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CHROMIUM: OCCUPATIONAL AND ENVIRONMENTAL HAZARDS

Chromium (Cr) is a lustrous, brittle, hard metal having silver-gray colour and 

can be highly polished. When heated it burns and forms the green chromic 

oxide. Chromium is unstable in oxygen, it immediately produces a thin oxide 

layer that is impermeable to oxygen and protects the metal. 

Chromium is naturally found in rocks, animals, plants, and soil. It can exist in 

several different forms. Depending on the form it takes, it can be a liquid, 

solid, or gas. The most common forms are chromium(0), chromium(III), and 

chromium(VI). No taste or odor is associated with chromium compounds. 

Chromium (III) is an essential nutrient that can be toxic in large doses. The 

National Academy of Sciences (USA) has established a safe and adequate 

daily intake for Cr(III) in adults of 50 -200 micrograms per day. Major factors 

governing the toxicity of chromium compounds are oxidation state and 

solubility. Since Cr(III) is poorly absorbed by any route, the toxicity of 

chromium is mainly attributable to the Cr(VI) form. It can be absorbed by 

the lung and gastrointestinal tract, and even to a certain extent by intact 

skin. Any of these species could attack DNA, proteins, and membrane lipids, 

thereby disrupting cellular integrity and functions. 

Chromium is known to enhance the action of insulin, a hormone critical to 

the metabolism and storage of carbohydrate, fat, and protein in the body. In 

1957, a compound in brewers' yeast was found to prevent an age-related 

decline in the ability of rats to maintain normal levels of sugar (glucose) in 

their blood. Chromium was identified as the active ingredient in this so-

called "glucose tolerance factor" in 1959. Chromium also appears to be 

directly involved in carbohydrate, fat, and protein metabolism.

http://www.lenntech.com/periodic/elements/cr.htm

http://www.lenntech.com/periodic/elements/cr.htm#ixzz2mUlcV35u

http://ods.od.nih.gov/factsheets/Chromium-HealthProfessional/
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OCCURRENCE OF CHROMIUM IN 
NATURE

SOURCES OF EXPOSURE

World

India

India
19%

Kazakhistan
17%

Brazil, Turkey, Russia
13%

South Africa
40%

Others
11%

Adapted: http://www.ijoem.com/article.asp?issn=0019-5278; 
year =2011;volume=15;issue=1;spage=6;epage=13;aulast=Das; 
type=0

http://www.portal.gsi.gov.in/portal/page?_pageid=127,707649
&_dad=portal&_schema=PORTAL

CHROMIUM IN FOOD

Adapted:http://ods.od.nih.gov/factsheets/Chromium-
HealthProfessional/

Occupational: Occupational exposures to chromium 
occurs to workers through

?Chromate added in anti-algae

?Antifreeze agents

?Cement, Chrome alloy production

?Chrome electroplating (Cr[VI])

?Copier servicing, Glassmaking

?Leather tanning (soluble Cr[III])

?Paints/pigments (insoluble Cr[VI])

?Photoengraving,  Porcelain and ceramics 
manufacturing

?Production of high-fidelity magnetic audiotapes

?Tattooing, Textile manufacturing

?Welding of alloys or steel

?Wood preservatives, i.e. acid copper chromate

Environmental: Environmental exposures to chromium 
occurs to workers through

?Air borne emissions from chemical plants and 
incineration facilities

?Cement dust, contaminated landfill

?Effluents from chemical plants

?Asbestos lining erosion

?Road dust from catalytic converter erosion and 
asbestos brakes

?Tobacco smoke

?Top soil and rocks
http://www.atsdr.cdc.gov/csem/chromium/docs/chromium.pdf

1.  Lead
2.  Mercury
3.  Chromium
4.  Arsenic
5.  Pesticides
6.  Radionuclides

10
8.6
7.3
3.7
3.4
3.3

18.22
15.19
13.17

5.9
5.8
5.8

Toxics

Estimated 
population at 

risk at identified 
sites*

(million people)

Estimated 
global impact** 
(million people)

*   Population estimates are preliminary and based on an 
ongoing assessment of polluted sites

** Estimated global impact is extrapolated from current site 
research and assessment surveys

Adapted: http://www.blacksmithinstitute.org/blog/?p=645

TOP SIX TOXIC THREATS

1. Sukinda, Nuasahi belt
2. Nuggihalli, Sindhuvalli, Talur belt
3. Bhandara, Nagpur, Chandrapur belt
4. Sindhudurg belt
5. Jojohatu, Bichaburu belt
6. Khammam, Kochopalli
7. Namakkal, Tiruchengodu
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ROUTES OF EXPOSURE

ENVIRONMENTAL EFFECTS CHROMIUM TOXICITY

CHROMIUM DEFICIENCY

Chromium exposure can occur by breathing in dust or 
by skin contact with solutions or solids or by eating, 
drinking or smoking in areas where chromium is used. 
Members of the public could be exposed to it due to a 
spillage or inadequate safety measures during disposal 
/incineration, most often by ingestion through 
chromium content in soil, food, and water.
http://www.thompsons.law.co.uk/workplace-illnesses-and-
diseases/chromium-related-illness-personal-injury.htm

Chromium enters the air, water and soil in the 
chromium (III) and chromium (VI) form through natural 
processes and human activities.

Chromium concentrations in the environment

In India, about 2000–32,000 tons of elemental Cr annually 
escape into the environment from tanning industries. Even 
if the recommended limit for Cr concentration in water are 
set differently for Cr(III) (8 µg/L) and Cr(VI) (1 µg/L), it 
ranges from 2 to 5 g/L in the effluents of these industries.
http://www.plantstress.com/Articles/toxicity_i/cr%20resistanc
e%202005.pdf

Sample Type Concentration

Fresh Water -10-117µg  L

Sea Water -1
0-0.5  µg  L

Air -3
1-545,000  ng  m

Plants -1
0.006-18  mg  kg

Animals -1
0.03-1.6  mg  kg

Sediments -10-31000  mg  kg

Adapted:http://www.plantstress.com/Articles/toxicity_i/cr%20r
esistance%202005.pdf

There is no specific recommended daily allowance 
(RDA) for chromium. Average daily intake may be about 
80-100mcg. Even mild deficiencies of chromium can 
produce problems in blood sugar metabolism, such as 
anxiety or fatigue. Abnormal cholesterol metabolism 
and increased progress of atherosclerosis are 
associated with chromium deficiency, and deficiency 
may also cause decreased growth in young people and 
slower healing time after injuries or surgery.

http://www.diagnose-me.com/symptoms-of/chromium-
deficiency.html

http://news.redstate.com/egl40/wmws/EGPB/1378461707912_

394/w1496561.php?custcode=EGPB&bid=997954085&porefere

rid_=997954085&pbid_=997954085&pemail=simtric.osment.to

pstories%40blogger.com&preflname_=&preffname_= http://www.atsdr.cdc.gov/csem/csem.asp?csem=10&po=10

Americans with Adequate Chromium

Only 10% of Americans have an adequate amount of
chromium in his or her diet.



?Fluid and electrolyte balance is critical.

?Affected patients should be monitored carefully for 
evidence of gastrointestinal   bleeding, hemolysis, 
coagulopathy, seizures and pulmonary dysfunction. 
Appropriate supportive measures may include 
ventilatory support, cardiovascular support, and 
renal and hepatic function monitoring.

?When renal function is compromised, maintenance 
of adequate urine flow is important. Progression to 
anuria is associated with poor prognosis.

?Induction of vomiting is contraindicated, owing to 
the potential corrosive effects of the chromium 
compounds and the potential  for rapid 
deterioration of the patient.

?Gastric lavage with magnesium hydroxide or 
another antacid might be useful in cases of 
chromium ingestion.

?If renal failure ensues, hemodialysis may be 
necessary for management of the renal failure itself.

?If the eyes and skin are directly exposed, flush with 
copious amounts of water.

?The ulcers heal in several weeks without specific 
treatment.

?EDTA ointment 10% might facilitate removal of 
chromate scabs.

?Weeping dermatitis can be treated with 1% 
aluminum acetate wet dressings, and chrome ulcers 
can be treated with topical ascorbic acid. 

Management of chronic chromium toxicity

?In most patients with chronic low-dose exposure, no 
specific treatment is needed.

?The mainstay of management is removing the 
patient from further exposure and relying on the 
urinary and fecal clearance of the body burden.

?Dermatitis, liver and renal injury will not progress 
after removal from exposure, and, in most cases, the 
patient will recover.

?If the exposure has been to high levels or lengthy, 
the increased risk of lung cancer should be 
discussed with the patient.

?Although no reliable tests are currently available to 
screen patients for lung cancer, the physician can 
provide advice and patient education regarding 
smoking cessation, avoiding or minimizing exposure 
to other known pulmonary carcinogens, and 
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Nasal septal perforation due to chronic 
chromium exposure

Allergic contact dermatitis due to chromium
http://www.cdc.gov/niosh/topics/skin/occderm-slides/ 
ocderm10.html

MANAGEMENT OF CHROMIUM 
TOXICITY

Irrespective of the route of exposure, the initial 
approach to an affected individual includes a brief 
assessment of clinical status followed by support of 
basic cardiopulmonary functions. Once the airway has 
been stabilized and cardiopulmonary support has been 
instituted as indicated, further measures can be 
considered.

Management of acute chromium toxicity:

?No proven antidote is available for chromium 
poisoning. Acute poisoning is often fatal regardless 
of therapy. Treatment in cases of acute high-level 
chromium exposure is usually supportive and 
symptomatic.



general preventive health measures.

?Annual chest radiographs might be advisable in 
carefully selected cases.

http://www.atsdr.cdc.gov/csem/csem.asp?csem=10&po=13

PREVENTION
Self-care

?Wear proper personal protective equipment such as 
respiratory protection, protective clothing, eye 
protection, and gloves.

?Maintain work area free of dust.

?Shower and change clothes immediately on 
completion of work.

?Leave or dispose off contaminated clothing at the 
worksite.

?Do not track dust from the work area to the rest of 
the home.

?Do not smoke, eat, or drink in the work area.

?Wash hands well before eating, drinking, or 
smoking.

?Head employer should provide patient and worker 
education.

?If a smoker, stop smoking.

Avoid tobacco smoke

Chromium is a component of tobacco smoke. Avoid 
smoking in enclosed spaces like inside the home or car 
in order to limit exposure to children and other family 
members.

Launder clothing from work sites

Clothing or items removed from the workplace may 
contain chromium if employed in a setting where 
occupational exposure is significant. Therefore, 
common sense hygiene and laundry practices may help 
avoid unnecessary exposures.

Clinical Follow-Up

Patients should be advised to call if they develop any of 
the following symptoms:

?Symptoms of kidney dysfunction such as lower 
extremity swelling, reduced urine volume, changes 
in color of urine, etc.

?Dyspnea, cough, wheezing, nausea, vomiting, 
diarrhea

?Yellowing of the teeth

?Altered sense of smell 
http://www.atsdr.cdc.gov/csem/csem.asp?csem=10&po=14
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REGULATIONS AND GUIDELINES

Remedial Methods for Environmental 
Contamination

For in situ remediation of soil and groundwater, a 
variety of geochemical fixation or anaerobic biological 
treatment methods have been designed which make 
use of Cr's ability to change the valence state of the 
oxidized, toxic, and highly mobile nature of Cr (VI) and 
convert it into the more stable, nontoxic, and immobile 
Cr(III). Cr (III) ultimately precipitates out as Cr(III) 
hydroxide [Cr(OH) ]. In these technologies, Cr is 3

generally not removed from the environment, but 
becomes less toxic and immobile.

Many treatment methods use sulfur-based reductants; 
anaerobic biodegradation enhancements such as lactic 
acids, molasses, or other chemical reductants; or 
elemental iron [Fe(0)] technologies to create a reducing 
environment.

A variety of technologies are used in the extraction and 
treatment of surface water or groundwater (known as 
pump and treat). 

Once on the surface, water containing Cr(VI) can be 
reduced by Fe(II) compounds followed by several 
procedures including alkaline precipitation, ion 
exchange with regenerant treatment, or disposal. 

Electrochemical reduction is another method used 
where Cr (VI) reduction is followed by alkaline 
precipitation in which Fe(II) forms electrochemically, 
instead of being added as a purchased chemical, and 
acidic reduction of the Cr at pH < 3.0 with sulfur dioxide, 
sodium sulfite, sodium bisulfite, or sodium meta  
bisulfite completes the conversion to Cr(III). 

If reduction with a sulfite compound is used, there is a 
greater potential for incomplete conversion of Cr(VI) to 
Cr(III). Consequently, these reactions must be 
monitored carefully to ensure complete conversion to 
Cr(III), which ultimately precipitates out of solution as 
Cr(OH)3.

Workplace guidelines 

Occupational Safety and Health Administration 

(OSHA): OSHA has established an 8-hour time-

weighted average (TWA) exposure limit of 5 µg/m³ of 
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WEB LINKS

air for Cr (VI). OSHA's standard is based upon the best 

evidence currently available. The evidence in the 

record for this rule making indicates that workers 

exposed to Cr (VI) are at an increased risk of developing 

lung cancer. The record also indicates that occupational 

exposure to Cr (VI) may result in asthma and damage to 

the nasal epithelia and skin. 

The final rule also contains ancillary provisions for 

worker protection such as requirements for exposure 

determination, preferred exposure control methods, 

including a compliance alternative for a small sector for 

which the new PEL is infeasible, respiratory protection, 

protective clothing and equipment, hygiene areas and 

practices, medical surveillance, record keeping, and 

start-up dates that include four years for the 

implementation of engineering controls to meet the 

PEL. 

The National Institute for Occupational Safety and 

Health (NIOSH): NIOSH has recommended a 10-hour 

TWA exposure limit for all Cr (VI) compounds of 1 µg 

Cr(VI)/m³. For chromium metal and Cr (II) and Cr(III) 

compounds, the recommended exposure limit is 500 

µg/m³ as an 10-hour TWA. On the basis of current 

evidence, NIOSH considers all Cr (VI) compounds 

potential occupational carcinogens.

Environmental guidelines

Air: The U.S. Environmental Protection Agency (EPA) 

regulates chromium emissions under the Clean Air Act 

of 1990. EPA uses technology-based standard for 

categories of industries, rather than numerical 

emissions standards, to reduce chromium levels in 

ambient air. These maximum achievable control 

technology (MACT) standards are based on emissions 

levels already achieved by the best-performing similar 

facilities.

Drinking Water: EPA has an enforceable maximum 

contaminant level of total chromium in drinking water 

of 100µg/L (100 ppb) for public water systems.

http://www.atsdr.cdc.gov/csem/csem.asp?csem=10&po=8

Regulations and guidelines for chromium

Agency Focus Level Comments

 ACGIH Air,
workplace

10 µg/m³ 
as Cr

TWA to avoid 
carcinogenic risk from 
insoluble Cr(VI) 
compounds

50 µg/m³ 
as Cr

TWA for water- 
soluble Cr(VI) 
compounds

500 
µg/m³ as 

Cr

TWA for Cr metal and 
Cr(III) compounds

NIOSH Air, 
workplace

1 µg/m³ 
as Cr

TWA (10-hour) for 
chromic acid and all 
Cr(VI) compounds

500 
µg/m³ as 

Cr

TWA (10-hour) for Cr 
metal and Cr(II) and 
Cr(III) compounds

OSHA Air, 
workplace

5 µg/m³ 
as 

Cr O /m³2 3

Regulation; PEL for 
chromic acid and 
chromates, (8-hour 
TWA)

500µg/m³ 
as Cr

PEL for Cr(II) and 
Cr(III) compounds (8-
hour TWA)

1,000 
µg/m³ as 

Cr

PEL for Cr metal and 
insoluble compounds 
(8-hour TWA)

EPA Air, 
environment

Not 
available

Cr is listed as a 
hazardous pollutant

Drinking 
water

100 µg/L Regulation; current 
MCL for total Cr

TWA: Time weighted average

PEL: Permissible Exposure Level

MCL: Maximum Concentration Level

http://www.atsdr.cdc.gov/csem/csem.asp?csem=10&po=8

?http://www.lenntech.com/periodic/elements/cr.htm#Atomic
%20number#ixzz2mVJjLJZ1

?http://www.atsdr.cdc.gov/csem/csem.asp?csem=10&po=8

?http://www.ijoem.com/article.asp?issn=0019-278;year 
=2011;volume=15;issue=1; spage=6; epage=13;aulas t= Das

?http://wtert.in/wp- content/uploads/ 2013/02/ Hazardous-
Wastes-Management-Handling-and-Transboundary-
Movement-Rules-2008.pdf

?http://www.cdc.gov/niosh/topics/skin/occderm-slides/ 
ocderm10.html



?http://www.plantstress.com/Articles/toxicity_i/cr%20resista
nce%202005.pdf

?http://ods.od.nih.gov/factsheets/Chromium-Health 
Professional/
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http://skydancingblog.com/tag/hexavalent-chromium/
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?http://www.blacksmithinstitute.org/blog/?p=645

?http://www.diagnose-me.com/symptoms-of/chromium-
deficiency.html

DR. SUNIL KUMAR
SCIENTIST G
ENVIS COORDINATOR,
NATIONAL INSTITUTE OF OCCUPATIONAL HEALTH,
MEGHANINAGAR,
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GUJARAT, INDIA
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