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How to use the groundwater resources at the
area polluted by organoarsenic compounds for
Old Japanese Army Toxic Gas Weapon in Japan
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Abstract: We have many problems how to use the ground water resources in geo-pollution sites from a view point of
medical geology in Japan. The concept of geo-pollution science as a science in medical geology and the successful
continual usage of agricultural ground water in geo-pollution sites due to organoarsenic compounds, e.g. diphenylarsinic
acid (DPAA), is shown in the paper.
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1 Introduction

Water problems in the world are serious from a
point of medical geology because of water pollution
problems, e.g. groundwater pollution problem M. We
have duty to supply clean water to human-being
without chemical disease.

Geo-pollution Science in Medical Geology ™
plays an important role how to use Geo-environmental
Resources, e.g.  Groundwater  resources, in
Geo-pollution area all over the world. Accordingly, we
should describe the following successful sustainable

usage of agricultural ground water in geo-pollution
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sites due to organoarsenic compounds, e.g.

diphenylarsinic acid (DPAA).

2 Concept of gepollution—compound
pollution that arises from three
different types of pollution

“Geo-pollution” is a compound subterranean
(underground) pollution comprised of three types of
underground pollution: ~ “strata pollution”, e.g.
pollution of top soil layer , “groundwater pollution”
and “ground air/gas pollution.” These three types of
underground pollutions have a complex interaction

with each other. Most geo-pollution cases are not
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contained only within surface strata such as man-made
strata or top soil layers, but the pollutants usually
spread into deeper layers. Consequently, an
examination and cleanup of a single medium is not
sufficient to solve the problem!.,
2.1 Strata pollution

Strata pollution typically involves heavy metals (e.g,
lead, cadmium, hexavalent chromium, arsenic), volatile
organic compounds (VOCs, such as tetrachloroethylene
(PCE) and trichloroethylene (TCE)),

chemicals and dioxins. Heavy metal pollution is often

agricultural

found in former sites of chemical factories or plating
factories in urban areas, and near waste disposal sites
or old mines in suburbs. Organochlorinated
substances, once used in large quantity as a degreasing
solvent and cleaner by semiconductor factories,
mechanical manufacturing and metal processing are
found in the areas near those facilities all over Japan.
Pollution with agricultural chemicals is common in
golf courses as well as in the areas adjacent to farm
land. These chemicals tend not to stay in the surface
layers including soil layers, and regularly seep into
groundwater in aquifer. Dioxin pollution occurs in the
strata under and around waste incineration facilities.
2.2 Groundwater pollution

Groundwater pollution threatens one of the most
important water sources in our country. As is the case
of strata pollution, typical pollutants include heavy
metals, organochlorinated substances and agricultural
chemicals. There are many incidents of elevated
nitrate nitrogen levels in groundwater all over Japan,
caused by excessive fertilization and drainage from
livestock farming. Compared to other subsurface
mediums, groundwater flows and moves the
contaminants much faster, spreading the pollution to
wider areas within a short period of time. Accordingly,
groundwater pollution requires prompt determination
of pollution mechanisms to develop containment and
cleanup plans in time.
2.3 Ground air pollutions

Ground air pollution occurs when contaminants
such as

organochlorines,  hydrocarbons  and

methylmercury are volatilized and released from
polluted surface layers and groundwater, and diffuse
into ground air inside soil particles or in underground
openings. A severe case of ground air pollution can
even cause atmospheric pollution. In other cases,
surface crop was damaged or died due to ground gas
contamination with methane released from landfills

and natural gas field.

3 Medical
polluted by

geology and aquifers
organoarsenic

compounds for Old Japanese

Army Toxic Gas Weapon

Ground water for drinking water of the apartment
building contained diphenylarsinic acid (DPAA) (Fig. 1)
in Kamisu city, Ibaraki prefecture, Japan. DPAA
seems to be the raw materials for Toxic Gas Weapon
of Old Japanese Army.

The characteristics of the acid poisoning include
brainstem-cerebellar and cerebral symptoms ™.

After that, phenylarsonic acid (PAA) which may
be a degradation product of DPAA is detected in the
ground water. Both organoarsenic compounds are
detected in groundwater and top soil layer in the paddy
field in 2 km from A area ( paddy field filled cement
milk after being mixed with DPAA and cement) to B
area ( This study area) **.To have the sustainable
pumping without the compounds, the pumping and
observation well system is set as follows ( Fig.2).

In the area, three main aquifers are developed with
the sub-aquifers intercalated among each aquifer. The
groundwater in middle and upper aquifers is not
polluted by both organoarsenic compounds but
polluted in lower aquifer . The concentration of both
compounds and total arsenic in each aquifer at the

Kamisu observation wells No.1

? R
k) g
OH OH
DPAA

( Fig.1) is shown in

PAA

Fig.1 Molecular structure of DPAA and PAA
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Table 1. The former is analyzed by High Performance
Liquid Chromatograph - Inductively Coupled Plasma
Mass Spectrometer (HPLC-ICP-MS) B and the later
by Atomic Absorption Spectrophotometer (AAS)!,

4 Successful sustainable usage of

agricultural groundwater

The three observation wells installed at Kamisu
No.1 of the

observation system surrounding the organic arsenic

observation  wells geo-pollution
pollution area of Kamisu City, i.e. Kamisu No. 1-A
well, Kamisu No. 1-B well, and Kamisu No. 1-C well.
Only the Kamisu No. 1-A well with the deepest screen
depth (depth: 31.30 m to 27.50 m below G.L.) is
polluted by

organoarsenic ~ compounds.  No

organoarsenic compounds have been detected for the

Kamisu No. 1-B well, having a screen depth in the
middle part of sand and gravel alternation member
(depth: 19.00 m to 15.20 m below G.L.), nor for the
Kamisu No. 1-C well, having a screen depth in the
upper part of sand and gravel alternation member
(depth: 6.00 m to 2.20 m below G.L.).

Based on the of this

geo-pollution observation system, the agricultural

observation results
pumping well No.1 for experimental research and the
observation well No. 1 for experimental research were
located on a ridge between paddy rice fields
approximately 130 m from the location of the Kamisu
(Fig. 3). The details of the
installed wells are as follows. The two wells were

observation wells No. 1

separated by a horizontal distance of 3 m.
(1)Observation well No.1 for experimental research
(screen depth: 19.50 m to 17.00 m below G.L.):
Placed at the depth of the sand member between the
lower part of sand and gravel alternation member and
the middle part of sand and gravel alternation member.
(2) Agricultural No.1 for
experimental research (screen depth: 15.00 m to 2.00

pumping well

m below G.L.): Placed at a depth extending from the
middle part of sand and gravel alternation member to
the upper part of sand and gravel alternation member.
The screen depth of the observation well of detail
(1) is more similar to the screen depth of the Kamisu
No. 1-A well, for which polluted groundwater is
observed, and is lower to the screen depth of the
agricultural pumping well of detail (2). On the other
hand, the screen depth of detail (2) extends from the

Table 1 Concentration of organoarsenic compounds and total As in ground
water of each observation wells (No.1-A:lower aquifer, No.1-B:middle
aquifer , No.1-C:upper aquifer) at the Kamisu observation wells No.1

2004/7/20~21
Kamisu
HPLC * ICP-MS
observation wells

(ng/L)
NO.1
PAA DPAA
NO.1-A 25 571.5
NO.1-B Non-detected Non-detected

NO.1-C Non-detected Non-detected

2005/6/12~13

AAS HPLC * ICP-MS AAS
(ngl) (ng/L) (ng/L)
T-As PAA DPAA T-As
460 271 197.8 210
8 Non-detected Non-detected 7
<1 Non-detected Non-detected <1
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Fig.3 Geo—environmental and hydrostratigraphic cross section of A=A’ and structure of each well”

screen depth of the Kamisu No. 1-B well to the screen
depth of the Kamisu No. 1-C well, for which no
groundwater pollution has been observed.

These screen depth settings for the experimental
research system are designed to determine a pumping
rate for providing unpolluted groundwater. The system
consists of the agricultural pumping well No.1 of detail
(2), from which water is pumped; and the observation
well No. 1 of detail (1), in which a polluted
groundwater plume rises due to the pumping activity
of detail (2) and is detected therein.

In this experimental research system, continuous
pumping was performed at a rate between 180 and 200
L/min for the agricultural pumping well No. 1. The
continuous pumping continued for 1600 minutes
(approximately 27 hours) and resulted in a

cumulatively pumped volume of 302 m’. The

maximum water level drop of the agricultural pumping
well No. 1 was 2.635m, and the maximum effect on
the observation well No. 1 was 0.188 m.

From the start of pumping through about the first
five minutes, the water levels of both the agricultural
pumping well No. 1 and the observation well No. 1
were in steady states. Regarding changes in the
concentrations of total arsenic, the concentration for the
agricultural pumping well No. 1 remained unchanged
throughout the continuous pumping at 1 p g/L as total
arsenic ™, while the concentration for the observation
well No. 1 reached a steady state from about 800
minutes after beginning the pumping (Fig. 4).

Based on these results, rice cultivation was
successful using unpolluted groundwater pumped with
a roughly calculated, albeit safely conservative daily

volume of approximately 150 m* to 200 m®. However,



Hisashi NIREI et al. How to use the groundwater resources at the area polluted by organoarsenic compounds
for Old Japanese Army Toxic Gas Weapon in Japan

00 L.‘__.__‘—_“_*\'—, 400 ~ 10
—=— Drawdown of ground water level
in agricultural pumping well Na1(m) /
05 — 350 N
~—— Drawdown of ground wster level
n abservation well No.1(m) ‘ Total As in the ground water of observation well | gl .
—4— Accunmulated ground water volume °
during pumoing test (m3) / \ \g
10 +— o Total As of ground water = 300 % 75
in agricultural pumping well Nt {22 g/L) Tug/L \ Tug/L =
e Total As of ground water E
in observation well N1 (¢ g/L) a —~
@ I
= 15 250 I 8
\E, =1 2
> Gug/L © =
2 E <
2 Sug/L = =1
= ° 8
8 20 200> 5 %
@ 5 =
= V\ b
s g
§ dug/L Accumulated ground water volume E
G 25 during pumping test 1503
=3
- 2
S . g
30 100E 25
3
o
3
<
Tug/L
35 TRTC 50 u
\ Total As in the ground water of agricultural pumping well
40 L L L L s L L L L ) L0
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time (min)

Fig.4 Results of the pumping test regarding total arsenic concentration and appropriate

agricultural groundwater pumping rate”

research currently continues regarding details of the
appropriate pumping rate, i.e. research study on the
agricultural pumping and observation wells of No.2
and the development of numerical model for the
appropriate pumping rate.

5 Conclusions

The observation well for experimental research
was installed with a screen placed at the depth of the
sand member near the lower part of sand and gravel
alternation member, and the agricultural pumping well
for experimental research was installed with a screen
placed at the depth extending from the middle part of
sand and gravel alternation member to the upper part
of sand and gravel alternation member; these wells
were installed with the purpose of determining the
appropriate pumping rate based on the relationship
between the groundwater volume and the total arsenic
concentration by observing the groundwater volume
variation and the concentration change for each depth

as indices of the effects of sucking polluted
the
Additionally, based on the groundwater level variation
and the total

concentration due to the pumping rate of the

groundwater upward from lower aquifer.

in the observation well arsenic

agricultural pumping well, it was possible to
continually pump unpolluted groundwater from the
agricultural pumping well.

Hitherto, much research has been performed
concerning permissible pumping rates and permissible
groundwater levels from economically essential
conditions focused on groundwater pumping rates and
land subsidence from a viewpoint of hydrogeology ",
the

essential for life and the inseparability of these with

Subsequently, importance of conditions
economically essential conditions were discussed for
achieving sustainability of groundwater resources!?.
With the aim of further expanding the viewpoints
recited above, and to successfully harvest unpolluted

rice from paddy rice fields polluted by organoarsenic
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compounds, an example of research is described here

regarding a permissible pumping rate and a
permissible concentration on the premise of conditions
essential for life. Research concerning groundwater
environmental conditions
life,

conditions thereby involves the essentials for resolving

resources, resources,

essential  for and economically essential

global environmental problems, and therefore is

planned for more in-depth future research.
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