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Dustfalls and Various Ion Concentrations in Théir Filtrates in an Urban and
in a Rural Districts

Yeon-Pyo Hong, M.D.

Department of Preventive Medicine and Community Health, College of Medicine,
Chung-Ang University

(Director by Professor Kyou-Chull Chung)

During a period from February Ist to November 30th in 1983, measurements were made
twice a month on dustfalls and concentrations of various cations and anions in their
filtrates in an urban (Heuksuk-dong, Seoul) and in a rural (Ansung) districts.

Standard British Deposit Gauge method was applied for collection of dustfalls and ion
chromatographic method using Ion Chromatograph 10 (Dionex, U.S.A.) for determination
of cation and anion concentrations.

The results obtained were as follows: o

1. Annual mean values of dustfalls were 8,30-%5.09 tons/km?/month in an urban‘:i,a_nd;
6.20+0. 82 tons/km2/month in a rural districts. And annual mean values of pH of filtrates
of fhefcollected samples were 5,3+0.76 in an urban and 6, 0-+0.82 in a rural districts.

2. Annual mean concentrations of common cations and anions in their filtrates were as

follows:
urban - rural (unit: ppm)
Na* 1.7%1.30 1.94+1.86
NH,* 12.4+1.60 1.3%1.59
K* 0.710.47 1.51+3.79
Ca*+ 5.310.95 3.4+2,58
Mg++ 0.7:£0.89 0.50. 83
Cl- 2.0£1.31 4.0%2.35
NO,- 4.0%2.35 2.7+1.31
SO, 16.9117.40 6.8+8.00

Some of anions such as Br=, PO,~® and NO,~ were scarecely detected and F- was measu-
red at very low concentrations ranging from 0.1 to 0.5 ppm in Feb., Oct. and Nov. in an

urban and in Feb. in a rural districts.



3. By two-way analysis of variance with 4 replications for dustfalls, pH and concentrati-

ons of various ion by district and month of a year, statistically significant differences
were noted in dustfalls (p<0.01), pH (p<{0.01) and concentrations of various ion (p<0.01)
by month of a year, and in dustfalls (p<0.05) and concentrations of various ion such as

NH.*,

Cat*, NO;~ and SO,— (p<0.01) by district.

4. There were statistically significant differences pH in Spring (Feb., Mar. and Apr.)
(p<0.01) and in SO,~~ in Autumn (Aug., Sept., Oct. and Nov.) (p<0.05) between the two

districts.
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Table 1., Monthly changes in dustfalls in an urban (Heuksuk-dong, Seoul) and in a rural (Ansung)
districts (1983) (Dust: ton/kmz/month)

Stati- Filtrate (ml) pH Soluble dust Insoluble dust Total dust

stics  yrban rural urban  rural urban  rural urban  rural wurban  rural

Month

Average 1,753 2,298 4,31 6.41 12,77 8.98 5.41 2.31 18.18 11.29
S.D.(+) 664 401 0.82 0. 56 3.99 4.61 0. 36 0.45 4.70 5.03
2 Maximum 2, 350 2,680 5.53 7.07 17.23 14. 00 5.77 2,72 22.89 16. 64
Minimum 1,035 1,915 3.85 5.92 8.31 4.95 5.10 1.78 13.41 6.73
T-value —1, 4052 —4,2297** 1.2433 10. 7586%* 2.0015

Average 1,307 1,758 4.65 6.89 4.14
S.D.(%) 216 751 0.69 0.05 4.69
3 Maximum 1,485 2,461 5.51 6.93 9.80 30 6.57 7.28 16. 34 13.57
Minimum 1, 040 1,100 4.04 6.82 0.27 86 4.67 4.39 6.77 7.31
T-value ~1.1543 =6,4758** -0, 2576 0.3613 —0.1388

81 6.07 5.79 10.21 10. 60
25 0.93 1.24 4.51 3.35

P> e

Average 3,653 3,678 5.38 6.62 6.98 6.38 4.42 2.41 11.40 8.79
S.D.(£) 1,368 1,306 0.89 0.10 1.79 0.43 1.27 1.50 1.98 1.70
4 Maximum 4,855 4,895 6.56 6.71 8.61 6. 80 5.63 4.14 13.69 10.94
Minimum 2,442 2,548 4.67 6.48 4.61 5.89 2.72 0.65 8.87 6.79
T-value =0.0264 —2.7689* 0.6518 2. 0454 1. 9988

Average 1,845 2,165 5.73 5.99 2.95 3
S.D.(%) 928 735 0.67 0.72 1.45 0
5 Maximum 2,720 2,815 6.33 6.60 4.14 4.42 3.53 2.69 6.53 7.11
Minimum 858 1,428 5.02 5.10 1.10 2
T-value —0. 5406 —0.5287 —0.3154 1.6804 0.6609

Average 1,101 2,790 6.49 6.35 3.64 4.40 2.19 2.92 5.83 7.32
S.D.(%) 336 1,948 0.39 0.89 2.24 1.03 1.28 1.26 3.04 0.40
6 Maximum 1,490 4,500 6.95 7.12 5.86 5.45 4.11 3.79 9.38 7.32
Minimum 695 900 6.07 5.19 1.61 3.13 1.47 1.78 3.4 6.88
T-value —1.7089 0. 2882 —0.6165 —0.8129 —0.9720

Average 9,988 4,665 5.34 4.85 7.38 1.76 2.45 1.24 9.83 3.00
S.D.(£) 2,940 305 0.33 0.60 474 1.30 0.96 0.90 5.67 0.62
7  Maximumi2,640 5,100 5.53 5.72 11.54 3.43 3.56 2.24 15.11 3.55
Minimum 7,410 4,430 4.84 4.39 2.51 0.43 1.58 0.07 4.23 2.29
T-value 3.6018* 1.4312 2.2869 1.8390 2.3976

Average 3,720 5,238 4.98 4.76 1.76 1.56 1.95 0.71 3.96 2.30
S.D.(£) 329 290 0.44 0. 60 2.07 1.62 111 0.45 1.30 2.03
8 Maximum 3, 994 5, 065 5.38 5.43 4.84 3.93 3.13 1.13 6.21 5.06
Minimum 3, 250 4,980 4.38 4.18 0.52 0.43 0.71 0.32 1.85 0.50
T-value —6.9225%* 0.5914 0.1522 2. 0706 1.3762




Month Stats- Filtrate(ml) rH Soluble dust Insoluble dust Total dust.

. Itics urban rural urban  rural urban rural urban rural urban rural
Average 6,141 5, 036 5.43 5.70 4.02 2.35 1.25 1.79 5.28 4,14
S.D.(X) 2,010 1,174 0.18 0.35 2.53 0.76 0.87 0.28 3.39 0.81

9  Maximum 8,090 6,225 5.60 6.00 7.63 3.25 2.53 - 2.13 10. 16 4.79
Minimum 4, 360 4,020 5.19 5.37 2.10 1.45 0.70 1.54 2.83 3.03
T-value 0.9494 —1.3720 1. 2643 —1.1817 0. 6544
Average 1,238 ‘ 1,170 5.62 6.07 1.45 1.21 4,40 2.76 5.85 3.98
S.D.(%) 480 291 0.18 0.12 0.24 0.32 0.50 0.69 0.71 0.75

10 Maximum 1,780 1,430 5.81 6.18 1.67 1.66 4.96 3.77 6. 58 4,95
Minimum 790 810 5.41 5.91 1.15 0.93 3.75 2.18 4.90 3.25
T-value 0.2423 —4.,1603%* 1.2000 3.8492%* 3.6326*
Average 990 1,488 5.34 5.89 2.03 2.51 2.52 2.76 4,55 5.26
S.D.(#) 227 275 0.49 0.55 0.32 0.18 0.96 0.55 0.97 0.30

11 Maximum 1, 250 1,690 5.66 6.15 2.35 2.63 3.43 3. 14 5.54 5.52
Minimum 790 1,175 4,61 5.25 1.72 2.38 1.38 2.37 3.64 5.00
T-value —2.6364% ~1.5108 —1.9022 —0.3165 —1.0894
Average 3,170 3,068 5.33 5.95 4.71 3.78 3.31 2.41 8.03 6.20

Total S.D.(3+) 3,008 1,671 0.76 0.82 4,14 2.92 1.77 1.58 5.09 3.69-
Maximum]2, 640 6, 225 6. 95 7.12 17.23 14,00 6.58 7.28 22. 89 16.64
Minimum 695 810 3.85 4,18 0.27 0.43 0.70 0.07 1.35 0.50

*: p<0.05, **:p<0.01
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Suppressor
Injection volume: 100 4l
Meter full scale setting: 10 zMHo/cm
Chart speed: 0.5cm/min
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2 HC1/0. 0025 M HNO,
Flow rate: 184 ml/hr
Seperator column: 6X250 mm alkaline
earth seperator
Suppressor column: 6x250 mm alkali-
ne earth suppressor
Injection volume: 100 gl
Meter full scale range: 10 @MHo/cm
Chart speed: 0.5cm/min
3) 80|, Cl-, NO-, PO,3, Br-, NOy-, SO,
~2): &89 AE; 5FA¢ NaF 2.2100g, NaCl
1.6484g, NaNO; 1,4998g, Na,HPO,-12H,0 3.7710
g, NaBr 1.2877g, NaNO; 1.3707g, K;SO, 1.8142¢g
2 23} $%4d ¥ 172§ 1,000 ppm HA =k
£ ok 7 499 AL Adkd 23 TR F
o F-3ppm, Cl-4ppm, NO,~ 10ppm, PO,
50 ppm, Br~ 10ppm, NOg~ 30ppm, SO 50



Table 2. ANOVA table of a two-factor (area and month) witl 4 replications for dustfalls and pH

Source of Sum of Mean of '

Contents variation - squares d.f squares F

Dustfalls Month 660. 3827 8 82.5478 6. 3245%*
Area . 55. 5452 1 55. 3452 4. 2403*
Interactions 89.0144 8 11.1268 0. 8525
Residuals 704. 81539 54 13. 0521 —

pH Month 18. 72644 9 2. 08072 2.86616**
Area 4.57446 1 4,57446 3.32087
Interactions 20.41483 9 2.26831 3.12457
Residuals 43. 55757 60 0. 72596 —

*: p<0.05 **:p<0.01
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Fig. 1, Monthly changes in filtrates, dustfalls and pH in an urban (Heuksuk-dong, Seoul: solid line)
and in a rural (Ansung: dotted line) districts.
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Fig. 2, Monthly changes in common cations and anions in an urban (Heuksuk-dong, Seoul: solid line)
and in a rural (Ansung: dotted line) districts.
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ol 7+ AeJA 3.96:1.30 tons/km?/month 3, 2
Yol 74F wkobA 18,1824, 70 tons/km2/month g v},
&MY A3F-L 6.20:3.69 tons/km2/mon-
th 24 EAd uiste] AL B3-S Bgod, ¥
2.30+2.03 tons/km?/month 2 s} Ag¢la, 24¥d
11.29-+5. 03 tons/km?/month 2 7} =zl F A Y
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pH = EA A e 4 s1Fe] 5.3310.7601 92, 24

A 1.941.86 ppm ¢] gl =} (Table 3),

“o] Al ol 4.314+0.829 %, 6l S Fol 6.49%

0.390] glvh. &AL o] 5.9540.820]
8ol 4.8510.602 2 74A wskw, 640l 6.35740.89
2 7HF Eskek(Table 1), '

Agd R B 293 394 A A pHE #7
4.31:0. 829} 4.657-0.6924 &£ 6.4140.562} 6.
860,059 wll->- o5t ol T Hgon (p<0.01), 4
Yol EAJel4] 5.3840.89, FEoNA 6.6240.1022
Fo g Aol F 2 gvH(p<0.05) (Table 1). 5¢ &l
9¥ 71 &= —,—Z°Q7M pHY el & 4 glgle
1095 11496lE EAle| 4 pH 7} 5.6240.18, 5.34
+0.492 &9 6.07-0.12, 5.694-0.558 7 o714
W(AA) 7ZeE By (Fig. 1), ¥de 2y, =
A X qo] 295 349el| pH Y o] 5.5¢]8 el Y2,y
44 ol Foll & AR F7hete] 64l 6.4530.597H7) ol
Egon, v 743 896 g&FE AFE Ve
gt FEX AL 795 899 pHF 4.85:+0.60
s} 4.7610.6001 312, 2 8¢ Fztell& pH7F 6.0
o4 7.0401 & ¥4 pHY w59 =% Fo3 AL
2 Yelytel (Fi=2.8662, p<<0.01) (Table 2).

1) ¥o0|2 m=(Na*, K*, NH,*, Ca**, Mg**)
(a) Na*: EQ A4 1.7£1.30 ppm, FEA G4
24l E =AM
A 3.8%1.37 ppm, FEol4 5.710.34 ppm, 3Ye
= EAll4 2,030.25 ppm, FEel| 4 3.7+1. 10 ppm
22 FENA Fho}h(p<0.05) (Table 3), 44 +

T F A7l Aol E Helx ggton, 23 6
Y3} Y= 44 EAlolA 2,240,488 ppm 3 1.7+
2.44ppm © 2 F& 1,77F0.67 ppm, 0.4+0.18ppm
2o} ozt Soid Age wgov(Fig. 2), A7y
ol QA F F WY oh(Fi=0.4519) (Table 4).

44 93 ¥ 298 AA gLt 6451 89
ol 7 st out, 9del EAS} FEAA A
0.540.29, 0.470.13ppm 2.2 zt&3kg =7k 109 +
B thA] F7bsle 1196l A9 FEAA A7 2.1
+0.76, 2.440.12ppm o8 Zs}slqg.e (Fig. 2),
YHEE As] 2 2ol & EYeh(FL=9.5694, p<
0.01) (Table 4). .

(b) NH.*; NH.*Y %3 5+ =] o o] A]
2.4F1.60 ppm, FEA A 1.3£1.59 ppm o] giv}
(Table 3).
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Table 4, ANOVA table of a two-factor (area and month) with 4 replications for ions

Source of Sum of Mean of
Contents variation squares d.f. squares F

Nat Month 113. 42263 9 12. 60251 9. 56939**
Area 0.59513 1 0.59513 0.45190
Interactions 16. 35862 9 1.81742 1.38001
Residuals 79.01750 60 1.31696 -

NH,* Month 87.36613 9 9.707325 7.09451%*
Area 18.91513 1 18.91513 13.82392**
Interactions 24.23112 9 2.69235 1. 96767
Residuals 82.09750 60 1. 36829 -

K+ Month 157. 47613 9 17.49735 3.82780**
Area 11.78113 1 11.78113 2.57729
Interactions 136.43512 9 15. 15946 3.31635
Residuals 274. 26750 60 4.57113 -

Ca*t Month 407. 857 9 45,31744 7.37568**
Area 74.498 1 74.498 12. 12499%*
Interactions 94. 037 9 10. 44856 1.70056
Residuals 368. 65 60 6.14417 -

Mg** Month 27.83253 9 3. 09250 6.83561**
Area 1.58203 1 1. 58203 3.47479
Interactions 3. 06578 9 0. 34064 0.75295
Residuals 27.14438 60 0.45241 —

Cl- Month 154.6 9 17.17778 9. 6749%*
Area 0.4205 1 0.4205 0. 07392
Interactions 51.1995 9 5. 68883 3.20407
Residuals 106.53 60 1.7755 —

NO,;~ Month 326.6755 9 36.29728 7.99662%*
Area 32.0045 1 32. 0045 7.05088*
Interactions 27. 85050 9 3.0945 0. 68175
Residuals 272.345 60 4.53908 —

SO, Month 6893. 0376 9 765. 8931 9.22723**
Area 2011.0151 1 2011. 0151 24, 22806%*
Interactions 2391.71862 9 265. 7465 3.20163
Residuals 4980. 2125 60 83.00254 -

*: p<0.05, **:p<0.01

Agyg 2t 29 EAA 3.611. 18 ppm, FEol
A 4.0£3.47ppm 22 42 kot R Aele
dgod, 3¢ FeHE E=AdAY NH3E} &

(2.02-0.40 ppm)el] Hlsle AL 2 AHE AL
agled (Fig. 2), § =4 zkell
ol gloH (F§,=13. 8239,

A4 R Al

p<0.01) (Table 4), 34



6del 593 o] S(p<0.05), 7THE W H4
6] B (p<0.01) Rgti(Table 3). ¥4 B E4
7k 293 38e] AL Hwxd AUz st 4ddle
1.3+0.28 ppm &8 zh4sgvisl 68el oH4] 3.8+
1.30 ppm 2.2 FrFstg o, 7,8,986 A 0.8E0.
16, 1.7+1.80, 1.130.52ppm &2 zt&s 3, 104
Mp 3.6241.81 ppm 22 FrbElgleh, @M FEL 3
el 2.0+0.40 ppm, 48] 0.74:0.75 ppm 22 zh4
3, 793 8Yel 0.140.67 ppm &2 v -§ zH4
ocbrl 10895 114960 2.1+0.38ppm 2.2 5713k
(Fig. 2) 5 A9 2% 99 Folst winksl Ao FS
=7.0945, p<0.01) (Table 4).

() Kt; EAAGdA 0.710,47 ppm, F&2 4
A 1.5+3.79 ppm o] g vk (Table 3). EA7 24
0.974-0.25 ppm, E&0] 9.4+9.46 ppm 0 & FEo]
A oo} FEAAY W89E 1.5~21.0ppm2E
Ags] Hod, 3964%E EARGe] 0.8+0.10 ppm,
FEx 6] 1.740.23ppm &2 =olrt gt (p<
0.01) (Table 3), 49 ol F el 2383 EAAHe
ok7l Zr19 AFE xe (Fig. 2) 693k 11¥de &
218 2ol B Jehg o (p<0.05), BT FE} 1.5
4+0.79ppm A ER o} F A9 kel Aol&
QAT 4+ 99 (Fi=2.5773) (Table 4). Y€ 2=
EARGe] 64 1043 1194 Z7 1.340.15, 1.0
+0.56 ppm 28] & 1.1:-0.17 ppm o] g2, 2 9]¢ 7]
7kl &= 1,0 ppm o] 32 & Aol F Mol ¥+ F
&2 295 394" 1.0ppm R} A el 2
o] Tl Yol 1.0ppm ol 3} ojglom, 53] 7,8,9
Yol A 0.2ppm oj 2 (Fig. 2) € Apo[7t 4
3] Ath(FL=3.8278, p<0.01) (Table 4).

(d) Ca*t; AR el 5.3+3,95ppm, FTEAY
o] 3.4+2.58 ppm o] Jtk(Table 3). gzt 34
ol =AX o] 6.320.76 ppm, FEX o] 8010.73
ppm o2 f8j5 o] E By ok (p<0.05), L ofF
79% AYsay TAAGe] F748 AL Helm
glod B3 5,6,10,1194 EAXFe]l YT 6.5
ppm el el lu, FEXG-E ET 5.0ppme]FE
(Fig. 2) 5 A7 #1& {43 zol& 2Yst
(Fi,=12.1250, p<0.01) (Table 4). 9= 2 ¥
AR Fe) 5,6,10,11%8¢] 7,8,998 2} YFFo] ¢ 5
ppmol &} E3, FEAGAAE 28(4.712.39
ppm), 349 (8.0+0.73ppm), 44 (3.2%0.43ppm),
64 (4.813.91 ppm) 3 114¥ (4.710.69 ppm)el]l =5
#Fel 4.5ppmolAe® 7Y (1.140.46 ppm), 8¥

(0.940.30 ppm) 3} 949 (0.910.26 ppm) B} ¢ 3,0
ppmo] A Fol(Fig. 2) Y¥ 2L o]& F9 ¢ Kol &
vreb 91 vH(Fg=7.3757, p<0.01) (Table 4),

(e) Mg**; ZA o] 0.740.89ppm, FEX Y
o] 0.5:-0.83 ppm o] g =}(Table 3). A xge] 29
ol 2,0%£1.60 ppm, FEXHe] 2.3:1.85ppm o E
&7 =¢oeH, 3¥(EAsF 1.711.42ppm, pEo)
0.52:0.10 ppm) o] F HBl &= EARFo] &4 Fol 4
83 98] AT Aojrt 1A H Yo (p<0.05)
(Table 3), F xq =% sjge] 1ppm o]st=(Fig.
2) Aqzel F4% Aol=  YHeh(Fi=3.4748)
(Table 4).

YW R ¥y T X9 BF 29d] 2.0+1.60ppm,
2.3%1.85ppm Zelx 3YelE EAXGRE 1.741.42
ol glon], 2 olFol WU¥Fe| 1.0ppmojstgivt.
53] 7,8,996 = F A9 BT X 0.1ppmelA 3
¥ 3|3 0.4 ppm te] 2(Table 3) ¥4 ol & A
3] #=H(F2=6.8356, p<0.01) (Table 4).

2) %OI% %E(Cl-’ NO3—7 SO4_—, F_: Nos_,
Br~, PO,™%)
(@) CI"; EAA 6] 2.0%1.31ppm, FEA oo

1.9-+2. 29 ppm o) gl v} (Table 3).
Ay E Wel 2% = xde] 2.5+1.86 ppm, 5
EX o] 7.14+3.85ppm 0.2 EEA A T Ak

P e el R8 7 Apelst L glek(p<0.01) (Table

3). 2Elx 494 =27} 1.740.35 ppm, F&Eo] 0.9
+0.41ppm, 6%l EA|7F 1.9740.41ppm, -F&o]
0.920.64 ppm & 2 {81k X}o] & (p<0.05) b gl
2} Hu 2.4ppm 28 B} FEgrh 10¥ (EAA
o 2.0%0.49ppm, &34 1.1£0.2ppm) o] Fo
A F4Ek 1186lE T A9 BT Y Fo] 4.3
ppm(Fig. 2)2. 2 F 478 4% Aol gyt
(F%,=0.0739) (Table 4), ¥4 2L F X9 2% 2
Yol F7H" AeolAl AAF ghLstgtisl 108 o] F4
A SohEke AgE 2gen 58 FEdAE 49
He] 997t YT 1.0ppm o524 (Fig. 2) 24
5 34, 10495 1193 ol $ 593 o] & ekl gl
v} (Fg=9.6749, p<C0.01) (Table 4).

(b) NO;~; AR gGo] 4,042.35ppm, FE 3 o]
2.7-+1.31 ppm o] g1} (Table 3).

244 EAXGY 0.610.56 ppm B} HE x| oo)
1.430.85ppm 2 o7k 7 g0 88 Aol =
fd.om 34 (247 2.840.79 ppm, FEo] 1.8%1.
27ppm) o] F Hel= EARGe] FEAGE Fo}



593 8ol 7.0--3.53 ppm 3} 7.5%3.89 ppm L2 F
28] 5.0--4.85 ppm 3+ 3.94-2.32 ppm Heh oF 2,03
3.5ppm S glon, 84 ol e Aoz HUHT
1.0 ppm o4 Eob(Fig. 2) 945 11¥ell & F A A%
of 495 =ol/k ddL(p<0.05), AAJL2E &
e ol 7} 9 9l eb(Fi=7.0509, p<0.05)(Table 4).

@ 99 51 5,6, 10,1196 5 9 BE(EA
X ede] 7.0+3.53ppm, 7.513.89 ppm, 4.6+3.26
ppm 3 7.8-1,01 ppm o} 2 FEA G| 22 5.044.
85 ppm, 3.9+2.32ppm, 4,143.26 ppm 3 5, 630. 92
ppm) & Foll #a} oF 3,0ppm o) A o} (Fig. 2)
44 ol WS g Jelsh g gdeh(Fho=7.9966,
p<0.01) (Table 4).

(¢) SO,; EA Aol 16.9F+17.4ppm, FEXA
odo] 6.8+8.00ppm o] girk(Table 3). EAx o]
243 3¥e] Z7 31.0+10.73 ppm 3} 50.6+32.03
‘ppm o2 & 23,0+12.1ppm, 10,0+6.40 ppm
Bl 4739 Fob 3¥dllE A AolE vetioA
(p<0.05), 48 (=49 e] 6.0+4.03ppm, FEXY
o] 4.0+2.32 ppm) 3 7H (A A He] 4,040.78 ppm,
iz ae] 2.551.56ppm) o] Fol 8UHH 11¥7AA
Aol oF 4~5ppm o] el Fo)ak o] (pL0.05)F
2z (Fig. 2), AMALEE F A 7kel] 5 F4
T Abo] & peb gleh(Flo=24.2281, p<0.01)(Table
4. 44z 2y A AL 293 384 A4
Ergon} 486 FAE gistgvlst 69 (17.615.48
ppm), 109 (17.51-8.46 ppm)sk 119 (21.24.43
ppm)el] S8k A Ryrh FEAGAAR 2”4
ol & REE g4t @3Fe] 10.0ppm o] 2 =&
o, EARGA A AR 685k 108 o]
Foll 215t Aeke 2ech 3 7,8, 98 =4
Qo] oF 5.5ppmojd}l, FEFFe] 2.5ppmo]FtE
945 =32 pgov(Fig 2), €42 ¢ 4
2o} B el g eh(Fi,=9.2272, p<0.01) (Table 4),

(d) F-, NO;-, Br, PO,%; F & EARA 2
4 = 0.3ppm 3k 0.5ppm, 10¥Zd 0.1 0.5
ppm, 2 11¥e] 0.2+0.15ppm o] SAFHglx 1
89 Az Fde FAHA gk, TR 249
2] 0.1 ppm 3} 0.5 ppme] FAHYL 2o} FRE
A A& A &gk NO, ¢ PO 5 AHdA
2% AEFHA 43ch azlm Brrg EAXG4 2
Yol 0.9730.54ppm HAEH L 3¥ Zo 0.8ppm 3}
l.4ppmo] ZZ =g o, 2 o) FolE AR &%
3 FEAGAAE A SHHA gyeh '

N. 1

l“},‘:

1. ys2xey

EAAEY (AE FA4F)AAY Q9T ZshEA %
8.03+5. 09 tons/km2/month o] 2, F&X 9 (7]
kA1) ol" 6.20-43. 69 tons/km2/month 24 XA 7}
E29 bt w2 AL Lo R Aoje
Vgieh o] 44¢& AL FEdAG L Ao R 3} o)
F i d0(1969)29) A 8,79~12.45 tons/km?/
month ¥ v} &7k vros] 7 HAH1973)¥Y A4 20,
149.3 tons/km?/month, I® 3 2ARE1971)%¢
Ag S8 =Tl 4 15,39 tons/km?/month, FAL Fd
274 18.19 tons/km?/month, W7 F& 27 13,
55 tons/kmZ/month Brltl =] @ HAL Hor}
(p<0.01).

oA FL S AL 2Z ARG S A=RA,
% Y REY EAES 484 244 w2k A48
2 F e ALs, & 44 48 AxEd @A

o &

B Ae 2 BAEc B2 ERAe] Bu, 24
qo] WTLE AFLFo]l BhE Fol Hle) HL& Ao
Addshes AoE gAY 49 FaiAgs uu

F X9 2T g¥el EA x4 3.96+1. 30 tons/
km?/month, F&X g4 2,30=%2. 03 tons/km?/mo-
nthe® 744 Y& 394 By Ed, oA4L 2L 5
7ke) B a<k(1972)04 A4 13.67 tons/km?/month,
AAEA971)%0] whEa A-g9 12.45 tons/km?/
month, 2AL9] 20.40 tons/km?/month 2] & = F¢}

- 13.82 tons/km?/month B.r} =i wobr}, TEn ¥

EA A AEHT, 894 A2 3.0+0.62 tons/
km2/month, 2,3+2.03 tons/km?/month 24 tv}&
ol vjg Fe AL Holk AL ASFe]| HE T
ol W&l B Aol Qdfste AR AR, =AR
¢ 8¥el 3.96+1.30 tons/km?/month B %2 4
4 Ry ed, ol FHAdst HE ASFEcI=
T2 EF el FQlste A2 GARH. =
g EA A A A 24 (18, 7 tons/km?/month), 34 (10.
2 tons/km?/month) s} 49 (11. 4 tons/km?/month) o]}
538 ZetEAlHe] & AL ATl 245k 34
tE 2ol vlEl Axm EF o] el ke AT d
B25GE AL gy 3480, 486d= A
AAe 9 F FT¥AE DA deg AR,
A Z 4w gkl FTA BT 2 S5 o] Fo{Aok



F AR AR
EAAYs FEAY 79 FeEAHY #A3 ZAF
o] (F1,=4.2403, p<0.05)%&
Z2¥A5 &3 zjo] B
7t 9 Yaolztn 42w,

2. pHEe} O]REx

British Standard Deposit Gauge ¥ & o] &35} &

& g ol T Wt AAE A Fetus

ole & AR},

NO,, Br~, PO, o] 252 EAj8 5& F Hd|
A BF AEEA ¢9ged, F &t ¥¢ FE(pbs
FYANAE AEY AR S F£ BELEW, T4
Foll A 24, 1085 1196 SEX A& 2492
A" 0.1~0.5ppm o] HAEHA, EAAGA 39 &
B 947, FEAGAAE 39 o/ F A HFEHX
skgkrh, o] AL ol¥iz, AFAIMY 1971 E 44 e
gHaololl AT EFEY FE7 FHAGANA 0~
25.2ppb 24 B AF 9 245} 344 2339 44 o]
A4 e FEF Vbl AL ZAR Y] FHAGUE
Lol w) B4 %] Frh A 9 ALE
7= ek
283 e 3EY o] 28L& (NO;-, Bro, PO 2} F-

Y

o

£ A2 oAzl opo] ool Wl padtt A
& Molx Ae(Fig. 2), 29l ool @t 2
2EYo] v AA HAH AL Auge Ao
e

T A9 2ol E Bl et WEFHe HRE
ARy S Agstgn A3l Al E Role oj+ELR
NH,*(p<0.01), Ca**(p<0.01), NO,"(p<0.05)%}
50,77 (p<0.0)]d], o] & FNOs7, SO, & w7l
d (HEAF WAt E) S DA BA S de Fol
EEAMY, £Xdze 2dREY Aol E Hds F
= L2 A8, F SO #7 g4 FE3 4
49 g5t FAHS0)E FA3H, o)A A=
Yet =& NaCls} wkg3le] 344 (XS0NE d4T
et 223 NaCl sk 4ate]l wEE = |4HHChe]
Aziet. A" F44GEYH(NH),S0) 7 43
=4 NH el SO, 7t 4453, w4 NH & NH,
o H*2 Easci(e] e sgAeleh)'2, Zela
NO, & 2.&s3 Agstq NOw7t 5=, NOs7} NO, s}
i35k 2NOE g Asts, o7ld FE3F Adrt
$3ted HNOo7t g4 =et. A48 34, 94, Fdol
23 AAFe] 9 F AT = o] Hehe Al

A geno, ol d R B & =AY
A 293 3¢ pH7E 5,003 « SO, ¢} NH7h
i Azt 453 gl AEHE ALE R o
g Adst A BiEE ez Afrde.

283 5 AG7 Aolst gl o] 2L Y=
28g< o SO, I BEARGAA AR LR %A
uh, 84, 949, 109 ¥ 114¥q] BAHd2E f% A
o]l & R sHEAd]l o7t vk ol A4E A%
3 FAC & AR YAHER, F 8¥de =
AR o] FEA R} ZeFo] M AL (p<0.01)
Al 713k, &l (99, 108 2 11alE F A
q el 232 Aolt A4 glARE, gl AFR
v} Zeke] Aol TAHA SO, 7} Hle] AA W}
T ol AdgoE ARy wlFoletn 2
- &3 pHell gOAE EAAYS &R Q7] 24
3 349 ZAXAANA pH 7} 5. 0013k ol wl S #
3t ol 4o (p<0.01), 48E £ 3 o]
7} 961 (p<0.05) (Table 1), HHdl = A 7le] =
o]7} dgivh. ol YL AgE ) FHale] Y=
SO, 7t EARGA Akd o2 £ Roll 7] qldte)
I HAAY & dRivFe] A o g A
o], el Z$%L JEH} He] SO 7 ¥l
AA Wesbe ol A& Aoz A4

V. d =

19831 249 19%+ 1983 114 3047x 1044
¢ EAAG (AL BT SAF 2Quda o3
)3t FEAG (AN 4 FHudz A 24 E)
ol A Al EREe A5 LA Fe o] & XYL
2 1593 Hddl APste ohesl e AIE o
et

D ZstEAFe ZAAGAA 24 A%Et HTF
8.03+5. 09 tons/km2/month, o] = EE&Ad AL 6.
20+3. 69 tons/km2/month o] gl}, <=Lej¢] pHE =
AR QoA HF 5.3340.760] f 2, FEA N =
T 5.9974-0. 820] gl v},

2) g3t 17} ofel L% Nate =Ad4 1.7+
1.30 ppm, F&dl4 1.9+1.86ppmo]glen], Ko
ZE Aol A 0.740.47 ppm, FEe4 1.53.79 ppm.e.
E welst gles, J8jm NHi e EA 4 2,411.60
ppm, -FEoA 1.3*+1.59ppm ol giuk. 27} oFe]&
(Cat*s} Mg**)% Catte] EAlo]4 5,343.95ppm,
F&AA 3.4+2.58ppmolglon, Mgtte X7}



0.7-0. 89 ppm, o] 0.540.83 ppm o} §ict, ol &
% P03, Br, NO; & F A9l EF AEHA
dores, F-x 24, 1083 114€d =AAGA
0.1~0.5ppm AEH g}k Cl, NO9l 8O, =
Aol A z7 2.0%1.31 ppm, 4.0%2.35ppm 3 16,7
+17.4ppmolglen, FEdAx ZFF 1.942.39
ppm, 2.7+1.31ppm 22| X 6.818.0 ppm o] $let.

3) AstEA T e pH @ o] &€ F A9
28] Felsh Ee o] B B s o] AR H el
9g #4248 491 ¥, Fo, N0y, Br¢} PO°%
A a BE ool 23} Lol-g, FEAL FE&Y
pHE 99 s 9% Aol E Jebddeh(p<
0.01).

I A7l AstRAFAA fel 7t Aol E(p<0.
05), zelx NH,*, Ca*¥, NOg~e} SO, "gbo] =4 &
g Aol & el ¢l v (p<0. 01).

4) SO, & & (84, 99, 104, 119) F A4
7ol f-8l & Aol & Eg.o (p<0.05), pHE £(2
4, 393 494 WS #98 el E B (p<
0.01).

2 o =2
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