi Mohd. Rizwanul Haq. Heavy Metals and 
Human Health: Mechanistic Insight into Toxicity and Counter 

Defense System of Antioxidants. Int J Mol Sci. 2015; 16;12: 
29592-29630. 

10. Casado-Martinez, M.C., B.D. Smith, S.N. Luoma and P.S. 

Rainbow,. Bioaccumulation of arsenic from water and sediment 

by a deposit-feeding polychaete (Arenicola marina): A 

biodynamic modelling approach. Aquat. Toxicol., 2010, 98: 34-
43. 

11. Mudhoo A, Sharma S.K, Garg V.K, & Tseng C.H, Arsenic: an 
overview of applications, health, and environmental concerns 

and removal processes, Critical Reviews in Environmental 
Science & Technology, 2011;41:435-519. 

12. Walker AM, Stevens JJ, Ndebele K, Tchounwou PB. Arsenic 

trioxide modulates DNA synthesis and apoptosis in lung 

carcinoma cells. Intl J Environ Res Public Health. 2010, 
7;5:1996-2007. 

13. Matschullat J. Arsenic in the geosphere - a review. Sci Total 
Environ. 2002;49(1-3):297-312. 

14. Chowdhury UK, Biswas BK, Chowdhury TR, Samanta G, 

Mandal BK, Basu GC, Chakraborti D. Groundwater arsenic 

contamination in Bangladesh and West Bengal, India. Environ 
Health Perspect. 2000;108(5):393-397. 

15. Stevens JJ, Graham B, Walker AM, Tchounwou PB, Rogers C. 

The effects of arsenic trioxide on DNA synthesis and 
genotoxicity in human colon cancer cells. Intl J Environ Res 
Public Health. 2010;7(5):2018-2032. 

https://phahs.knu.edu.iq/
https://knu.edu.iq/


Pharmacy and Applied Health Science Journal                                                                                                      

Volume 1, Number 2 (2022)                                                                                                                                             Knowledge University 

16 
 

16. Jacobs DE, Clickner RP, Zhou JY, et al. The prevalence of lead-

based paint hazards in U.S. housing. Environ Health Perspect. 
2002;110:A599-A606. 

17. Gerhardsson L, Dahlin L, Knebel R, Schutz A. Blood lead 

concentration after a shotgun accident. Environ Health Perspect. 
2002;110(1):115-117. 

18. Raymond A. Wuana, Felix E. Okieimen. Heavy Metals in 

Contaminated Soils: A Review of Sources, Chemistry, Risks and 

Best Available Strategies for Remediation. International 
Scholarly Research Network, Volume 2011, Article ID 402647, 
20 pages. 

19. Castro-Gonzalez M.I, & Mendez-Armenta M, Heavy metals: 
Implications associated to fish consumption, Environmental 
Toxicology & Pharmacology, 2008:263-271. 

20. Brochin R, Leone S, Phillips D, Shepard N, Zisa D, Angerio A. 

The cellular effect of lead poisoning and its clinical picture. 
GUJHS. 2008;5(2),1-8. 

21. Brochin R , Leone S, Phillips D, Shepard N, Zisa D, Angerio A. 

The Cellular Effect of Lead Poisoning and Its Clinical Picture. 

The georgetown undergraduate journal of health sciences, 
2008;5:2. 

22. Sutton D, Tchounwou PB, Ninashvili N, Shen E. Mercury 

induces cytotoxicity, and transcriptionally activates stress genes 
in human liver carcinoma cells. Intl J Mol Sci. 2002;3(9):965-
984. 

23. Lash LH, Putt DA, Hueni SE, Payton S, Zwicki J. Interactive 
toxicity of inorganic mercury and trichloroethylene in rat and 

human proximal tubules (Effects of apoptosis, necrosis, and 

glutathione status) Toxicol Appl Pharmacol. 2007;221(3):349- 
362. 

24. Trasande L, Landrigan PJ, Schechter C. Public health and 

economic consequences of methyl mercury toxicity to the 

developing brain. Environ Health Perspect. 2005;113(5):590-
596. 

25. Zahir A, Rizwi SJ, Haq SK, Khan RH. Low dose mercury 
toxicity and human health. Environ Toxicol Pharmacol. 
2005;20:351-360. 

26. Clarkson TW, Magos L, Myers GJ. The toxicology of mercury-
current exposures and clinical manifestations. New Engl J Med. 
2003;349:1731-1737. 

27. Sarkar BA. Mercury in the environment: Effects on health and 
reproduction. Rev Environ Health. 2005;20:39-56. 

28. Holmes P, Hames KAF, Levy LS. Is low- level mercury 
exposure of concern to human health, Sci Total Environ. 
2009;408:171¬182. 

29. Alina M, Azrina A, Mohd Yunus AS, Mohd Zakiuddin S, Mohd 
Izuan Eff endi H, Muhammad Rizal R. Heavy metals (mercury, 

arsenic, cadmium, plumbum) in selected marine fi sh and shellfi 

sh along the Straits of Malacca. Int Food Res J. 
2012;19(1):135¬140. 

30. Morais S, Costa FG, Pereira ML. Heavy metals and human 

health, in Environmental health - emerging issues and practice 
(Oosthuizen J ed). 2012:227-246, InTech. 

31. Kevin M R, Ernest MW, Jr, Miaozong Wu, Chris G, Eric RB. 

Environmental Mercury and Its Toxic Effects. J Prev Med 
Public Health. 2014;47(2):74-83. 

32. Haley BE. Mercury toxicity: genetic susceptibility and 
synergistic effects. Medical Veritas. 2005;2(2):535-42. 

33. Valko M, Morris H, Cronin MTD. Metals, Toxicity, and 
oxidative Stress. Curr Medici Chem. 2005;12:1161-1208. 

34. Zhang YL, Zhao YC, Wang JX, Zhu HD, Liu QF, Fan YG, et 
al. Effect of environmental exposure to cadmium on pregnancy 

outcome and fetal growth: a study on healthy pregnant women 
in China. J Environ Sci Health B. 2004;39:2507-2515. 

35. Bernard A. Cadmium & its adverse effects on human health. 
Indian J Med Res. 2008;128(4)557-64. 

36. Suwei Wang and Xianglin Shi. Molecular mechanisms of metal 

toxicity and carcinogenesis. Molecular and Cellular 
Biochemistry. 2001;34;222:3-9. 

37. Sabolic I, Breljak D, Skarica M, Herak- Kramberger CM. Role 

of metallothionein in cadmium traffic and toxicity in kidneys 
and other mammalian organs. Biometals. 2010, 23;5 :897-926. 

38. Castagnetto JM, Hennessy SW, Roberts VA, Getzoff ED, Tainer 

JA, Pique ME. MDB: the metalloprotein database and browser 

at the Scripps Research Institute. Nucleic Acids Res 2002, 30;1: 
379-382. 

39. Lech T, Sadlik JK. (2017). Cadmium Concentration in Human 

Autopsy Tissues. Biological Trace Element Research. 
2017;179(2),172–177.  

40. Schaefer, H. R., Dennis, S., & Fitzpatrick, S. (2020). Cadmium: 
Mitigation strategies to reduce dietary exposure. Journal of Food 

Science, 85(2), 260–267. https://doi.org/10.1111/1750-
3841.14997 

41. K. Cheng, H. Z. Tian, D. Zhao, L. Lu, Y. Wang, J. Chen, X. G. 

Liu, W. X. Jia, Z. Huang. Atmospheric emission inventory of 

cadmium from anthropogenic sources. Int. J. Environ. Sci. 
Technol. 2014, 11:605-616. 

42. Chakraborty S, Dutta AR, Sural S, Gupta D, Sen S. Ailing bones 

and failing kidneys: a case of chronic cadmium toxicity. Ann 
Clin Biochem 2013, 50;5: 492-495. 

43. Mohanty M, Kumar Patra H. Eff ect of ionic and chelate assisted 

hexavalent chromium on mung bean seedlings (Vigna Radiata l. 
Wilczek. Var k-851) during seedling growth. JSPB. 2013;9(2): 
232-241. 

44. Joshia N, Paliwala A, Pantb V. Toxicity of heavy metals and its 
management through phytoremediation. Octa Journal of 
Environmental Research.2016;4(2):168-180. 

45. Jacobs JA, Testa SM. Overview of chromium (VI) in the 
environment: background and history. In: Guertin J, Jacobs JA, 

Avakian CP, editors. Chromium (VI) Handbook. Boca Raton, 
Fl: CRC Press; 2005:1-22. 

46. Oliveira H. Chromium as an environmental pollutant: insights 
on induced plant toxicity, Journal of Botany. 2012:8. 

https://phahs.knu.edu.iq/
https://knu.edu.iq/


Pharmacy and Applied Health Science Journal                                                                                                      

Volume 1, Number 2 (2022)                                                                                                                                             Knowledge University 

17 
 

47. Zayed AM, Terry N. Chromium in the environment: factors 

affecting biological remediation. Plant and Soil 249.2003:139–
156.  

48. Kumar M., Puri A, A review of permissible limits of drinking 
water, Indian J. 2012;16:40-44. 

49. Albretsen J. The toxicity of iron, an essential element; 
Veterinary medicine. 2006:82¬90.  

50. Hershko C. Mechanism of iron toxicity. Food and Nutrition 
Bulletin, 28:4 (supplement) 2007, The United Nations 
University. 

51. Matthew H, Lawson AAH, Treatment of Common Acute 
Poisonings. Edinburgh and London: Livingstone.1979:129-138. 

52. Hillman RS. Chapter 54. Hematopoietic agents: growth factors, 

minerals, and vitamins, in Goodman & Gilman's The 

Pharmacological Basis of Therapeutics, 10th Edition (Hardman 

JG, Limbird LE, Gilman AG eds).2001:1487-1518, New York: 
McGraw-Hill 2001. 

 

 

https://phahs.knu.edu.iq/
https://knu.edu.iq/

