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ABSTRACT 

Although chromium and compounds containing it have been recognized as having potential 
severe adverse effects on health for more than 160 years, understanding of the systemic toxicology 
and true hazard of these compounds is still not complete. A review of the current state of knowledge 
is attempted in this paper, with appropriate attention given to the complications of multiple 
valence states and solubility. 

Selected chromium compounds, particularly hexavalent ones, are carcinogens, corrosives, 
delayed contact sensitizers, and have the kidney as their primary target organ. But chromium is 
also an essential element for humans. The body clearly possesses some effective detoxification 
mechanisms for some degree of exposure to hexavalent chrome compounds. The significant 
features of acute and chronic chromium toxicity are presented in view of these considerations. 

INTRODUCTION 

It is not  the purpose of this paper  to a t tempt  to review and comment  on each 
of the many  publ icat ions  on the subject  of chromium toxicology. For  those who 
might  wish to so spend their  time, I would refer you  to one of the three major  
review documents  now avai lable - -  the Indust r ia l  Hea l th  Founda t ions ' s  (IHF) 
1980 and 1986 symposium proceedings (IHF, 1981; Serone, 1986) and the En- 
v i ronmenta l  P ro tec t ion  Agency ' s  (EPA) Hea l th  Assessment  Document  for 
Chromium (EPA, 1984). Rather ,  in this paper  I will a t tempt  to give a synthesis  
of wha t  we know, and wha t  we don ' t  know, about  the systemic toxici ty  of 
chromium compounds  

H u m a n  data  has preceded experimental  animal  da ta  in identifying many  of  
the hazards  associa ted with chromium. 

Hexava len t  chromium salts have  been recognized as occupa t iona l  hea l th  
hazards  for more than  160 years.  As long ago as 1827, Cumin (1827) reported 
observing cases of skin u lcera t ion  and dermati t is  in Bri t ish dye workers  who 
handled  potass ium dichromate.  Later ,  MacKenzie  (1884) reported perfora t ion  
of  the nasal  septum in workers  exposed to potass ium dichromate.  The incidence 
of  u lce ra t ion  or per fora t ion  of the nasal  septum in workers  in industr ies  using 
chromates  dur ing  the years  before the Second World War  was typical ly  very 
high. The Fac to ry  Inspec tora te  in Great  Bri ta in  reported in 1930 tha t  of 223 
persons examined from the chrome pla t ing industry,  52% had perforated or 
u lcera ted  nasal  septa (Baetjer, 1950). 
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During this same period, Parkhurst  (1925) reported on the occurrence of 
delayed contact dermatitis in workers exposed to chromates in the form of 
pigments on blueprints. 

The first reported indication that  there was an association between the 
inhalation of chromates and lung cancer was an epidemiology study performed 
in Germany and published during the Second World War (Gross and Kosch, 
1943). An increased incidence of lung cancer was reported in workers involved 
in the manufacture of lead pigments. Baetjer (1950) confirmed this finding with 
a case control study of U.S. chromate workers. It was during this same period 
that  suggestions began to arise that  the solubility and valence state of the 
chromium materials that  workers were exposed to were determinants of the 
degree and nature of the health effects seen in workers. 

Prior to the 1950s, the major form of exposure for chromium production 
workers was in the form of inhalation of acid-soluble, water-insoluble, chro- 
mate-chromite mixtures. This process also produced detectable amounts of 
chromyl chloride gas, which may have been a significant contributor to the 
carcinogenesis problem in chromium production facilities. 

During the late forties and early fifties, the process by which chromium salts 
were produced was changed and working conditions in these production 
facilities were significantly improved. The result is now a workplace with much 
lower total worker exposure levels. Chromyl chloride is no longer found in the 
plants, and exposure to water-insoluble particles is much reduced. 

It is necessary to provide just enough information regarding the chemical 
forms to set the stage for discussion of what is known, or what we think we 
know about the biological activity of these materials. 

PHYSICOCHEMICAL FACTORS RELATING TO TOXICITY 

While chromium compounds can exist in a variety of valence states, those 
of greatest commercial importance are Cr(II), Cr(III), and Cr(VI). These 
valence states represent basic, amphoteric, and acidic activities, respectively. 
Chromium(III) appears to be the most stable and important form. Lower 
valence forms are readily oxidized and higher valence forms are readily 
reduced. This factor is of great importance in consideration of environmental 
releases and long-term contamination, but is not of itself sufficient reason to 
disregard or minimize the variations in toxicity among valence states where 
human occupational exposures are involved. Chromium(III), in addition to 
inorganic salt formation, will form stable organic complexes with proteins, 
amino acids, and other organic acids. Some of these organic complexes are 
sufficiently stable that  precipitation may not normally occur in the body and 
thus their biological activity is not entirely mediated through inactivation. 
Chromium(VI) exists in solution as ionic species which are dependent on pH. 
At basic and neutral  pH, Cr(VI) is largely in the form of chromate. At lower, 
acidic pHs, the dichromate species becomes the more dominant form and the 
oxidation potential similarly increases with decreasing pH. Thus, the 



TABLE 1 

Solubility of selected chromium compounds 
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Solubility in water 
Compound (g/100 ml) 

Chromium(III) 
Chromic chloride 
Chromic chloride hexahydrate 
Chromic oxide 
Chromic sulfate 
Chromic sulfate, hydrated (18H20) 

Chromium(VI) 
Ammonium dichromate 
Chromioum oxide 
Lead chromate 
Potassium chromate 
Potassium dichromate 

Sodium chromate 
Calcium chromate 

Insoluble 
58.5 at 25°C 
Insoluble 
Insoluble 
120 at 20°C 

30.8 at 15°C 
67.5 at 100°C 

5.8 x 10 sa t25°C 
62.9 at 20°C 
4.9 at 0°C 

102 at IO0°C 
87.3 at 30°C 
16.3 at 20°C 

oxidation properties of Cr(VI) with respect to organic material, accompanied 
by a reduction to Cr(III) with stable complex formation, becomes important for 
an understanding of the biochemical interactions and toxic manifestations of 
these compounds. 

There are also obvious differences in solubility among the more important 
compounds of chromium, as shown in Table 1. However, there is disagreement 
in the li terature regarding these parameters of solubility, possibly due to 
reactions of the compounds with other substances, impurities and varying 
experimental methodologies. These differences in solubility would influence 
the ease of rate of uptake by the body from an occupational contact. 

Particle size would affect both deposition and clearance rates for the 
"insoluble" or otherwise less soluble compounds. Even for the more soluble 
compounds, particle size would influence the rate of solution because of surface 
area to mass relationships, and this in turn may be competitive with clearance 
rates of particles from the lung. 

SYSTEMIC TOXICITY 

Much of the research presented here was supported by the IHF Chrome 
Chemical Committee. 

The primary routes of exposure to chromium at hazardous levels are dermal 
and inhalation, though there are cases of accidents or attempted suicide where 
significant exposure by the oral route will occur. This overview of systemic 
toxicity will thus be organized in terms of routes, with some degree of crossover 
as necessary. 
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Dermal 

Dermal effects are largely related to the acidity and oxidizing potential of 
the compound or mixture. Irri tation or corrosive responses are quite likely 
with Cr(VI); such effects from contact with Cr(III) are of less probability and 
severity. While chromium compounds are not likely to be sufficiently absorbed 
through the intact  skin to produce systemic toxicity (kidney damage), if the 
integument of the skin is significantly disrupted (as in the well-known "chrome 
burn" process), absorption can occur and acute kidney damage may result as 
a secondary effect. There is no evidence to suggest that  chronic kidney damage 
may result from dermal contact which does not, of itself, cause a primary effect 
on the skin. Dermal contact with Cr(VI) compounds can also cause allergic 
dermatitis or sensitization (Parkhurst, 1925). This effect, however, has not been 
generally noted for Cr(III) compounds, although persons sensitive to Cr(VI) 
may also respond to large doses of Cr(III) (Parkhurst, 1925; Fregert and 
Rorsman, 1964; Gad et al., 1986a). Figure 1 summarizes the available animal 
and human formal test data on the sensitization potential of potassium 
dichromate (Gad et al., 1986a). Potency estimates on potassium dichromate as 
a sensitizer indicate it to be similar to p-phenylenediamine and hexamethyl- 
diisocyanate as a sensitizer (Gad, 1988). 

In a study of dermal LD~0 values of four chrome salts (Gad et al., 1986b), 
numerous clinical observations were attributed to all four test compounds and 
observed in both sexes. Some of the more prevalent observations include: 
dermal necrosis, eschar formation, dermal corrosion, diarrhea, hypoactivity 
and dermal edema and erythema. Dermal corrosion was judged to have 
occurred when skin damage appeared to have been permanent (i.e., observed 
early in the study and remaining at study termination). 

Under the conditions of this test, a single 24-h dermal exposure to any one 
of the four chromium salts tested is capable of producing acute death. In males, 
the LDs0 ranged from 0.96gkg -~ for sodium dichromate to 1.86gkg -1 for 
potassium dichromate. In females, the LD~0 ranged from 1.03 g kg- 1 for sodium 
dichromate to 1.73 gkg 1 for sodium chromate. When using LD~0 values, there 

TABLE 2 

Calculated dermal LDs0 values (gkg  1)a 

Males Females  Both sexes 

combined 

Sodium chromate  1.33 _+ 1.07 1.73 _+ 0.28 1.80 + 0.27 
Sodium dichromate  0.96 + 0.19 1.03 + 0.15 1.00 + 0.11 
Potass ium dichromate  1.15 + 0.24 1.40 _+ 0.24 1.17 _+ 0.15 
Ammonium dichromate  1.88 _+ 0.35 1.34 _+ 0.58 1.84 _+ 0.18 

aMean + s tandard  deviation. 
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TABLE 3 

Dermal corrosion and i r r i ta t ion potentials  (4-h exposure) 

Solid Solid (moistened with 
physiological saline) 

Sodium chromate No corrosion/no i r r i ta t ion 

Sodium dichromate 

Potassium dichromate 

Ammonium dichromate 

No corrosion, but  caused 
well-defined erythema in 
two of six animals 

No corrosion/no i r r i ta t ion 

No corrosion, but  caused 
well-defined erythema in 
two of six animals 

No corrosion, but caused well- 
defined erythema in all six animals, 
five of which showed edema 

No corrosion, but  caused well- 
defined erythema in all six animals, 
five of which showed edema and one 
of which showed a superficial ne- 
crotic focal point 

No corrosion, but  caused well- 
defined erythema in all six animals, 
five of which showed edema and 
three of which showed superficial 
necrotic focal points 

No corrosion, but  caused well- 
defined erythema and edema in all 
six animals, two of which showed 
superficial necrotic focal sites 

did not appear to be a statistically significant sex difference for any of the four 
chromium salts (Table 2). 

Results from a study of dermal irritation and corrosion due to four chrome 
salts (Gad et al., 1986b) are summarized in Table 3. In general, all four salts 
were comparable, with the wetted solids being more irritating than the dry 
salts, but still not corrosive in a 4-h test. Single animal probes showed that  all 
four salts, if wetted, would be too severe to test in a standard 24-h primary 
dermal irri tation study. 

Inhalation 

The toxic effects of inhalat ion exposure to chromium compounds have been 
extensively studied. The primary danger from inhalation of Cr(VI) compounds 
is to the respiratory tract  as a consequence of their acidic and oxidative nature. 
Compounds which are soluble in water or serum may be absorbed in the blood 
and transported to the kidney where, if sufficient Cr(VI) reaches the target 
organ without having been reduced to Cr(III) by natural  body functions, acute 
damage may result. The essentially insoluble compounds remain in the lung 
tissue or are transported via mucociliary action to the gut. Absorption from the 
gut is usually minimal (< 5%) (EPA, 1984) and systemic toxicity normally 
ensues only if irri tation occurs in sufficient degree or reduction to Cr(III) is 
avoided in either the stomach or the blood. The toxicity of Cr(III) compounds 
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is generally markedly less (by orders of magnitude) than that  of Cr(VI) 
compounds. It would also be appropriate to note at this point that  Cr(III) is an 
essential element and plays a role in the metabolism of sugars and fats. 
Chromium deficiency from dietary intake can produce a condition not unlike 
diabetes. 

Certain Cr(VI) compounds, mainly water-insoluble, are recognized as 
human carcinogens from inhalation exposure (ACGIH, 1985). This association 
has been confirmed epidemiologically and, in recent animal studies sponsored 
by the IHF (Steinhoff et al., 1986a,b), has been noted in animals dosed intra- 
tracheally. These studies included the particularly interesting finding that  the 
effect was far more severe when a given dose was administered once weekly 
than when administered in divided doses on a daily basis. Presumably, the 
tissue irri tation produced by the larger amount of material was sufficient to 
play a role in the induction of cancer. The EPA Science Advisory Board has 
concluded that  there is insufficient evidence to classify Cr(VI) compounds as 
carcinogens from either oral or dermal exposure. Also, there is no evidence to 
implicate Cr(III) as a carcinogenic risk from any route of exposure, except 
where Cr(VI) is shown to be present as an impurity. 

In studies of the acute inhalation LC~0 of four chrome salts, Gad et al. (1986b) 
found a mean lethal concentration of 104.14 mgm -3 for both sexes exposed to 
sodium chromate. Both males and females were equally susceptible to the 
effects of sodium chromate. Each of the three remaining chromates was more 
toxic to the females than to the males. Signs of toxicity elicited by exposure to 
all four chromates included respiratory distress and irritation and body weight 
depression. LC~0 results are summarized in Table 4. 

Oral 

Oral exposure to chromium compounds generally represents an acute hazard 
and medical emergency. This emergency requires dealing with (i) burns and 
corrosion along the oral cavity and upper end of the trachea, and (ii) the acute 
renal toxicity of absorbed hexavalent chrome compounds. The IHF sponsored 
testing of the acute oral toxicity of four chrome salts (Gad et al., 1986b) and the 
results of these tests are summarized in Tables 5 and 6. Of interest and possible 
significance is the fact that  there can be a 50% difference in toxicity depending 
on concentration used to dose, with the more concentrated materials producing 
the greatest level of quantitative toxicity for a given dose. This confirms 
similar findings from the carcinogenic studies. 

The primary cause of death to acute chrome exposures (either oral or 
dermal) is nephrotoxicity, ranging to complete renal shut down. In rats, it has 
been demonstrated that  increased urinary excretion of proteins is the earliest 
and most sensitive marker of damage (Gumbleton and Nicholls, 1988). In 1983, 
under sponsorship from the IHF Chrome Chemicals Committee, Allied Cor- 
poration evaluated several possible first aid renal therapy approaches (Powers 
et al., 1984, 1986) and developed a suggested treatment. This relatively simple 
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p rocedure  ( involving t imely  adm i n i s t r a t i on  of ascorb ic  acid) has  since been  
adopted  by bo th  indus t r i a l  phys ic ians  and poison  cont ro l  centers ,  and  is 
credi ted  wi th  m a r k e d l y  reduc ing  the  fa ta l i t ies  in these  cases whi le  also 
p resen t ing  a t r e a t m e n t  course  wi th  a wide m a r g i n  of safety.  

CARCINOGENICITY 

C h r o m i u m  ca rc inogen ic i t y  has  p roven  to be a complex  mat te r .  T h a t  
i n h a l a t i o n  exposure  to Cr(VI) can  cause  cance r  is in no way  an  issue, but  the  
m e c h a n i s m  involved,  and  the  i n v o l v e m e n t  of  o the r  va l ence  s ta tes  of  c h r o m i u m  
and inf luence of solubi l i ty ,  still  ve ry  m u c h  are. 

The  m u t a g e n i c i t y  of  ch rome  compounds  has  been  ex tens ive ly  s tudied 
(Petr i l l i  and  DeFlora ,  1977), and  is d iscussed e l sewhere  in th is  issue. Pet r i l l i  
and  DeFlora ,  (1978), among  others ,  have  d e m o n s t r a t e d  an  inducib le  me tabo l i c  
deac t i va t i on  sys tem for m u t a g e n i c  Cr(VI) in mammals .  S te inhof f  et  al. (1986a,b) 
and  R i n e h a r t  and  Gad (1986) d e m o n s t r a t e d  in a chron ic  r a t  b ioassay  t h a t  
ind iv idua l  h igh  exposures  were  neces sa ry  to induce  r e sp i r a to ry  cancers ,  wi th  
the  same to ta l  l i fe-span dose spread  over  smal le r  ind iv idua l  doses seemingly  
be ing  hand led  by a me tabo l i c  defense  mechan i sm.  This  case is p resen ted  in 
deta i l  by Gad and Weil  (1986). A recen t ly  r epor ted  pi lot  i nha l a t i on  
ca r c inogen i c i t y  s tudy  in r a t s  (Glaser  et al., 1988) suppor ted  the  same 
di f ferent ia t ion .  

F ina l ly ,  t he re  con t inues  to be s t rong  ev idence  t h a t  spa r ing ly  soluble  
c h r o m a t e s  p resen t  a g r ea t e r  haza rd  t h a n  those  t h a t  a re  e i ther  very  w a t e r  
soluble  or  insoluble.  I t  is my bel ief  t h a t  th is  is because  par t i c les  of  such  
m a t e r i a l s  serve  as h igh  in tens i ty  po in t  sources  in the  lungs,  leading to a 
p ro longed  local  insu l t  a t  or  above  the  level  a t  which  defenses  a re  effective.  

SUMMARY 

The  key  points  of  sy temic  c h r o m i u m  toxic i ty  can  be summed  up as follows. 
- -  H e x a v a l e n t  c h r o m i u m  presen t s  a g r ea t e r  haza rd  t h a n  o the r  forms. 
- -  C h r o m a t e s  can  be cor ros ive  to the  eyes  and  skin. 
- -  C h r o m a t e s  are  sensi t izers .  
- -  The  k idneys  a re  the  t a r g e t  o rgan  for sys temica l ly  absorbed  chromates .  
- -  H e x a v a l e n t  c h r o m i u m  is a ca rc inogen ,  but  ac ts  by m e c h a n i s m s  which  give 

i t  an  effect ive th resho ld  of effect. 
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