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Studies on the Relation between Acid Deposition and Soil

. . . . 1
Chemical Properties in Forest Areas
- Especially in Gyeongsangnam-Do Province -

Chong-Kyu Lee’

2 <

2 A7 Ay AR A% 6%‘?* 3} £9F sbaka] B4 ey 2AE Yete] =3tk EY pHE B+
440015109, 7MY B 2ANHE W AR RAMEE pH 502811, 7MY W& ZARHE pH 4.089] e /\MOI%E}
(p<0.05). AHRIESH F71E %ﬁ?lﬁ, 4, 2, v, GolABERHCEC)S A E F9a7t AT
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Aol Aolqlrt mhabA ZrAte W 7] $9] SO EoFe] AMAEle)| GEE u|AE AR ALREEM, 281
=G W Fad g 98 viXe AL CdY PodE Bl glod, 1 9 Fa49 I Tk

F20{: EY 3}

H o o2 ]

b}
4

i

o, ELS S, ojLtag, o MEtEA

Am

ABSTRACT

This study was carried out to investigated the relation between air depositions and soil properties in
Gyeongsanman province. Soil pH was average 4.40 in regions, and was the highest soil pH value in
Miryang-sanne(pH 5.02), the lowest pH value in Namhae-seomyeon(pH4.08). Soil pH, soil organic matter
content, avail phosphorus, K, Ca and cation exchange capacity(CEC) were significantly different among
regions(p<0.05). Pb in Heavy metal content was 3.86 mg/kg average value, and was the highest in Keo-je
region(9.87mg/kg), the lowest in Mryang-sanne (0.86mg/kg). Zn, Cd, Cr and Ni were significantly different
among regions(p<0.05). Correlation between rainfall pH and soil properties were positive in soil
pH(r=0.7826""), Ca(r=0.6278"), Mg(r=0.5841"), CEC(r=0.6341"") and Cd(r=0.5995"), and were negative in
Pb(r=-0.5283*). Correlation between SO. concentration and soil properties was negative in soil
pH(r=-0.6796""), Ca(r=-0.5810"), Mg(r=-0.5522") and CEC(r=-0.5905"). Correlation between NO,
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2 AFAGistn AFEAET Department of Forest Resources, Jinju National University, Jinju(660-758), Korea(®]Z&F.
suam7(@jinju.ac.kr)



-,
ox
oy

ol
o
o

bt

NYEY sahye) B

261

concentration and soil properties were positive in organic matter (r=0.6208*), K(r=0.5380*). It was predicted
that rainfall and SO; concentration would affect soil acidification, and soil heavy metal content related Cd and

Pb. Others soil heavy metal were not related.

KEY WORDS : SOIL PROPERTY, SOIL HEAVY METAL, SO;, NO;
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Table 1. General characteristics of study regions
Acid deposition sites Soil property sites
Regions Elevation(m) Regions Elevation(m) Slope(®) Aspect
Sacheonshi E 128°06°01" 60 E 128°0609" 65 16 ES
Hyangchon N 34°55'33" N 34°55728"
Sacheonshi E 128°04'58” E 128°0528"
60 O 108 20 WS
Joaryng N 34°56'60" N 34°57°16
Jinjushi E 128°10'59" E 128°10'54"
63 el 65 20 ES
kumgok N 35°05'07" N 35°05722
Jinjushi E 128°17°50" 50 E 128°18°18" 60 2 EN
Daecheon N 35°09°30” N 35°09°52"
Hamangun E 128°27°10" E 128°27°30"
55 s 62 16 ES
Daesan N 35°21'157 N 35°21°02
Gimhaeshi E 128°5520" E 128°55'19"
. on 147 22 ES
sangdong N 35°07°17" 140 N 35°07°18
Changnunggun E 128°3042" E 128°30°517
66 S 75 18 NwW
Koam N 35°34'34" N 35°34'31
Miryangshi E 128°52'53" E 128°53'17° .
124 g 156 18 ES
sannae N 35°35'07" N 35°35721
Hapcheongun E 128°08'44" E 128°08°38"
41 oo 62 16 ES
seosan N 35°34'19” N 35°34'17
Kerjeshi E 128°39°03" E 128°39°05”
o 89 20 wS
shinhyeon N 34°51'19” 68 N 35°51°18
Sancheonggun E 127°50°45" E 127°50°46"
iy 229 22 wS
Honggye N 35°2125” 212 N 35°21°32
Hadonggun E 127°50'04" E 127°50'03"
47 remn 50 15 S
kumnam N 34°58'57" N 34°58'57
Nambhaegun E 127°49°'11" E 127°49°27"
p 65 i 108 20 w5
seomyean N 34°51'04 N 34°51°03
Hodonggun E 127°52°34" E 127°5223" 20 WS
bukcheon N 35°06'31” 105 N 35°06'30" 129
B8 7ol EPHH7IE ol45fel =9 20] 20e

4,
7R B ARE F 57 F ARE s shte] 2%
ANREE Sh= WS, 2005)8 ol &3tk

ESANEE WHEARLA SEE AAEHe] 707)9] &
N&E AFstglen, EAARE T07) FAIRA 1474
AR EFHA R 1471E 3UHE 0 2 ThEQich EGEA(E
A7 &9, 2000)00 &Jste] Eokite, ofol 22|85,
FEU, ZE, 2, v, R8RS B4k

EYEA o4 EY U 555 & 42 0.IN-HCI
2 &30 67) YaZn, Cd, Cr, Cu, Pb, Ni)E G2+
Zgt=0t 23A|(Inductively Coupled Plasma, Atomscan
25, USA)R S4stAtHsdet7]<Y, 2000).

At Eckel ssta BEA T} A sHEe] e 7
8171 fiste] 2000135 H)3to] Zr9-AME, SO, NO; 9
E4st9lrh olefdt dlojelg k] Yet 2Ae o
HE 147 ZAMEA F9A] A2 & AEEo] 79T}

LR FAEAFZISL-12001)E AHgSt) BeE
At AT 7395 pH meter(Dms-880)2 5335}
931, SO, NO, &= Passive sampler Fof 28l RALo]
17197 S2he 249718 A¥AE &4 Ton Chromatography
(Sykam s-134)2 EA31ch. & AtoflA dloly Fz ¥
Aol BAS $l5to] 20004158 2006497 Tz
olelg olgstert.

A
~

3. A

HI

A B RE Bt B Sputd B4, B
2248 W AR R BRAe dobisl S5t
WH ANOVAE AAsla EAHoR §ojit A%
Duncan's 778& AX|3lo] x|2dzke] ol g wlmsdrt. uf
2ha] ol AT A AMIZSHET AREAS AAsY
THSAS, 1989).
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?Edﬂl' E—g k- F ZAE7E 049cmole/kg2 7HY =94, _?};L%}_ AAro]

O0.1lcmeolekg® 713 Yokt ZH9] e HF

1. X9 EUEY 2.44cmole/kgo] AL, W A7} 0.29cmole/kg 2 71 &
o, el 4l AHsol 0.11cmole/kg2 71 Wbt 94

AR 147 2A Eore] ks B0 Table 29w o]} glof A e] Ao vj$ Helqirk. B up1

L} B pHE 147) A9 F7 44009000, T4 e
FARFE WP AR A pH 50297, 7P W 2ApE
pH 4.089] s} Awolgitr, Xoiy olxi7t glgih
(p<0.05). o|BFF AR Selutel ZHAEE} 0] 3
& PH S3-55(1%, 1992) Mk AAYSE Eofoz
ST, B $715 G A9 AR AF 2ATE
A TgkgR 71 BT, ZAA A o] 33.78g/kg 02
A% 9lel Qick. REQAS 2$ B 8.83mgke S
2 REQALY 7 EX(AEA, 2007 TR gl
H BF 100mghkgol FA XA Lol AuAez A}
29tk B0 ZF YHL W 0.22molokg A

¢ ke Hd 1.15cmolokg® WoF ARZE 442
cmole/kg® 7HE &8E3L 8l AFso] 0.11cmolekg® 7H
wioront zjepd Zjols} vlma A ekt Eoke] o
ORABEAL Y BS AL WP AR 1853
emole/kgo] 91, AA AlEe] 1.28cmole/kgiE 713 wol

14w Aol7} sigieh,

g

oh

2, EYL| 85

b

NPAS 1) 2AT Y I
Zhoh, of¢de Ht 61.39mgkgE 7P

S+eF2 Table 33
& e s

Table 2. Soil chemical properties of investigated forest sites in Gyeongnam province

Region Soil pH Organic matter Avail. P20, K’ Ca” Mg" CEC
(%) (mg/kg) (emole/kg)

Sacheonshi 439 3.38° 7.04°% 0.20° 1.85% 0.76' 4437
hyangchon (0.02) (1.86) (0.62) (0.0 (0.63) (0.15) (0.02)
Sacheonshi 4.37° 7.09* 6.34°%" 0.49° 3.18° 0.86° 8.82°
joaryong (0.02) (2.95) (0.53) (0.02) (0.88) (0.12) (0.02)
Jinjushi 437 2.76¢ 6.00°%" 0.26° 2.59% 1.21¢ 5.40%
kumgok (0.02) (1.01) (0.51) (0.01) (0.72) (0.42) (0.02)
Jinjushi 4.30° 2.84% 7.64° 0.23° 1.34% 0.52¢ 3.49°
daecheon (0.02) (1.06) (0.87) (0.02) (0.65) (0.11) (0.02)
Hamangun 4.64° 2.71% 8.17% 0.23¢ 5.03° 436 12.99°
daesan (0.03) (1.09) (0.97) (0.02) 0.72) (1.03) (0.02)
Gimhaeshi 4.32° 421° 4,70 0.15 0.70™ 0.11 4357
sangdong (0.02) (1.92) (0.33) (0.01) (0.11) (0.00) (0.02)
Changnunggun 4.63° 1.96' 6.26™" 0.16" 3.95° 2.19° 7.01%
koam (0.03) (0.12) (0.48) (0.01) (0.01) (0.88) (0.02)
Miryangshi 5.02° 2.63" 2797 0.40° 10.29° 4.42° 18.53°
sannae (0.04) (1.02) (2.02) (0.05) (1.03) (1.04) (0.02)
Hapcheongun 431° 1.54 5.80% 0.11 0.77" 0.24' 401
seosan (0.04) (1.04) (0.08) (0.00) 0.72) (0.02) (0.02)
Kerjeshi 414" 3.89¢ 11.57° 0.14" 0.18' 0.14 1.28¢
shinhyeon (0.04) (1.52) (0.95) 0.01) 0.01) (0.01) (0.02)
Sancheonggun 4.32° 532° 11.99° 0.18°% 0.58"™ 0.13 5.39%
honggye (0.04) (2.02) (0.87) (0.01) (0.22) (0.01) (0.02)
Hadonggun 4.15° 2.98° 7.38% 0.15® 0.67" 0.26' 3.37°%
kumnam (0.03) (1.02) (0.52) 0.01) (0.34) (0.03) (0.02)
Namhaegun 4.08¢ 1.75' 3.63" 0.12° 0.22' 0.12 3.38%
seomyean (0.03) (1.01) (0.02) 0.01) (0.02) (0.01) (0.02)
Hodonggun 4.55° 4.23° 7.30% 0.18% 2,22 0.45" 4.89°
bukcheon (0.04) (1.83) (0.53) (0.01) (0.57) (0.08) (0.02)

note: Same letters within each column indicate no significance at p=0.05(DMRT,SAS), Standard error is given parentheses



264 ol &+t

237 AHste] A 22(3) 2008

=g°] 110.95mg/kgel L, 7P W& 2 F2 H Aj4to]
20.74mg/kgo| 3irh. BE ALY ol FE EYHE
HHALY LH71EA(300mg/kg) et Yot 7]E2]of ulg
SHATHEEE, 2005). 7} =52 B 0.05mgkgR 7|2
of 5 AHule] Tsirt 243t Hefel SR e g o
o] 4t 0.6mg/keg(HE7t, 2007)9] At K} @olow,
P EAY L27]E(1.5Smyk) Lt Yol 7]E Ao vl
2ttt 2E o kS 0.08mgkgol oL, Y A7t
0.15mg/kg 7H E=9ton, 4 AAto] 0.01mg/kg O 2 A
7V Weith 7l B 0.17mgkgo| Gl on, W ARfR
A 0.84mg/kg 2 7P =9kal, AR AFRFo] 0.053mgkg R
7Fg Rtk |2 B 3.86mgkgolli, AA Aldol
9.8Tmg/kg o2 7} =91, ok ARU7l 0.86 mgkgl B
7P w3tk A9zt A AAL(p<0.05), AA Al
e UoF AR Bt 1158 A= Eolch olyd Aite

Wl o o

s Aol 28jy|EA o 24 ulgsiglon, E
3 1E73(2007)2) Balof sk 2Rl LArgThe)
7S 57.0mg/kgo] vl3tod ol e Avtodrt. mabA Ao
7ro] Aol 2AlA9L B, 18T A9 =27} g
AR AT A% dut sEdALrt AFE AR 28
ZAREOA FhEgO) 2|7kl Rjo|7} gl Ao AR
o} E8 o ATt 2R sFEA oA ol o]
%2 o] ggo] Q= Ao AZE e, B & XA
F24 W9 71001 22 By 2340 vl 2 749,
7of olgt ol Bt ALTFEHES] §9lo) ot FE4e
3hA =77 2Y0lo g Hrk Smith(1981) T2 A
Eoko Phbalre mE| Hjgdcn Rusgod,
Tatsumi et al.(1983)%= Pbe gL AEA}e] Z710) whE
o] -9 =AM, B = 234 e Furdol 2
2)go]] Bl8] 2 olg= 1A, HlE, HEla B AR

Table. 3 Soil heavy metal of investigated forest sites in Gyeongnam province

Zn Cd Cr Cu Pb Ni
Regions
mg/kg
Sacheonshi 46.89' 0.08™ 0.07% 0.10" 3.29 24.62
hyangchon (2.10) (0.02) (0.03) (0.06) (0.20) (3.10)
Sacheonshi 54.57¢ 0.09° 0.08" 0.09" 217" 37.02°
joaryong (2.20) (0.02) (0.04) 0.07) (0.32) (5.18)
Jinjushi 36.40 0.04% 0.02% 0.07%" 1.76' 23.28"
kumgok (2.13) (0.01) (0.01) (0.03) (0.13) (3.04)
Jinjushi 52.33" 0.01" 0.07% 0.17% 2.89% 37.21¢
daccheon (5.27) (0.001) (0.04) (0.08) (0.42) (5.12)
Hamangun 95.64° 0.08%" 0.03 0.20° 3.84° 71.83°
daesan (©31) (0.05) (0.01) 0.11) (0.35) (7.23)
Gimhaeshi 30.09' 0.06™ 0.08% 0.13° 5.77° 9.03!
sangdong (2.35) (0.06) (0.02) 0.07) (0.66) (0.78)
Changnunggun 68.45' 0.09% 0.06% 0.07% 246" 40.62°
koam (5.38) 0.07) (0.03) (0.03) (0.21) (5.66)
Miryangshi 102.65° 0.08% 0.15% 0.84° 0.87 90.61*
sannae (12.37) (0.06) (0.07) (0.87) (0.02) (9.15)
Hapcheongun 20.74™ 0.04% 0.01% 0.09® 527° 23.73¢
seosan (2.70) (0.04) (0.01) (0.05) (0.75) (3.15)
Kerjeshi 72.74° 0.04°* 0.04°" 0.30 9.88° 15.42"
shinhyeon (5.10) (0.04) (0.01) (0.82) (0.87) (2.56)
Sancheonggun 110.95° 0.07* 0.10° 0.05" 1.71° 35.68°
honggye (13.17) (0.04) (0.06) (0.02) (0.07) (4.22)
Hadonggun 88.71¢ 0.04° 0.10™ 0.14* 6.28" 70.59°
kumnam (6.18) (0.03) (0.06) (0.28) (0.55) (731)
Namhaegun 33.34* 0.02 0.15 0.07%" 4.51° 18.58¢
seomyean 2.14) 0.01) 0.07) (0.05) 0.42) (1.89)
Hodonggun 31.534 0.06™¢ 0.15* 0.05% 2.80% 28.92°
bukcheon (2.01) (0.04) (0.06) (0.04) 0.21) (2.88)

note: Same letters within each column indicate no significance at p=0.05(DMRT,SAS), Standard error is given parentheses
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Table 4. Rainfall pH by years in Gyeongsangnam-do province
Regions 2000 2001 2002 2003 2004 2005 2006
Sacheonshi hyangchon 5.14 5.01 5.51 4.98 5.49 5.58 5.77
Sacheonshi joaryong 5.27 5.65 5.58 5.35 5.43 5.5 5.70
Jinjushi kumgok 5.12 5.57 5.45 5.00 5.60 53 5.50
Jinjushi daecheon 5.64 5.40 5.09 4.95 5.67 5.51 5.68
Hamangun daesan 5.65 5.56 5.74 5.18 5.50 5.58 5.77
Gimhaeshi sangdong 5.78 5.41 5.61 4.99 5.65 5.53 5.64
Changnunggun koam 5.64 5.69 6.05 5.55 5.93 5.81 6.13
Miryangshi sannae 5.89 5.53 5.94 5.25 5.80 5.67 6.06
Hapcheongun seosan 5.57 5.46 5.14 5.21 5.85 5.77 6.30
Kerjeshi shinhyeon 5.05 5.10 5.01 5.01 5.06 5.34 5.48
Sancheonggun honggye 5.96 5.55 5.18 5.33 5.70 527 5.58
Hadonggun kumnam 5.02 5.02 5.05 5.08 5.04 54 5.61
Namhaegun seomyean 4.97 4.97 4.98 4.95 495 53 5.39
Hodonggun bukcheon 5.18 5.33 5.57 5.33 5.57 5.5 5.46
mean 5.42 5.38 5.42 5.15 5.52 5.50 5.72
note: Data were derived from the Gyeongsangnam-do Forest Environment Research Institute
AT S 2 AR WA ue @ o] AT $348 SHWAS EAS Tl 7).
M AR HiEo] & AollA Eoke] #AM4w Eokaely} 9T S| AR BoF pH(r=0.7826"), 745
A AYE T Q= Ao AlmEch (=0.6278"), u}:.ulg(FO 58417), oFol LX) 3-8 =0.6341" )
FFE(r=0.5995 )3+ A 9] AFao] Q1L H(r=-0. 52837)& 1
3, MMZEEN EYSAHO AT of Aot 7] F9) SO, FEeF ATWE B9
pH(r=-0.6796""), Z4(r=-0.5810"), u}1u|4:(r=-0.5522"),
2000155 2006'd742] 2743 74-¢-AE=(Table 4), Tf7] Fo]- 2 2| E-8-2K(r=-0.5905")} 9] AFFrojoict. 7] Fo)

Z SO, %(Table 5) 7181 7] 2 NO»y5%(Table 6)=
28 2YPe B 39Nl of Sk =gel

Table 5. SO; by years in Gyeongsangnam-do province

NO; FZo} A
Ao} Aol it

S 718(r=0.6208"), ZrE(r=0.5380 )T}

Regions 2000 2001 2002 2003 2004 2005 2006
Sacheonshi hyangchon 0.007 0.007 0.005 0.006 0.013 0.008 0.011
Sacheonshi joaryong 0.004 0.007 0.004 0.016 0.006 0.006 0.011
Jinjushi kumgok 0.003 0.005 0.004 0.004 0.006 0.004 0.005
Jinjushi daecheon 0.009 0.0609 0.009 0.008 0.008 0.005 0.005
Hamangun daesan 0.006 0.006 0.005 0.004 0.005 0.004 0.007
Gimhaeshi sangdong 0.005 0.007 0.004 0.005 0.006 0.004 0.007
Changnunggun koam 0.006 0.007 0.005 0.000 0.001 0.002 0.006
Miryangshi sannae 0.002 0.002 0.002 0.002 0.002 0.001 0.006
Hapcheongun seosan 0.005 0.006 0.004 0.001 0.003 0.003 0.003
Kerjeshi shinhyeon 0.009 0.008 0.008 0.008 0.008 0.004 0.009
Sancheonggun honggye 0.004 0.005 0.004 0.001 0.005 0.004 0.008
Hadonggun kumnam 0.008 0.008 0.008 0.008 0.009 0.006 0.010
Namhaegun seomyean 0.008 0.005 0.004 0.005 0.012 0.011 0.016
Hodonggun bukcheon 0.003 0.006 0.004 0.008 0.006 0.006 0.017

Mean 0.006 0.006 0.005 0.005 0.006 0.005 0.009

note: Data were derived from the Gyeongsangnam-do Forest Environment Research Institute
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Table 6. NO: by years in Gyeongsangnam-do province

Regions 2003 2004 2005 2006
Sacheonshi hyangchon 0.006 0.001 0.002 0.005
Sacheonshi joaryong 0.016 0.001 0.001 0.004
Jinjushi kumgok 0.004 0.000 0.001 0.003
Jinjushi daecheon 0.004 0.001 0.001 0.003
Hamangun daesan 0.004 0.001 0.001 0.004
Gimhaeshi sangdong 0.005 0.001 0.002 0.003
Changnunggun koam 0.000 0.000 0.000 0.004
Miryangshi sannae 0.003 0.000 0.001 0.004
Hapcheongun seosan 0.001 0.000 0.001 0.003
Kerjeshi shinhyeon 0.006 0.001 0.001 0.004
Sancheonggun honggye 0.001 0.000 0.001 0.003
Hadonggun kumnam 0.003 0.001 0.001 0.003
Namhaegun seomyean 0.005 0.001 0.002 0.005
Hodonggun bukcheon 0.008 0.000 0.001 0.003

Mean 0.005 0.001 0.001 0.004

note: Data were derived from the Gyeongsangnam-do Forest Environment Research Institute
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Table 7. Correlation coefficient between soil properties and acid depositions

ZAtel =2

FEABHATY U724

R AN

. . Rainfall(pH) SO» concentration(ppm) NO, concentration{ppm)
Soil properties Mean S.E
Pr>r

Soil pH 4.40 0.25 0.7826" -0.6796" -0.1084
Organic matter 33.79 1.49 -0.0272 0.2207 0.6208"
Avail. P,0, 8.71 0.61 0.3223 -0.4965 -0.1881
K 4 0.21 0.11 03133 -0.1410 0.5380"
Ca 2.40 0.27 0.6278" -0.5810° 0.0061
Mg 1.13 0.15 0.5841 0.5522" -0.0549
CEC 6.24 0.45 0.6341" -0.5905" 0.0595
Zn 60.36 2.97 0.2067 -0.2881 -0.2072
cd 0.06 0.03 0.5995" -0.3202 0.3627
Cr 0.08 0.05 -0.1347 -0.1569 0.1327
Cu 0.17 0.21 0.2674 -0.4090 -0.0743
Pb 3.82 0.23 -0.5283" 0.4362 0.0494
Ni 37.65 2.38 0.3440 -0.3424 -0.1445

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