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Abstract In order to understand the behaviors of inorganic elements at the confluence of the river water and water
supply process, the Watarase, Tone, and Edo River System was studied in regard to inorganic contamination. This river
system starts from the base of the Ashio copper mine and ends at Tokyo Bay. Along the rivers, there are 14 local munic-
ipalities in Gunma, Saitama, Ibaragi and Chiba Prefectures, as well as Tokyo. This area is in the center of the Kanto
Plain and includes the main source of water pollution from human activities. Moreover, the water of the river system
is the source water for human activities in the Kanto area. We analyzed some inorganic elements to clarify water envi-
ronmental status and outline the water environment problems in the research area. Water samples from 18 river sites
and 42 water faucets at public facilities from the Watarase, Tone, and Edo basins which include 14 local municipalities
were collected, and the degree of contamination was analyzed. Inorganic elements were analyzed by an inductively cou-
pled plasma atomic emission spectrometer (ICP) and inductively coupled plasma mass spectrometer (ICP-MS). In river
water, the concentrations of inorganic elements showed characteristic changes for each element as functions of loca-
tion. As and Cu were detected in river water near the base of the Ashio copper mine. In tap water, we detected some
samples containing inorganic elements exceeding the limits recommended by Japan Drinking Water Quality Standards.
The current findings suggest that present water filtration plant procedures are not sufficient to remove certain inor-
ganic elements from source water. Moreover, it is possible that the water works may have caused inorganic contami-

nations. These results may be important in the understanding of distribution patterns of inorganic elements.
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Fig. 1. Sampling stations along Watarase, Tone, and
Edo river system are shown with numbers from
1 to 18. The letters from A to N indicate the 14
local municipalities where tap water were taken.
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Table 1. Instrumental conditions for analysis

ICP (Inductively Coupled Plasma Atomic Emission Spec-
trometer)

Instrument SPS1500V (Seiko instruments INC.)

Ar gas pressure 5.0 kgf/cm®

Plasma gas flow rate 16 1/min

Auxiliary gas flow rate 0.6 1/min

Carrier gas pressure 2.2 kg/cm®

RF POWER 1.3KW

Internal standard Y

ICP-MS (Inductively Coupled Plasma Mass Spectrometer)
Instrument PMS-2000 (Yokogawa Analytical Systems)
Ar gas pressure 5.0 kgf/em®
Plasma gas flow rate 14 +0.5 I/min
Auxiliary gas flow rate 0.8 £0.2 I/min
Carrier gas pressure 2.4 kg/cm®
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Fig. 2. Seasonal changes in As concentration in river
water with the geological points.

Table 2. Concenrtration of 9 elements in River and Tap water
(River water; n = 18/one sampling. Tap water; n = 42/one sampling, except 2 samples
taken at Sep 2001 due to sampling mistaking) ND; Not Detectable

Table 2-1. Seasonal concenrtrations of Al in River and Tap water

Month River Water concentration Tap Water concentration
Average : (Range) (mg/L) Average : (Range) (mg/L)
Sep 2001 0.004 : (0.001~0.008) 0.002 : (ND~0.022)
Nov 2001 0.0030 : (0.0013~0.0052) 0.0060 : (0.0009~0.0427)
Feb 2002 0.0084 : (ND~0.0140) 0.0188: (ND~0.1869)
May 2002 0.0223 : (0.0037~0.0951) 0.0385 : (ND~0.2163)
Overall average 0.0596 : (ND~0.0951) 0.0163 : (ND~0.2163)




TNk - K&

K OEAEITT R 57

Table 2-2. Seasonal concenrtrations of As in River and Tap water

Month River Water concentration

Average : (Range) (mg/L)

Tap Water concentration

Average : (Range) (mg/L)

Sep 2001 0.001 : (0.001~0.002) 0.000 : (ND~0.001)
Nov 2001 0.0030 : (0.0009~0.0047) 0.0009 : (ND~0.0029)
Feb 2002 0.0009 : (ND~0.0029) 0.0018 : (0.0006~0.0047)
May 2002 0.0019 : (0.0009~0.0031) 0.0005 : (0.0001~0.0020)

Overall average

0.0017 : (ND~0.0047)

0.0007 : (ND~0.0047)

Table 2-3. Seasonal concenrtrations of Sb in River and Tap water

Month River Water concentration

Average : (Range) (mg/L)

Tap Water concentration

Average : (Range) (mg/L)

Sep 2001 ND 0.000 : (ND~0.001)

Nov 2001 0.0013 : (ND~0.0026) 0.0009 : (ND~0.0013)
Feb 2002 0.0008 : (0.0003~0.0021) 0.0005 : (ND~0.0019)
May 2002 0.0005 : (0.0002~0.0012) 0.0003 : (ND~0.0011)

Overall average

0.0006 : (ND~0.0026)

0.0004 : (ND~0.0019)
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Table 2-4. Seasonal concenrtrations of Mn in River and Tap water

Month

River Water concentration

Average : (Range) (mg/L)

Tap Water concentration

Average : (Range) (mg/L)

Sep 2001

0.001 : (ND~0.003)

0.000 : (ND~0.006)

Nov 2001

0.0237 : (0.0008~0.0977)

0.0015: (0.0003~0.0101)

Feb 2002

0.0280 : (0.0012~0.0749)

0.0016 : (0.0003~0.0076)

May 2002

0.0098 : (ND~0.0713)

0.0019: (ND~0.0164)

Overall average

0.0156 : (ND~0.0977)

0.0012 : (ND~0.0164)

Table 2-5. Seasonal concenrtrations of Fe in River and Tap water

Month

River Water concentration

Average : (Range) (mg/L)

Tap Water concentration

Average : (Range) (mg/L)

Sep 2001

0.028 : (0.013~0.041)

0.012 : (ND~0.421)

Nov 2001

0.025 : (0.009~0.082)

0.005 : (ND~0.041)

Feb 2002

0.022 : (ND~0.059)

0.005 : (ND~0.039)

May 2002

0.046 : (ND~0.472)

0.019 : (ND~0.172)

Overall average

0.030 : (ND~0.472)

0.013 : (ND~0.421)

Table 2-6. Seasonal concenrtrations of Ni in River and Tap water

Month

River Water concentration

Average : (Range) (mg/L)

Tap Water concentration

Average : (Range) (mg/L)

Sep 2001

0.001 : (0.001~0.002)

0.003 : (ND~0.043)

Nov 2001

0.0070: (0.0023~0.0123)

0.0036 : (0.0009~0.01563)

Feb 2002

0.0068 : (0.0028~0.0114)

0.0038 : (0.0009~0.0119)

May 2002

0.0026 : (0.0011~0.0062)

0.0011 : (ND~0.0023)

Overall average

0.0044 : (0.0010~0.0123)

0.0029 : (ND~0.0153)
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Fig. 3. Seasonal changes in Cu concentration in river
water with the geological points.
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Table 2-7. Seasonal concenrtrations of Cu in River and Tap water

Month River Water concentration Tap Water concentration
Average : (Range) (mg/L) Average : (Range) (mg/L)
Sep 2001 0.003 : (0.001~0.025) 0.022 : (ND~0.520)
Nov 2001 0.0076 : (0.0040~0.0198) 0.0148: (0.0019~0.0916)
Feb 2002 0.0062 : (0.0022~0.0196) 0.0082: (0.0006~0.0518)
May 2002 0.0024 : (0.0006~0.0050) 0.0060 : (ND~0.0640)
Overall average 0.0049 : (0.0006~0.025) 0.0130 : (ND~0.520)

Table 2-8. Seasonal concenrtrations of Cd in River and Tap water

Month River Water concentration Tap Water concentration
Average : (Range) (mg/L) Average : (Range) (mg/L)
Sep 2001 ND ND
Nov 2001 0.0000 : (ND~0.0005) ND
Feb 2002 0.0000 : (ND~0.0003) 0.0000 : (ND~0.0008)
May 2002 0.0000 : (ND~0.0001) ND
Overall average 0.0000 : (ND~0.0005) 0.0000 : (ND~0.0008)

Table 2-9. Seasonal concenrtrations of Pb in River and Tap water

Month River Water concentration Tap Water concentration
Average : (Range) (mg/L) Average : (Range) (mg/L)
Sep 2001 0.000 : (ND~0.001) 0.003 : (ND~0.009)
Nov 2001 0.0003 : (ND~0.0038) 0.0005 : (ND~0.0027)
Feb 2002 0.0010: (ND~0.0031) 0.0014 : (ND~0.0266)
May 2002 0.000 : (ND~0.005) 0.0003 : (ND~0.0019)
Overall average 0.0004 : (ND~0.0038) 0.0013 : (ND~0.0266)
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Table 3. Concentrations of 33 elements in River and Tap
water (River water; n =72, Tap water; n =166)

Biomed Res Trace Elements

15(1): 54-61, 2004

elements River Water concentration Tap Water concentration
Overall average : (Range) (mg/L) Overall average : (Range) (mg/L)

Al 0.0596 : (ND~0.0951) 0.0163 : (ND~0.2163)
As 0.0017 : (ND~0.0047) 0.0007 : (ND~0.0047)
Sb 0.0006 : (ND~0.0026) 0.0004 : (ND~0.0019)
Mn 0.0156 : (ND~0.0977) 0.0012 : (ND~0.0164)
Fe 0.030 : (ND~0.472) 0.013 : (ND~0.421)
Ni 0.0044 : (0.0010~0.0123) 0.0029 : (ND~0.0153)
Cu 0.0049 : (0.0006~0.025) 0.0130 : (ND~0.0520)
Cd 0.0000 : (ND~0.0005) 0.0000 : (ND~0.0008)
Pb 0.0004 : (ND~0.0038) 0.0013 : (ND~0.0266)
Li 0.0045 : (ND~0.0119) 0.0057 : (ND~0.0605)
Be ND ND
Sc 0.0011 : (0.0002~0.0026) 0.0013 : (ND~0.0058)
\ 0.0011 : (0.0009~0.0034) 0.0013 : (ND~0.0035)
Ti 0.0006 : (ND~0.0018) 0.0006 : (ND~0.0046)
Ga ND ND
Ge 0.0001 : (ND~0.0004) 0.0001 : (ND~0.0009)
Se 0.0009 : (ND~0.0030) 0.0015 : (ND~0.005)
Rb 0.0046 : (0.0009~0.0106) 0.0057 : (0.0003~0.0129)
Ag 0.0000 : (ND~0.0004) 0.0000 : (ND~0.002)
In ND ND
Sn 0.0003 : (ND~0.0014) 0.0002 : (ND~0.0022)
Cs 0.0008 : (ND~0.0091) 0.0027 : (ND~0.031)
Ce 0.0002 : (ND~0.0047) 0.0001 : (ND~0.0011)
Bi 0.0000 : (ND~0.0003) ND
9] ND ND
B 0.090 : (ND~0.254) 0.093 : (ND~0.417)
Ca 22.317:(9.821~51.37) 20.722 : (6.55~43.98)
Mg 4.00: (1.38~8.75) 4.73: (1.51~8.62)
Cr 0.0009 : (ND~0.0032) 0.0007 : (0.0002~0.0023)
Zn 0.0115: (0.0016~0.0563) 0.0180: (0.0011~0.191)
Sr 0.1189 : (ND~0.1958) 0.1271 : (0.0320~0.3025)
Mo ND ND
Ba 0.0072: (0.001~0.0169) 0.0138 : (0.002~0.0449)

% Biwas not measured at November, 2001.
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