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Distribution of Trace Elements around Syowa Station (I) 

Particulate Arsenic Content 

Kiyoshi IWASHIMA*, Masahiko FUJITA**, Tsutomu AmKo*** 
and Noboru y AMAGATA * 

Abstract: A new technique of determining nanogram amounts of arsenic 
in aerosols by the use of neutron activation was devised and applied to the ambient 
air collected in Japan, on board the Fun on her JARE-16 voyage to Syowa Station 
and at the Station during the wintering 1975. Over-all chemical yield of the 
method was 50-70 %, detection limit being 0.5 ng ( ± 15 %). The urban ambient 
air in Japan usually contained 5-10 ng·m- 3 arsenic, while the clean air in a moun
tainous or seaside area around 1 ng·m- 3 or less . The air on the ocean contained 
0. 3 ng·m- 3

, on the average, while the air at Syowa Station contained only 0.07 
ng·m- 3

, ranging from 0.03 to 0.14. The great differences were considered as 
the reflection of arsenic contamination due to activities of mankind. 
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vr.� 1., ,tHfiJ;'1,� � ;h, 0 c 1., ':htt -Cl.t, Q (WHO, 1975). L t.:.iJL? -C :5'cJi!EiJ;1:. c L -Ct?:n:-t 
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� *0)%tJTvr.xt L -c, � boo-c�mVJ: 9=lttr�M1t�tJ;�m-c· � Q-:. c vi, *�* O)�fi: 

ltit.% C L-C � *���O)vr.i[flJtJ:�#0)---:> C tJ: Q, Lil� L, A,'i c·�aG;h,-C\, \ QjJ�c·vi 

�llil3li!tiJ; --lt\, ,-tf1.,, 40 ng -c·� Q il� G, ItH�:l:m�O) l 5 vr. fth, i/lltiJ; -r� � n 0 m-c·vi 

lOOm
3 UJ::0)����000�,�iJ;� IJ, ��B"Jc·tJ:1.t'. -t-:.-c·, � Gvr.��tJ:%tfi"JJ�� 

�� L, -:. n� ffl\, ,-cs *IE�, mffi�O)tt�, :ro 1 tf���O)ag�£:tmvr.tuvt Q�lf:K�f-+ 

vr. -01.,, -c %trr�fi 0 t.:. 

2. 5t tfr 1f ?! 

%trr"JJ�O)�f-f O)�N,IHvr. -01.,, -c vi -t-c·vr.ffi� (IwAsHIMA et al., 1976) L -c 1.,, 0 0)-c·, 
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°
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��O)t±\ t=I vr. 7 p - ;I, - !J ��it L -C9&5 IL k��0)1t�ffi�iuJE-t Q, 

7 ,r Iv !J -tu l tf � *O)���fl-, tJ: G tfvr. 7 =J -:; !J .A -=E:- =- !J - c L -C ffirJR (0.05 mm�) 

�-tn..fn;t; v ;J:.7 v '/O)�vr.!-JA L, -�vr.*:n.-c1*r?Jivr.An, � * tt r * 2.1 x 10
12 

n·cm-2 ·s-1 c· 10 lr!i=rFli�M-t 0. 

Jf:Klli L t.:.�f!-�vi 24 lr!i=FFli�*P L f-:.0) '1?, .A,,<: 1 !! c L -C 
74As 0)-;E :1: c 2.5 mg 0) 
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:ieyJUt��vr.J: I) �*0)7*{t!J&J�%ML Ge(Li) :¥�f*�lli� (Ortech. 525cm3) �ffl1.,,-c 

r rJR.A-" !J 1-- 1v� c Q (.:J:.;t-1v=¥-%M�vi 
6°Co 1,332 keV c· 2.5 keV). �M1t�%MO)f'f 

frO) 7 p - ';/- 1-- �@ 1 vr.�-t. 

tw��fmc·� Q 
82Br (554.3 keV) tu J: tf 

122Sb (563.9 keV) 0)�$:vi+%c·� I), 
76As 0) 

559.4keV tultf-A,,<:1 !JO) 
74As 0) 596.0keV O)jtl1�

0
-!J�iUJEL, Jf£$O)tmI£�fi5. 

1tf:* c L -C O){t:�Jl:£$vi 50,-,70% c·, JE:l:"-fi3lvi 0.5 ng (ttiu�� ± 15 %) � Q 1, 'vi 1 ng 

(±10%) c·� -0 k. �MLt.:.;J:. 7 p :f11,,�*40)�M1t�%M�O) � *O) 7 =J !l S/ :1 '/0) r r?i 

.A"" !l 1-- p !I' =J A O)fU�@ 2 vr.�-t. 
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Fig. 1. Flow-sheet of radiochemical separation of arsenic. 
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� 1 B *-*:tt!!r:::tovt �::k'Aq:i e. �?M!Jt (ng·m-3) 

Table 1. Arsenic content of the ambient air in Japan (ng · m-3). 

Sampling location Date Weather I 
As 

i Remarks (ng·m- 3) 

Naha City, Okinawa Pref. (N) 1974. 3.19 Fine 1.1 Seaside 
n (T) n n 108 Iron works 
n (E) n 3.20 II 4.8 Down town 

Motobu, Okinawa Pref. II II 2.9 Cement plant 
Takachiho, Miyazaki Pref. (U) II 5. 9 Light rain 0.4 

II II 5.10 Fine 8.9 
II II 5.11 Cloudy 12 
II (S) II 5.10 Fine 9.4 

Yunotani Spa, Kumamoto Pref. II 5.12 Cloudy 2.0 Mountainous 
Tamana, II II 5.13 II 0.7 II 

Tokyo II 4.30 n 9.7 Residential 
II II 5.22 Cloudy, rain 6.5 n 

II II 6.20 Cloudy 7.1 n 

II II 10.19 Fine 5.0 II 

Kawasaki City, Kanagawa Pref. II 10.24 II 3.0 Down town 
II II 10.25 II 15 II 

n 1975. 1 .21 n 12.2 II 

n II 1.22 Cloudy 10.2 II 

n II 1.29 n 5. 6 II 

n n 2. 1 Fine 5.5 n 

Manza Spa, Gunma Pref. n 2. 3 n 0.6 Mountainous 
II II 2. 4 Snow 0.6 n 

5 

-t. f4'*19MJIHimO)wW: (w�iJ��\, ,'"(\,, Q�), 'g'���=fffi, ��*�.:E:�, :to J: Uff.�� 

75�ml:JR (�;Jtlj), -tt.i:b'0Jt�E19tf�c�x. GhG�fJr:to J: U�iHc:tovt Gffim::k�i:f:r t:. * 

f!llvi, :to J:-t 1 ng·m-s i t.:vi-thtI-r-c-s IJ, :mm-c-vt��vc 10 ng·m-s �1t-c-s Q.:. 

c iJ�biJ�Q. it.::., ffiSlijrpO)�tkFJrO) C' < �{%'-c-vi 108 ng·m-3 
�� L, i!lI�mibvc J: G 

00 GiJ�t.i::f§�iJ�im.��nt.::.. 

it.::., )[JX (��ffi1:.��J::) vc:to1.i, --c, 7 :,;7' 1v--l! :,;-tj-:,; -:I' '7 - � ffi1., ,--cfilff)]l]O) ;i:. 7 

p :l1v�J&�rr1.i,, filffJJIJO) 1:. *•it�>.t<6bt.::.Mt��� 2 vc�-t . .:. O)�, ��vc:k:i:O);i:. 

7 P :/11,,�J& (163 m3) �fi -:> --C, filff)]ljO);i::. 7 P :l1vilS:%1ff�>.t<6bt.::.c.:. 6, �!K% c 

t 0.5---1. 7  mg -C'ViHi:fey�0)5J';;fp�� Lt.::..:. c iJ� t:>, 1k 2 iJ��i"" J: ? vc t:. *vifil-=f 0)$iJ�\,, 

-fflHtvc•itiJ�i@i 1.i,.:. c iJ�biJ� "'.) t.:: .. 
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Table 2. Arsenic contents of different particle size fractions obtained by Andersen sampler. 

Range of As (ng) 
Stage No. particle size 

(µm) 1975. 1. 7* 1975. 1. 8* 

1 9.2-30 17.9 3.2 

2 5.5- 9.2 6.6 0.8 

3 3.3- 5.5 11.6 3.7 

4 
I 

2.0- 3.3 13.4 9.0 

5 
I 

1.0- 2.0 20.8 22.4 

6 
I 

0.3- 1.0 55.8 51.0 

7 
I 

0.1- 0.3 79.2 75.3 

Back-up filter 98.3 43.9 

Total 303.6 209.3 

Total air volume (m3) 36.9 40.3 

Concentration (mg As·m- 3 air) 8.2 5.2 

* Date of collection 

4. 1$:r.:t.5 l UW:i�imhiK:t.5 Lt 6 ::k,tq:iO) � *°i1.l1� 

ft 16 ?XwJ;&itt!?.:t�i!{l{U�O)*JRl±lt! (1974 � 11 )=J 25 B) �' jl{l{Ufd r k LJ O)J1£mJ:O) 

c:f-t IJ iJ\ G, "ff0 1.5 m §1Jjjvc.�fi:�;h,k.:i:.. 7 P :/1v1*I&ffl0) 7 1 1v !J -vc. J: IJ, 4IJ5t 61 §1J 

�O)Jf�c-r$J:*��:toJ:-t-{}�vc.:ht-:--::i--C3*I&Lt-:. :t---7- r =; !J 70) 7 !.l �:/ riv 

(12 )=J 11,._, 16 B tEiB) �""' '(, 12 )=J 30 B 7J<.�vc.JU�-t 6 i c·O){tfi.!Jt;JtJm3J 0)3*J&tt!?.,B O)�fl 

./.t, :3({�, ��!!&.§lit, i:: *:to J: a-r r !.l ? A1!1./.t�� 3 vc.�-t. -r r !.l ? Avi i:: * c IEJ L 

< t&M11::5ttJri*vc. J: IJ 5EI L ts:. 

��i:pO)fJBf!J:£j{l!vC.j:o\,,'(vi, fflmf>t�f]RO)�t*"ff0 30m, tfgJ: 3 ffi VC. 7 1 Jv !J -�If)z IJ 

#vt, �.,.{ 1' 7
°
vc. J: IJ ffimf4�ttvc.�fi: L k�-:/ 7

°
vc. J: --::i --C!!&. 5 l L k. SB�:£:1:tgc'O)±�IPJ 

vi NE c', -=n�r:f=til,'C L--Cim-OlU 60°, *-OlU 90° O)�F::.xtL--Cvi, :£tfg0)3B-�, !if5J�O) 

�F jf -7- vc. J: 6 �-vi vi c A.,, t' t,r t.,, c *; ;z. G ;h, 6. P'.!1¥""'-0) "f*fi :to J: a-t (1) �viUtJJF1c1j 8 ,__, 11 )=J 

�� <, 1975 � 2,._,12 J=J vc.:tovt 63*I&BJ\f--+0)5t:tJTM*�� 4 vc.�-t. 
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Table 3. Arsenic and sodium contents of the air taken on board the FUJI 

Date 

1974.11.30 
-12. 1 

12. 2 
-12. 3 

12. 4 
-12. 5 
12. 7 

-12. 8 

12.10 
-12.11 

12.16 
-12.17 

12.18 
-12.19 

12.21 

12.25 
-12.26 

on her voyage from Tokyo to Syowa Station. 

I I I 
Air drawn 

I 
As 

I Weather Latitude Longitude (/) (ng·m-a) 

Fine l2°36'N 129°17'E 5079 0.22 
8 24 127 22 

Fine 4 28 124 36 7602 0.28 1 34 120 38 

Cloudy 2 30 S 118 38 7695 0.35 7 07 

Fine 16 45 114 02 
8183 0.25 20 46 113 14 

Fine 30 00 114 13 5038 0.29 31 50 115 28 

Fine 33 01 113 48 9452 0.11 36 02 111 01 

Fine 40 32 109 49 8644 0.23 44 30 109 41 

51 52 106 40 
3432 0.25 53 10 105 59 

Snow 63 59 81 33 
(7290) 0.59 Fine 64 77 

• 4 ��&�v:.�vt Q*�i:p � �tl/Jt 

Table 4. Arsenic and sodium contents of the ambient air at Syowa Station. 

-

0.27 

0.11 

21.5 

0.15 

0.32 

27.3 

92.5 

0.07 

Date (from-to) Air drawn(/) As (ng·m- 3) Na (µg·m- 3) 

1975. 2.25- 2.26 9187 0.12 0.22 

2.28- 3. 3 34021 0.04 

3. 4- 3. 6 14648 0.09 0.06 

3.10- 3.12 19104 0.04 

3.14- 3.16 17280 0.07 0.18 

4. 3- 4. 5 15264 0.05 0.09 

4.14- 4.16 17958 0.03 0.00 

4.21- 4.23 11870 0.09 0.14 

7. 1- 7. 3 9509 0.05 0.06 

7. 7- 7. 8 9240 0.06 0.06 

7. 9- 7.12 18760 0.05 0.03 

7.26- 7.27 9367 0.07 0.39 

11.22-11.23 7292 0.14 0.30 

11.24-11.25 9111 0.09 0.00 

12.22-12.23 8651 0.12 0.02 

5. � � 

7 
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Fig. 3. Arsenic concentration in aerosols (ng As/m3 air). 

3 vcffei". l:: *�ocv:tttO)*� :J:o J: U$i, i"tJ:b� ITif¥lc'� � h. "(\, \ 0 7J�, ffBfQ�:l:t!HC:J:ovt 
0Sf:lqzlJ!tvi*:R (7.1 ng·m-3

) 0)*9 1/100 -C'cb IJ, fl!f'�O)j)'tJ: i., \frj:i• c Jt� L "Ct 1/10 tl 
T-c-, r$J:::k�O)tf!rti�vt§JH::>n�-c,tJ:1. \ii�, ��vc B *mi0JO)ll!F1=15""-�tlfHc:J:ovt of!lJ: IJ 1.1:t 
<, Sf:Jq:J:o J:-t 0.3 ng·m-3 -C'c.b 0 . 

.::r::. 7 i:i '/1'v0)--J- r !I ? A�:i:vt, c < vcr$J:.vc:J:ovt 01*1&-cu, �ft:t:vc.J: IJ #li:7.1(0) L�� 
n�imAi"ot-:co, �vc::k�tdl��-t. mJ7.l(q:iO)--J- r !J ?"'-zll!t 1.osx101 ppb vcxtL, 1:: 

*vi 2.6 ppb (SMALES and PATE, 1952) c ¥!H�r � h. "C \, \ 0 0) c', zlJ!tvC:J;o\, \ "C 107 O)vtf-:0)� 
\, \i'.)�cb I), mj7j(O) L�� O)imAvi.::r::. 7 i:i :/;'vq:iO) l:: *ztocvevt�� LtJ:\, \ c �-*- Gh.0. � 
tJ:�vc, mj�vc:J:avto.::r::.7i:i /1v1*J&O)x;j��c L"C, flfl�Jl!�tEH�vc:J;o1.,\"(1*J&Lt-:��O) 
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%:tfr{ilHi, As: 0.93 ng·m-3
, Na: 0.21 µg·m-3 

�ffi Lt-:. 

am¥o�:L=ttHc :tovt 0J.\tpj .:tO)@O) ���flt= c. :*:�4t e. *' tJ: G crvc :r r !J ? A �:i: c. 0)00 

1*, S 0 1., ,vii$ J:vc:tovt 0 i¥J�tfilo-¥�0)�fJ: c'vc "':)\,, --C O)jftfrvi, i t-:fi --:> --C 1.,, fJ: 1., ,iJ�, :L=tt! 

�J:O)ffl!ij:*:�vc:tovt 0 e. *zlocvc� L 1., ,:Lm��iJ��"° Gh0 � c. iJ�biJ�--::> t-:. it-:, � � 

-r·ffi1., ,f.=%:tfrl*vc J:: nvi, Jt�El09"�ffi'.0)��0)1*J&-r·JE � 0 0)-Z:·, *�O):L=tt!ft1��1iJf�vc 

:*:1.,,vc�3'z:t> 5 0 c.�*- Gh0. 

� a$ 

*M�vc�:f-t 0 vc�t-= '? --c, .:tO) � '? n�vt�f'F � � < O)ffi!18t�4-;t Ght-:=f�I�*� 

.�Ja-�-tflJf±vcJJ < ��fzL i-t. 
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