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Table 1 ICP-MS operating conditions
ICP conditions
HR-ICP-MS
RF power 1.2 kW
Coolant gas flow 13.01/min
Auxiliary gas flow 2.11/min
Nebulizer gas flow 0.951/min
Q-ICP-MS
RF power 1.3 kW
Coolant gas flow 14.0 1/min
Auxiliary gas flow 2.0 1/min
Nebulizer gas flow 1.05 1/min
Sample uptake rate 0.5 ml/min
HR-ICP-MS mass analyzer conditions
Acceleration voltage 4.0kV

Mass resolution ~ 10000(10% valley)
Data acquisition condition
HR-ICP-MS
Dwell time 160 us
Total points per scan range 100
Number of run -3
Number of points per peak 25
Acquisition time of per sample 60 s
Q-ICP-MS
Peak jump parameter
Dwell time 10.24 ps
Number of points per peak 5
Acquistion time of per sample 3s
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Fig. 1 Production rate of ArCl"
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Fig. 2 Mass spectrum for m/z =75 by HR-ICP-MS
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Fig. 3 Sampling points of river water
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Fig. 4 Relation of arsenic to chlorine concentra-
tion
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Fig. 5 Arsenic concentration of Kinu-river water
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Table 2 Analytical results of river water

FEME T 7 A HEBAWERIC & SBREKR OAGEKAH O b ZOEBHH 901

Sample points

River EC/ ,  pH Cl™, NOs-N, SO0O.S, As,
City Place S cm ppm ppm ppm ppb

1 Tone Sahara Suigou-ohashi 311 7.4 46.2 2.4 10.5 1.60+0.01

2 Kanzaki Kanzaki-ohashi 285 7.5 38.7 2.2 9.9 1.35%0.01

3 Shintone Jyousou-ohashi 270 74 30.7 2.3 10.2 1.3510.01

4 Kawachi Nagatomi-hashi 238 7.4 21.9 24 10.9 1.341£0.01

5 Abiko Sakae-hashi 223 7.5 19.1 2.1 10.6 1.4740.01

6 Toride Tone-ohashi 230 7.4 19.3 2.2 11.5 1.64+0.01

7 Iwai Mebuki-ohashi 254 7.3 23.6 2.4 13.7 1.53%0.01

8 Koga Tonegawa-hashi 235 7.3 23.8 2.2 12.7 1.48+0.01

9 Kinu Mitsukaidou Housui-hashi 178 7.0 11.4 1.7 8.6 1.79%0.01
10 Mitsukaidou Mituma-hashi 163 7.4 9.2 1.4 7.7 1.521+0.01
11 Moriya Tamadai-hashi 166 7.5 10.3 1.4 8.0 1.771+0.02
12 Ishige Ishige-hashi 154 7.4 8.6 1.2 7.1 1.481+0.01
13 Chiyokawa  Ogata-hashi 157 7.4 9.5 1.3 7.2 1.55£0.01
14 Shimotsuma Kinugawa-hashi 159 7.5 9.7 1.3 7.6 1.67%0.01
15 Sekijyou Komashiro-hashi 162 7.5 10.1 1.2 7.9 1.79£0.01
16 Shimodate Funadama-hashi 151 7.5 8.9 1.1 - 6.9 1.86+0.03
17 Shimodate Kawashima-hashi 141 7.8 8.7 1.1 6.8 1.88+0.02
18 Shimodate Nakajima-hashi 143 7.9 8.3 1.0 6.5 1.79%+0.03
19 Ninomiya Daidousen-hashi 110 8.7 6.0 0.63 4.2 2.28+0.15
20 Mouka Miyaoka-hashi 108 8.7 6.8 0.55 4.4 2.6610.15
21 Utsunomiya Yanagida-hashi 93 8.8 4.7 0.4 3.8 3.12£0.20
22 Shioya Kamihira-hashi 120 8.4 5.4 0.89 4.2 2.25+0.23
23 Shioya Onami-hashi 75 8.1 2.7 0.36 3.3 2.041+0.06
24 Daiya Imaichi Kaishin-hashi 117 7.8 4.3 0.46 5.7 3.4210.11
25 Ta Yuuki Shin-tagawa-hashi 298 7.3 22.7 2.1 16.0 1.18+0.01
26 Oyama Funato-hashi 281 7.6 17.5 2.3 17.9 1.12£0.01
27 Kokai Fujishiro Kokaigawa-ohashi 221 7.4 16.8 2.3 8.7 0.70%0.01
28 Yawahara Yamato-hashi 227 7.4 17.6 2.5 10.1 0.6210.03
29 Mitsukaidou Fukurai-hashi 222 7.4 16.3 2.2 9.3 0.7340.01
30 Shimotsuma Iwai-hashi 207 7.7 17.8 2.1 8.9 0.83+0.01
31 Shimodate Ishida-hashi 199 8.5 15.8 2.0 7.4 0.58£0.01
32 Mouka Inonai-hashi 167 9.1 11.8 1.4 6.2 0.49£0.01
33 Sakura Tsukuba Ota-hashi 205 7.4 19.3 1.9 9.1 0.47+0.01
34 Tsukuba Jyunmi-hashi 171 7.6 18.2 1.9 86  0.43%0.01
35 Watarase Koga Mikuni-hashi 225 7.2 17.9 2.3 11.0 1.51£0.01
36 Fujioka Fujioka-ohashi 273 7.6 29.6 1.7 17.0 2.531+0.02
37 Omoi Oyama Kuromoto-hashi 143 8.5 10.3 3.5 4.6 0.44+0.01
38 Oyama Amito-hashi 192 8.3 16.0 3.2 7.1 0.6710.01
39 Ushikunuma Ryugasaki Sanuki 211 9.0 21.7 1.7 7.4 0.78+0.01
40 Kasumigaura Dejima Kasumigaura-ohashi 259 85 37.5 0.26 8.1 0.97+0.01
41 Kitaura Itako Jingu-hashi 405 8.4 80.9 — 8.4 1.20+0.05
42 Taiyou Kagyou-hashi 243 7.8 31.5 2.2 6.5 0.54£0.02
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Table 3 Analytical results of tap water

. EC Cl™, NO;s-N, SO,S, As,

Prefecture Sample points uS c m/ -1 pH ppm ppgm pf:m ppb
1 Tokyo Katsushika-ku, Nishikameari 249 7.3 34.3 2.2 12.6 0.4910.01
2 Edogawa-ku, Kasai 205 8.5 33.7 2.1 12.0 0.56+0.01
3 Adachi-ku 228 8.1 33.9 2.1 12.3 0.5210.01
4 Nerima-ku, Asahi-cho 162 8.6 20.2 1.3 8.8 0.361+0.02

5 Nerima-ku, Oizumi-cho {well) 205 6.7 20.4 9.5 2.6 <0.1
6 Nerima-ku, Sakuradai 237 6.9 32.1 1.9 12.1 0.38£0.02
7 Suginami-ku, Asagaya 219 6.9 29.0 1.7 i1.0 0.36+0.01
8 Toshima-ku, Chihaya 201 8.6 30.9 2.0 11.4 0.36£0.02
9 Ota-ku, Shinkamata 136 7.1 7.5 1.0 4.6 0.40£0.01
10 Arakawa-ku, Arakawa 193 8.5 27.6 1.6 9.9 0.4910.02
11 Kouto-ku, Minamisuna 239 6.9 34.3 2.6 13.1 0.4810.02
12 Setagaya-ku, Tkejiri 171 8.3 24.0 1.2 9.1 0.68+0.01
13 Machida-shi 173 7.1 16.9 1.0 7.1 0.4510.01

14 Saitama Kumagaya-shi (well) 244 7.5 11.8 3.6 12.5 <0.1
15 Omiya-shi 205 8.8 33.7 1.6 12.4 0.4210.01

16 Onmiya-shi (well) 188 6.4 5.7 0.9 27.1 <0.1
17 Yono-shi 251 6.7 32.5 1.6 13.9 0.41x0.01
18 Syouwa-machi 267 6.9 33.2 1.5 11.8 0.58+0.01
19 Chiba Narashino-shi 214 8.7 31.7 2.0 10.9 0.32%0.01
20 Narashino-shi, Tudanuma 154 8.1 10.8 — 1.4 1.6910.01
21 Chiba-shi 202 8.0 28.6 1.7 9.9 0.22+0.02
22 Nagareyama-shi 226 8.8 32.4 1.8 11.8 0.64+0.01
23 Nagareyama-shi 221 8.8 40.6 1.8 13.6 0.82+0.01
24 Matudo-shi : 229 8.6 39.3 2.1 13.0 0.33+0.01
25 Funabashi-shi 245 8.5 44.0 2.0 14.5 0.34+0.03
26 Ichikawa-shi 227 8.6 329 2.0 12.7 0.45+0.01
27 Kanagawa Yokohama-shi 174 7.1 10.5 1.6 8.1 0.19£0.02
28 Kawasaki-shi 109 8.4 7.3 0.9 4.4 0.38£0.01
- 29 Sagamihara-shi 128 8.5 8.7 0.9 5.4 0.28+0.02
30 Sagamihara-shi 109 9.0 6.1 0.9 4.2 0.511£0.02
31 k Sagamihara-shi 126 8.6 8.9 0.9 6.1 0.76 £0.01
32 Atugi-shi 121 8.6 9.8 0.9 5.9 0.3340.02
33 Hiratuka-shi 189 7.1 14.2 1.9 6.8 0.46+0.01
34 Isehara-shi 165 7.3 9.9 0.9 6.1 0.74+0.03
35 Ibaraki Tukuba-shi 229 8.5 44.9 0.6 9.4 0.321+0.01
36 Ushiku-shi 214 7.3 249 1.8 10.9 0.2410.01
37 Fujishiro-machi 218 7.1 23.9 1.7 11.0 0.20£0.03
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Fig. 6 Arsenic concentration of tap water
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Determination of arsenic in natural and tap waters by ICP-MS. Yuichi TAKAKU,
Kimihiko Masupa®, Toyokazu Kosavasui and Tadashi Suivamura™* (*Marubun Cor-
poration, 3-3-4, Minamisuna, Kohto-ku, Tokyo 136; **School of Hygienic Science, Kita-
sato University, 1-15-1, Kitasato, Sagamihara, Kanagawa 228)

Arsenic determinations in river and tap water samples were done using inductively cou-
pled plasma mass spectrometry (IGP-MS). Two methods were considered to overcome
the problem of the *Ar®®Cl1" interference on 75As+, these were, 1) the masses of the two
ion species were separated by high resolution ICP-MS, and 2) a numerical correction of
“Ar*C1" on As™ was done after the measurement by a quadrupole mass filter-based
ICP-MS. The results of both methods on the standard reference material of river water
SLRS-2 agreed well with each other and agreed with the certified value. Determinations
of arsenic were performed for river water samples from the Tsukuba area and tap water
samples from the Tokyo metropolitian area by the latter method. Concentration ranges
of 0.43 to 3.42 ng/g for the river water and less than 1.6 ng/g for the tap water were
found.

(Received June 21, 1994)
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