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Evidence of Hexavalent Chromium Ingestion

ABSTRACT: We describe the application of histochemica demonstration of chromium in a case of fatal ingestion of potassium dichromate in a
suicide attempt. Using 2-(8-quinolylazo)-4,5-di-p-tolylimidazole (QTI), we could demonstrate chromium in the erythrocyte of the victim, in situ.
Thisfinding provides a means of proving the hexavalent chromium ingestion.
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Dichromate chemicalsarewidely used in the production of chrome
pigments, wood preservatives, plating and anticorrosives in various
chemical forms(1). Following ingestion, the hexavalent chromiumis
reduced ultimately to trivalent form, but this conversion, and perhaps
theintermediate pentaval ent chromium, combinesto produce severe,
free-radical damage to mitochondria (2). Acute toxicity of dichro-
mate compounds is due to this strong oxidation action, and causes
multiple organ damage, such asliver and kidneys (1-5).

In general, the morphological findings are non-specific in a poi-
soning case, and the diagnosis depends on an analytical toxicology.
Recently, histochemical demonstration of chromiuminrat liver has
been reported using 2-(8-quinolylazo)-4,5-di-p-tolylimidazole
(QTI, Fig. 1) (6). It isasensitive chelating agent and provides ap-
proximately 10 times more sensitivity than the conventional
method (6). However, there have been no reports of its application
to a human poisoning case. Here we employed the histochemical
staining using QT in a case of potassium dichromate ingestion in
afatal suicide attempt and detected chromium in erythrocytes. This
evidence indicated hexavalent chromium exposure.

Materialsand Methods
Case History

A 61-year-old male ingested potassium dichromate in a suicide
attempt. Despite immediate detoxification, he died 5 days later.
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Diffuse necrosis and severe hemorrhage of the liver and severe ero-
sion with bleeding in the gastrointestinal tract were observed at
postmortem examination. Postmortem blood chromium concentra-
tionwas 2.0 n.g/g, whichisextremely higher than normal range (10
* 4 ng/mL) (7). The cause of death was confirmed as multiple or-
gan failure due to dichromate compound ingestion (8).

Procedures for QTI staining

QT staining was performed according to a previous report (6). In
brief, the staining solution contains QTI (1-2 mg), 0.5 mL dimethyl-
sulfoxide and one drop of 0.5N NaOH in 30 mL deionized water.
Tissue sections were immersed in the staining solution for 6-7 h at
30°C. The sections were then washed in water, air dried, immersed
in xylene and mounted. This QTI also has a high affinity for copper,
lead, and zinc in addition to chromium. To prevent interference by
these metals, the deparaffinized sections were immersed in an aky-
lamine solution for 15 min, and then, QTI staining was performed
(6,9). Control sections were obtained from other ischemic heart dis-
€ase Cases.

Results and Discussion

We observed positive staining of chromium in the erythrocytes,
which was stained a bluish purple (Fig. 2), but no staining was ob-
served in the kidney and liver, and also in the control section. This
is the first report of the application of histochemical detection of
chromium in ahuman poisoning case. It has been reported that de-
grees of staining intensity depend on the concentration, rather than
volume of injected metal solution (10). The blood is exposed to a
relatively high concentration of hexavalent chromium in a short
period following a large amount of chromium ingestion, and
hexavalent chromium is easily uptaken and accumulated by the
erythrocytes in blood without adverse effect (3). This may be the
reason for our histochemical detection of chromium in the erythro-
cytefive days later following ingestion. The reasons that we failed
to detect chromium in the kidney and liver, are unknown.
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FIG. 1—The chemical structure of 2-(8-quinolylazo)-4,5-di-p-tolylimi-

dazole (QTI).

FIG. 2—Positive staining by 2-(8-quinolylazo)-4,5-di-p-tolylimidazole (QTI). Erythrocyte is stained a bluish purple. It indicates the presence of

chromiumin erythrocyte (X100).

The presence of chromium in erythrocytes becomes an indica-
tor of the extent of hexaval ent chromium exposure during the life-
time of the erythrocyte (3). Generally, it is difficult to prove the
existence of hexavalent chromium in the tissues, because of its
rapid transformation to atrivalent form (3). It is easy for hexava
lent chromium to cross the erythrocyte membrane, but difficult for
trivalent chromium (3). It has been reported that more than 90% of
added hexavalent chromium were uptaken by erythrocytes, but
almost none of added trivalent chromium were uptaken in vitro
experiment (11). Following the uptake by erythrocytes, chromium
firmly binds to hemoglobin beta-chainsin the trivalent form (12),
but trivalent chromium can’'t enter the erythrocyte (3). Our
chromium detection in the erythrocyte by this histochemical
method is also proof of the ingestion of hexavalent chromium.
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