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A simple and rapid method was developed for the routine determination and classification of inorganic
arsenic based on its clinical and forensic properties. Inorganic arsenic was isolated from urine by using
copper granules, which was then made to react with ammonium molybdate in order to detect its pres-
ence with the naked eye. Based on studies of extraction and reaction conditions, e.g., reaction tempera-
ture and time, a colorimetric screening method was established. The reaction mixture was measured by a
spectrophotometer, and there was linearity from 0.05 to 2.0 ug/ml and the correlation coefficients of the

ﬁi’s’g‘;zds" calibration curves were greater than 0.99. The coefficients of intra-day variation at 0.2 and 2.0 ug/ml of
Urine inorganic arsenic in urine were 9.6 and 4.2%, respectively (n = 5). The minimum detectable level in urine
Preliminary screening is 0.03 pg/ml, and it is possible to detect the lowest level of poisoning according to the published reports.
Poisoning The proposed method was applied to a poisoning case wherein the patient ingested NEOARSEN BLACK®

with alcohol, which contained 45% of arsenic trioxide. This method produced positive results in all the
urine samples tested, and this method is useful for the screening of inorganic arsenic based on its clinical
properties because it enables the detection of inorganic arsenic in urine without expensive equipment.

© 2008 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Arsenic is widely distributed in the environment and biological
materials, Although only a small amount of arsenic exists in the hu-
man body, it is thought to be an essential element for humans. Med-
icines that contain arsenic are still used in dental treatments,
although there is a poor impression on arsenic compounds because
they have been used in homicides and as components of chemical
weapons. It is well known that groundwater pollution of inorganic
arsenic is global occurrence such as South Asia, Southeastern Asia
and South American countries. Recently, it has been focused that ar-
senic decomposed chemical weapons and these ingredients pollute
soil and water, and this health hazard has occurred in Japan and
China. Therefore, a simple and rapid method is required for the rou-
tine determination and classification of arsenic based on its clinical
properties. Many methods have been reported for the determina-
tion of arsenic in the environmental and in biological materials
[1-5]. Form separation analysis by high-performance liquid chro-
matography with inductively coupled plasma mass spectrometry
(HPLC-ICP-MS) is a current trend in biological analysis because
the toxicity of arsenic depends on its chemical species and forms.
However, it is difficult for everyone to use this equipment.

In order to satisfy the demand for arsenic detection, we devel-
oped a colorimetric method for clinical and forensic use. In the first
stage, we examined the colorimetric detection of inorganic arsenic

* Corresponding author. Tel: +81 82 257 5172; fax: +81 82 257 5174.
E-mail address: namera@hiroshima-u.ac.jp (A. Namera).

1344-6223/$ - see front matter © 2008 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.legalmed.2008.10.001

in drinks or gelled foods by commercially available test kits (Pack
Test and Merckoquant produced by Kyoritsu Rikagaku Kenkyusho,
Japan, and Merck, Germany, respectively). The results revealed that
these kits can detect inorganic arsenic in drinks and gelled foods
[6,7]. Their detection limits were 0.5-25 pg/ml; however, they could
not identify whether the inorganic arsenic is trivalent or tetravalent.
In order to confirm inorganic arsenic poisoning, it is expected to de-
tect concentrations as low as 0.1 pg/ml because the normal concen-
tration range of arsenic in urine was from 0.01 to 0.3 mg/l and the
fatal poisoning concentration range was from 0.1 to 0.4 mg/l [8].
However, it is impossible to detect the inorganic arsenic concentra-
tion in urine by using these kits. In this study, we attempt to utilize
previously existing knowledge to develop a simple and rapid meth-
od through which a routine determination and classification of inor-
ganic arsenic based on its clinical and forensic properties can be
carried out. In biological materials, inorganic arsenic is adsorbed
on to the surface of copper. Following desorption from copper, inor-
ganic arsenic is then detected by a colorimetric reagent.

2. Material and methods
2.1. Materials

Inorganic arsenic standard solution (As(Ill), 1 mg/ml and pH 5)
of analytical grade for atomic absorption spectrometry and dis-
tilled water were purchased from Wako Pure Chemicals (Osaka, Ja-
pan). Disodium hydrogen arsenate {(As(V)) and other chemicals
were of analytical grade. Hydrochloric acid (35.0-37.0%) used
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was of inorganic arsenic analytical grade. Copper granules (purity
99.99%, 12-16 mesh) were purchased from Mitsuwa Pure Chemi-
cals (Osaka, Japan). The granules were washed with hydrochloric
acid and distilled water before use.

Drug-free urine was collected from healthy adult males and
used to make urine samples containing inorganic arsenic and for
use as blank urine controls. Urine samples collected from a case
of inorganic arsenic poisoning were frozen at —20°C and stored
until analysis.

2.2. Sample preparation

We put 5 ml of urine, 3 g of copper granules, and 3 ml of hydro-
chloric acid in a polypropylene bottle (10 ml) and heated it at
100 °C for 20 min to facilitate adsorption of inorganic arsenic to
the copper surface. After cooling to room temperature, the solution
was poured and the copper granules were washed three times by
distilled water. The adsorbed inorganic arsenic was then removed
with 0.5 ml of sodium hydroxide solution (0.1 M) and the proce-
dure was repeated three times. The combined eluate was neutral-
ized with hydrochloric acid and subsequently used for the
colorimetric detection.

2.3. Colorimetric detection

The method of colorimetric detection used was a modified ver-
sion of that had reported previously [9]. Briefly, the eluate and
50 ul KMnO,4 (1074 M) were added to a glass tube. After 5 min,
50 pl of 1-ascorbic acid (0.1 g/m!) and 100 pl of ammonium molyb-
date (13 g [(NH4)sMo070,4-4H,0]/100 ml 9 M H;S0,) were added
into the tube and the mixture was heated at 50 °C for 20 min.
The absorbance (840 nm) of the reaction mixture was measured
using a spectrophotometer (Shimadzu, UV-200S double beam
spectrophotometer).

2.4. Optimal conditions

To obtain an optimal condition for adsorption of inorganic ar-
senic in urine, the amount of copper granules (0.5, 1.0, 3.0, 5.0,
and 10 g), the added volume of hydrochloric acid (1.0, 2.0, and
3.0 ml), and the heating times (10, 20, and 30 min) were examined
in triplicates using urine samples spiked with 2 pg/ml of inorganic
arsenic. After achieving optimal conditions for the adsorption of
inorganic arsenic, the effects of NaOH concentration and number
of repetitions were determined to remove inorganic arsenic from
the surface of the copper granules.

2.5. HPLC-ICP-MS

The Agilent 1100 series HPLC model was used for separating
inorganic arsenic species, and the Agilent 75001 ICP-MS was used
for inorganic arsenic-specific detection. Chromatographic separa-
tion was performed on an L-column ODS (250 mm; internal diam-
eter (id.), 4 mm; 5 um; CERI, Tokyo, Japan) with water as the
mobile phase. The sample was diluted with ultrapure water. The
injection volume was 100 pl, and separation was carried out at
30 °C. The eluate from the HPLC system was introduced online to
the ICP-MS. Signals at m/z 35, 75, 77, and 78 were monitored. Inor-
ganic arsenic species in the samples were identified by matching
their retention time with those of the inorganic arsenic standards.

2.6. A case of poisoning
A 47-year-old male drank NEOARSEN BLACK® with alcohol.

NEOARSEN BLACK® contains 45% of arsenic trioxide and is com-
monly used in dental clinics. The estimated amount of the prepara-

tion consumed was 1g. Three hours later, he was sent to the
hospital in an ambulance. He felt nausea and suffered from con-
sciousness disorder. Diarrhea continued as a typical symptom of
inorganic arsenic poisoning. Urine samples were collected at 3, 6,
12, 24, and 36 h after he was admitted to the hospital.

3. Results and discussion

Although the Reinsch test has been performed for more than a
hundred years, a detailed examination with this test did not pro-
vide definite results {10,11]. To achieve optimal conditions for
inorganic arsenic adsorption in urine and its’ desorption from the
surface of copper granules were examined using urine samples
spiked with 2 pg/ml of inorganic arsenic. Different types of copper,
such as small thin strips, coils, and wires were examined for use in
inorganic arsenic adsorption. Copper granules were used in this
study because of the large surface area of each granule as com-
pared to the other types of the same weight. The effect of the
amount of the copper granules is illustrated in Fig. 1. The mixture
was heated at 100 °C for 20 min. The absorbance of the reaction
mixture was dramatically enhanced in the amount of copper up
to 1g, but this increase was not observed beyond 3 g of copper.
The effect of heating time and the added volume of hydrochloric
acid are illustrated in Fig. 2. The volume of hydrochloric acid did
not affect the absorbance, however, the absorbance was maximal
for 20 min heating. Therefore, the following conditions were
adopted as the optimal condition for inorganic arsenic adsorption;
5 ml of urine, 3 g of copper granules, and 3 ml of hydrochloric acid
were heated at 100 °C for 20 min.

With these conditions for inorganic arsenic adsorption, the ef-
fects of NaOH concentration and number of repetitions on the re-
moval of inorganic arsenic from the surface of copper granules
were examined. When inorganic arsenic was removed from the
surface of copper granules with 0.1 M NaOH, there was a fre-
quency-dependent increase in the absorbance; it was maximized
at a three-time removal. Furthermore, the effect of NaOH concen-
tration on the removal of inorganic arsenic was examined. Differ-
ences in the NaOH concentration (0.01, 0.05, 0.1, 0.5, and 1.0 M)
did not result in any differences in the absorbance. Therefore, the
above conditions were adopted as the optimal condition for inor-
ganic arsenic elution.

The urine samples spiked with inorganic arsenic were prepared
at the inorganic arsenic concentrations of 0, 0.02, 0.05, 0.1, 0.2, 0.5,
1.0, 2.0, and 5.0 pg/ml and analyzed by three times of each point
using the above procedure. The calibration curves were obtained
by plotting the absorbance against the inorganic arsenic concentra-
tion. Linearity was observed from 0.05 to 2.0 ug/ml and the corre-
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Fig. 1. Effect of an amount of copper granule on the recovery of inorganic arsenic in
urine, Each point represents the mean of three samples.
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Fig. 2. Effect of a volume of hydrochloric acid and heating time on the recovery of
inorganic arsenic in urine. Each point represents the mean of three samples,

lation coefficients of the calibration curves were more than 0.99.
The coefficients of intra-day variation at 0.2 and 2.0 pg/ml of inor-
ganic arsenic in urine (n=5) were 9.6 and 4.2%, respectively. The
minimum detectable levels in urine were 0.03 pg/ml and it is pos-
sible to detect the lowest level of poisoning according to published
reports, In the case of inorganic arsenic poisoning in humans, urine
inorganic arsenic concentrations are 1.9-51.4 pg/ml [12-15].
Intoxication with inorganic arsenic mixed in curry occurred in
Wakayama, Japan, in july 25, 1998; 4 people died and 63 people
were injured. The inorganic arsenic concentrations in the 3 sur-
vived children were 9.6, 12.3, and 21.2 pg/ml [16]. These concen-
trations are measurable by this proposed method. The absolute
recovery was 50% at the optimal condition, which seems accept-
able as compared to that by the published report [17].

When normal and inorganic arsenic-spiked urine samples were
directly examined by commercially available kits, false negative
and positive results were observed. These commercially available
kits can be used for the detection of inorganic arsenic in urine by
pretreatment of the proposed method. Organic arsenic such as
dimethylarsinate and diphenylarsinate were not determined by
this method; therefore, this method can distinguish between the
organic and inorganic forms of arsenic.

The proposed method was applied to a poisoning case wherein
the patient ingested 1 g of NEOARSEN BLACK® with alcohol, which
contained 45% of arsenic trioxide. This method produced positive
results in all the urine samples collected at 3, 6, 12, 24, and 36 h
after admission and the concentrations were 0.72, 0.22, 048,
0.14, and 0.10 pg/ml, respectively. A tendency of correlation was
obtained between these results and results obtained using the
HPLC-ICP-MS method. The proposed method is useful for the
screening of inorganic arsenic in clinical and forensic sciences be-
cause it is easy to detect inorganic arsenic in urine without the use
of expensive equipments and also to diagnose the possibility of
poisoning. However, it is difficult to calculate the accurate inor-
ganic arsenic concentration in urine at this stage. Although the pro-

posed method was applied to only one case of arsenic poisoning in
this study, we are planning to assess the correlation between ar-
senic levels obtained by this method and those by the instrumental
method in more poisoning cases.

4. Conclusion

A simple colorimetric method combined with Reinsch test was
developed for use in the clinical and forensic laboratory. This
method detects as low as 0.03 pg/ml of inorganic arsenic in urine
and is useful for the pre-screening to perform the form separation
analysis by HPLC-ICP-MS based on its clinical properties. In addi-
tion, inorganic arsenic in various fluids can be purified with our
extraction method; therefore, it can be potentially used as a sam-
ple preparation procedure for other apparatus.
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