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The Effect of Soil Acidification on the Distribution of
Nutrients and Heavy metals in Forest Ecosystem near
Ulsan Industrial Estate’
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ABSTRACT

This study was carried out to investigate the effect of forest soil acidification on the distribution of
exchangeable cations(Ca™™, Mg" ", Al'") and heavy metals(Cu, Zn. Mn, Pb. Cd) in soil, and to
understand the relation of the soil chemical properties and the distribution of nutrients and heavy
metals in fine root and foliage. The results through survey on the long - term change of scil pH and
the contents of nutrient and heavy metal in soil. fine root and foliage by 8 sites near Ulsan - Onsan
industrial estate and 2 sites in limited development district are summarized as follows :

1. The average forest soil pH(A horizon) in Ulsan had been proceeded down to 3.73 in deciduous
forest and 3.%6 in contferous forest in 1994 from 4.45 and 4.78 in 1987, respectively, which
indicated serious <oil acidification. As comparing soil pH among sites, Dongcheon coniferous
forest(pH 4.57) in limited development district showed the highest values and Dangwol deciduous
forest(pH 3.19) near Onsan industrial estate showed the lowest values in 1994.

2. Contents of exchangeable calcium in forest soils of limited development district where showed
much higher soil pH than industrial estate were 3.5 times more in deciduous forest soil and 11
times more in coniferous forest soil than in industrial estate, and contents of exchangeable
magnesium were also 1.5 and 5 times more in limited development district than in industrial
estate, respectively. However contents of exchangeable aluminium which had been supposed more
in forest soil of industrial estate were more in limited development district.

3. Contents of calcium and magnesium in fine root of deciduous trees(A. hivsuta, Q. acutissima)
were 3.6 and 1.7 times more in limited development district than in industrial estate, respec-
tively, and those of coniferous trees(P. rigida, P. thunbergi) were 4.6 and 1.5 times more in
limited development district than in industrial estate, respectively. Also contents of calcium and
magnesium in foliage of deciduous trees were 1.1 and 2.2 times more in limited development
district than in industrial estate, respectively, and those of coniferous trees were 1.8 and 2.3
times more in limited development district, respectively. And contents of aluminium in fine root
and foliage were nearly as same as in soil.

4. Ca/Al molar ratios in soil and fine root, which could be related with the dgree of soil acidi
fication and Al toxicity on trees, were less than 1 in all sites except Dongcheon, suggesting that
the soil and fine root in the sites have high sensitivity to soil acidification and the decrease in
nutrient uptake and root enlargement. The Ca/Al molar ratios in soil and fine root in coniferous
forest were highlv correlated with the soil pH one another.

5. Contents of Cu, Zn and Pb in soil, fine root and foliage were more in industrial estate than in
limited development district in both deciduous and coniferous forests, however, oppositely contents
of Mn and Cd in soil were more in limited development district than in industrial estate.

Rev Words © Soil Acidification. Ulsan - Onsan Industvial estate. Forest Ecosystem. Nutrient Distribu
tion. Heavy Metals. Fine Root. Foliage.
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Fig. 1. Sampling sites in Ulsan industrial estate
and limited development district.
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Table 1. Sample trees and forest composition by site.

BAt(bot ILMhERE RS EHet BER ool -

e e

Site Dominent Species  Age

D.B.H

Tree height Understory Vegetation

Dangwol Alnus hivsuta 21

Pinus rigida 29

Hwasan Alnus hirsuta 23

Deogshin Pinus rigida 25

Yongyvon

Pinus thunbergii 28 12/6 -

R
6o

Doowang Quercus acutissima

Dongcheon

10/8 - 28 6/5-10

25/15 - 50

-2 8/1-12

18/6 -

Alnus hirsuta 19 8/6 -

10/6

Prnus rigida 21 12/8 -

Quercus serrata.

Robinia pseudo - acacia

Rhododendron vedoense
var. poukhanense.

14/8 - 16

Miscanthus sinensis

Quercus servata.
Robinia pseudo - acacia,
Castanea crenata

26 15/8 - 16 Q. serrata, . mongolica

Q. aliena, Q.acutissinu

10 5/4-6 Robinia pseudo - acacia.
Miscanthus sinensis.
Rhododendron vedoense

var. poukhanense
Quercus serrata.
Rhododendron yvedoense

var. poukhanense.
Smilax china

28 13/10 - 15 Quercus serrata.
Alnus hirsuia.

Prunus sargentii

24 9/7-12 Quercus servata.
Miscanthus sinensts,

Zanthoxylumschinifolium

Conderaus

5.0

Deciduous

4.6

4.0

3.54

Soil pH

3.01

251

20

1967 1988 1992 1994

Year
Fig. 2. Forest soil pH(A horizon) in Ulsan during
1987 ~1994.
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Soil pH
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DW | HSDS =YY  DODC

Site
Fig. 3. Average forest soil pH by site in 1994
DW, HS. DS. YY : Dangwol, Hwasan, Doeg-
shin, and Yongvon, sites near industrial estate
DO. DC : Doowang and Dongcheon, sites in
limited development district
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Table 2. Soil pH and exchangeable cation contents in ldifferent soil horizons of deciduous forest.

Soil Soil Soil ) soil pH Exch - Cation{meq/ 100g)
Site ‘_ ‘ SR
horizon depth texture (1:5) Ca’ Mg Al
Dangwol A 0-10 LS 5.04 0.670 0.199 63.3
C 10 -30 SL 5.30 0.269 0.021 511
Hwasan A 0-1a Sil 5.0 0.900 0.384 oA
C 15-50 [ 3.37 0.495 0.116 394
Yongvon A 0-15 L 5.56 1.485 0.426 113.8
B 15-50 CL .63 0.505 0.112 2070
Doowang A 0-15 LS 4.20 2.460 0.686 145.4
B 15 -50 LS 3.43 3.265 1.164 [11.0
Dangwol, Hwasan and Yongyon are sites near industrial estate.

Doowang is a site in limited development district.
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Table 3. Soil pH and exchangeable cation contents in different soil horizons of coniferous forest.

Sit Soil Soil Soil Soil pH Exch - Cation(meq/100g)
ite — 5 -
horizon depth texture (1:5) Ca" Mg Al”
Dangwol A 0-20 SiCL 3.31 1.445 0.587 73.2
B 20 - 45 SiCL 3.81 1.035 0.593 53.3
C 45 CL 3.81 0.920 0.503 120.4
Doegshin A 0-10 SiCL 4.02 2.020 0.795 19.4
B 10 - 30 SiCL 4.12 0.700 0.380 3.0
C 3050 C 4.19 0.635 0.456 98.9
Yongvon A 0 20 L 3.42 0.630 0.151 112.1
B 20 - 60 CL 3.58 0.307 0.125 92.1
Dongcheon A 0-15 LS 4.15 6.500 1.312 283.6

B 15-50 LS 4.78 15.650 2.895 4.4

Dangwol, Doegshin and Yongvon are sites near industrial estate.
Dongcheon is a site in limited development district.

Table 4. Contents of Ca, Mg and Al in fine root and foliage.

Site Fine root(ppm) Foliage(ppm)
(species) Ca Mg Al Ca Mg Al
Deciduous Forest
Dangwol 1,633 723 1,667 8,799 2,843 277
(A. hirsuta)
Hwasan 1,799 919 3,217 8,833 2,933 303
(A. hirsuta)
Yongyon 1,599 837 4,467 8,699 2,710 367
(A. hirsuta)
Doowang 5,899 1.417 6,400 10,066 6,400 517
(). acutissima)
Coniferous_Forest
Dangwol 1,333 833 3,767 6,066 2,050 343
(P. rigida)
Deogshin 2,999 974 3,633 6,833 2,886 190
(P. rigida)
Yongvon 966 678 2,693 1,899 1,833 220
(P. thunbergii)
Dongcheon 8.266 1,241 2,200 8,633 5,103 530
(P. rigida)
Dangwol, Hwasan, Doegshin and Yongyvon are sites near industrial estate.
Doowang and Dongcheon are sites in limited development district,
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Fig. 4. Ca/Al molar ratio in different soils and
fine roots.
DW., HS. DS, YY : Dangwol, Hwasan, Doeg-
shin, and Yongyon, sites near industrial estate
DO, DC : Doowang and Dongcheon, sites in
limited development district
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Table S. Correlation matrix among soil pH and Ca/Al molar ratio in soil and fine root.

It Soil Soil Fine root Soil Soil Fine root
em pH Ca/Al Ca/Al pH Ca/Al Ca/Al
Deciduous Forest Coniferous forest
Soil pH 1.000 1.000
Soil Ca/Al 155 1.000 .94k
Fine root Ca/Al .824 .653 1.000 L903% 985+ 1.000
n=4
* - Significant at 1 % level
Table 6. Contents of heavy metals in different soil horizons of deciduous forest.
) Soil Heavy metal(ppm)
Site S
horizon Cu Zn Mn Pb Cd
Dangwol A 81.67 82.00 204 .67 67.63 4.67
C 40.33 80.33 346.67 24.63 5.10
Hwasan A 85.33 105.67 446.67 39.00 4.70
C 35.00 78.67 423.33 25.13 5.37
Yongyon A 47.67 112.67 513.33 45.40 5.53
B 34.00 109.33 306.67 50.27 6.50
Doowang A 40.00 100.00 940.00 21.20 6.01
B 38.00 85.00 973.33 18.30 6.30
Dangwol, Hwasan and Yongyon are sites near industrial estate.
Doowang is a site in limited development district.
g mE zAprl ] olatad S MREEE vhebgtel A E wed Cu, Zn H Mnd ¥t
HE F 5 e 52 34 29sdol(Fig. st AfebagbAe] = Fel A SHERIR Lo
FAEERAR L@y o) =9toy, Pbe & ®Y =
Table 5+ %o pHel Eok3t A2l Ca/Al Felld iy Eofo] Eoter Cdv 4
go)7tel A5 yhslv] 21d sEBfTYelch, A 2 72l 3ol gidvHTables 6,7). A¥3H 22
gdagle]l 49 =oF pHot 59 2 A+ ‘*H Ca/AI TEHE 43 E9Fe] Cu, Zn % Pbell & 5
2ol 7bell mxeol WAl E Holm gled, 7} F AR ollAbse, wdt mofibgtel ¢
Bl Eokzk d3W Ca/Al *—3‘5191 ”434"” = A ol FFEELY] FRAMAE A3l A
Hsl gedsta A o4 4 lrh FFel S v Aslg ez weld. Cu, Zn, Pb
okmFgake]l Favh Aol 2 °k51¢r Fo o] EokEeE g4 ¢S BE: v CHEcl
&g st WAl o Qg ALt A F kg Bded, ol divlRY
I8 4 glow B3 LE#Ee] F$ Eokt B f4¥ Cu, Zn ¥ Pb7} f#715&3 ASS
A7l vhEEtE A A e Halel ojzal ZE3 ZEo ohEoR £HR HAIE Hoidl
g ookgiE W SRS o] zdllE vheA ok, 2y Cde AFEv BEelv CEo4 o
o] ¥& Woz gkl 2 oEA dEbden], Mnd Egda folzal
ol 7} glsdct.
5. X E€B
Bkl Cu, Zn % Pb ke F i} 2o 6. IR FEA ESN
4 Zebziedo] kx| grld Ko} F& 9bH, Mn kA g del uls] Eokl Cu, Zn ¥ Pb
7 Cd ke a2 A gged o 7 Fapo] Folwl Eukr|de o Eo MBS ol



EERREEE 840D, 19954 9R 295

Table 7. Contents of heavy metals in different soil horizons of coniferous forest.

Sit Soil Heavy metal(ppm)
ite
horizon Cu Zn Mn Ph Cd
Dangwol A 94.33 130.33 696.67 43.20 5.03
B 36.33 125.00 840.00 31.60 3.53
C 38.00 114.00 636.67 48.70 2.43
Doegshin A 72.00 85.33 al16.67 24.43 5.63
B 654.00 60.33 433.33 13.30 2.72
C 53.67 a7.33 363.33 11.17 5.63
Yongvon A 86.00 184.67 360.33 36.84 3.4
B 47.33 84.33 443.33 28.83 3.3
Dongcheon A 44.33 104.33 1043.33 14.27 6.01
B 38.00 65.33 776.67 8.17 6.16
Dangwol, Doegshin and Yongyon are sites near industrial estate.
Dongcheon is a site in limited development district.
Table 8. Contents of heavy metals in fine root and foliage.
Site Fine root(ppm) Foliage(ppm)
(species) Cu Zn Mn Pb Cd Cu Zn Mn Pb Cd
Deciduous Forest
Dangwol 70 170 30 17 1 43 87 453 30 1
(A. hirsuta)
Hwasan 40 217 123 20 2 17 40 607 17 1
(A, hirsuta)
Yongyon 27 337 203 30 T 23 117 853 7 1
(A. hirsuta)
Doowang 10 37 247 7 1 13 33 310 T 1

(Q. acutissima)

Coniferous Forest

Dangwol 17 50 413 10 1 10 37 637 7 1
(P. rigida)

Deogshin 23 97 213 10 1 3 27 210 T 1
(P. rigida)

Yongyon 23 50 197 27 i 10 30 807 7 1
(P. thunbergit)

Dongcheon 7 27 143 7 1 7 10 187 7 1
(P. rigida)

Dangwol, Hwasan, Doegshin and Yongyon are sites near industrial estate.
Doowang and Dongcheon are sites in limited development district.
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