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A Study on the Comparison of Chemical Composition of
Precipitation in the Northeast Asia
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Precipitation samples were collected at sixteen sites in Northeast Asia from June 1995 to February
1997, and were analysed for the anions SO, NO, and CI' and for the cations Na®, NH,*, K, Mg** and
Ca” in addition to pH and conductivity measurements.

The quality assurance of chemical composition data was checked by considering the ion balance evalu-
ating by | h | value and the conductivity balance.

The sum of cation concentrations were slightly greater than the sum of anion concentraions. For the
anions, SO,> clearly dominates in most of sampling sites whereas Cl" is more abundant in coast and rur-
al sites in Japan. For the cations, Ca® and NH, are generally the more abundant ions except when
sources of Na' exist.

The contribution rate of nss-SO,> and NO, to acidity are about 70% and 10-30%, respectively. The
neutralizing capacity by a major neutralizing cations such as NH,’ and nss-SO,” are above 98%(heavy
polluted and urban sites in China), above 70%(urban sites in Japan and in Korea, coast sites in China)
and above 60%(rural sites in Japan and in Korea), respectively.
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zZrabAl Gebtm 9l FRldlA s &5 AE(pest), F  1997; Michael et al., 1997; Yukio et al., 1997), 7}4=
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Table 1. Sampling sites in China, Japan, and Korea

Nation City Sampling __sites
. Heavy . . . .
Chongging Chongging Institute of Environmental Sciences
polluted . S .
Beijing Urban Beijing Environmental Monitoring Center
China Shanghai i East China University of Science and Engineering
Urban . . . .
Wuhan China University of Geosciences
Hongkon Urban University of Hong Kon
g g Coast y g B8
Tokyo Urban Tokyo Prefectural Institute of Public Health and Pollution
Osaka Urban Environmental Pollution Control Center
Chiba Urban Chiba Prefectural Institute of Environmental Science
Kyoto Rural Koyto Prefectural Institute of Public Health and Pollution
Japan Nara Rural Nara Prefectural Institute for Public Health
Ibaraki Rural The Environmental Pollution Research Center of Ibaraki Prefecture
Ishikawa Coast Public Health and Environmental Center
Toyama Coast Toyama Prefectural Institute of Environmental Science
Fukuoka Coast Fukuoka Institute of Health and Environmental Science
Korea Taegu Urban Kyungpook National University
Taejon Rural Taejon University

Beijing
o

Chonging

Fig. 1. The location of sampling sites.
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Fig. 2. Schematic of precipitation collecting ex-
perimental equipment.
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Fig. 3. Scatter diagram of cations sum vs anions
sum.
a:Urban sites(Japan) & :Rural sites{(Japan)
O :Coast sites(Japan) e :Heavy polluted
sites(China) X:Urban sites(China) O:
Coast sites(China) +:Urban sites(Korea) -:
Rural sites(Korea)
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Fig. 4. Scatter diagram of h vs (cations sum + an-
ions sum).
o :Urban sites(Japan) &:Rural sites(Japan)
A:Coast sites(Japan) ®:Heavy polluted
sites(China) x:Urban sites(China) ©:Coast
sites(China) +:Urban sites(Korea) - :Rural
sites(Korea)
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Fig. 5. Scatter diagram of EC_, vs EC s .
0:Urban sites(Japan) @:Rural sites(Japan)
A:Coast sites(Japan) e :Heavy polluted
sites(China) X:Urban sites{China) © :Coast
sites(China) +:Urban sites(Korea) - :Rural
sites(Korea)
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o :Urban sites(Japan) &:Rural sites(Japan)

A:Coast sites(Japan) e :Heavy polluted

sites(China) Xx:Urban sites(China) ©:Coast

sites(China) +:Urban sites(Korea) - :Rural
sites(Korea)

@& 712 05x L £ FAAEY HAESE 33
o] 218 A=A AEuPHA EC../ECLasBl7} +0.
20]4]l A7} Al A o] Heldvtn Azts o] o] Ay

£ Asty 7 Az e shebd Q¥ v wsh
At

3.2 749 Hatd 4% v

Fig. 7.5 Fig 8.2 438 voig 25371597

(VWM, volume weighed mean)F=2 7% 7}
o] A ol AREte njgolrt. 7} AGHMR T o
o] A F-9 u]gE By, ol F SOSE FF 24
%) 9(680.13 peq/ 1)} £A A =(485.95 peq/ 1), §=-
X A2 9(257.05 peq/ [ )| A] 80%o]Ar2] B]&& x|
Sz glel AdEEN PR S22 HUARS o
F AHESLA Sl Aol wA el gle e
FA" Adslztell A frelshes Clo A U &
LA (200.87 peq/ 1)3} W] =A A H(39.64 peq/ ),
5 #HUA1H(49.76 peg/ 1 )o] thE HEA ) v]a)
X HEE AR E ek $ol-2o FA HEE B
2, AR Fa =AY, 23 A el SO,7>Cl>
NOy. & ¥=Alxd3 dtxde] CI'>80,">NOy,
% FAY T §F 24, vl 24 o] SO,*>NO,>
Cle] ¢4 2 veht A9 2 HFS Hojx gl
ot

79

o

Lo

ol F Cat F2 ERUAtAA HAsE A
2 AN e 2ESd s o7 22 wakse]
Zhaeoll FAE A, AR AT o) EoFtel A
2] o] % ol sl M= vhehdeh ol &l Fo i F ol
A Ca™e) wlgo] 7H4 EA vehged ol il B
Eokalatel ojg o2 AztEch NH,'& Ad2E, 5
d8E, A% B EAE FAF F AVYESN} F

E Tl 71ddshe 2AR odeA e, L8 g



Saobaol A 5ol HEA 4y vlae) BY A7

Table 2. Contribution of sea salt and conc. of non-sea salt anion in precipitation

Concentration of non-sea salt

Sampling sites Contribution of sea salt anion
(eeg/ L)

Urban 0.26 126.67

Japan Rural 0.25 90.53
Coast 0.77 77.52

Heavy polluted 0.10 776.18

China Urban 0.12 552.99
Coast 0.34 121.47

Korea Urban 0.09 289.64
Rural 0.09 231.50

Fig. 7. Composition ratios of anion by VWM con-
centration in precipitation.
1:Urban sites(Japan) 2:Rural sites(Japan)
3:Coast sites(Japan) 4:Heavy polluted sites
(China) 5:Urban sites(China) 6:Coast sites
(China) 7:Urban sites(Korea) 8:Rural sites
(Korea)

=4, B EA A GellA] T2 HlES Jeliz gle] 3t
Aqite o2 AL dolw YrHFAFTH 1A HE,
1993; 7137} 2}, 1996). Na'2 #jofol FHdle &
A2 odax ged. & kx4 Na'e} v &o]
& B vl Ads] ¥ wlES vehiz gled,
F3 #Hekx| e 7$x Na'e] vljgo] A ekt &)
dglte] edgfe wre zie g AztEch Mg'E Y& 3
A3 3 TR, AR He] o} E AdHr} F
2 v g A2 e A= Jehta dled, oA
< g7l 29 AR AHGYAANA FAEH e Aol
3 Aol 7| Z 9 H AT, 1996; Astrid, 1996).
7 Fo] ol AR F ddoz Ry fsle A
o]-2-4} H(ss-, sea salt)9] oF& dlotals A2 AAAHQ
2394 wiEE = 29 2Ale] of3 3] ¢ &4
Hyolet & 4 glct. ajefr] sfgqixtel 71 ¥-& &
AstA FAsl3, o]Re2RE WS fHA Fnss-,
non sea salt)d] -2 A& d 87} QI cHEEHERF AT
WMoeer, 1993). Na'2 zjofe] 2] 292l wl&de]
ZA e ok, AR FA o) Al AT UX
ok 7S ST 9], 1992). ohef &S
28 ddgizle] A X EAQA Na's ca™, SO,%,
Cre] #AE ol 23l sl o2 RE HWY ss-Ca™(0.
045 x[Na']), ss-SO,”(0.12%[Na*])¢} ss-Cl(1.17 x

SNat
WK+
B Mg+
BCat+t+
BN H
HAH+

Fig. 8. Composition ratios of anion by VWM con-
centration in precipitation.
1:Urban sites(Japan) 2:Rural sites(Japan)
3:Coast sites(Japan) 4:Heavy polluted sites
{China) 5:Urban sites(China) 6:Coast sites
(China) 7:Urban sites(Korea) 8:Rural sites
(Korea)
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dqlate] odstg wre oz walch vlaAPrY Lo
29 Fr & TR, FF FAADTH AR Ao
776.18 peq/ !, 553.99 peq/ | 2 71% =4 Jehw
o, I th&o = ¢ TAIA)H(289.64 peq/ 1)
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peq/ 1) 2.2 Vel z glo] LAEAHL] wjEo] B
Z32 93 g 54 Ho] Y] edEAd Bof 59
dEps go| e Ao FAHAC)
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al., 1887; Michael et al.,, 1997). Table 3.9 4] B3}
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Table 3. Equivalence concentration ratios of chemical composition in precipitation

Sampling sites - NO._ _ - SO';; _ - Hf“ _
NO; +nss —SO{~ +nss —Cl NO; +nss ~S0; +nss ~Cl NOjy +nss —SOj" +nss ~Cl

Urban 0.23 0.77 0.27
Japan Rural 0.29 0.48 0.33
Coast 0.34 0.77 0.44
pljﬁigd 0.10 0.87 0.02

China Urban 0.11 0.87 0.002
0.31 0.76 0.30

Coast

Korea Urban 0.11 0.88 0.30
Rural 0.20 0.74 0.38
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B 483149 o]l T o9 FUld mE o]4kstAl 49
Z717} AAFE 7] W Fol]l 42 2= nss-SO, M 2§
pH2 A3}e] 7|2 Z43te Wb NOyo| 9%
71 E= UMY e 8 A

NH,'$} nss-Ca® 5 &7lelA] Aol F4el Fats
o &A% 7o pHE Fole(dhe F3lste) 2t

S & ¢ glrh o3 LrlEA A9 F3eH S
dolr 7] §& H'/(NO;+nss-SO,% +nss-Cl)e] ©aks
=8} 2 A4F A7 Table 3.9} o] £ TPA A
EAR o] 98%e| 4, &7 I AR, 3 &g
A ge] 70%°]A, dE = vl EA A He] 60%]4),
B sekx]edo] 56%7F NH, 9} nss-Ca™dl] 2]& 33}
s Aoz Vel NH & Meeds 59 Agig s
¥ Eo o4 wol I = Aol 3, nss-Ca®
= Eofol 23 viZo] B AR FI9 A% oF
EA&o 28 F3}l5Hol A Vet glo] AdlH e
2 Fz] 5o uiEdF BEAL o] Fo] el gle 7}
2] pHES}tol| 382 A 7oz A7) Jr3

g2 sAH A AL AN EAY 2315 70%
AEE 7kFad 2](1992)2] o Feol A Jehd $evtet
g2 91% Xt oii A vehuba 9ok A& s
Z D2 A Fsxde] 56%2 vJeb 7R o ghe
Bo]x gJo} NH, ¢} nss-Ca™2] wjZ&e] A& 7oz v
e}

4.7 =

EHolAlole A7 3 167] A HL o
1995 6Y H-v] 1997 27} 7}¢E st 2
A A op e e A28 Arc)

1) 2415 TA9 TCS #Al: #Hubxo g Aaq
AL Yelvz gled, £33 FdA G TAY)
TCH o} W& Ao vephyty, A3 3 cAxHe
A TCr7F TART R Aoz velyr), oA
ECress /EC.y @ 8IS} TC/TAH] A}ole] Ao e £
A7 A7 viebyto

2) gol29 T4 AFgE ¥y, dBI T £AX S,
3 #l A o] SO,*>CI>NOy, Y& v EAA 95} )
R o] CI'>S0,>NO;, F3 FHAGF 3 =24,
B EAIR] o] SO, >NOy>Cl'e] &4 2 vhebypel. ofo)
29 ASE 98 XY I 24, v MG
NH, 7} 712 &e ez vehygdy, dB wxalzds
Z2Z ZYAY, 2AAY, ARG Ca®'7} AR wol
Yephygtony, 8 g2 Na'o] 744 o] vlelyt
c}.
3) sid7] iAol 2% 7] 8- v, B A
Ho] 77%, F x| Po] 34%F rielyton], dB
etz el AL % A(26%)7} B XA A H(27%) Rt}
3u), 3 EA9%), B EATX] F(9%) .t} 7ulol At &) o
3late] o gFo] gli= o2 7=}

4) nss-S0,”, nss-CI', NO, o] 213 v]s]<gd7) &o]
29 FEE AR A T FHAY > T EA]F
o > = AR > T 8| EA 2Y > JE AR
> FF gAY > dBE ¥ EAAY > B sy
ol o2 EA viehygt}.

5) nss-SO,” ol 213t pHe| 7|9 &2 F3F, A8, §F
o] o] XAFoA 70%o| 2R vpElRE T, NOy ol
213l 7o) g& = 10-30% % ‘lelytt). nss-Cleof] 2% 7]
of g £ o] vl o el
B B EAX G AL 23% 2 Lrebydcl.

528



Bofalo} Ao

6) NH, s} nss-Ca”ol o]k 4 22 Fslsade =
F FAG T ARGl A 98%0] A, &Y I =
Alz|ed, 23 gekz| Aol 2] 70%014F, A&} T v %
AA el A 60%0) 4, B A oA 56%2 e}
o}

9k,

E IR |
7, 7 &, 2137, 1992, st g3 T 7}
2] 3}8t Ajafol] B3 03;1 o) 7] 1A 85

=], 8(3), 191-197.
ZFd, o153, A E7}, 1996, M-SR G FhpF o] A

¥ FAARS Y, )], 12(3),
323-332.

FALE, A E, 1993, AR A 7S steta] B
Aol 2% A7, 71 nAdEIA], 9@2), 147-
153.

237, 2714, 73, 1996, 7h49] ststal 54w
5, thghek7 23t 2], 18(6), 669-682.

nlulZ, 1996, EXolx|Qe] 37 B9} A ubet
of B A7, AFWA7 SN

uhgd, £7)8, 1993, 33 AT B4F0 o)es

7re] xollﬂl,q.y:u 2517 78} 3] %), 2(4), 337 346.
%3], 7 4E, 1994, AFEe)q2] UE o]

F 3A 3IFd | v EtE A, 10(2), 98-104.

T, 1996, AFA] 750 B 24 54

o}, RZ 778137, 5(6), 739-748.

o, o)A17], 1994, AR A )40 3HEA
¥ SAC AR oA, Ayt A, 1001),
64-72.

374 Y-, 1997, 37 ulA] 19971 =3,

R, 1991, BEMER -8 138 AR & pH-, AR KEGR
Harzt 26(1), A1-A8.

e 7o fr, 1993, BEmFAEGE -REHRE,
WS RrE T - 2 EBOFG A5 -

Astrid Sanusi, Henri Wortham, Maurice Millet and
Philippe Mirabel, 1996, Chemical composition
of rainwater in Eastern France, Atms. Envir.,
30(1), 59-71.

529

d40] shsba] QR u|mel T A3

Baez A. P., R. D. Belmont and H. G. Padilla, 1997,
Chemical composition of precipitation at two
sampling sites in Mexico: A 7-year study,
Atms. Envir., 31(6), 915-925.

Idrees F. AL-Momani, O. Yavuz Ataman, Moham-
mad A. Anwari, Semra Tuncel, Cevdet Kse
and Grdal Tuncel, 1995, Chemical com-
position of precipitation near an industrial
area at izmir, Turkey, Atms. Envir., 29(10),
1131-1143.

Michael R. Williams, Thomas R. Fisher and John
M. Melack, 1997, Chemical composition and
deposition of rain in the central amazon, Bra-
zil, Atms. Envir., 31(2), 207-217.

Miles, L. J. and K. J. Yost, 1982, Quality analysis
of USGS precipitation chemistry data for New
York, Atmos. Environ., 16(12), 2889-2898.

Okita T., 1995, Acid precipitation in East Asia and
West Pacific regions, Bull. Inst. Public Health,
44(1), 3-12.

Tamaki M. and Koyama 1., 1991, The acid rain ob-
served on ground level in Japan a review of
mayor recent issues and problems, J. Jpn.
Soc. Atmos. Environ., 26(1), 1-22.

Treloar N. C., 1993, Source types in canadian pre-
cipitation chemistry, Atms. Envir., 27A(6),
965-974.

Walter H. Chan, Al J. 8. Tang, David H. S. Chung
and Nevilie W. Reld, 1987, An analysis of pre-
cipitation chemistry measurements in On-
tario, Environ. Sci. Technl., 21(12), 1219-
1224.

Yukio Suzuki, Keiji Ueki, Sakingo Imai, Kozaburo
Hayashi and Akira Yamaji, 1997, A field
study of the incorporation of atmospheric ion
species into raindrops, Atms. Envir., 31(9),
1369-1379.



