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Cr(VI)-induced allergic contact dermatitis (ACD) has long been recognized as an adverse effect, however, such an effect from environmental exposure has not been systematically investigated.  While many argue that Cr(VI)-induced ACD can only occur in occupational settings, where exposure to high levels of Cr(VI) exist, there are reports demonstrating the occurrence of ACD in Japanese people living in an area contaminated with chromium slag (Bagdon and Hazen, 1991).

Clinical patch testing studies were conducted in the 1950s and 1960s to assess the susceptibility of populations to chromium-induced dermatitis. Those studies were statistically analyzed to determine the threshold concentrations for evoking a positive skin reaction. The minimum eliciation threshold (MET) concentration that would elicit allergic reaction in 10% of the Cr(VI) sensitized population was 10 ppm (Bagdon and Hazen, 1991; Stern et al., 1993).

Based on the above applied concentration (10 mg (CrVI)/l-solution), the New Jersey Department of Environmental Protection and Energy (NJDEPE) has proposed different values: 10 mg Cr(VI)/kg-soil (NJDEPE (1992) and 15 mg Cr(VI)/kg-soil (NJDEPE (1995)] as Cr(VI) soil cleanup levels.  These numbers were derived by directly equating the concentration of Cr(VI) (mg Cr(VI)/l-solution) that is estimated as the 10% minimum elicitation threshold (10% MET) to the concentration of Cr(VI) in soil (mg Cr(VI)/kg-soil) (Finley et al., 1995a, 1995b)

Nethercott et al. (1994) conducted a study using applied doses and standardized diagnostic criteria coupled with modern patch testing techniques.  It was determined that the 10% MET value was 0.000089 mg Cr(VI)/cm2-skin.  Further, Nethercott et al. (1994) estimated a soil cleanup level of 445 mg Cr(VI)/kg-soil using the above specified 10% MET, and by applying to it a soil adherence value of 0.2 mg/cm2-skin and a Cr(VI) bioavailability factor of 100%.

In agreement with Nethercott et al. (1994), this report recommends that applied dose be used to determine the soil levels of Cr(VI) that are protective of allergic contact dermatitis. The MADEP recommended Cr(VI) soil criterion is 170 mg/kg. This number is to be used as a level not to be exceeded.  The difference in the values derived by Nethercott et al. (1994) and this report lies in the choice of soil adherence factors.  The department guidance (MADEP, 1995) recommends the use of a soil adherence value of 0.51 mg/cm2 (MCP 1995). Nethercott et al. (1994) applied a soil adherence factor 0.2 mg/cm2 based on the average EPA value (USEPA, 1996). 

Many believe that the soil standard derived assuming 100% bioavailability of the chromium in soil may be a conservative estimate.  Some studies have been conducted to more accurately assess the bioavailability of Cr(VI) in soil. In one such study, the extraction of chromium from soil using actual human sweat was about 0.1% (Horowitz et al., 1993, 1994).  There are, however, many concerns about the experimental procedures that would discourage the application of this value in determining safe Cr(VI) levels in soil.

Moreover, Cr(VI) may be a more potent inducer of ACD when given orally or by inhalation than when applied dermally (Fregert, 1965; Glaser et al., 1985).  ACD-based soil criterion roughly estimated by MADEP from a study by Fregret (1965) was 31 mg Cr(VI)/kg-soil. This level may even be lower if inhalation data were used.  Neither the inhalation nor the oral data were adequate to derive ACD-based soil levels for Cr(VI), but, the results strongly suggest that Cr(VI) levels lower than 170 mg/kg-soil may elicit ACD in sensitized population.  Until appropriate oral and inhalation studies are available, it may not be health protective to use any factor that would increase the Cr(VI) soil level determined based on dermal data.

While the applied dose of Cr(VI) is an appropriate dosimetery to derive soil criteria, applied concentration of Cr(VI) can be used to estimate the 10% MET for ACD in sensitized populations swimming or bathing in Cr(VI) contaminated water.  However, the historical patch testing studies which were used to assess minimum elicitation threshold based on applied concentration were flawed. Thus, an ACD-based water criterion for Cr(VI) was not determined at this time.

 TC"1.0 BACKGROUND" \l1 1.0
BACKGROUND
Chromium was named for the many colors manifested by its compounds: potassium dichromate, K2Cr2O7, is red, potassium chromate, K2CrO4, is yellow, and chromium trichloride, CrCl3, is green.  In the chemically combined form, chromium exists in the oxidation states of -2 to +6.  Although it exists in several oxidation states, the zero, trivalent and hexavalent states are the most important in commercial products and the environment (Shupack, 1991).

The trivalent chromium (chromium III) is an essential trace element required for glucose, fat, protein and nucleic acid metabolism and gene expression in mammals.  It has very low systemic and cutaneous toxicities (Anderson, 1981; Anderson, 1994; Nethercott et al., 1994).  Chromium, however, is toxic in its hexavalent  state.  Breathing high levels of Cr(VI) can cause irritation to the nose, resulting in runny nose, sneezing, itching, nosebleeds, ulcers and holes in the nasal septum.  Long-term exposure to high levels of Cr(VI) in air has been associated with lung cancer in workers.  Cr(VI) in air has also been related to asthma attacks in people who are allergic to chromium.  Stomach ulcers, kidney, liver damage and even death have been reported in people who have intentionally or accidentally swallowed large amounts of Cr(VI) (See ATSDR, 1993 for toxicity review).

Cr(VI) is a dermal sensitizer at low doses involving the immune system and also produces cutaneous irritation at high concentrations due to cytotoxicity (reviewed by Stern et al., 1993 and Paustenbach et al., 1992).  The prevalence of Cr(VI)-induced allergic contact dermatitis (ACD) in the general population has been reported by different groups and the values range from < 0.1 to 1.7% (Peltonen and Fraki (1983); Paustenbach et al. (1992); Hostynek and Maibach (1988); Nethercott (1990); and Nethercott et al. (1994).

For Cr(VI) contaminated soils, risk assessment has traditionally been performed based on oral and inhalation toxicity data integrated with site-specific exposure assessments.  However, since exposure to low levels of Cr(VI) can elicit ACD in Cr(VI) sensitized population, the State of New Jersey has considered this endpoint to estimate environmental concentrations of Cr(VI) that provide protection to exposed people.  (NJDEPE, 1995).

Various human patch testing studies on Cr(VI) conducted in the 1950s and 1960s were analyzed to drive a minimum elicitation threshold (MET) concentration that would induce ACD in 10% of a Cr(VI) sensitized subgroup (Bagdon and Hazen, 1991; Paustenbach et al., 1992; Stern et al., 1993).  The 10% MET was determined to be 10 mg Cr(VI)/l by Bagdon and Hazen (1991) and Stern et al. (1993) and 54 mg (Cr(VI)/l by Paustenbach et al. (1992).  Based on the assessments of Bagdon and Hazen (1991) and Stern et al. (1993), the New Jersey Department of Environmental Protection and Energy (NJDEPE) proposed that 15 mg/kg Cr(VI) in soil should be health protective against the elicitation of ACD in 99.83% of the population (NJDEPE, 1995).

Since the historical patch testing studies were flawed and some missing information in the old studies made it difficult to convert applied concentrations to applied doses, a new study was conducted by Nethercott et al. (1994) to resolve this issue.  The authors determined a 10% MET in terms of mass of CR(VI) per unit area of skin and this dose was used to derive various soil cleanup levels that may be protective of Cr(VI) dermal allergy in about 99.83% of the exposed population.

MADEP considers chromium dermatitis to be a critical effect involving the immune system and it should be used as a basis for developing Cr(VI) soil standard. The most common form of Cr(VI) allergy that is reported in the literature is allergic contact dermatitis. Chromium-induced allergic contact dermatitis is a Type IV delayed or cell- mediated allergic reaction. A Type IV allergic reaction is generally limited to the layer of the skin and cutaneous blood vessels.  The symptoms of Type IV allergic reaction include erythema, edema, and small vesicles (Adams, 1990).

Recent data also indicate that Cr(VI) exposure via inhalation may involve a Type I allergic reaction which is an immediate and systemic (antibody mediated) response. Humans exposed to Cr(VI) by inhalation demonstrated anaphylactic responses including dermatitis, facial angioedema, bronchospasm accompanied by high plasma histamine levels and urticaria (Moller et al., 1986).  Dermally applied Cr(VI) is known to penetrate the skin (Wahlberg, 1970). However, it is not known whether the absorbed Cr(VI) would elicit systemic allergic reactions in addition to dermal sensitization.

This report assesses the existing risk assessment methodologies based on Cr(VI)-induced ACD and recommends the methodology that is scientifically sound for MADEP’s use at chromium contaminated sites.

2.0
 TC"2.0
SOIL Cr(VI) ACCEPTABLE LEVELS BASED ON THE HISTORICAL PATCH TESTING STUDIES" \l1 SOIL Cr(VI) ACCEPTABLE LEVELS BASED ON THE HISTORICAL PATCH TESTING STUDIES

As mentioned earlier, the patch testing studies conducted in the 1950s and 1960s were reviewed by Bagdon and Hazen (1991)  and Stern et al. (1993) and used to set ACD-based standards for Cr(VI) in soil.  The various Cr(VI) ACD-based soil criteria and the assumptions that went into their derivation are briefly summarized below:

 TC"2.1 Bagdon and Hazen (1991)" \l2 2.1
Bagdon and Hazen (1991)

Based on the historical studies, Bagdon and Hazen (1991) estimated the 10% MET to be 10 mg Cr(VI)/l-solution (Table 1). The authors further suggested that the 10 mg Cr(VI) per liter of solution would have the same potential for eliciting an allergic response as 10 mg Cr(VI) per kg of soil.  Based on a previously determined site-specific hexavalent to total chromium ratio of 0.14, these authors estimated the total chromium soil concentration to be 75 mg/kg (Table 1).

 TC "2.2 Paustenbach et al. (1992)"\l2 2.2 
Paustenbach et al. (1992)

Paustenbach et al. (1992) performed statistical analysis on the historical patch testing studies and determined 54 mg/l Cr(VI) as the 10% MET for Cr(VI)-induced ACD (Table 1).  Further, the authors suggested that less than 10% of the Cr(VI) in soil was dermally bioavailable. By applying this extraction factor to the 10% MET, they estimated Cr(VI) soil standard ranging between 350-500 mg/kg. These levels were thought to be protective of Cr(VI)-induced ACD for 99.84% the general population.

 TC "2.3 Stern et al. (1993)"\l2 2.3
Stern et al. (1993)
Stern et al. (1993) also analyzed the  historical patch testing studies and determined a 10% MET of 10 mg Cr(VI)/l (Table 1). Unlike Bagdon and Hazen (1991), these authors suggested that extractability should be taken into account when calculating the concentration of Cr(VI) in soil, however, no value was proposed.

Table 1. ACD-Based Soil Cleanup Levels Derived From Historical Patch Testing Studies 

Source
10% MET (mg/Cr(VI)/l-

solution or ppm)
Soil Cleanup Level

mg(Cr(VI)/kg-soil or ppm


Assumptions

Bagdon & Hazen (1991)
10
10 [Cr(VI)]

75 (total Cr)
Assumed 10 ppm Cr(VI) in solution to be equivalent to 10 ppm Cr(VI) in soil and used Cr(VI): total Cr ratio of 0.14 to derive total Cr in soil.

Paustenbach et al. (1992)
54
350-500
The soil cleanup level was determined by assuming 10% extractability of Cr(VI) from soil into human sweat.

Stern et al. (1993)
10
not specified
Authors suggested to consider extractability of Cr(VI) to estimate soil Cr(VI) concentrations but no value was proposed.

Proctor et al. (1997)

State of New Jersey
10
15
Assumed 100% extractability

 TC "3.0 SOIL Cr(VI) STANDARD BASED ON A NEW PATCH TESTING STUDY OF NETHERCOTT ET AL.(1994)"\l1 3.0
SOIL Cr(VI) STANDARD BASED ON A NEW PATCH TESTING STUDY OF NETHERCOTT ET AL. (1994)
Nethercott et al. (1994) determined the 10% MET for Cr(VI)-induced ACD based on applied dose (mg Cr(VI)/cm2-skin).  The estimated 10% MET was 0.000089 mg/cm2-skin for Cr(VI) and 0.033 mg/cm2-skin for Cr(III). The authors further derived soil standards of 450 (Table 2) and 165,000 mg/kg for Cr(VI) and Cr (VIII) respectively using the following equation:

Soil concentration (mg-allergen/kg-soil) =  MET * CF   
(Equation 1) 






SA *BA


Where:

MET = minimum elicitation threshold (estimated to be 0.000089 and

             0.033 mg/cm2-skin for Cr(VI) and Cr(III) respectively

CF    =  Conversion factor (106 mg-soil/kg-soil)

SA    =  Soil adherence factor of (0.2 mg soil/cm2-skin (EPA, 1996),

   Average value)

BA    =  Bioavailability (assumed 100%, unitless).

Keeping the 10% MET constant (see Equation 1), different soil adherence and Cr(VI) extractability assumptions could lead to various Cr(VI) soil cleanup levels.  For example, Horowitz and Finley (1994) applied a soil adherence value of 0.6 mg/cm2 and a Cr(VI) extraction factor of 0.001  to the 10% MET and determined a soil Cr(VI) level of 148,000 mg/kg (Table 2). The authors, however, stated that at such high Cr(VI) concentrations lechability of Cr(VI) from soil would increase measurably.  Instead, they recommended a soil cleanup level of >1200 mg/kg based on the fact that only <0.1% of Cr(VI) extracted into human sweat from chromite-ore processing residue (COPR) containing 1240 mg/kg Cr(VI).

Table 2. Soil Cleanup Levels for Cr(VI) ACD Based on Applied Dose (mg Cr(VI)/cm2)

Source
10% MET (mg Cr(VI)/cm2-skin
Soil Cleanup Levels mg Cr(VI)/kg-soil
Assumptions

Nethercott et al. (1994)
0.000089
450
100% Cr(VI) bioavialability

Horowitz and Finley (1994)
0.000089
148,000
Assumed a soil adherence value of 0.6 mg/cm2 and an extraction factor of 0.001. The authors, however, stated that at such high concentrations the extraction of Cr(VI) will increase measurably. 






Horowitz and Finley (1994)

>1200
Based on the low extractability of Cr(VI) from COPR containing up to 1240 ppm Cr(VI)

 TC"4.0
ELICITATION OF ACD AFTER INGESTION OF Cr(VI) IN HUMANS" \l1 4.0
ELICITATION OF ACD AFTER INGESTION OF Cr(VI) IN HUMANS

A soil Cr(VI) standard based on Cr(VI)-induced ACD due to dermal exposure has been considered by the State of New Jersey.  There are also data suggesting that Cr(VI) may be a more potent inducer of ACD in sensitized people via the oral and inhalation routes than through the demal route.

Stern et al. (1993) identified four oral studies (Table 3) where Cr(VI) elicited ACD in sensitized subjects at low doses.  Allergic dermal reactions occurred in sensitized humans after ingestion of 1-10 mg potassium dichromate (Schleiff,1968).  Eleven of 31 test subjects demonstrated either aggravation of sites of active chromium dermatosis or elicitation of inactive sites after ingesting 7.1 mg of potassium dichromate  [2.5 mg Cr(VI)] (Kaaber and Veien, 1977).  Local itching was observed in a 52-year old man with a history of chromium allergic dermatitis after a single dose of 7 mg chromium [2.5 mg (Cr(VI)].  Lesions on the hands complicated by microbial infections were observed after the man was given twice the initial dose (Goitre, et al., 1982).  Administration of 50 (g potassium dichromate [18 (g Cr(VI)] to five chromium sensitive individuals caused acute reaction on the hands of all test subjects and one developed generalized eruptions (Fregert, 1965).

While the oral data are suggestive of the elicitation of ACD at much lower doses than observed using the dermal route, none of the studies provide dose-response data sufficient to derive a Cr(VI) soil standard.

Table 3. Allergic Dermatitis Via the Oral Route



Source
No. of Subjects
Dose (g/kg
No. of Subjects Responding
Type of Response

Schleiff (1968)


Not specified
6 - 50
Not Specified
Elicited ACD in sensitized individuals.

Kaaber and Veien (1977)
31
36
11
Aggravation of sites of active chromium dermatitis or elicitation of inactive sites.



Goitre et al. (1982)
1
36
1
Caused local itching. A second administration of 36 (g/kg resulted in lesions on the hands complicated by microbial invasion.

Fregert, (1965)
5
0.26
5
Each of the subjects developed acute reaction on the palms and one developed generalized eruptions.

5.0
ELICITATION OF ACD AFTER INHALATION OF Cr(VI) IN HUMANS TC"5.0 ELICITATION OF ACD AFTER INHALATION OF Cr(VI) IN HUMANS" \l1 
Acute systemic and dermal allergic reactions have been observed in chromium sensitive individuals exposed to chromium via inhalation.  Exposure of people to 0.029 ppm or mg/l as sodium chromate via a neublizer caused anaphylactic reactions characterized by dermatitis, facial angioedema, bronchospasm, accompanied by high plasma histamine level and uriticaria (Moller et al., 1986). Similar anaphylactic reactions were observed in individuals who had a history of chromium contact dermatitis and exposed to Cr(VI) via inhalation(Olaguibel and Basomba,1989).  Although these studies can not be used to estimate acceptable soil Cr(VI) levels, they strongly suggest that Cr(VI) inhalation can elicit ACD and other immunologic reactions at low doses.  The human data are corroborated by an animal study where rats exposed to very low concentrations of Cr(VI) demonstrated adverse immune reactions (Glaser et al., 1985).
 TC "6.0 DISCUSSION"\l1 6.0
DISCUSSION

 TC"6.1
Historical Patch Testing Studies and Cr(VI) Soil Standard" \l2 6.1
Historical Patch Testing Studies and Cr(VI) Soil Standard

The old patch testing studies described earlier may not be an appropriate basis for soil Cr(VI) standard for the following reasons:

1. Proctor et al. (1997) reported that some missing information such as surface area of patches and volume of Cr(VI) applied to the patches were made available for three of the historical studies.  Based on the furnished information, the 10% METs in ppm (mg Cr(VI)/l ) were converted to applied dose (Cr(VI)/cm2-skin) (Table 4) using Equation 2.  Comparing the 10% MET derived from the study of Nethercott et al. (1994) with the 10% METS derived using the historical studies demonstrated that the earlier studies gave 10% METs 6-20 times higher than that estimated from the study of Nethercott et al. (1994)  (Table 4). The corresponding soil levels of chromium ranging between 2850 to 8150 mg/kg were also 6 to 20 times higher than the soil level of Cr(VI) determined using the Nethercott et al. (1994) study.




Dose = [Cr(VI) * V]



(Equation 2)





    SA

Where:

Dose
=
is the applied dose of Cr(VI) ((g/cm2)

[(Cr(VI)] =
is the applied concentration ((g/ml or ppm)

V
=
is the volume of Cr(VI) solution applied to the patch


SA
=
is the surface area of the patch (cm2)

The divergent results between the newer and the older studies were suggested to be due to:

· Lower diagnostic patches [0.25% Cr(VI)] were used in the newer study while higher diagnostic patches [0.5% Cr(VI)] were used in the historical studies in the first round of the sensitization process.  This new standard diagnostic procedure may have lead to the exclusion of less sensitive individuals or excluded those who had irritant reactions.

· The newer patch testing device may have delivered the allergen more efficiently than the device used in the historical studies.

Table 4. Summary of 10% Minimum Elicitation Thresholds (METs) and Their Associated 95% Lower Confidence Limits (LCLs) for the Patch Test Studies Evaluated

Studya
10% METb

µg/cm2-skin
95% LCL of 10% MET ((g/cm2-skin)c
Chi Square p-value
Model fitd
Soil Cr(VI)e level

mg/kg

Nethercott et al. (1994)
0.089
0.052
0.713
Yes
445

Skog and Wahberg (1969)






Potassium Dichromate, Neutral
1.63
0.66
0.001
No
8150

Potassium Dichromate, Alkaline
0.57
0.34
0.331
Yes
2850

Potassium Dichromate, Petroleum
1.4
0.88
0.044
Yes
7000

Zelger and Wachter (1966)

Potassium Dichromate Acid

7.2
NA



Potassium Chromate, Acid
0.72
0.46
0.059
Yes
3600

Zelger(1964)

Potassium Dichromate, Acid
10.4
4.7
NA



Potassium Chromate, Alkaline
0.63
0.37
0.192
Yes
3150

Chromic Acid, Alkaline
0.55
0.21
0.577
Yes
2750

a
One dataset was excluded due to low number of dose groups with.

response ((2).  This dataset included Zelger (1964), lead dichromate

b
10% MET estimated using maximum liklihood estimates of the 

parameters of cumulative distribution function for truncated lognormal model.

c
95% LCL of the 10% MET estimated using likelihood ratio 

method.

d
The data were considered to fit the lognormal model at 99% 

confidence level if the p-value of the chi square test was greater than 0.01. 

e
Estimated by MADEP based on soil adherence value of 0.2 mg-soil/cm2-skin, 100% Cr(VI) extractability, and the various 10% MET values listed in the table.

Reproduced and modified from Scott and Proctor (1997)

(2)
 The historical studies did not provide sufficient information to derive applied dose from applied concentration. The applied concentrations (mg Cr(VI)/l-solution) can not be used to mathematically estimate soil Cr(VI) levels.

 TC "6.2 Cr(VI) and Cr(III) Soil Criteria Developed by MADEP"\l2 6.2 Cr(VI) and Cr(III) Soil Criteria Developed by MADEP

Since the historical data were not an appropriate basis for chromium soil criteria, this report has determined acceptable levels of Cr(VI) and Cr(III) based on the more toxicologically current study of Nethercott et al. (1994).  The 10% METs in sensitized people according to this study were 0.000089 mg/cm2-skin for Cr(VI) and 0.033 mg/cm2-skin for Cr(III).  The soil concentrations that would be equivalent to their respective 10% METs are 170 and 65,000 mg/kg for Cr(VI) and Cr(III). The Cr(VI) and Cr(III) acceptable soil levels were determined using Equation 1 and  various assumptions as follows:


Soil concentration = MET * CF



                     SA*BA
Where:

MET = minimum elicitation threshold (estimated to be 0.000089 mg cm2-skin and 0.033 

     mg/cm2-skin for Cr(VI) and Cr(III) respectively

CF    =  Conversion factor (106 mg -soil/kg soil)

SA    =  Soil adherence factor of (0.51 mg soil cm2-skin (EPA, 1996), average value)

BA    =  Bioavailability (assumed 100%, unitless)

 TC "6.3 Cr(VI) ACD: Bioavialability and Routes of Exposure"\l2  6.3
Cr(VI) ACD: Bioavialability and Routes of Exposure

Assuming 100% bioavailability seems to result in a conservative estimate of the Soil Cr(VI) standard.  However, MADEP recommends not to apply any extraction factor at present that will increase the above determined Cr(VI) soil criterion for the reasons described in the following subsections.

 TC"6.3.1 Bioavailability"\l 3  6.3.1
Bioavailability

No appropriate data can be identified on the extractability of Cr(VI) from soil by skin components.  Most Cr(VI) compounds are very soluble in water (ATSDR, 1993) and probably in lipids.  Exposure to machine oil containing chromate caused allergic dermatitis suggesting that Cr(VI) compounds may be soluble in lipids.  Skin components such as sweat, fatty acids and lipids may extract Cr(VI) that is found in soil.  Horowitz and Finley (1993) used human sweat to extract Cr(VI) from chromium ore processing residue (COPR) and determined the extractability of Cr(VI) to be <0.1%.  The COPR was extracted for 12-hr at 30(C with minimum agitation to simulate environmental exposure conditions.

While the extraction of Cr(VI) by human sweat appears to be a more accurate simulation of skin contact processes, the experimental procedures used raise some questions.  The sweat pooled from various subjects was irradiated (Horowitz and Finley, 1994) to preserve the biological materials in the sweat from degradation.  The authors reported that the irradiation slightly discolored the sweat.  The change in the color of the sweat is an indication that the physicochemical properties of this biological fluid may have changed.  This condition could affect the extractability of Cr(VI) since the existence of the more extractable hexavalent form depends on the redox potential of its microenvironment which could have been altered by the irradiation.  

Also, the normal flora of the skin that could be irradiated may not be inert to processes taking place on the surface of the skin.  Furthermore, The length of time (12-hr) that the sweat was used to extract the hexachrome at 30(C may also have led to degradation of the organic components in the sweat leading to changes that would affect the extractability of Cr(VI).  Human sweat is not stagnant but continually replenished on the skin surface and may have a different Cr(VI) extracting capacity in its natural environment.

Cr(VI) was also extracted from COPR for 24-hr at 39(C with constant agitation using synthetic sweat.  The leachability of Cr(VI) from the COPR using synthetic sweat was 83% (Wainman et al., 1992).  Two of the parameters used, the extraction duration and the constant agitation employed during the extraction process, may not represent environmental exposure conditions.  The normal skin temperature (30 -37(C), however fluctuates depending on ambient conditions and could attain higher values than 39(C (Mukhtar, 1992). Therefore, the value used in the experiment may be reasonable.

The data suggest that neither of the extraction procedures can reliably determine how much of the Cr(VI) can leach from soil on to the skin surface.  Until data on skin penetration of Cr(VI) from contaminated soil are available, it is health protective to assume 100% bioavailability of Cr(VI) from soil when in contact with skin.

 TC "6.3.2 Routes of Exposure" \l3 6.3.2
Routes of Exposure

Oral Exposure

There are data suggesting that Cr(VI ) may be a more potent dermal sensitizer when taken orally than when applied dermally.  Oral administration of 50 (g potassium dichromate [which is equivalent to 18 (g Cr(VI)] to five chromium sensitive individuals caused acute reaction on the hands of all test subjects and one developed generalized eruptions (Fregert, 1965).  Assuming that each of the subjects weighed 70 kg, the dose per kg body weight was 0.26 (g (18 (g Cr(VI/70 kg) .  This was the lowest oral dose that elicited ACD in 100% of the tested subjects.  The 10% MET will probably be much lower than 0.26 (g Cr(VI)/kg body weight. This value is lower than the RfD which is 5 µg/kg/day suggesting that the Cr(VI) reference dose based on other systemic endpoints may not be protective of Cr(VI)-induced ACD in the sensitized population.

For a child weighing 12 kg, the total dose that will elicit ACD is equal to 3.1 (g Cr(VI) (0.26 (g/kg * 12 kg).  A safe soil Cr(VI) level back calculated from this result, assuming a 100 mg soil per day ingestion rate and a 100% Cr(VI) bioavailability was 31 mg Cr(VI)/kg-soil [(0.26 (g Cr(VI)/kg/d *10-3 mg/(g* 12kg) /(100 mg soil/d * 10-6 kg-soil/mg-soil)].  This estimate strongly suggests that Cr(VI) levels in the soil lower than 170 ppm may elicit ACD in children that are in contact with Cr(VI) contaminated soil.  

As in the dermal data, the bioavailability Cr(VI) was not factored in while determining the acceptable Cr(VI) soil level using the oral study.  A bioavialability factor may not be necessary in this case, since in rats administered Cr(VI ) by gavage for 2-14 days from various sources, i.e., from sodium chromate [Cr(VI)], from calcium chromate [Cr(VI)], or from soil contaminated with chromium [30% Cr(VI) and 70% (Cr(III)], chromium appeared to be better absorbed from soil than from the chromate salts (Witmer et al., 1989, 1991).

Inhalation Exposure

As reported earlier, anaphylactic reactions characterized by dermatitis, facial angioedema, bronchospasm, accompanied by high plasma histamine level and uriticaria (Moller et al., 1986; Olaguibel and Bsomba,1989) have been observed in chromium sensitive individuals exposed to chromium via inhalation.  Although these studies can not be used to estimate acceptable soil Cr(VI) levels, they strongly suggest that Cr(VI) inhalation can elicit ACD and other immunologic reactions at low doses.

Low level exposure to sodium dichromate seems to stimulate the humoral immune system.  Rats exposed to 0.025 - 0.2 mg/m3 as sodium dichromate (9-70 (g Cr(VI)/m3) for 22-hr per day, seven days per week, for a duration of 90 days, had their immune system stimulated.  The stimulation was manifested as increased response to sheep red blood cells, increased immunoglobulin content, increased mitogen-stimulated T-cell content, increased percentage of lymphocyte and granulocyte count and increased phygocytotic activity (Glaser et al., 1985). 

The exposure concentration that caused the lowest observed adverse effect level (LOAEL) was 0.025 mg Na2Cr2O7/m3 (9(g Cr(VI)/m3). This exposure concentration also stimulated the immune system at 28 days. Since the LOAEL was based on subchronic studies on naive animals, it can be considered as sensitization concentration rather than concentration that causes elicitation of ACD in sensitized animals.  Normally, sensitizing doses are considered to be higher than doses that elicit Cr(VI) ACD in sensitized people (Wass and Wahlberg, 1991).

If this animal LOAEL is extrapolated to a human LOAEL by assuming a continuous exposure scenario (9(g Cr(VI)/m3 * 22/24) and applying the conventional safety factors to account for the use of animal data (10), for adjusting LOAEL to NOAEL (10), for human sensitivity (10), and for insufficient database 10 (especially since only single animal species was used), the estimated human safe exposure concentration will be 8.3 x 10-4 (g Cr(VI)/m3.  The subchronic exposure duration was not adjusted for chronic exposure duration because it does not take a lifetime exposure to develop Cr(VI) contact dermatitis.

Assuming a 70 kg person inhaling 20 m3 of air per day, the dose that will induce ACD in nonsensitized humans will be 2.4 x 10-4 (g/kg/day. This estimated dose from an inhalation exposure is lower than the oral Cr(VI) dose that would elicit ACD in sensitized people (0.26 µg/kg).  

The above estimated concentration of Cr(VI) in air (8.3 x 10-4 (g/m3) that would elicit allergic reactions is also equivalent to the concentration of Cr(VI) in air [8.3 x 10-4 (g/m3, based on the unit risk of 1.2 x 10-2 for Cr(VI)] that is associated with 1 x 10-5 cancer risk.

Taken together, the data indicate that:

· No appropriate bioavailability factor exists to be used in the determination of ACD-based soil criterion.

· Inhaled Cr(VI) causes ACD at a much lower dose than ingested or dermally applied Cr(VI), suggesting that soil criterion derived from dermal data without applying a bioavailability factor may not be a conservative estimate.

· The regulatory numbers based on cancer and other systemic effects may not be protective of Cr(VI)-induced ACD and other immune reactions.

In conclusion, until appropriate oral and inhalation studies are found, the soil criterion for Cr(VI) (170 ppm) based on dermal data should not be increased by applying any factors (i.e., soil adherence and bioavailability factors) other than those used in the derivation of this number.
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While the applied dose of Cr(VI) is an appropriate dosimetery to derive soil criteria, in agreement with Felter and Dourson (1997), the water concentrations of Cr(VI) can be used to estimate the MET for the elicitation of ACD in sensitized populations swimming or bathing in Cr(VI) contaminated water.  The re-analysis of the historical studies demonstrated that 10 mg Cr(VI)/l (the 10% MET estimated from the historical studies) was equivalent to 0.4-0.5 mg Cr(VI)/cm2-skin (applied dose). These converted doses were 5 to 6 times higher than the 10% MET (0.089 (g Cr(VI)/cm2-skin) determined using the more current data of Nethercott et al. (1994).  This evaluation suggests that the true elicitation threshold expressed in terms of concentration may be at least 5 to 6 times lower (1.7 to 2 mg Cr(VI)/l) than the 10 mg Cr(VI)/l determined by Bagdon and Hazen (1991) and Stern et al. (1993).  At present the historical data are unreliable to set ACD-based water criteria for dermal contact.
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· MADEP considers chromium dermatitis to be a critical effect involving the immune system and this endpoint should be used for determining acceptable levels of CR(VI) in soil.

· The minimum elicitation threshold of Cr(VI) allergic contact dermatitis determined by Nethercott et al. (1994) should be used to determine soil levels of Cr(VI) that are protective of Cr(VI) ACD.

· The recommended Cr(VI) soil criteria for use by MADEP are 170 mg/kg for Cr(VI) and 65,000 mg/kg for Cr(III).  These numbers are based on the study of Nethercott et al. (1994).

· Inhalation and ingestion studies strongly suggest that Cr(VI) may be a more potent dermal sensitizer when exposures are through these routes. Hence, until appropriate inhalation and oral studies are available, the number [170 mg/Cr(VI)/kg-soil] derived using the dermal data should not be raised by altering the assumptions that went into its derivation.

· The data are inadequate to recommend an ACD-based Cr(VI) water criterion for dermal exposures at this time.

· MADEP acknowledges that changes may be needed in the soil adherence value used in this report to derive the MADEP recommended chromium soil criteria.  Recent data from Kissel et al. (1996a, 1996b) have related dermal adherence to soil characteristics and to specific activities.  Consideration of a soil adherence factor based on the exposure scenario of concern is an appropriate approach to develop soil chromium levels.  A review of soil adherence factors is currently under way.  

· The oral and inhalation data on Cr(VI)-induced ACD warrant future dose-response studies.
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Areas of uncertainties that would result in overestimates of the threshold concentration and the soil standard:

· Patch testing:.  This area of uncertainty is discussed in Stern et al. (1993) and Felter and Dourson (1997).  Patch test studies are conducted by placing a Cr(VI) containing patch in direct contact with the skin and leaving it in place for 24-48 hours, under occlusion. The use of patch testing data to simulate environmental conditions will thus lead to questionable results.  Since no other alternative means of evaluating the dermal sensitizing capacity of Cr(VI) are available, risk assessment based on Cr(VI) ACD will include this area of uncertainty.

· Bioavailability: The lack of appropriate bioavailability factor for Cr(VI) in soil may lead to an overestimation of the Cr(VI) soil criterion.  A bioavailabiltiy factor of 1 was applied when estimating the ACD-based acceptable level Cr(VI) in soil.  The reasons for assuming 100% bioavialability were discussed previously: in summary, no appropriate studies were located regarding the extractability of Cr(VI) from soil by sweat and lipids on skin surface.

An area of uncertainty that would result in underestimation of the minimum threshold concentration and consequently the Cr(VI) soil criterion:

· pH: The historical patch testing studies have demonstrated that when chromium is administered at high pH levels, Cr(VI) sensitive individuals have been shown to develop ACD from dermal exposure at lower concentrations of Cr(VI). The patches used by Nethercott et al. (1997) were prepared by mixing K2Cr2O7 with wet hydroxypropyl cellulose gel to specified concentrations.  Although no pH was specified in the experimental procedure, it appears that the patches were of neutral pH.  These conditions may lead to an underestimation of the ACD elicitation threshold when exposure is to Cr(VI) in soil with high pH values.  Future patch testing studies should include patches representing various pH levels.

· Route of exposure: The available data suggest that Cr(VI) may be a more potent inducer of Cr(VI) ACD when ingested or inhaled than when dermally applied. The data, however, were inappropriate to derive ACD-based soil criteria for Cr(VI) from these routes of exposure.  Until such data are available, the soil criterion based on dermal data was estimated by assuming 100% bioavialability of Cr(VI) in soil.  
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