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RATE OF HEXAVALENT CHROMIUM REDUCTION BY
HUMAN GASTRIC FLUID.
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Hexavalent chromium [Cr(Yl)] is reduced to the essentially non-toxic trivalem
,-rate [Cr(lIl)] in [he human stomach. This study investigates the rate of Cr(VI) re­
duction under a variety of simulated gastric conditions, and in real human gastric
juice collected from fasting volunteers. The rate of Cr(VI) reduction in simulated
gastric fluid was measured at pH values from 1.5 to 4.5. at starting Cr(V1) concen­
trarions ranging from 100 to 400 ppb. in diluted stOmach fluid (IO-fold). following
ingestion of Robids'", and in the presence of food. Stomach conditions were simu­
lated by preparing an aqueous mixture of the primary components of gastric fluid
(pepsin. mucine. gastric lipase, gamic amylase. etc.). acidifYing with HCI, and pro­
viding continuous Stirring and hearing to approximately 37'C. All cxperiments
were conducted for 60 minutes. with Cr(YI) measured using a Hach AccuVac
ChromaVer3 insrant test kit. The findings of these studies are: 1) real human stom­
ach fluid has a 10-fold greater capacity to reduce Cr(YI) than simulated stomach
fluid; 2) within the first 2 to 5 minutes. 0.3 to 1 mg Cr(VI)/l is reduced in real
stomach fluid colleCted under fasring condirions; 3) increasing gastric pH from 1.5
to 4.5 reduces the rate and extent of Cr(VI) reduction by at least one-third; 4) the
amount and rate of Cr(VI) reduced is constant regardless of the scarring Cr(V1)
concentration. which suggests that these results may be extrapolated 10 lower con­
centrations ofCr(V1) in drinking water; 5) antacids dramatically increase the pH of
the stomach (from pH 1.5 to 8.2) but appear to have little effcct on the Cr(V1) re­
duction rare or capacity as compared to [eduction at pH 4.5; and 6) the presence of
food substamially increases Cr(Vl) reduction in simulated stomach fluid. with 10
mg/L reduced wirhin the first 4 minutes. These results suggest that ingeste<1 Cr(VI),
at the federal MCl of 100 ppb, would exist in the stomach, even under fasting con­
ditions. for less than I minute before being reduced entirely to Cr(IJl).

practices and processes over time, as well as different exposure data and assump­
tions. thereby yielding significantly different estimates of benzene dose for certain
job caregories. Given the inherent limi[ations and uncertainties involved in esti­
maring historic exposures for this cohort, a "distributional" rather than a "point es­
timate" approach should be more informative for this cohort. In this paper. we re­
evaluare the Pliofllm data using Monte Carlo techniques and discuss the impacts of
various exposure parameters on estimated doses. A key objecrive of this work is to
address criticisms thar previous exposure parameter values were either roo high or
100 low. Estimated benzene doses are reporced as equivalent B-hour time-weighted
averages for more than ten job categories from J936 CO 1965 (Akron r and II facil­
ities) and 1940 to 1976 (St. Mary's facility). The key sources of uncertainty ad­
dressed in rhe analysis include characrerization ofbem.enc air concentrations (back­
ground and peak), uptake of benzene from dermal exposures, engineering comrols
over time. extended work hours and plant shut down in early years, accuracy of
monitoring devices. and effectiveness of personal protective equipment. Sensitivity
analyses are used co illustrate ateas of uncertainty that have the greatest impact on
estimated benzene dose. The results of rhis analysis provide a mote thorough and
defensible characteriution of benzene exposures among the Pliofilm cohort than
those previously reported. These results may also be used. in conjunction with rhe
available mortality data, to provide a more refined asscssment of benzene's chronic
toxicity in humans.
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Two recently developed strains of genetically modified mice have made ir possible
co study the contribution of mutations at the hemochromatosis (Hfe) and uropor­
phyrinogen decarboxylase (URO-Dj genes to porphyric susceptibility.
Homozygosity for the null mutation of the URO-D gene (URO-D-I-) was lethal.
Homozygosity for rhe null mutation of the Hfe gene caused high levels of iron to
accumulate in the liver; heterozygosity was without effect. Neither URO-D nor
Hfe gene disruption alone was sufficient to cause the development of uroporphyria.
We have investigated polyhalogenated aromatic hydrocarbon-induced uropor­
phyria in male and female mice bearing either or both these genetic variables. In
mice heterozygous for a null mutation at the URO-D gene, mild uroporphyria de­
velops 2 J days after a single dose of Aroelor 1254. a polychlorinated biphenyl mix­
ture. The presence of high hepatic iron-load from a disruption of the hemochro­
matosis gene in addition exacerbates rhe porphyric response. The hepatic porphyrin

RISK CHARACTERIZATION USING DIFFERENT
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When only total arsenic tissue concentrations are available. assumptions are re­
quired regarding concentrations of speciated arsenic in fish and shellfish. Using
consumption data from the Pacific Northwest. this work demonstrates the effect of
different assumptions using tissue data ti>r total arsenic in fish and shellfish recently
collected for freshwater and saltwater species in the same area. The results of a
worldwide literature search provide the basis for initial assumptions. Additionally,
assumptions based on a small amount of speciated arsenic data from the Pacific
Northwest arc included. Total arsenic concentrations are higher in saltwater fish
then in freshwater fish. Howevcr. rhe percentagc of inorganic arsenic (As;no ) is
higher in freshwater fish rhan in saltwater fish. Based on sparse information, i~ap­
pears that lower trophic-level fish tend to have higher percentage Asino . Total ar­
senic concentrations tend to be higher in shellfish than in finfish, wirh ~ great deal
of species variability. The percentage of Asuoo, in shellfish is higher than in finfish,
as is the percentagc of anothcr roxic arsenical\pecies. dimcthylarsinic acid. Uprake
of arsenic in an arsenic-contaminated sysrem appears to be a complex process. and
nO generaliuble trends were observed in the data. In an evaluation that assesses
risks from multiple contaminants in the same animal species. the impact of rhe per­
Cent As",o, depends on rhe overall contaminant concentration present in the
species. Th~ importance of the amount of As,"o' in animal tissues increases as over­
all contaminant concentrations decrease. Whil~ having speciated arsenical data is
preferable in all situations, it is most critical when total contaminant concentrations
are suspected to be low. Use of speciated arsenic data facilitates risk management
decisions by avoiding risk characterizations in which As,"",., based on assumptions
rather than measuremenrs, predominates the risk.

ESTIMATION OF INORGANIC ARSENIC INTAKE FROM
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Seafood contributes the greatest fraCtion of total As to the diet; however. the major­
ity of the As in fish is composed of complex organic arsenicals. The contribUtion of
fish to dietary intake of the more toxic inorganic As (As) is pertinent both for as­
sessing background As exposures and for assessing the contribution of As in recre­
ationally caught fish to As exposures from surface water. Due to the expense and
difficulty of analyzing As, concentrations in fish. most available fish data are for
total As (As,o) only. Dietary inrake estimates for Asin fish are frequently made by
assuming that a certain fraction of the As"" teported in the fish is As,. For example.
NRC (1999) assllmed that 10% of seafood As is inorganic. Limited dara has been
available to support such assumptions. but several recent studies suggest rhat the
NRC () 999) assumption may be roO high. Schoof. et al. (J 999) report dara for salt­
water finfish, canned tuna. shrimp and freshwater fish purchased at markets. From
these data the fraCtion ofAs, V$. As"" may be estimated. Whereas 2-8 % of freshwa­
ter fish As is inorganic. <0.1 to 0.6 'Yo of the marine food As is inorganic. The As, in
all of these samples was very low. so the variation in fraCtional inorganic content is
almosr solely due 10 variations in the amount of As,o reported. Bucher. er al. (1994)
reported somewhat higher As, content in marine fish. ranging from 0.4 to 3 %.
Since most seafood intake in typical diets is from marine SOllrces. rhese and other
recenr studies suggest that the NRC assumption is an overestimate. and that As; is
closer to I % of As,", in seafood. New data also allow estimates of fractional As, in
wild freshwarer fish. EVS (2000) report As,", and As, for fish caught in the
Willame[te River in Oregon. No As was derected in pike minnow, while the frac­
tion of As,,,, that was As, averaged 5 'Yo, 4% and \3 % in bass. carp and Slicker. re­
spectively. The implications of these fIndings foe risk assessment ofAs in fish in sur­
face water and the derivation of ambient water quality criteria for As will be
explored.
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Regulatory standards or guidelines for occuparional exposure 10 benzene are based
predominandy on studies of \Yorkers. The cohort of rubber hydrochloride
(Pliofilm) workers. in panicular, serves as the primary basis for the OSHA
Permissible Exposure limit (PEL) and ACGIH Threshold limit Value (TLV).
Previous assessments of this cohort by Rinsky (1981), Crump and Allen (1984),
and Paustenbach et aI. (1992) have relied on varying assumptions about workplace
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