CHROMIUM 49

3. HEALTH EFFECTS

3.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and
other interested individuals and groups with an overall perspective on the toxicology of chromium. It
contains descriptions and evaluations of toxicological studies and epidemiological investigations and

provides conclusions, where possible, on the relevance of toxicity and toxicokinetic data to public health.

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile.

Chromium is a naturally occurring element found in animals, plants, rocks, and soil and in volcanic dust
and gases. Chromium has oxidation states (or "valence states") ranging from chromium(-II) to
chromium(VI). Elemental chromium (chromium(0)) does not occur naturally. Chromium compounds are
stable in the trivalent (III) state and occur in nature in this state in ores, such as ferrochromite. The
hexavalent (VI) form is the second-most stable state. However, chromium(VI) rarely occurs naturally,

but is usually produced from anthropogenic sources (EPA 1984a).

Trivalent chromium compounds, except for acetate, nitrate, and chromium(III) chloride-hexahydrate salts,
are generally insoluble in water. Some hexavalent compounds, such as chromium trioxide (or chromic
acid) and the ammonium and alkali metal (e.g., sodium, potassium) salts of chromic acid are readily
soluble in water. The alkaline metal (e.g., calcium, strontium) salts of chromic acid are less soluble in
water. The zinc and lead salts of chromic acid are practically insoluble in cold water. Chromium(VT)
compounds are reduced to chromium(IIl) in the presence of oxidizable organic matter. However, in
natural waters where there is a low concentration of reducing materials, chromium(VI) compounds are
more stable (EPA 1984a). For more information on the physical and chemical properties of chromium,

see Chapter 4.

In humans and animals, chromium(IIl) is an essential nutrient that plays a role in glucose, fat, and protein
metabolism by potentiating the action of insulin (Anderson 1981). The biologically active form of
chromium, called chromodulin, is an oligopeptide complex containing with four chromic ions (Jacquamet
et al. 2003). Both humans and animals are capable of converting inactive inorganic chromium(III)
compounds to physiologically active forms. The nutritional role of chromium is further discussed in
Section 3.4.3. Although chromium(III) has been reported to be an essential nutrient, exposure to high

levels via inhalation, ingestion, or dermal contact may cause some adverse health effects. Most of the



CHROMIUM 50

3. HEALTH EFFECTS

studies on health effects discussed below involve exposure to chromium(III) and chromium(VI)
compounds. In addition, chromium(IV) was used in an inhalation study to determine permissible

exposure levels for workers involved in producing magnetic tape (Lee et al. 1989).

Several factors should be considered when evaluating the toxicity of chromium compounds. The purity
and grade of the reagent used in the testing is an important factor. Both industrial- and reagent-grade
chromium(IIT) compounds can be contaminated with small amounts of chromium(VI) (Levis and Majone
1979). Thus, interpretation of occupational and animal studies that involve exposure to chromium(III)
compounds is difficult when the purity of the compounds is not known. In addition, it is difficult to
distinguish between the effects caused by chromium(VI) and those caused by chromium(III) since
chromium(VI) is rapidly reduced to chromium(III) after penetration of biological membranes and in the
gastric environment (Petrilli et al. 1986b; Samitz 1970). However, whereas chromium(VI) can readily be
transported into cells, chromium(III) is much less able to cross cell membranes. The reduction of
chromium(VI) to chromium(III) inside of cells may be an important mechanism for the toxicity of
chromium compounds, whereas the reduction of chromium(VI) to chromium(III) outside of cells is a

major mechanism of protection.

3.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals and others address the needs of persons living or working near
hazardous waste sites, the information in this section is organized first by route of exposure (inhalation,
oral, and dermal) and then by health effect (death, systemic, immunological, neurological, reproductive,
developmental, genotoxic, and carcinogenic effects). These data are discussed in terms of three exposure

periods: acute (14 days or less), intermediate (15-364 days), and chronic (365 days or more).

Levels of significant exposure for each route and duration are presented in tables and illustrated in
figures. The points in the figures showing no-observed-adverse-effect levels (NOAELSs) or lowest-
observed-adverse-effect levels (LOAELSs) reflect the actual doses (levels of exposure) used in the studies.
LOAELSs have been classified into "less serious" or "serious" effects. "Serious" effects are those that
evoke failure in a biological system and can lead to morbidity or mortality (e.g., acute respiratory distress
or death). "Less serious" effects are those that are not expected to cause significant dysfunction or death,
or those whose significance to the organism is not entirely clear. ATSDR acknowledges that a
considerable amount of judgment may be required in establishing whether an end point should be

classified as a NOAEL, "less serious" LOAEL, or "serious" LOAEL, and that in some cases, there will be
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insufficient data to decide whether the effect is indicative of significant dysfunction. However, the
Agency has established guidelines and policies that are used to classify these end points. ATSDR
believes that there is sufficient merit in this approach to warrant an attempt at distinguishing between
"less serious" and "serious" effects. The distinction between "less serious" effects and "serious" effects is
considered to be important because it helps the users of the profiles to identify levels of exposure at which
major health effects start to appear. LOAELs or NOAELSs should also help in determining whether or not
the effects vary with dose and/or duration, and place into perspective the possible significance of these

effects to human health.

The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables and
figures may differ depending on the user's perspective. Public health officials and others concerned with
appropriate actions to take at hazardous waste sites may want information on levels of exposure
associated with more subtle effects in humans or animals (LOAELSs) or exposure levels below which no
adverse effects (NOAELSs) have been observed. Estimates of levels posing minimal risk to humans

(Minimal Risk Levels or MRLs) may be of interest to health professionals and citizens alike.

Levels of exposure associated with carcinogenic effects (Cancer Effect Levels, CELs) are indicated in

Tables 3-1 and 3-4 and Figures 3-1 and 3-3 for chromium(VI).

A User's Guide has been provided at the end of this profile (see Appendix B). This guide should aid in
the interpretation of the tables and figures for Levels of Significant Exposure and the MRLs.

3.2.1 Inhalation Exposure

Due to the extremely high boiling point of chromium, gaseous chromium is rarely encountered. Rather,
chromium in the environment occurs as particle-bound chromium or chromium dissolved in droplets. As
discussed in this section, chromium(VI) trioxide (chromic acid) and soluble chromium( V1) salt aerosols
may produce different health effects than insoluble particulate compounds. For example, exposure to
chromium(VI) trioxide results in marked damage to the nasal mucosa and perforation of the nasal septum,

whereas exposure to insoluble(VI) compounds results in damage to the lower respiratory tract.

3.2.1.1 Death

No studies were located regarding death in humans after acute inhalation of chromium or chromium

compounds. An increased risk of death from noncancer respiratory disease was reported in retrospective
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mortality studies of workers in a chrome plating plant (Sorahan et al. 1987) and chromate production
(Davies et al. 1991; Taylor 1966) (see Section 3.2.1.2, Respiratory Effects). However, a number of
methodological deficiencies in these studies prevent the establishment of a definitive cause-effect
relationship. Retrospective mortality studies associating chromium exposure with cancer are discussed in

Section 3.2.1.7.

Acute inhalation LCs, values in rats for several chromium(VI) compounds (sodium chromate, sodium
dichromate, potassium dichromate, and ammonium dichromate) ranged from 29 to 45 mg
chromium(VI)/m® for females and from 33 to 82 mg chromium(VI)/m’ for males (Gad et al. 1986). Acute
inhalation LCs, values for chromium trioxide were 87 and 137 mg chromium(VI)/m’ for female and male
rats, respectively (American Chrome and Chemicals 1989). Female rats were more sensitive than males
to the lethal effects of most chromium(VI) compounds except sodium chromate, which was equally toxic
in both sexes. Signs of toxicity included respiratory distress, irritation, and body weight depression (Gad

et al. 1986). The LCs, values for chromium(VI) are recorded in Table 3-1 and plotted in Figure 3-1.

3.2.1.2 Systemic Effects

No studies were located regarding musculoskeletal effects in humans or animals after inhalation exposure
to chromium or its compounds. Respiratory, cardiovascular, gastrointestinal, hematological, hepatic,
renal, endocrine, dermal, ocular, body weight, and metabolic effects are discussed below. The highest
NOAEL values and all reliable LOAEL values for each systemic effect in each species and duration
category are recorded in Table 3-1 and plotted in Figure 3-1 for chromium(VI) and recorded in Table 3-2
and plotted in Figure 3-2 for chromium(III).

Respiratory Effects. The respiratory tract in humans is a major target of inhalation exposure to
chromium compounds. Chromate sensitive workers acutely exposed to chromium(VI) compounds may
develop asthma and other signs of respiratory distress. Five individuals who had a history of contact
dermatitis to chromium were exposed via a nebulizer to an aerosol containing 0.035 mg
chromium(VI)/mL as potassium dichromate. A 20% decrease in the forced expiratory volume of the
lungs was observed and was accompanied by erythema of the face, nasopharyngeal pruritus, nasal

blocking, coughing, and wheezing (Olaguibel and Basomba 1989).

Dyspnea, cough, and wheezing were reported in two cases in which the subjects inhaled "massive

amounts" of chromium(VI) trioxide. Marked hyperemia of the nasal mucosa without nasal septum



Table 3-1 Levels of Significant Exposure to Chromium VI - Inhalation

Exposure/ LOAEL
Duration/
Key to Species F?;qouuet:;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/m?) (mg/m?) (mg/m?) Chemical Form Comments
ACUTE EXPOSURE
Death
1 Rgt 4 hr 137 M (LC50) American Chrome and
(Fischer- 344) Chemicals 1989
87 F (LC50) Cro3 (VI)
2 T:?;Cher 344 4 82 M (LC50) Gad et al. 1986
(Fischer-344) (NH4)2Cr207 (V1)
45F (LC50)
? Rl’icher 344 ahr 35 M (LC50) Gad et al. 1986
(Fischer- 344) K2Cr207 (Vi)
29 F (LC50)
) T:?;Cher 344 4 70 M (LC50) Gad et al. 1986
" ) ) Na2Cr207.2H20 (VI)
31F (LC50)
° I:\l’j‘;cher 344 o 33 (LC50) Gad et al. 1986
" ) ) Na2CrO4 (VI)
Systemic
6 RSat ;Od;jwk Resp 0.49M 1.15 M (nasal hemorrhage) Kim et al. 2004
(Sorag.e CrO3 (VI)

Dawley) 6 hr/d
INTERMEDIATE EXPOSURE

Systemic
7 Human <90d

R
(occup) esp

0.025 M (irritated nasal septum)

Gibb et al. 2000a
Cro3 (V1)
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Table 3-1 Levels of Significant Exposure to Chromium VI - Inhalation

(continued)

Exposure/ LOAEL
Duration/

Key to Species F?;qouuet:;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/m?) (mg/m?) (mg/m?) Chemical Form Comments
8 Human 9302;1 yr Resp 0.033 M perforated nasal septum Gibb et al. 2000a

(occup) CrO3 (VI

Other 0.036 M perforated eardrum

9 Human ;Lx\;k Resp 0.1 (epitaxis rhinorrhea, Gomes 1972

8 hr/d nasal ulceration and CrO3 (VI)

perforation)

(occup)
10 Human g.ﬁq—;éc&o Resp 0.09 M (epitaxis, rhinorrhea Kleinfield and Rosso 1965

5 diwk ulceration of nasal CrO3 (VI)

8 hr/d septum)

(occup)

- b . .

11 Human 2\/29 22356y};r Resp 0.002 (nasal mucosa atrophy Lindberg and Hedenstierna

5 d/wk and ulceration, mild 1983

8 hr/d decreased lung function) CrO3 (VI)

(occup)
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Table 3-1 Levels of Significant Exposure to Chromium VI - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key to Species F?;qouuet:;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/m?) (mg/m?) (mg/m?) Chemical Form Comments
12 IT/?IFstar ;8(17Wk Resp 0.025 M (increased percentage of Glaser et al. 1985
(Wistar) 22 hr/d lymphocytes in Na2Cr207.2H20 (V1)
bronchoalveolar lavage
fluid)
Gastro 02 M
Hemato 0.2M
Hepatic 0.2M
Renal 0.2M
Bd Wt 02M
13 RaF ?Od/de Resp 0.025 M (increased percentage of Glaser et al. 1985
(Wistar) 22 hrld lymphocytes in bronchial Na2Cr207.2H20 (V1)
alveolar lavage fluid)
Gastro 02 M
Hemato 0.2 M
Hepatic 0.1 M 0.2 M (increased levels of
serum phospholipids and
triglycerides)
Renal 0.2 M
Bd Wt 02M
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Table 3-1 Levels of Significant Exposure to Chromium VI - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key to Species F?;qouuet:;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/m?) (mg/m?) (mg/m?) Chemical Form Comments
C
14 IT:; . 3%2,:30 d Resp 0.05 M (increased lung weight, Glaser et al. 1990
(Wistar) 22 hrld hyperplasia, macrophage Na2Cr207.2H20 (VI)
infiltration, increased
protein, albumin, lactate
dehydrogenase in BAL
fluid)
Gastro 0.4 M
Hemato 0.05 M (increased white blood
cell count)
Hepatic 04 M
Renal 0.4 M
Bd Wt 0.1 M 0.2 M (28% decreased body
weight gain)
15 FSaptrague ;?’dm(k Resp 0.23M 0.49 M (inflammation and Kim et al. 2004
: macrophage aggregation Cro3 (VI
Dawley) 6 hrid in alveolar regions of the v
lung)
Cardio 1.15M
Hemato 0.23 M (decreased hematocrit)
Hepatic 1.15M
Renal 1.15M
Endocr 1.15M
Bd Wt 1.15M
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Table 3-1 Levels of Significant Exposure to Chromium VI - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key to Species F?;qouuet:;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/m?) (mg/m?) (mg/m?) Chemical Form Comments
1 “g%l;sgL ;Zd;]\:v(l)( Resp 1.81 F (emphysema, nasal Adachi 1987
( ) 120 min/d septum perforation) Cro3 (V1)
1 “fg?fe ;Zd;cvi Resp 3.63 F (emphysema, nasal Adachi et al. 1986
(ICR) 30 min/d septum perforation) Cro3 (VI
18 Rabbit 4-6 wk
(NS) 5 d/wk Resp 09M Johansson et al. 1986b
6 hr/d Na2CrO4 (VI)

Immuno/ Lymphoret

19  Rat 2-4 wk
(Fischer- 344) 5 diwk

5 hr/d
20  Rat 2-4 wk
(Fischer- 344) 5 diwk

5 hr/d

0.36

0.36

(increased neutrophils,
monocytes, and
decreased macrophages
in BAL fluid; decreased
cytokine levels)

(decreased tumor
necrosis factor-alpha
levels and production of
superoxide anion and
hydrogen peroxide and
increased nitric oxide
production)

Cohen et al. 1998
K2CrO4 (VI)

Cohen et al. 1998
BaCrO4 (VI)
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Table 3-1 Levels of Significant Exposure to Chromium VI - Inhalation (continued)

Exposure/ LOAEL
Duration/
Key te Species Fr;quetncy NOAEL Less Serious Serious Reference
Figure (Strain) (Route) 3 3 3 Chemical Form
System (mg/m?) (mg/m®) (mg/m?®) Comments
2 RaF gsd?wk 0.025 M (increased response to Glaser et al. 1985
(Wistar) 22 hrld sheep red blood cells, Na2Cr207.2H20 (VI)
increased percentage of
lymphocytes in
bronchoalveolar lavage
fluid)
22 RaF ?Od;jwk 0.025 M (increased response to Glaser et al. 1985
(Wistar) 22 hrid sheep RBC, increased % Na2Cr207.2H20 (V1)
of lymphocytes in
bronchoalveolar lavage
fluid, increased % of
macrophages in
telophase, increased
activity of macrophages)
Neurological
23 Rat ;3d }Nkk 115M Kim et al. 2004
(Sprague- e Cro3 (Vi)
Dawley) 6 hr/d
Reproductive
24 T/?/t ?Od;jwk 02 M Glaser et al. 1985
(Wistar) 22 hrid Na2Cr207.2H20 (VI)
25 Rat ;%)Nkk 115M Kim et al. 2004
(Sprague- e Cro3 (V)
Dawley) 6 hr/d
CHRONIC EXPOSURE
Systemic
26 Human gé;vil\(/g Renal 0.05 M (increase in retinol Franchini and Mutti 1988
8 hr/d binding protein and CrO3 (VI)
tubular antigen)
(occup)
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Table 3-1 Levels of Significant Exposure to Chromium VI - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key tg Species F?;qouuet:;:y NOAEL Less Serious Reference
Figure (Strain) System (mg/m?) (mg/m?) Chemical Form Comments
27 Human (>o103:/L ) Resp 0.025 M (bleeding nasal septum) Gibb et al. 2000a
p CrO3 (VI)
Ocular 0.049 M
28 Human (OCCUP) Resp 0.414 (nasa| septum Hanslian et al. 1967
perforation, chronic CrO3 (VI)
pharyngitis, atrophy of
larynx)
Gastro 0.414  (chronic tonsilitis)
- b . .
29 Human gVZQ 223.56y)r/r Resp 0.002 (nasal mucosa atrophy Lindberg and Hedenstierna
5 d/wk and ulceration, mild 1983
8 hr/d decreased lung function) CrO3 (VI)
(occup)
30 Human g.;-ﬁ?a):/rg Renal 0.004 M (increased urinary Lindberg and Vesterberg
5.d/wk beta-2-microglobulin) 1983b
8 hr/d CrO3 (VI)
(occup)
3 Human (oceup) Renal 0.0042 (increased prevalence of Liu et al. 1998
high N-acetyl- Cr(V1)
B-glucosamindase
levels)
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Table 3-1 Levels of Significant Exposure to Chromium VI - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key to Species Freduency NOAEL Less Serious Serious Reference
Figure (Strain) (Route) S P
ystem (mg/m?) (mg/m?) (mg/m?) Chemical Form Comments
32 Human E:néreag/%G " Resp 0.004 M (epitaxis, rhinorrhea, Lucas and Kramkowski 1975
nasal septum ulceration Cro3 (VI
(occup) and perforation)
Gastro 0.004 M (stomach pains and
cramps, ulcers)
33 F;f;star 18mo Resp 0.1M Glaser et al. 1986, 1988
(Wi ) 22 hr/d Na2Cr207.2H20 (VI)
Hemato 0.1 M
Hepatic 0.1 M
Renal 0.1 M
Endocr 0.1 M
Bd Wt 0.1 M
34 l?/?/t t £21 g;wk Resp 1.6  (granulomata, giant cells, Steffee and Baetjer 1965
(Wistar) 4-5 hr/d bronchopneumonia, Finely ground chromium roast
abscesses) )
% MCO5U7$|:|_/6 ;%;Cv?( Resp 43 (epithelial necrosis, Nettesheim and Szakal 1972
( ) 5.5 hr/d hyperplasia) CaCro4 (VI)
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Table 3-1 Levels of Significant Exposure to Chromium VI - Inhalation (continued)

Exposure/ LOAEL
Duration/
Key te Species Frequency NOAEL Less Serious Serious Reference
Figure (Strain) (Route) System (mg/m?) (mg/m?) (mg/m?) Chemical Form Comments
% (c;lns')jlg 3'3&& Resp 1.6 (alveolar and interstitial ~ Steffee and Baetjer 1965
4-5 hr/d inflammation; alveolar Mixed chromium roast

Immuno/ Lymphoret
37 Human 5.8 yr
(Occup)

Cancer

38 Human 1 mo-29 yr
5 diwk
8 hr/d

(occup)

39 Human 4-19yr
5 d/wk
8 hr/d

(occup)

40 Human 1-7 yr
5 d/wk
8 hr/id

(occup)

41 Human 1 mo- 29 yr
5 d/iwk
8 hr/d

(occup)

hyperplasia, interstitial K2Cr207, Na2CrO4 (V1)
fibrosis)

0.001  (increased response of Mignini et al. 2004
peripheral blood Cr (V1)
mononucleocytes to
concavalin A)

0.5 M (CEL: lung cancer) Hayes et al. 1989
PbCrO4 and ZnCrO4 (VI)

0.5 (CEL: lung cancer) Langard and Norseth 1975
PbCrO4 and ZnCrO4 (VI)

0.25  (CEL: lung cancer) Mancuso 1975
Soluble Cr(VI)

0.1 M (CEL: lung cancer) Sheffet et al. 1982
PbCrO4 and ZnCrO4 (VI)
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Table 3-1 Levels of Significant Exposure to Chromium VI - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key to Species F?;qouuet:;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/m?) (mg/m?) (mg/m?) Chemical Form Comments
42 RaF ;8(17\:\,?( 0.1 M (CEL: lung tumors) Glaser et al. 1986, 1988
(Wistar) 22 hrid Na2Cr207.2H20 (VI)
43 Mouse ; EZ ?\:V?( 43 (CEL: alveologenic Nettesheim et al. 1971
(C57BL/6) 2 hrld adenomas and CaCr0O4 (VI)

adenocarcinomas)

a The number corresponds to entries in Figure 3-1.

b Used to derive an intermediate and chronic inhalation minimal risk level (MRL) of 0.000005 mg chromium(V1)/m3 for dissolved chromium (VI) aerosols and mists.. Exposure
concentration adjusted for intermittent exposure and divided by an uncertainty factor of 100 (10 for human variability and 10 for extrapolating from a LOAEL).

¢ Used to derive an intermediate inhalation minimal risk level (MRL) of 0.0003 mg chromium(VI)/m3 for particulate hexavalent chromium. Benchmark concentration of 0.016 mg
chromium (VI)/m3 was divided by an uncertainty factor of 30 (3 extrapolation from animals to humans using dosimetric adjustments and 10 for human variability).

avg = average; BAL = bronchoalveolar lavage; Bd Wt = body weight; Cardio = cardiovascular; CEL = cancer effect level; d = day(s); Endocr = endocrine; F = female; Gastro =
gastrointestinal; Gn Pig = guinea pig; Hemato = hematological; hr = hour(s); Immuno/Lymphoret = immunological/lymphoreticular; LC50 = lethal concentration, 50% kill; LOAEL =
lowest-observed-adverse-effect level; M = male; min = minute(s); mo = rnonth(s); NS = not specified; NOAEL = no-observed-adverse-effect level; occup = occupational; RBC = red

blood cell; Resp = respiratory; wk = week(s); x = times; yr = year(s)
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Figure 3-1 Levels of Significant Exposure to Chromium VI - Inhalation
Acute (=214 days)
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Figure 3-1 Levels of Significant Exposure to Chromium VI - Inhalation (Continued)
Intermediate (15-364 days)
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Figure 3-1 Levels of Significant Exposure to Chromium VI - Inhalation (Continued)

Intermediate (15-364 days)
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Figure 3-1 Levels of Significant Exposure to Chromium VI - Inhalation (Continued)

Chronic (=365 days)
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Table 3-2 Levels of Significant Exposure to Chromium Ill - Inhalation

Exposure/ LOAEL
Duration/
Key to Species F?;qouuet:;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/m?) (mg/m?) (mg/m?) Chemical Form Comments
ACUTE EXPOSURE
Systemic
1 Hamster 30 min Resp 0.9 (increased acid Henderson et al. 1979
(Syrian) phosphatase activity in crei3 (1)
lung tissue)
INTERMEDIATE EXPOSURE
Systemic
b
2 Rat ‘153h\r/\//(lj( Resp 3F 3 M (septal cell hyperplasia Derelanko et al. 1999
(CDF) 5 diwk and interstitial Cr203 (Il
inflammation of the lung;
increased absolute and
relative lung weight at 30
mg/m3)
10 F (interstitial inflammation
and hyperplasia of
alveolar septa)
Cardio 30
Gastro 30
Hemato 30
Hepatic 30
Renal 30
Endocr 30
Ocular 30
Bd Wt 30

S103443 H1TV3IH '€

WNINOYHD

19



Table 3-2 Levels of Significant Exposure to Chromium Ill - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key to Species F?;qouuet:;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/m?) (mg/m?) (mg/m?) Chemical Form Comments
C
3 R;;;F ;3h\rl\/lg Resp 3 (inflammation of lung; Derelanko et al. 1999
(CDF) 5 diwk nasal tissues and larynx Cr2(OH)x(SO4)yNaS04.2H20
lesions; increased lung (ny
weight)
Cardio 30
Gastro 30
Hepatic 30
Renal 30
Endocr 30
Ocular 30
Bd Wt 3M 10 M (~10% decreased in body
weight)
4 F:\la;)bn g-g/vv\\,lt Resp 0.6 M (decreased macrophage Johansson et al. 1986b
(NS) 6 hr/d activity) Cr(NO3)39H20(1l)

Immuno/ Lymphoret

5 Rat 13 wk
(CDF) 6 hr/d
5 d/iwk

6 Rat 13 wk
(CDF) 6 hr/d
5 d/wk

3  (hyperplasia of
mediastinal lymph node)

3 (histiocytosis, lymphoid
hyperplasia and
enlargement of
peribronchial and
mediastinal lymph nodes)

Derelanko et al. 1999
Cr203 (Il)

Derelanko et al. 1999

Cr2(OH)x(S04)yNaS04.2H20
(i
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Table 3-2 Levels of Significant Exposure to Chromium lll - Inhalation (continued)

Exposure/ LOAEL
Duration/
Keyto Species F?;qouuet:;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/m?) (mg/m?) (mg/m?) Chemical Form Comments
Neurological
7 Rat ;3h\rl\/l<|:|( 30 Derelanko et al. 1999
(CDF) 5 diwk (C“rS(OH)x(SO4)yNaSO4.2H20
8 Rat 13 wk 30 Derelanko et al. 1999 Increased absolute and
6 hr/d i ight i
(CDF) r cr203 (il relative lung weight in
5 diwk r ) males at 30 mg/m3.
Reproductive
9 Rat 13 wk 30 Derelanko et al. 1999
(CDF) 6 hr/d
5 d/wk Cr203 (Il
10  Rat ;3h\r7§ 30 Derelanko et al. 1999
(CDF) 5 diwk (C”rS(OH)x(SO4)yNaSO4.2H20
CHRONIC EXPOSURE
Systemic
1 Human 22y Renal 0.075 M Foa et al. 1988
8 hr/d Cr203 (Il
(occup)
12 Human (occup) Resp 1.99 Korallus et al. 1974a

Cr203 and Cr2(S04)3 (Ill)
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Table 3-2 Levels of Significant Exposure to Chromium lll - Inhalation (continued)

Exposure/ LOAEL
Duration/
Key to Species F?;qouuet:;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/m?) (mg/m?) (mg/m?) Chemical Form Comments

Hemato 1.99

a The number corresponds to entries in Figure 3-2.

b Used to derive an intermediate-duration inhalation MRL of 0.005 mg chromium(ll1)/m3 as insoluble trivalent chromium particulates. The minimal LOAEL of 3 mg chromium(Ill)/m3
was adjusted for intermittent exposure, converted to a human equivalent concentration (0.43 mg chromium(l1)/m3), and divided by a composite uncertainty factor of 90 (3 for use of a
minimal LOAEL, 3 for extrapolation from animals to humans using dosimetric adjustments and 10 for human variability).

c Used to derive an intermediate-duration inhalation MRL of 0.0001 mg chromium(lll)/m3 as soluble trivalent chromium particulates. The LOAEL of 3 mg chromium(lll))m3 was
duration-adjusted for intermittent exposure, converted to a human equivalent concentration (0.04 mg chromium(lll)/m3) and divided by a composite uncertainty factor of 300 (10 for
use of a LOAEL, 3 for extrapolation from animals to humans using dosimetric adjustments and 10 for human variability).

Bd Wt = body weight; Cardio = cardiovascular; d = day(s); Endocr = endocrine; F = female; Gastro = gastrointestinal; Hemato = hematological; hr = hour(s); Immuno/Lymphoret =
immunological/lymphoreticular; LOAEL = lowest-observed-adverse-effect level; M = male; min = minute(s); NOAEL = no-observed-adverse-effect level; NS = not specified; occup =

occupational; Resp = respiratory; wk = week(s); yr = year(s)
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Figure 3-2 Levels of Significant Exposure to Chromium Il - Inhalation
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Figure 3-2 Levels of Significant Exposure to Chromium Il - Inhalation (Continued)
Intermediate (15-364 days)
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Figure 3-2 Levels of Significant Exposure to Chromium Il - Inhalation (Continued)
Intermediate (15-364 days)
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Figure 3-2 Levels of Significant Exposure to Chromium Il - Inhalation (Continued)
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perforation was found in both subjects upon physical examination (Meyers 1950). In a chrome plating
plant where poor exhaust resulted in excessively high concentrations of chromium trioxide fumes,
workers experienced symptoms of sneezing, rhinorrhea, labored breathing, and a choking sensation when
they were working over the chromate tanks. All five of the subjects had thick nasal and postnasal
discharge and nasal septum ulceration or perforation after 2—3 months of exposure (Lieberman 1941).
Asthma developed in a man who had been well until 1 week after beginning employment as an
electroplater. When challenged with an inhalation exposure to a sample of chromium(III) sulfate, he
developed coughing, wheezing, and decreased forced expiratory volume. He also had a strong asthmatic
reaction to nickel sulfate (Novey et al. 1983). Thus, chromium-induced asthma may occur in some
sensitized individuals exposed to elevated concentrations of chromium in air, but the number of sensitized

individuals is low and the number of potentially confounding variables in the chromium industry is high.

Intermediate- to chronic-duration occupational exposure to chromium(VI) may cause an increased risk of
death due to noncancer respiratory disease. In a retrospective mortality study of 1,288 male and

1,401 female workers employed for at least 6 months in a chrome plating and metal engineering plant in
the United Kingdom between 1946 and 1975, a statistically significant excess of death from diseases of
the respiratory system (noncancer) were obtained for men (observed/expected [O/E]=72/54.8, standard
mortality ratio [SMR]=131, p<0.05) and men and women combined (O/E=97/76.4, SMR=127, p<0.05),
but not for women alone. Exposure was mainly to chromium trioxide, but exposure concentrations were
not precisely known. The contribution of nickel exposure to the effects was found to be unimportant,
while data on smoking habits were not available (Sorahan et al. 1987). Similarly, a high SMR was found
for noncancer respiratory disease among 1,212 male chromate workers who were employed for at least

3 months in three chromate plants in the United States during the years 1937-1960 and followed for

24 years (O/E=19/7.843, SMR=242) (Taylor 1966). The increased risk of death from respiratory effects
correlated with duration of employment in chromate production, but no information on exposure levels,
smoking habits, or exposure to other chemicals was provided. The nature of the respiratory diseases was
not further described in either of these reports. Chromate production workers in the United Kingdom who
were first employed before 1945 had a high risk of death from chronic obstructive airways disease
(O/E=41/28.66, SMR=143, p<0.05) (Davies et al. 1991). Exposure concentrations were not known, and

reliable smoking data were not available.

Occupational exposure to chromium(VI) as chromium trioxide in the electroplating industry caused upper
respiratory problems. A case history of nine men in a chrome plating facility reported seven cases of

nasal septum ulceration. Signs and symptoms included rhinorrhea, nasal itching and soreness, and
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epistaxis. The men were exposed from 0.5 to 12 months to chromium trioxide at concentrations ranging
from 0.09 to 0.73 mg chromium(VI)/m’ (Kleinfeld and Rosso 1965). Electroplating workers in Sao
Paulo, Brazil, exposed to chromium trioxide vapors while working with hot chromium trioxide solutions
had frequent incidences of coughing, expectoration, nasal irritation, sneezing, rhinorrhea, and nose-bleed
and developed nasal septum ulceration and perforation. The workers had been employed for <1 year, and
most of the workers had been exposed to concentrations >0.1 mg chromium(VI)/m’ (Gomes 1972). Nose
and throat irritation, rhinorrhea, and nose-bleed also occurred at higher incidence in chrome platers in

Singapore than in controls (Lee and Goh 1988).

Numerous studies of workers chronically exposed to chromium(VI) compounds have reported nasal
septum perforation and other respiratory effects. Workers at an electroplating facility exposed to 0.0001—
0.0071 mg chromium(VI)/m’ as chromium trioxide for an average of 26.9 months complained of
excessive sneezing, rhinorrhea, and epistaxis. Many of the workers had ulcerations and/or perforations of
the nasal mucosa (Cohen et al. 1974). A study using only questionnaires, which were completed by

997 chrome platers and 1,117 controls, found a statistically significant increase in the incidence of
chronic rhinitis, rhinitis with bronchitis, and nasal ulcers and perforations in workers exposed to
chromium(VI) in the chrome plating industry in 54 plants compared to the control population (Royle
1975b). The workers had been exposed to chromium(VI) in air and in dust. The air levels were generally
<0.03 mg chromium(VI)/m’, and dust levels were generally between 0.3 and 97 mg chromium(VI)/g.

The exposure levels at which effects first occurred could not be determined. A NIOSH Health Hazard
Evaluation of an electroplating facility in the United States reported nasal septum perforation in 4 of

11 workers employed for an average of 7.5 years and exposed to mean concentrations of 0.004 mg
chromium(VI)/m’. Many of the workers had epistaxis, rhinitis, and nasal ulceration (Lucas and
Kramkowski 1975). Nasal mucosal changes ranging from irritation to perforation of the septum were
found among 77 employees of eight chromium electroplating facilities in Czechoslovakia where the mean
level in the breathing zone above the plating baths was 0.414 mg chromium(VI)/m’ (Hanslian et al.

1967). The incidence of olfactory cleft obstruction, dry nose, feelings of nasal obstruction, and nasal
crusting was significantly increased in workers employed at chromium plating factories (mean
employment duration of 7.9 years) in An-San, Korea compared to an unexposed control group (Kitamura
et al. 2003). Air concentrations of chromium(VI) ranged from 0.005 to 0.03 mg chromium(VI)/m’ and of
chromium(III) ranged from 0.005 to 0.06 mg chromium(III)/m’. Increased incidences of nasal septum
perforation, nasal septum ulcer, and nasal obstruction were observed in workers at chromium
electroplating facilities exposed for a mean duration of 6.1 years, as compared to workers at zinc

electroplating facilities (Kuo et al. 1997a). The chromium electroplating workers had 31.7 and 43.9 times
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greater risks of developing nasal septum ulcers or nasal perforations, respectively, than the zinc workers.
A significant relationship between duration of exposure and the risk of nasal septum ulcers was also
found; the chromium electroplating workers with a work duration of >9 years had a risk 30.8 times higher
than those with a work duration of <2 years. Duration did not significantly affect the risk of nasal
perforation. Statistically significant decreases in vital capacity, forced vital capacity (FVC), and forced
expiratory volume in 1 second (FEV) were also observed in the chromium workers. Alterations in lung
function were also reported in a study of 44 workers at 17 chromium electroplating facilities (Bovet et al.
1977). Statistically significant decreases in forced expiratory volume in 1 second and forced expiratory
flow were observed; vital capacity was not altered. Lower lung function values were found among
workers with high urinary chromium levels (exposure levels were not reported), and it was determined

that cigarette smoking was not a confounding variable.

A study of respiratory effects, lung function, and changes in the nasal mucosa in 43 chrome plating
workers in Sweden exposed to chromium(VI) as chromium trioxide for 0.2-23.6 years

(median=2.5 years) reported respiratory effects at occupational exposure levels of 0.002 mg
chromium(VI)/m’. Signs and symptoms of adverse nasal effects were observed and reported at mean
exposure levels of 0.002—0.2 mg chromium(VI)/m’. Effects noted at <0.002 mg chromium(VI)/m’
included a smeary and crusty septal mucosa and atrophied mucosa. Nasal mucosal ulceration and septal
perforation occurred in individuals exposed at peak levels of 0.02—0.046 mg chromium(VI)/m’; nasal
mucosal atrophy and irritation occurred in individuals exposed at peak levels of 0.0025-0.011 mg
chromium(VI)/m’; and no significant nasal effects were observed in individuals exposed at peak levels of
0.0002-0.001 mg chromium(VI)/m’. Workers exposed to mean concentrations of 0.002—0.02 mg
chromium(VI)/m’ had slight, transient decreases in FVC, forced expired volume in 1 second (FEV)), and
forced mid-expiratory flow during the workday. Workers exposed to <0.002 mg chromium(VI)/m’
showed no effects on lung function (Lindberg and Hedenstierna 1983). The concentrations at which
minor lung function changes were observed (0.002—0.02 mg chromium(VI)/m®) and those at which no
changes were observed (<0.002 mg chromium(VI)/m?®) are similar to those for nasal effects (0.0025—
0.011 mg chromium(VI)/m®). The effects observed in this study may not have resulted from exposure
levels actually measured, but may have resulted from earlier exposure under unknown conditions.
Furthermore, poor personal hygiene practices resulting in transfer of chromium(VI) in chrome plating
solutions from the hands to the nose could contribute to the development of nasal ulceration and
perforation (Cohen et al. 1974; Lucas and Kramkowski 1975), perhaps leading to an underestimation of
airborne levels of chromium(VI) necessary to cause these effects. Despite these considerations, the study

by Lindberg and Hedenstierna (1983) is useful because it indicates concentration-responses of
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chromium(VI) compounds that cause significant nasal and respiratory effects. The LOAEL of 0.002 mg
chromium(VI)/m’ for respiratory effects in humans was used to calculate an inhalation MRL of 5x10° mg
chromium(VI)/m’ for intermediate-duration exposure to chromium(VI) as chromium trioxide mists and

other dissolved hexavalent chromium aerosols or mists as described in the footnotes in Table 3-1.

Occupational exposure to chromium(VI) and/or chromium(III) in other chromium-related industries has
also been associated with respiratory effects. These industries include chromate and dichromate

production, stainless steel welding, and possibly ferrochromium production and chromite mining.

In a survey of a facility engaged in chromate production in Italy, where exposure concentrations were
>0.01 mg chromium(VI)/m’, high incidences of nasal septum perforation, septal atrophy and ulcerations,
sinusitis, pharyngitis, and bronchitis were found among 65 men who worked in the production of
dichromate and chromium trioxide for at least 1 year (Sassi 1956). Medical records of 2,307 male
workers employed at a chromate production plant in Baltimore, Maryland between 1950

and 1974 were evaluated to determine the percentage of workers reporting clinical symptoms, mean time
of employment to first diagnosis of symptoms, and mean exposure to chromium(VI) at the time of first
diagnosis (exposure for each worker was the annual mean in the area of employment during the year of
first diagnosis) (Gibb et al. 2000a). The most frequently reported clinical symptoms were irritation and
ulcerated nasal septum, occurring in 68.1 and 62.9% of the cohort, respectively. For irritation of the nasal
septum, the mean time of employment to first diagnosis was 89 days and the mean annual exposure level
during the year of first diagnosis was 0.025 mg chromium(VI)/m’; for nasal septal ulceration, the mean
time of employment to first diagnosis was 86 days and the mean annual exposure level during the year of
first diagnosis was 0.028 mg chromium(VI)/m’. Other nasal effects had a longer time to first diagnosis.
The time to first diagnosis for perforated nasal septum was 313 days, occurring in 17.3% of the cohort at
a mean exposure level of 0.033 mg chromium(VI)/m’, and for bleeding nasal septum, the time to first
diagnosis was 418 days, occurring in 12.1% of the cohort at a mean exposure level of 0.025 mg
chromium(VI)/m®. In a study of 97 workers from a chromate plant exposed to a mixture of insoluble
chromite ore containing chromium(IIl) and soluble chromium(VI) as sodium chromate and dichromate,
evaluation for respiratory effects revealed that 63% had perforations of the nasal septum, 86.6% had
chemical rhinitis, 42.3% had chronic chemical pharyngitis, 10.35% had laryngitis, and 12.1% had sinus,
nasal, or laryngeal polyps. The number of complaints and clinical signs increased as the exposure to
respirable chromium(VI) and chromium(III) compounds increased, but exposure levels at which effects
first occurred were not clearly defined (Mancuso 1951). An extensive survey to determine the health

status of chromate workers in seven U.S. chromate production plants found that effects on the lungs
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consisted of bilateral hilar enlargement. Various manufacturing processes in the plants resulted in
exposure of workers to chromite ore (mean time-weighted concentration of 0—0.89 mg
chromium(III)/m®); water-soluble hexavalent chromium compounds (0.005-0.17 mg chromium(VI)/m?);
and acid-soluble/water-insoluble chromium compounds (including basic chromium sulfate), which may
or may not entirely represent trivalent chromium (0—0.47 mg chromium/m’) (PHS 1953). Challenge tests
with fumes from various stainless steel welding processes indicated that the asthma observed in two
stainless steel welders was probably caused by chromium or nickel, rather than by irritant gases
(Keskinen et al. 1980). In a study of 54 male miners in Zimbabwe exposed to chrome ore dust, decreases
in pulmonary function, as indicated by measures of FVC, FEV,, peak expiratory flow rate (PEFR), and
FEV %, was observed compared to an unexposed control (e.g., non-mining) population (Osim et al.
1999). Exposure levels were reported only as respirable dust, not as chromium specifically, and the
mining company did not employ industrial hygiene practices to reduce exposure. In this same study, no
changes in lung function were observed in a group of 46 male miners working for a company following
industrial hygiene procedures (again, specific chromium exposure levels were not reported). The analysis
controlled for smoking and infectious respiratory diseases. In a report of 10 cases of pneumoconiosis in
underground workers in chromite mines in South Africa, radiographic analysis revealed fine nodulation
and hilar shadows. Chromium in the chromite ore in South Africa was in the form of chromium(III)
oxide. The cause of the pneumoconiosis was considered to be deposition of insoluble radio-opaque
chromite dust in the tissues, rather than fibrosis (Sluis-Cremer and du Toit 1968). In a case report of a
death of a sandblaster in a ferrochromium department of an iron works, the cause of death was silicosis,
but autopsy also revealed diffuse enlargement of alveolar septac and chemical interstitial and alveolar
chronic pneumonia, which were attributed to inhalation of chromium(III) oxide (Letterer 1939). In an
industrial hygiene survey of 60 ferrochromium workers exposed to chromium(III) and chromium(VI)
(0.02-0.19 mg total chromium/m®) conducted in 1975, appreciably higher incidences of subjective
symptoms of coughing, wheezing, and dyspnea were reported compared with controls. These workers
had been employed at the plant for at least 15 years. The control group consisted of workers employed at
the same plant for <5 years. Statistically significant decreased mean FVC (p<0.01) and FEV, (p<0.05)
were found in the ferrochromium workers compared with controls. Two of the ferrochromium workers
had nasal septum perforations, which were attributed to previous exposure to hexavalent chromium. A
major limitation of this study is that the control group was significantly younger than the study cohort. In
addition, the weekly amount of tobacco smoked by the control group was slightly greater than that
smoked by the study groups, and the controls began smoking 5 years earlier than the study groups.
Therefore, the increase in subjective respiratory symptoms and decreased pulmonary function parameters

cannot unequivocally be attributed to chromium exposure (Langard 1980). However, no increase in the
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prevalence of respiratory illness was found in a study of 128 workers from two factories that produced
chromium(III) oxide or chromium(III) sulfate (Korallus et al. 1974b) or in 106 workers at a factory that
produced these chromium(III) compounds where workroom levels were <1.99 mg chromium(III)/m’
(Korallus et al. 1974a). Similar results were reported in a cross-sectional study that was conducted to
determine whether occupational exposure to trivalent chromium or hexavalent chromium caused
respiratory diseases, decreases in pulmonary function, or signs of pneumoconiosis in stainless steel
production workers (Huvinen et al. 1996). The median personal exposure levels were 0.0005 pg/m’ for
chromium(VI) and 0.022 pg/m’ for chromium(III); the 221 workers were employed for >8 years with an
average potential exposure of 18 years. Spirometry measurements were taken and chest radiographic
examinations were conducted. There were no significant differences in the odds ratios between the
exposed workers and the 95 workers in the control group. The deficits in lung function shown in both
populations could be explained by age and smoking habits. In a follow-up study of these workers
(Huvinen et al. 2002a), no adverse respiratory effects were observed (as assessed by spirometry, chest
x-ray, and self-reported symptoms) in workers in the chromium(VI) group (n=104) compared to controls
(n=81). Workers exposed to chromium(III) in the sintering and crushing departments (n=68) reported an
increase in respiratory symptoms (phlegm production, shortness of breath on exertion) compared to
control, but no differences in spirometry or chest x-ray. Workers exposed to chromium(III) as chromite
ore (n=31) had lower lung function tests, although smoking was a confounding factor. In addition to
chromium, workers were also exposed to nickel and molybdenum. In a study of stainless steel workers
(all nonsmokers) exposed for a minimum of 14 years to chromium(VI) (n=29), chromium(III) (n=14), or
chromite(III) ore (n=5), no increase was observed in the incidence of nasal diseases or nasal symptoms in
chromium-exposed workers compared to a control population of 39 workers (Huvinen et al. 2002b).
However, although an exposure-related increase in the incidence of clinical signs of nasal irritation was
not observed, anterior rhinoscopy revealed a slight increase in the incidence of inflammatory changes in
the nasal mucosa of workers exposed to chromium(VI) (risk ratio=2.4) or chromium(III) (risk ratio=2.3),
compared to control. The mean exposure level for the chromium(VI) group was 0.5 ug Cr(VI)/m’, for the
chromium(III) group was 248 ug total Cr/m’ (concentration of chromium(III) not reported) and for the

chromite ore group was 22 pg Cr(IIT)/m’.

The respiratory system in animals is also a primary target for acute- and intermediate-duration inhalation
exposure to chromium(VI) and chromium(II). Rats exposed to sodium dichromate for 28 or 90 days had
increased lung weight but no histopathological abnormalities at concentrations <0.2 mg
chromium(VI)/m’. The percentage of lymphocytes was increased in the bronchoalveolar lavage fluid at

>0.025 mg/m’. A decrease in macrophage activity was observed in the 0.2 mg chromium(VI)/m’ group
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exposed for 90 days. Clearance of iron oxide from the lungs decreased in rats exposed to 0.2 mg
chromium(VI)/m’ for 42 days prior to and 49 days after challenge with iron oxide particles when
compared to controls. The decreased clearance of iron oxide correlated with the decrease in macrophage
activity (Glaser et al. 1985). In a similar but more extensive study, obstructive respiratory dyspnea was
observed in rats exposed to sodium dichromate at >0.2 mg chromium(VI)/m’ for 30 or 90 days, and mean
lung weight was increased at >0.05 mg chromium(VI)/m’. Slight hyperplasia was observed at high
incidence in rats at >0.05 mg chromium(VI)/m’. Lung fibrosis occurred at low incidence in the rats
exposed to >0.1 mg chromium(VI)/m’ for 30 days, but not in the 0.05 mg/m’ or the control groups. The
incidence of both these lesions declined after longer exposure, indicating repair. Accumulation of
macrophages and inflammation occurred at >0.05 mg chromium(VI)/m’ regardless of duration. Results
of bronchoalveolar lavage (BAL) analysis provided further evidence of an irritation effect that was
reversible (Glaser et al. 1990). The data from the Glaser et al. (1990) study was used to develop
benchmark concentrations (BMCs) (Malsch et al. 1994). The BMC of 0.016 mg chromium(VI)/m’ for
alterations in lactate dehydrogenase levels in BAL fluid was used to calculate an inhalation MRL of
0.0003 mg chromium(VI)/m’ for intermediate-duration exposure to chromium(VI) as particulate

hexavalent compounds as described in the footnote of Table 3-1.

Male Sprague-Dawley rats exposed to 1.15 mg chromium(VI)/m’ as chromium trioxide mist developed
nasal hemorrhage after 10 days (lasting for 4 weeks) during a 90-day inhalation study (Kim et al. 2004).
"Peculiar sounds" during respiration were noted starting after 1 week of exposure and resolving by
week 8 in rats exposed to >0.23 mg chromium(VI)/m’; however, no additional information on this
observation was reported. After 90 days, histopathological changes to respiratory tissue included
macrophage aggregation and foamy cells, and inflammation of alveolar regions; however, no
abnormalities were observed in nasal tissue at 0.49 mg chromium(VI)/m® (incidence data were not
reported). Mice exposed to chromium trioxide mist at concentrations of 1.81 and 3.63 mg
chromium(VI)/m® intermittently for <12 months developed perforations in the nasal septum, hyperplastic
and metaplastic changes in the larynx, trachea, and bronchus, and emphysema (Adachi 1987; Adachi et
al. 1986).

The respiratory effects of chromium(IIl) compounds were investigated in male and female CDF rats
exposed to insoluble chromic oxide or soluble basic chromium sulfate by nose-only inhalation at 3, 10, or
30 mg chromium(III)/m’ for 6 hours/day, 5 days/week for 13 weeks (Derelanko et al. 1999). After 5 days
of exposure, BAL was conducted on a subgroup of animals. In rats treated with chromic oxide, a yellow

crystalline material was observed in the cytoplasm of mononuclear cells of all exposure groups; however,
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it is not clear if this observation represents an adverse effect. No other BAL parameters were affected
(nucleated cell count and differential, protein and BAL fluid activities of B-glucuronidase, lactic
dehydrogenase, and glutathione reductase). In rats treated with basic chromium sulfate, BAL fluid
analysis showed significant decreases in nucleated cells at all doses in males and females and decreases in
the percentage of segmented neutrophils and mononuclear cells at 30 mg chromium(III)/m’ in males.
Increased amounts of cell debris and lysed cells were present in all basic chromium sulfate groups
(incidence data were not reported). In rats exposed to chromic oxide for 13 weeks, absolute and relative
lung weights were increased by 12 and 13%, respectively, in males exposed to 30 mg chromium(III)/m’
as chromic oxide; no change was observed in females. Histopathological examination of respiratory
tissues showed pigmented macrophages containing a dense black substance, presumably the test
substance, throughout the terminal bronchioles and alveolar spaces in rats from all treatment groups; this
finding is consistent with normal physiological clearance mechanisms for particulates deposited in the
lung and is not considered to be adverse. At concentrations of 10 and 30 mg chromium(IIT)/m’, trace to
mild chronic interstitial inflammation, characterized by inflammatory cell infiltrates, and septal cell
hyperplasia was observed. No lesions were observed in the nasal cavity. Following a 13-week recovery
period, microscopic examination of respiratory tissues of rats treated with chromic oxide showed
pigmented macrophages and black pigment in peribronchial tissues and the mediastinal lymph node in all
treatment groups and septal cell hyperplasia and chronic interstitial inflammation of the lung, both trace-
to-mild in severity, in males of all treatment groups and in females exposed to 10 and 30 mg
chromium(III)/m’. In rats treated with basic chromium sulfate, a dose-related increase in absolute and
relative lungs weights was observed in all treatment groups. Histopathological examination of respiratory
tract tissues revealed chronic inflammation of the lung (characterized by cell infiltration and debris in
alveolar spaces and intense inflammation) and alveolar wall hyperplasia in all treatment groups. In
addition, inflammation and suppurative and mucoid exudates of nasal tissues and granulomatous
inflammation of the larynx were observed in all treatment groups. Incidence data for histopathological
findings were not reported. Following the 13-week recovery period for rats treated with basic chromium
sulfate, enlargement of the mediastinal lymph node was observed on gross necropsy in all treatment
groups. Microscopic examination of respiratory tissues showed changes to the lung (chronic alveolar
inflammation, interstitial inflammation, septal cell hyperplasia, and granulomatous inflammation) in all
treatment groups, larynx (granulomatous inflammation) in the 10 and 30 mg chromium(III)/m’ groups,
nasal tissues (trace suppurative exudates) in one to two animals in each group, and mediastinal lymph
node (histiocytosis and hyperplasia) in all chromium(III) exposed groups. Results of this study
demonstrate differences in the respiratory effects of inhaled chromium oxide and inhaled basic chromium

sulfate. Effects of soluble basic chromium sulfate were more severe and were observed throughout the
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respiratory tract, while effects of chromic oxide were more mild and limited to the lung; these
observations may be related to differences in chemical-physical properties of the test compounds. Data
from the Derelanko et al. (1999) study was used as the basis for intermediate-duration inhalation MRLs
for chromium(III) compounds. Since soluble and insoluble chromium(III) compounds exhibited different
effects in the respiratory tract, distinct intermediate-duration MRLs were derived for insoluble and soluble
trivalent chromium particulates. For insoluble chromium(IIl) compounds (chromic oxide), the minimal
LOAEL of 3 mg chromium(IIT)/m’ was used to calculate an intermediate-duration inhalation MRL of
0.005 mg chromium(IIT)/m’ for exposure to trivalent chromium particulates as described in the footnote
of Table 3-2. For soluble chromium(III) (basic chromium sulfate) compounds, the LOAEL of 3 mg
chromium(III)/m® was used to calculate an intermediate-duration inhalation MRL of 0.0001 mg
chromium(III)/m’ for exposure to trivalent chromium particulates as described in the footnote of

Table 3-2.

Pulmonary fluid from hamsters exposed to 0.9 or 25 mg chromium(III)/m’ as chromium trichloride for
30 minutes revealed sporadic changes in activities of acid phosphatase and alkaline phosphatase in the
lavage fluid at 25 mg chromium(IIT)/m’. In the lung tissue, a 75% increase in the acid phosphatase
activity was found at 0.9 mg chromium(III)/m’ and in the B-glucuronidase activity at an unspecified
concentration. Histological examination revealed alterations representing mild nonspecific irritation but
no morphological damage (Henderson et al. 1979). In rabbits exposed to 0.6 mg chromium(IIT)/m’ as
chromium nitrate intermittently for 4-6 weeks, changes in the lungs were confined to nodular
accumulations of macrophages in the lungs. Macrophage morphology demonstrated black inclusions and
large lysosomes. These changes represent normal physiological responses of the macrophages to the
chromium particle. Phagocytosis and the reduction of nitroblue tetrazolium to formazan was impaired by
chromium(III), indicating a decrease in the functional and metabolic activity of the macrophage

(Johansson et al. 1986a, 1986b).

Chronic exposure to chromium(VI) compounds and mixtures of chromium(VI) and chromium(III)
compounds have also resulted in adverse respiratory effects in animals. Experiments in which rats were
exposed to either chromium(VI) alone as sodium dichromate or a 3:2 mixture of chromium(VI) trioxide
and chromium(IIl) oxide for 18 months showed similar loading of macrophages and increases in lung
weight. However, histopathology of rats exposed to 0.1 mg/m’ of chromium(III) and chromium(V1)
together revealed interstitial fibrosis and thickening of the septa of the alveolar lumens due to the large
accumulation of chromium in the lungs, whereas histopathology of the lungs was normal in rats exposed

only to chromium(VI) (Glaser et al. 1986, 1988). Mice exposed to 4.3 mg chromium(VI)/m’ as calcium
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chromate dust intermittently for 18 months had epithelialization of alveoli. Histopathology revealed
epithelial necrosis and marked hyperplasia of the large and medium bronchi, with numerous openings in
the bronchiolar walls (Nettesheim and Szakal 1972). Significantly increased incidences of pulmonary
lesions (lung abscesses, bronchopneumonia, giant cells, and granulomata) were found in rats exposed
chronically to a finely ground, mixed chromium roast material that resulted in airborne concentrations of
1.6-2.1 mg chromium(VI)/m’ compared with controls. In the same study, guinea pigs exposed
chronically to the chromium roast material along with mists of potassium dichromate or sodium chromate
solutions that also resulted in 1.6-2.1 mg chromium(VI)/m® had significantly increased incidences of
alveolar and interstitial inflammation, alveolar hyperplasia, and interstitial fibrosis, compared with
controls. Similarly, rabbits were also exposed and also had pulmonary lesions similar to those seen in the
rats and guinea pigs, but the number of rabbits was too small for meaningful statistical analysis (Steffee

and Baetjer 1965).

In the only study of chromium(IV) exposure, all rats treated with 0.31 or 15.5 mg chromium(IV)/m’ as
chromium dioxide dust for 2 years had discolored mediastinal lymph nodes and Iungs, and dust laden
macrophages. Lung weight was increased at 12 and 24 months in the 15.5 mg chromium(IV)/m’ group
(Lee et al. 1989). The increased lung weight and macrophage effects probably represent the increased

lung burden of chromium dioxide dust and normal physiological responses of macrophages to dust.

Cardiovascular Effects. Information regarding cardiovascular effects in humans after inhalation
exposure to chromium and its compounds is limited. In a survey of a facility engaged in chromate
production in Italy, where exposure concentrations were >0.01 mg chromium(VI)/m’, electrocardiograms
were recorded for 22 of the 65 workers who worked in the production of dichromate and chromium
trioxide for at least 1 year. No abnormalities were found (Sassi 1956). An extensive survey to determine
the health status of chromate workers in seven U.S. chromate production plants found no association
between heart disease or effects on blood pressure and exposure to chromates. Various manufacturing
processes in the plants resulted in exposure of workers to chromite ore (mean time-weighted
concentration of 0-0.89 mg chromium(IIT)/m®); water-soluble chromium(VI) compounds (0.005-0.17 mg
chromium(VI)/m’); and acid-soluble/water-insoluble chromium compounds (including basic chromium
sulfate), which may or may not entirely represent trivalent chromium (0-0.47 mg chromium/m®) (PHS
1953). No excess deaths were observed from cardiovascular diseases and ischemic heart disease in a
cohort of 4,227 stainless steel production workers from 1968 to 1984 when compared to expected deaths
based on national rates and matched for age, sex, and calendar time (Moulin