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Cancer Risks of Hexavalent Chromium in the Respiratory Tract
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Abstract : Hexavalent chromium (Cr(VI)) compounds are recognized as carcinogens in the respiratory tract, giv-
ing rise to cancers of the lung, nose and nasal sinuses, especially in certain occupational environments.  Inhalation 
exposure of Cr(VI)-containing particles, dusts and fumes commonly occurs in chromium-related occupational envi-
ronments, such as chromium production, plating, welding of chromium-containing metals and alloys, electroplating, 
chromium-containing pigments and paints.  Epidemiological surveys of chromium compounds have shown strong 
associations between exposure to Cr(VI) and mortality due to lung cancer, as well as positive associations with can-
cers of the nose and nasal cavity.  Nasal symptoms, such as nasal irritation, ulceration and perforation of the nasal 
septum, nasal turbinate engorgement and hypertrophy, are important signs for the early diagnosis of lung cancer and 
cancers of the nose and nasal cavity in those with an occupational history of Cr(VI) exposure.  Cr(VI) exposure in 
the workplace remains a serious problem as a cause of lung cancer and cancers of nose and nasal cavity, especially in 
relatively small enterprises that use chromium compounds.  Appropriate protection for workers should be considered 
in occupations that involve exposure to chromium compounds.
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Introduction

Exposure to chromium compounds is common in sev-
eral chromium-related occupations and can be quite haz-
ardous to the health of workers in these environments, 
especially in relatively small enterprises.  Hexavalent 
chromium (Cr(VI)) is the most hazardous of the sev-
eral types of chromium, and numerous studies in both 
humans and animals have suggested a relationship be-
tween exposure to Cr(VI) and an increased risk of lung 
cancer, especially exposure in the work environment.  In 
addition, numerous epidemiological studies have shown 
a positive association between Cr(VI) exposure and an 
increased risk of cancers of the nose and nasal sinuses in 
addition to non-cancerous effects on the nose and nasal 
sinuses, such as nasal irritation, nasal septum ulceration 
and perforation, nasal turbinate engorgement and hyper-
trophy.

We herein summarize the recent findings concern-
ing exposure to Cr(VI) in the workplace and cancers 
of the respiratory tract, such as lung cancer and can-
cers of the nose and nasal sinuses, with a typical case 
presentation of a patient with both cancers (lung can-
cer and cancer of the upper pharynx) who worked in 
a small-industry chrome-plating factory for over 30 
years without appropriate protection.

Case presentation of a complicated case of lung 
cancer and cancer of the nasal pharynx in a chro-
mium plating worker

A 60-year-old Japanese man had observed bilateral 
neck lymph node swelling for 1 year.  He then began to 
experience lightheadedness upon standing, dyspnea on 
exertion and melena for several months before finally 
visiting an internal medicine clinic.  He had worked in 
a small chrome-plating factory as a plater for 31 years 
without wearing appropriate protection for chromium 
exposure.  He was a current smoker with a smoking 
history of 45 pack-years and no remarkable medical 
history.

Chest X-ray showed pulmonary nodules in his lung 
field (Fig. 1A), and severe anemia (hemoglobin 6 g/dl) 
was observed in peripheral blood tests, so he was intro-
duced to our hospital.  After admission, red blood cell 
transfusion and upper and lower gastrointestinal fiber-

scopic examinations were performed, and the bleeding 
was diagnosed as being due to internal hemorrhoids.  
Head, neck and chest computed tomography and flu-
orodeoxyglucose-positron emission tomography re-
vealed pulmonary nodules in the left lower lobe (Fig. 
1C and 1D) and a tumor in the upper pharynx (Fig. 
2A and 2B) with swelling of the bilateral lymph nodes 
(Fig. 2C and 2D), and a high uptake of fluorodeoxyglu-
cose was seen in these tumors and lymph nodes.  Rhi-
noscopic and endoscopic examinations revealed a large 
nasal septal perforation and an ulcerative tumor on the 
posterosuperior nasopharyngeal wall (Fig. 2E).  Biop-
sies from the upper pharynx and endobronchial ultra-
sonography with a guide sheath-guided transbronchial 
biopsy of the tumor in the left lower lobe (Fig. 1B) were 
performed.  Both biopsies revealed cancer of the upper 
nasopharynx (squamous cell carcinoma) (Fig. 3A and 
3B), and lung cancer (squamous cell carcinoma) (Fig. 
3C and 3D) was ultimately diagnosed.  No Epstein-
Barr virus-positive cells believed to be causative for 
the nasopharyngeal cancer were observed, supporting 
the hypothesis that the nasopharyngeal cancer in this 
patient was Cr(VI)-associated.  The patient was diag-
nosed with both cancer of the nasopharynx and primary 
lung cancer in the left lobe, and left lower lobectomy 
was performed.  Scanning electron microscopy and X-
ray spectrometry of the pathological specimen obtained 
from the left lung cancer showed metal particles that 
had a peak for chromium (Fig. 4A and 4B).  After lung 
surgery, systemic chemotherapy in combination with 
radiotherapy was started to treat the cancer of the naso-
pharynx.

Chemistry and biopersistence of chromium(VI) 

Chromium is a naturally occurring metallic element 
found in rocks, soil and volcanic dust and gases and 
has oxidation states ranging from 2 to +6.  The most 
stable forms are chromium(0), trivalent chromium 
(Cr(III)) and Cr(VI).  Cr(VI) is the second-most stable 
oxidation state of chromium generally produced from 
anthropogenic sources but is rarely naturally formed, 
except in the rare mineral crocoite (PbCrO4)[1].  In the 
presence of reducing agents, such as iron or oxidiz-
able organic matter, most Cr(VI) compounds related 
to manufactured products can be reduced to the more 
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stable Cr(III) [2].  The valence state of the chromium 
atom and the nature of its ligands are determinants of 
its toxicity.

Inhaled chromium compounds can transfer across 
cell membranes in the lung.  The entrance of a chro-
mate anion into the cell through anion channels is seen 
in Cr(VI), which has higher absorption than Cr(III) in 
cells, as Cr(III) absorption is based on passive diffu-
sion and phagocytosis, and chromium-containing par-
ticulate matter can persist in the lung for years after 
inhalation exposure.  In the human body, Cr(VI) is 
unstable and is reduced to Cr(III), Cr(IV) and Cr(V) 
by ascorbate, glutathione and other substances.  Dur-

ing these processes, free radical generation that can 
cause structural DNA damage occurs; this damage 
is believed to be the ultimate cause of Cr(VI) toxic-
ity.  Sustained high Cr(VI) exposure and the persistent 
deposition of Cr(VI)-containing particles in the bron-
chial bifurcations are reported to be causative of cyto-
toxicity of Cr(VI) [3, 4].

Most reported cases of carcinogenicity of Cr(VI) are 
seen in the chromate and pigment production indus-
tries, and occupational exposure to Cr(VI) in these 
production industries occurs due to the use of soluble 
calcium, zinc and strontium and lead chromate sprays 
[5 8].  Less soluble forms of Cr(VI) are likely to 

Fig. 1.  Chest and intra-bronchial image findings on admission.  A: Chest X-ray film on admission, showing mass lesions 
(white arrow) in the left lower lung field.  B: Echography through an endobronchial ultrasonography-guided sheath, showing 
the echo probe was within the lung tumor (white arrow).  C: Chest computed tomography on admission, demonstrating lung tu-
mor with spiculations (white arrow) in the left lower lobe.  D: Fluorodeoxyglucose positron emission tomography, showing the 
tumor in the left lobe with a high uptake of fluorodeoxyglucose (red area).
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have greater carcinogenic potential than more soluble 
forms, due to their longer biopersistence in the lung, as 
observed in rats [9 11].  Cr(VI) compounds can be wa-
ter-soluble (sodium chromate, potassium chromate), 
slightly soluble or water-insoluble (barium chromate, 
lead chromate), and the water-solubility of zinc chro-
mates varies widely [2].  For example, Cr(VI) oxide, 
chromic acid and the ammonium and alkali metal salts 
such as sodium and potassium of chromic acid are sol-
uble in water.  In contrast, the alkaline earth metal salts 
such as calcium and strontium of chromic acid are less 
soluble in water, and the zinc and lead salts of chromic 
acid are insoluble in cold water.  

Carcinogenicity of chromium(VI)

Chromium(VI) compounds can damage chromo-
somes and DNA in humans, and Cr(VI) is also geno-
toxic in vivo and in vitro.  The carcinogenicity of Cr(VI) 

compounds in mammalian cells in vitro and also in ani-
mals in vivo has been consistently observed.  Based on 
an increase in the lung cancer incidence following oc-
cupational exposure, Cr(VI) has been classified by The 
International Agency for Research on Cancer (IARC) as 
carcinogenic in humans (Group 1) since the first evalu-
ation in 1973, and this classification was reconfirmed in 
the recent IARC 2012 report [2].  The WHO Air Quality 
Guideline for Europe Second Edition for Cr(VI) is based 
on the risk assessment of lung cancer in humans, and the 
excess lifetime lung cancer risk is estimated to be 4 × 
10 2 (µg/m3) unit risk/lifetime (unit risk: the excess risk 
of dying from cancer following lifetime exposure) at an 
air concentration of Cr(VI) of 1 g/m3, indicating that 4 
people in a population of 100 will die from cancer fol-
lowing a lifetime Cr(VI) exposure of 1 g/m3 of Cr(VI) 
[12].  Regarding the threshold of carcinogenetic risk of 
chromium in the United States, the thresholds for work 
and general environments are 50 ng/m3 according to the 
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Fig. 2.  Nasopharyngeal and neck image 
findings.  A: Head computed tomography 
on admission, showing a tumor on the 
posterosuperior nasopharyngeal wall (red 
circle).  B: Fluorodeoxyglucose positron 
emission tomography, showing a postero-
superior nasopharyngeal wall tumor with 
a high uptake of fluorodeoxyglucose (red 
area).  C and D: Neck computed tomog-
raphy and fluorodeoxyglucose positron 
emission tomography on admission, dem-
onstrating bilateral lymph node swelling 
with a high uptake of fluorodeoxyglucose 
(red area).  E: The rhinoscopic findings 
showed a large septal perforation of both 
nasal cavities.
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Association Advancing Occupational and Environmen-
tal Health and 12 ng/m3 according to the Environmental 
Protection Agency (EPA), respectively.  In addition, the 
non-carcinogenic risk threshold and inhalation refer-
ence concentration of general environmental chromium 
for atrophy of the nasal mucosa is 5 ng/m3 as the low-
est observed adverse effect level (LOAEL) according to 
the Agency for Toxic Substances and Disease Registry 
(ATSDR) and 8 ng/m3 according to the EPA, respec-
tively.

Inhalation exposure to Cr(VI) may irritate and dam-
age the upper respiratory tract (nose, throat) as well as 
the lower respiratory tract (lung) [13].  The IARC clas-
sifies Cr(VI) as a Group 1 compound (carcinogenic in 
humans) with a predisposition to lung cancer [5].  In-
creased risks of sinonasal cancer in workers exposed 
to Cr(VI) have also been reported by several epidemio-
logical studies among workers occupationally exposed 
to chromate production, chromate pigment production 
and plating using chromate [2, 14].  Regarding other 
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Fig. 3.  Pathological findings of cancer in nasopharynx and lung.  Pathological findings of the cancer of nasopharynx (A 
and B) and lung cancer surgically obtained from the left lower lobe (C and D).  Hematoxylin eosin staining shows that both 
nasopharyngeal cancer (A) and lung cancer (C) are nonkeratinizing squamous cell carcinoma.  Immunohistochemistry for p40 
demonstrated that both cancer lesions were positive (B and D, brown).
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chromium compounds, Cr(III) and metallic chromium 
are classified as Group 3 compounds (not classifiable 
concerning [their] carcinogenicity in humans) accord-
ing to the IARC [5].

Proctor et al. reported four key events in the mode 
of action and threshold mechanisms for lung cancer by 
inhalation exposure to Cr(VI) [15].  Key event 1 is the 
deposition and accumulation of chromium-containing 
particles in the bifurcations of the lung.  Key event 2 is 
the entrance of dissolved Cr(VI) or chromate particles 
into cells through transporters and phagocytosis after 
exceeding the clearance mechanisms and detoxifica-
tion by reduction at the bronchial bifurcation in the 
lung.  Key event 3 is tissue irritation, inflammation 
and cytotoxicity and DNA damage by the generation 
of reactive oxygen species as well as binary and ter-
nary chromium ligands inside the cell after the reduc-
tion of dissolved Cr(VI).  Key event 4 is changes in 
the DNA sequences or methylation status caused by 
increased cell proliferation that may lead to tumori-
genesis [15].

Environmental exposure to chromium(VI)

Although human exposure to Cr(VI) typically oc-
curs in the general population through the inhalation of 
ambient air or tobacco smoke, according to the public 
health statement on chromium by the ATSDR, 2012, 
drinking chromium-laden water and eating chromium-
laden vegetables can also cause cancers of the gastro-

intestinal tract [16, 17].  The emission of chromium 
into the air can occur from anthropogenic sources, 
such as fuel combustion and emission from metal in-
dustries, as well as natural sources, including forest 
fires.  In the presence of large amounts of organic mat-
ter, Cr(VI) can be reduced to Cr(III) and then absorbed 
by airborne particulate matter.  Chromium in soil is 
present mainly as an insoluble oxide, and compared 
to Cr(III), Cr(VI) may be much less strongly adsorbed 
into soils, and the mobility of soluble chromium in soil 
may depend on the absorption of the soil.  The atmo-
spheric concentrations of total chromium are < 10 ng/
m3 in rural areas and 10 30 ng/m3 in urban areas, and 
concentrations more than 10 times higher can be seen 
near anthropogenic sources.  The ambient air concen-
tration of chromium (< 0.01 0.03 µg/m3) has been 
used to estimate the average daily inhalation intake of 
chromium (< 0.2 0.6 µg).

Occupational exposure to chromium(VI)

Chromium(VI) compounds are usually yellow or 
lemon-yellow, orange or dark red in color, and these 
colors are related to the color of chromium used in 
painting [2].  Occupational exposure to airborne Cr(VI) 
compounds may include upper and lower respiratory 
tract and eye irritation, and nasal septum ulceration and 
perforation can also occur.  Regarding the non-cancer-
ous respiratory effects, short- and long-term occupa-
tional Cr(VI) exposure may cause pulmonary edema, 
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Fig. 4.  The findings of scanning electron microscopy and X-ray spectrometry.  A: Scanning electron micrograph of the lung 
cancer specimen obtained from the left lower lobe.  Small metal particle was observed (arrow) and X-ray spectrometry revealed 
the particles to contain a chromium peak (B).  Ca: calcium, Ti: titanium, Cr: chrome, Si: Silicon.
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lung tissue fibrosis and hyperplasia of the bronchial 
epithelium, immunological sensitization and reaction 
in the respiratory tract and the development or exacer-
bation of bronchial asthma [18, 19].

Occupational exposure to Cr(VI) by the inhalation 
of dust, mist or fumes containing Cr(VI) can occur in 
the workplace in fields such as Cr(VI) production (so-
dium, potassium, calcium and ammonium chromates 
and dichromates), chrome plating (chromium trioxide), 
pigment production and spray painting (zinc and lead 
insoluble chromates) and stainless steel smelting and 
welding (water-soluble alkaline chromates).  Cr(VI) ex-
posure may occur in other industries as well, such as in 
the manufacture of dyes and pigments, surface coatings, 
inks, plastics, corrosion inhibitors, wood preservatives, 
metal finishing, leather-tannin, catalysts, chromic acid, 
tanning agents and pesticides as well as in printing, met-
al manufacturing, agricultural fields, construction, min-
ing machinery and container manufacturing (e.g.  boilers 
and tanks), auto repair, aluminum production, metal ore 
mining and coating.  Welders may be the largest group of 
occupational exposed workers [20].  Regarding Cr(VI) 
exposure, the National Institute for Occupational Safety 
and Health (NIOSH) recommended an exposure limit of 
1 µg/m3 for a 10 h period and reported ranges of personal 
exposure to Cr(VI) of 3 16 µg/m3 at electroplating fa-
cilities and 2 55 µg/m3 at painting and coating facilities 
[21].

In the past, much higher exposure levels of Cr(VI) 
than at present (several hundred-fold higher) were ob-
served in chromium-related industries and their work-
ers.  Recent exposure levels are generally below 20 µg/
m3.  However, animal studies have shown that inter-
mittent inhalation exposure to Cr(VI) at 1.81 mg/m3 as 
chromium trioxide for 12 months induced pulmonary 
emphysema and perforation of nasal septum in mice, 
so the risk associated with exposure has not markedly 
decreased [22, 23].

Despite the large number of small-scale factories 
involved in the chromium industry, only a few inves-
tigations into chromium-induced cancer in workers 
at such facilities have been conducted.  Prospective 
cohort studies in Japanese chromium platers in To-
kyo including 1,193 male metal platers with a chro-
mium plater subgroup (n = 623) and non-chromium 
plater subgroup (n = 567) from 1976 to 1992 showed 

a significant trend in the risk of lung cancer in the 
chrome-plating subgroup (standardized mortality ra-
tio (SMR) 1.2; 95% confidence interval (CI) 1.0 3.0) 
[24].  Other reports from our institution with a follow-
up study of the same cohort as well as epidemiologi-
cal studies among chromium platers in other countries 
have shown that occupational chromium exposure in 
chromium-plating workplaces may be a risk factor for 
malignant lymphoma and brain tumor in addition to 
lung cancer mortality [25].  They also showed that the 
age at initial exposure to chromium may be a more im-
portant risk factor for lung cancer and malignant lym-
phoma than the duration of exposure [25].  As with the 
Japanese patient described above, physicians should 
consider occupational exposure to Cr(VI) as a poten-
tial cause of cancers in the respiratory tract, especially 
in workers employed at small-scale chromium-related 
factories.

Chromium(VI) exposure and risk of lung cancer

A report of the IARC found sufficient evidence 
supporting the carcinogenicity of Cr(VI) compounds 
in humans, concluding that Cr(VI) compounds cause 
lung cancer [2].  The risk of Cr(VI) compounds (potas-
sium chromate, sodium chromate, calcium chromate, 
and strontium chromate) for inducing lung cancer has 
been shown in epidemiological studies.  Studies using 
animals as well as in vitro studies have suggested that 
the tolerable concentration limit for Cr(VI) is < 1 mg/
m3 in the workplace [26].  This threshold is supported 
by epidemiological estimations with the best exposure 
information in chromate production workers (6 × 10 3) 
with a first employment age of 20 years old, working 8 
h/day, 5 days/week for 45 years; the estimated lifetime 
risk of lung cancer due to environmental exposure to 
0.001 µg/m3 of Cr(VI) for 24 h/day, 365 days/year for 
70 years is 4 × 10 5.

Among cancers in the human body, the carcinoge-
nicity of Cr(VI) for inducing lung cancer has the stron-
gest evidence at present, with less consistent evidence 
available for its role in inducing gastrointestinal (main-
ly stomach) [27, 28], pancreas, prostate, bladder and 
sinonasal cavity (nose and sinus) cancers.  The relative 
risk for any type of cancer in 38 studies exceeded 1 
[2].  The estimated relative risks for lung cancer in  
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almost all of the previous reports have exceeded 1 
among chromate production workers, and similar trends 
are seen in chromate pigment production workers.  
Chromium electroplating workers showed particularly 
excessive risks in most studies.  In a few cohort studies 
that documented smoking history data, elevated risks 
independent of smoking for lung cancer tended to be 
shown.  While estimating the types and levels of Cr(VI) 
exposure is difficult, a meta-analysis including 47 stud-
ies of workers with possible Cr(VI) exposure showed 
a SMR of 1.4 (95% CI: 1.4 1.5) for lung cancer [29].

Epidemiology of chromium(VI)-induced lung 
cancer

There have only been two cohort studies providing 
quantitative estimates of lung cancer risk based on ac-
tual exposure measurements of Cr(VI) in populations 
working in chromate production; these studies were 
conducted in Baltimore (Maryland, USA) and Paines-
ville (Ohio, USA) [6, 26, 30].  The data showed a non-
linear exposure-response [8, 30 32], but quantitative 
occupational risk assessments of Cr(VI) have primar-
ily been based on a default linear approach, hampering 
understanding of the risk assessment.  As such, Proctor 
et al. recently reported risk as a linear Cox proportional 
hazard model and exponential Cox proportional hazard 
models of lung cancer mortality by unlagged cumula-
tive exposure to Cr(VI) in the Baltimore cohort [33].

The Baltimore chromate production facility started 
chromate production in 1824, and lung cancer mor-
tality among chromate production workers has been 
reported [34, 35].  The study evaluated the mortality 
of 2,354 workers employed for the first time at a Bal-
timore chromate production plant between 1950 and 
1974; it involved 91,186 person-years of observation, 
and 217 lung cancer deaths were observed.  Cumula-
tive Cr(VI) exposure was found to be significantly 
related to an increased risk of lung cancer death.  In 
that study, cancer of the larynx was observed in 10 
cases, compared to the expected number of 5.3, and 
the SMR was 1.9 (95% CI: 0.9 3.5), but cancer deaths 
were not significantly elevated.  Gibb et al. recently 
reported the mortality of the same cohort, and cumu-
lative Cr(VI) exposure was still a risk factor for lung 
cancer death.  They also showed that nasal irritation, 

nasal perforation, nasal ulceration, and other forms of 
irritation such as skin symptoms due to Cr(VI) expo-
sure were associated with lung cancer mortality [36].  
However, the rates of deaths due to cancer other than 
lung cancer – including cancers of the nose and nasal 
sinuses – were not significantly elevated by cumula-
tive Cr(VI) exposure [36].

In the extended follow-up study from the first date 
of employment of this cohort until 1992 [37], settled 
dust samples were collected and analyzed for Cr(VI) 
and Cr(III) following closure of the plant in 1985.  The 
cumulative Cr(III) exposure for each individual in the 
study cohort was estimated using the concentration 
ratios of Cr(III)/Cr(VI) in the plant areas in combina-
tion with historic air-sampling data, and cumulative 
Cr(VI) exposure showed a strong dose-response rela-
tionship with lung cancer.  The calculated cumulative 
Cr(VI) exposure in the plant from 1950 to 1985 was 
0.1 mg/m3 ꞏ  years as the mean and 0.009 mg/m3 ꞏ years 
(range: 0.0 5.3 mg/m3 ꞏ years) as the median.  Based on 
the data for Cr(VI) and Cr(III) obtained from settled 
dust samples, the estimated cumulative Cr(III) expo-
sure was 2 mg/m3 ꞏ years as the mean and 0.1 mg/m3 ꞏ 
years (range: 0.0 64.7 mg/m3 ꞏ years) as the median per 
individual.  In this cohort, the cumulative Cr(VI) ex-
posure was associated with an increased risk of lung 
cancer with a dose-response relationship, but cumula-
tive Cr(III) exposure was not associated with lung can-
cer risk [37].  Using age-, calendar- and race-specific 
mortality rates for the USA and Maryland, the SMR 
for lung cancer for the entire cohort was calculated to 
be 180 (95% CI: 149 214), and the group with the high-
est chromium exposure showed an SMR of 224 (95% 
CI: 160 303) under exposure of 0.08 5.3 mg/m3 ꞏ years.  
In a proportional hazards model that included the 
variables of cumulative Cr(VI) exposure, cumulative 
Cr(III) exposure and smoking, only cumulative Cr(VI) 
exposure and cigarette smoking were statistically sig-
nificant predictors of a risk of lung cancer[37].  

Regarding the Ohio study, Luippold et al. [38] 
conducted a retrospective cohort mortality study of 
former employees for at least 1 year from 1940 in a 
chromate production plant in Painesville, Ohio, USA.  
The airborne Cr(VI) concentrations between 1943 
and 1971 were used until the plant closed (1972), but 
Cr(II) concentrations were not included in their data.  
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In their study, the mean cumulative Cr(VI) exposure 
was higher for the workers who died from lung can-
cer (3 mg/m3 ꞏ years, standard deviation (SD): 5 mg/
m3 ꞏ years, range: 0.06 23 mg/m3 ꞏ years) than for the 
total cohort (1.6 mg/m3 ꞏ years, SD: 2.5 mg/m3 ꞏ years, 
ranged: 0.003 23.0 mg/m3 ꞏ years).  Based on the popu-
lation of the USA and the population of Ohio, the ob-
served/expected ratio for lung cancer was 51/21 for 
Ohio (SMR=241, 95% CI: 180 317).  The greatest in-
crease in lung cancer SMRs was associated with work-
ers hired between 1940 and 1949 (SMR=326, 95% CI: 
220 465), and increased SMRs (497, 95% CI: 328
723) were observed in employees working 20 years.  
In addition, the SMRs increased with time, especially 
among workers employed working 20 years since 
their first exposure.

In the same cohort, using relative risk and additive 
risk dose-response models, a linear dose-response re-
lationship for cumulative exposure with a five-year lag 
was estimated [39].  Assuming 45 years of occupation-
al exposure (8 h/day exposure on 240/365 days/year 
from the age of 20 to 65 years), they calculated that the 
estimated lifetime additional lung cancer mortality risk 
associated with 1 µg/m3 Cr(VI) exposure was 0.00205 
for the relative risk model and 0.00216 for the additive 
risk model.  For environmental exposure to Cr(VI) at a 
concentration of 1 µg/m3 for 24 h/day over a lifetime, 
the corresponding excess risks were 0.0098 (90% CI: 
0.0064 0.014) and 0.013 (90% CI: 0.0083 0.018) for 
the relative and additive risk models, respectively[39].

A decrease in the average Cr(VI) concentrations in 
the air measured in the Painesville plant areas and a re-
duction in the lung cancer mortality was observed from 
1940 1965, and the average concentrations in 1940
1949, 1950 1964 and 1965 were 720 mg/m3, 270 mg/
m3 and 39 mg/m3, respectively [7, 38].  In addition, in 
this cohort, no increase in the lung cancer risk was ob-
served for workers with the highest monthly average 
exposures of 27 mg/m3 [8].  Using the same cohort of 
Painesville, Proctor et al. recently reported an extended 
cohort study until 2011 with even lower values than re-
ported in a previous study [33].  To provide quantitative 
lung cancer risk using exposure-response modeling 
with Poisson and Cox regressions, the estimated SMR 
was 186 (95% CI: 145 228) for workers hired before 
1959 with the average length of follow-up was 34.4 

years with 24,535 person-years at risk estimates and cu-
mulative exposure 41 mg/m3 ꞏ  years or highest monthly 
exposures 40 mg/m3 [33].  After adjusting for smok-
ing habit and age, the occupational and environmental 
unit risks were 0.0017 (95% CI: 0.00071 0.0035) and 
0.0083 (95% CI: 0.0036 0.017), respectively, which 
are 20% and 15% lower than the respective values de-
veloped in a previous study using the same cohort [33].

Classifying automotive and painting industries as 
separate or same industries differs by country, so few 
epidemiological data are available regarding the inci-
dence of lung cancer in automotive painters.  Sabty-
Daily et al. reported on lung cancer in these workers, 
and 72% of the Cr(VI) inhaled during spray painting had 
accumulated in the upper respiratory system, whereas 
1% and 2% accumulated in the bronchus and alveoli, 
respectively [40].  Air concentrations of Cr(VI) as high 
as 118 mg/m3 while spray painting with yellow paint 
have been reported [41].  Cumulative data of previous 
reports have described a latency period of chromium-
related lung cancers of approximately 20 35 years [38, 
42 45].  In a Korean epidemiological study of occu-
pational lung cancers in workers compensated under 
the Industrial Accident Compensation Insurance Law 
between 1994 and 2011, 179 recognized cases were 
reported, and the major causative carcinogens were as-
bestos (87 cases, 49%; median latency 24 years), crys-
talline silica (42 cases, 24%; median latency 22 years) 
and Cr(VI) (26 cases, 15%; median latency 21 years).  
Twelve (46%) of 26 cases of chromium-related lung 
cancer occurred in painters, and 8 (19%) occurred in 
platers, mainly in shipbuilding and the manufacture of 
special-purpose machinery [45].

Among chrome plating workers, a positive dose-
response relationship of chromium exposure for lung 
cancer has been observed among workers involved in 
chrome electroplating [6].  Among chrome platers in 
England employed from 1946 to 1983, exposure of 
soluble Cr(VI) as chromic acid (CrO3) mist caused sig-
nificant elevation of lung and bronchial cancers com-
pared to the general population of England and Wales 
[46].  Limited evidence supports an increase in the rate 
of lung cancer among ferrochromium production work-
ers [2, 6], and a study in Norway reported higher-than-
expected rates of lung cancer among ferrochromium 
arc-furnace workers from 1928 to 1977 employed for at 
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least one year at a plant that manufactured ferrosilicon 
and ferrochromium [47].  However, that study did not 
include ambient concentration measurements of Cr(VI) 
in the workplace.  No increases in the respiratory tumor 
incidence were observed in a Swedish study among 
ferrochromium plant workers, even among heavily ex-
posed workers assigned to the arc-furnaces, although 
nasal irritation and perforation cases were reported 
[48].

Regarding the increased lung cancer risk among 
chromate production workers, there have been sev-
eral reports showed an increased risk of lung cancer 
at levels 25 mg/m3 [37, 38, 49 51].  For lung cancer, 
the observed/expected (O/E) ratio among the entire 
cohort was 1.8 (95% CI: 1.5 2.1) [37].  High cumu-
lative exposure to Cr(VI) over a short period of time 
was associated with a significantly greater risk of lung 
cancer mortality than the same cumulative exposure 
spread over a longer duration, and a significant dose-
rate effect was shown in a follow-up study of the Balti-
more cohort [52].  Among cases with higher exposure 
to chromium, the SMRs of chromium for lung cancer 
were 365 (1.1 2.7 mg/m3 ꞏ year) and 463 (3 23 mg/m3 ꞏ 
year), but 60% of the 482 workers included in the mor-
tality study had an estimated exposure 1 mg/m3 ꞏ year, 
and no significant increase in lung cancer risk was ob-
served in cases exposed at these levels [38].

Chromium compounds are widely used in the pro-
duction of vivid color pigments [6].  Among pigment 
production workers, the Cr(VI) forms of calcium, 
lead, zinc, barium and strontium chromate are slightly 
soluble or insoluble in water.  Chromate pigment pro-
duction workers have an increased risk of lung cancer 
in association with a high concentration of exposure 
(ATSDR, 2012).  Concentrations of chromate higher 
than the current Occupational Safety and Health Ad-
ministration (OSHA) permissible exposure limit of 5 
mg/m3, such as >2,000 mg/m3 [6], have been reported, 
but data are insufficient to assess the relationship be-
tween the exposure concentration and lung cancer in-
cidence.  Exposure duration had a significant trend for 
increased incidence of lung cancer [53], and older pig-
ment plants in Norway were reported to have relative-
ly high chromium levels of 40 to 1,350 mg/m3 from 
1948 to 1972 [54], while newer plants in 1972 showed 
levels from 10 to 80 mg/m3 [55].

Interestingly, despite the significant exposure to 
Cr(VI) among workers in stainless steel welding and 
aerospace industries, no marked increase in the risk of 
lung cancer induced by Cr(VI) has been reported [56
59].  Indeed, in contrast to the significantly increased 
risk of lung cancer in chrome production workers [37, 
38], no marked increase in the risk of lung cancer has 
been noted among welders, even those with extremely 
high cumulative exposure (>1.5 mg/m3 ꞏ  year).  In a 
meta-analysis, the relative risk of lung cancer for mild-
steel welders with minimal to no Cr(VI) exposure was 
the same as the relative risk for stainless steel welders 
with much higher Cr(VI) exposure, so the 30% 40% 
increased relative risk of lung cancer in welders cannot 
be explained by Cr(VI) exposure alone [58].

The IARC (1990) provided a summary of Cr(VI) 
exposure among stainless steel welders, and the con-
centrations ranged from 1 to 1,500 mg/m3.  Evidence 
concerning the association of Cr(VI) exposure and an 
increased risk of lung cancer incidence among aero-
space workers is insufficient at present [56, 59].  Com-
pared to exposure in chromate production and pigment 
production workers, the concentrations of Cr(VI) (av-
erage 15 mg/m3) exposure were much lower among 
workers in aerospace industries [56, 60].  Occupation-
al environment, exposure concentration, particle size 
and solubility (large particles in aerospace workers) 
and the forms of chromium used (zinc and strontium 
chromate and CrO3) may affect the carcinogenicity 
of Cr(VI).  Further studies are therefore necessary to 
clarify the difference in the carcinogenicity of Cr(VI) 
exposure for respiratory tract cancers among different 
occupational environments.

Limits of chromium(VI) exposure for lung cancer

Based on a LOAEL of 2 µg Cr(VI)/m3 for non-cancer-
ous upper respiratory effects in humans, a concentra-
tion limit for chromium trioxide/chromic acid of 0.005 
µg Cr(VI)/m3 was calculated.  Seidler et al. reported 
results of a comprehensive literature search of studies 
with risk estimates for more than one level of cumu-
lative exposure to occupational Cr(VI) with adequate 
consideration of smoking as a potential confounding 
factor and direct measurements of ambient exposure 
to Cr(IV) [26].  They proposed the absolute excess 
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risk of Cr(VI) as acceptable  (less than 4 per 10,000 
according to the German Committee on Hazardous 
Substances (AGS)) at a Cr(VI) concentration of 0.1 
µg/m3, and intolerable  (more than 4 per 1,000) be-
yond a concentration of 1 µg/m3, according to their re-
view and calculations based on previous observations 
[26].  Several factors, such as changes in the methods 
for precisely determining airborne Cr(VI) concentra-
tions in the low-dose range and insufficient statisti-
cal power to identify the shape of the dose-response 
relationship of Cr(VI) exposure and lung cancer risk, 
should be considered in attempting to understand these 
issues, as 0.1 µg/m3 may be lower than the analytical 
limit of quantitation, even with current methods used 
[61].  While the estimation of exposure (1 µg/m3) is 
uncertain, the available evidence leads to an estimated 
excess lung cancer incidence of 2.3 to 4.9 per 1,000 
workers, suggesting that adequate health protection 
among workers in related work environments using 
proper measurement tools and controlling Cr(VI) lev-
els should be considered [26].

Chromium(VI)-induced nose and nasal sinus 
cancer

Cancers of the nose and sinuses have been observed 
among workers exposed to high levels of airborne 
Cr(VI), such as those involved in chromate and pig-
ment production, chromium plating and ferrochro-
mium production [5, 6], and sufficient evidence sup-
ports positive associations between exposure to Cr(VI) 
compounds and cancer of the nose and nasal sinuses.  
However, Cr(VI)-induced cancer of the upper respira-
tory tract (nose and nasal sinus) is extremely rare, and 
most Cr(VI)-exposed cohort studies have not reported 
data on such cases [62].  In total, there have been 10 
cohort studies reporting nasal cancers; as such, epide-
miological evidence remains controversial, and the ef-
fects of Cr(VI) for inducing cancers of the nose and 
nasal sinuses remain inconclusive.

Estimating the risk based on cohort studies is dif-
ficult, and the SMR was calculated to be 8.0, given 
an aggregation of 12 observed and 1.5 expected cases 
[63].  Of three case-control studies on nose and nasal 
sinus cancer, two reported excess risk among work-
ers with possible exposure to Cr(VI) compounds, but 

one noted no excess risk for Cr(VI)-exposed workers 
when the best exposure assessment protocol was ap-
plied [64].  A case-control study involving 207 cases 
and 409 controls in France noted a significant eleva-
tion in occupational risk factors for sinonasal cancer 
for male cabinet-makers (odds ratio [OR] 35.4, 95% 
CI: 18.1 69.3), male carpenters and joiners (OR 25.2, 
95% CI: 14.6 43.6) and wood-working machine op-
erators (OR 7.4, 95% CI: 3.4 15.8) in adenocarcino-
ma [65].  In addition, a significantly increased risk for 
squamous cell carcinoma (OR 9.5, 95% CI: 1.7 54.1) 
and a moderately increased for adenocarcinoma (OR 
4.0, 95% CI: 0.7 23.5) were observed for textile work-
ers.  Binazzi et al. reported the outcomes of workers 
with nickel and chromium compounds (pooled relative 
risk of 18.0, 95% CI: 14.6 22.3) in their meta-analysis 
of 28 studies (11 cohort, 17 case-control) [66].  In the 
Baltimore cohort study, a recent report of Gibb et al. 
showed that mortality due to pharynx and larynx can-
cers was observed in 9/1,613 (5.1 expected, SMR 1.8, 
95% CI: 0.8 3.3) and 10/1,613 (expected 5.3, SMR 
1.9, 95% CI: 0.9 3.5), respectively, and the risks for 
pharynx and larynx cancer were not significantly in-
creased [36].  In an old study from the 1940s in Pains-
ville with very-high airborne concentration of Cr(VI) 
(720 µg/m3), 92 of 100 workers had nasal septum ul-
ceration, 65% had nasal septum perforation, 98% had 
nasal turbinate engorgement and 93% had hypertrophy 
of nasal turbinate.  Nasal septum perforation was also 
reported in chromate pigment production workers with 
lung cancer [55].

Chromium(VI)-induced non-cancer disease of 
nose and nasal sinus

Highly acidic CrO3 is a potent irritant and causes 
nasal irritation at exposures as low as 2 mg/m3 [67], 
and chrome platers are reported to be at risk of ul-
ceration and perforation of the nasal septum [68].  A 
close relationship between exposure to chromium and 
perforated nasal septum has been reported [47, 49, 
68, 69].  Even with short-term exposure, the ambient 
concentrations of Cr(VI) are sufficient to induce the 
nasal irritation and ulceration observed in more than 
60% of the cohort in the Baltimore study, and the me-
dian exposure to Cr(VI) at the time of symptomatic 
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occurrence (nasal septum perforation and bleeding, 
nasal irritation and ulceration) was approximately 25 
mg Cr(VI)/m3 [49].  In addition, nasal irritation, nasal 
perforation, nasal ulceration, and other forms of irri-
tation (e.g. skin irritation) were associated with lung 
cancer mortality.  A few cases of perforated nasal sep-
tum induced by Cr(VI) exposure have also been re-
ported, with 11 of 2,869 welders afflicted in a Korean 
study [70].  Perforated nasal septum is less common in 
welders than in workers involved in chromate produc-
tion, and the exposure concentration or particle size 
may be possible reasons explaining their differences.  
Exposure to chromium has also been associated with 
perforated nasal septum [47, 49, 68, 69], and the non-
carcinogenic risk threshold for atrophy of the nasal 
mucosa is 5 ng/m3 for the LOAEL according to the 
ATSDR, with an inhalation reference concentration of 
general environmental chromium of 8 ng/m3 according 
to the EPA.  Nasal symptoms, such as nasal irritation, 
septum ulceration and perforation, should be checked 
in workers in Cr(IV)-exposed environments and may 
be good symptom markers for the early detection of 
lung cancer [36].

In above-mentioned patient with lung cancer and 
cancer of the upper nasopharynx complicated with large 
nasal perforation, large perforation of nasal septum 
may alter airflow in the nasal cavity with shunting of 
air from the higher resistance location to that with low-
er resistance that may lead to reallocation of Cr(IV) 
distribution and influence the location of cancer of the 
pharynx [71].

Conclusion

Chromium(VI) exposure in the workplace remains 
a social and medical problem, causing lung cancer 
and cancers of the nose and nasal cavity, especially in 
small-scale facilities that use chromium compounds.  
Appropriate protection from Cr(VI) exposure will re-
quire more precise measurements of chromium and 
dose-response data for carcinogenicity in the respira-
tory tract.  Nasal symptoms are very important for the 
early diagnosis of lung cancer and cancers of the nose 
and nasal cavity in workers with Cr(VI) exposure, and 
the careful collection of the occupational history should 
be considered in these cases in the clinical setting.
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