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AP A Eol AT A B A3 RS Hoher] A8t A A 2uFEE Ao B
FE4 Aadeld ¥ ol FHEL AFINAY. f71EFY 44 FAlo| & g A3} ¥
Aol vlal At datell A @A 8] Fob FAsES] A9H FU5AHE wdskdch, et B4 &
Gl F2A bl e BAEEY F%H B FAve AsAgon g4, A3, @ik ¥
FA wo® ¥4 depwvh, di7]ed G dal, A W g4k Sabel e EAFHEE: 3
Aol g B-449 vE)S 47 16.6%, 56.8% 2 31.4%2H AL A Bl g RS oA
s E wabellA 7ha Eoket

#ake] 2 FASEHRE = mXi -b)ol 7 #X) FAZFHRE)TS Ao 43S &1 &
Fell A vt - 2 2(p<0.05) Hebdeh, FA52A9 AAAFmME debd B4 30cm7HA] o] 3abo]
£ FATS G, A, o4 % F-AM 24 0.16, 0.24, 0.25 2 0.32mmole kg o2 o]e] ZAY
A Bkt s RIztEs datellA 7HE gkeh. #atel A &2k (null-point adsorption)e- ‘F

A2 FA-ANA 27t 3.81, 2.17, 4.96 % 0.65mmol. kg 22 FAHE AT A A
< gAHQ Fabo] R HMZFS I 23se S A0

ABSTRACT

The extractable sulfate content and sulfate adsorption capacity in soils of four Pinus densifiora stands
were measured to assess the soil acidification sensitivity to acid deposition. The soluble sulfate content
in organic horizon which reflects the previous deposition of sulfur oxides was much higher for Namsan
and Ulsan than Kanghwa and Hongcheon. In mineral soils, however, the extractable sulfate content was
the greatest for Ulsan followed by Kanghwa, Namsan and Hongcheon due to the interactive effect of
previous deposition and soil adsorption of sulfate, Adsorption rates of specifically adsorbed sulfate(proportion
of insoluble sulfate to total extractable sulfate) for Namsan, Kanghwa and Ulsan affected by acid deposition
were 16.6%, 56.8% and 37.4%, respectively, so that the soil in Namsan had the highest acidification
sensitivity to acid deposition.

For sulfate adsorption isotherm(RE = mX; - b), the significantly positive correlations between added
sulfate(X;) and adsorbed sulfate(RE) were found only in mineral soil($<0.05) over all regions. The
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regression coefficient(m) that means soil sulfate adsorption capacity by 0-30cm depth was 0.16, 0.24, 0.25
and 0.32 in mmol. kg for Namsan, Kanghwa, Ulsan and Hongcheon, respectively, indicating that soil
acidification sensitivity is the highest for Namsan. The added sulfate(X;) that could make the adsorbed
sulfate(RE) null was 3.81, 2.17, 4.96 and 0.65 in mmol. kg™ for Namsan, Kanghwa, Ulsan and Hongcheon,
respectively and the values of former three regions considerably exceeded the realistic sulfate deposition.,
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AR A B g REE AR S kel 2(S05)
9o Eo}F EF(adsorption)S AH¥ Eka A F 4
AR sl wlA e atE A B G Hrle] £
olul g e, olfE 3ol (8)54 F3to)
H' #3le] 713l OH AAH A7)14 ool
(Ca™", M&?")e) $g2xdd P3| #Aefsr) B
o]c}(Reuss and Johnson, 1985), weis dir)2
FE f® Falolgo] EofolA dvh) FatH
E7He At A Bl gk A soke] 4bAIE w17t
ZE Adoz yrlste b F8 A FAr H
Zelct,

EofellA 8] el F e Fale|HEo A
kA FYo o3 o3 A¥PH L g EEAHEFA
(nonspecific adsorption)® w$}A} =¥ (ligand
exchange)oll ol 7% A¢HL 2= SHEFL
(specific adsorption)2-& 82 cHBohn 5 1985).
ol# gt EofF FA HAlel uel Aol &
44 824 9 gypsum(CaSO, - 2H0)3+ 2
= AgA e Yoz Easted, o5 445
244 Aol 2g 524 Fabe](extractable
sulfate)elg} stn}, dubdez {41d Falol
o EokF M4 AEE sk F25(adsorp-
tion capacity) & E%9 &o]&x@-8(AEC)
ol 7lodst= Bl Fesl Al (F)AH8E%9 &
#F3 AHe A& ZEck(Dethier 5, 1988;
Neary %, 1987).

At Bofd] Fato]l 2 FAAC Y Ay A
HAE o2 A3 EAA e daAgd &
v} A ] o] FoiA gk}, Fasth
S(1990)2 Alfisol Eofel wlz) BAle]l 2 Fa%
o] £ Spodosol EFl|A Ca®*t &ezko] WA 3
Aol &€ Baslg s, =3 9] Inceptisol 4H¥
Eofe] AbgEaF 25%7) #FAake]l & Fatel o8
g Axg BokitAsld vl xe kel F
298] o] =A 244 ul 9lci(Clayton 5,
1991).

ol M wirl2ye f19 #iltel o] FHo] B
FitAd Bl WS AP E Bystan T AHY
Eoke] Fitold FHA N Y olde s dB
2| £ 29} 2443 & 9K Tanikawa and Takenaka,
1999)¢) #t8& F3td AAE + AL Aol

A & ApE AEAE folake] Aol
4N AY AHESFE WAL R 7|E f3iE 3
Ato] 28] 2ok FARA FE4 FAlol s A
#ata, F7HRAR Ealel 2o Wi EoF F3
& FAHIEEMN AEA A oY AP Ed
s RIZtEE HoME 4 e AYH g8 E
A A8kt shed et

Mz % WY

A7 2= drledEst AoldE A2 (44D,
AT, 734l 2 231 AD av
T RS QAR o, A9 712 B9
o} 38hd & gha-l &3] x| (o] 599 nbaka, 2001)
oA e} ek, &4 o]l Fukn sHitel
F35 BAde 4 983 3 AR A A
g f7183(L33% F2)3 0-15cms} 15-30cm &
Aol AE(<Amm)E ol43lddc). BSF S84 3
Abol ek 50mL YAl R Tl B9k 5g(R7]
EZ 2g9)7 9ol &4 BmL(57] E& ImL)S &
o} 1A%k Al&F Al F 1047 L4 %21(3,000rpm)
A7) AHS-4-2 Whatman No. 423 ]34 7] A
AL 53] ubEste] [C(Sykam, dual suppression
column) 2 Aatgich, B44 3atole) 24
A= B4 Ca(HPOy) - HO A& 44 1: 10(3g
1 30mL) 2.2 E3tete] F4A ol e} FUF uhy
28 FZ .77 gL BMslgden, &
2 3itel R Fakola] a4 o) Feke
el B84 FHalelR Feko g ZhFElgc)
(MacDonald and Hart, 1990).

Fatel & F3% BHdle Bk Sakel 2 44
(0.00, 0.12, 0.24, 0.50, 1.00mmol. L™ CaSOy)
E 1:5(f718F 1 15)E £33 § 3711 3



BEMEEEE 900, 20014 9R 433

o] & rxe Wisgew FAE-L24(initial mass
adsorption isotherm)g -FrEstgdc). olu =
S Egd Fabel e FUH(X)H FAHREG
o] gA4lel FAFEAL A ) o) A&y
o0, 4 2)8t )& FIlY ESF A Falo]
< ¥ RSP)FH FulAF(Ka)E F3la F35&
Ao 3 AASm)e} FalASK)E ol F
502 Hgkri(Nodvin 5, 1986).

Volume of solution(mL.)

Kd = m/(l_m) X Mass Of Soll(g)

RE : removal or release of sulfate(mmol. kg™),
X; : input of sulfate(mmol. kg™),

RSP : reactive sulfate pool(mmol. kg™, Kg:

distribution coefficient of sulfate(m® kg™)

da ¥ oF

1. 2@ gA0IR
1) 849 4ol
f71 8% $44 o] & FeF(mmol. kg™)
& S4H24.5)% F4H23.T) 28l 7FEHB.3), FA
(5.9 £z =YH(Figure 1). °lAte] A3+= =}
g7t 9 A8e Aledsta F4HT76.8kg ha),
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Figure 1. Water Soluble sulfate content in organic
horizons(OH) and mineral soils(0-15¢cm and
15-30cm depth) for four regions. NS,
KH, US and HC denote Namsan, Kang -
hwa, Ulsan and Hongcheon, respectively.
Results are mean of three replications
and the bars show standard deviation. In
a depth, mean values by the same letter
are not significantly different at the less
than 0.05 probability.

£4H78.2kg ha) B FA 3 AT F3(21.0ke
halyelAe) Aol #asts B AL 5,
1994)el 71A% Aoz gl

0-15cm FEA BAlelA) 9] 484 ako] & ek
(mmol. kg™)& £4K1.17), 73H0.61), #4H0.52),
2H(0.35) welglem, 15-30cm EA A A4
£4H1.79), 73H0.83), *4H0.67), F3(0.26)
o2 ol AATtel oAl o) (p<0.05)F
BAck(Figure 1). 53] @F4te] A#e 47183
ol A} ghalgl Fabe]2o] fqlake] ST HAlEH
FEAA YT BdolA] BEHFH T Bf
o] AA3) Mol ale] e Lol 7 A7A U}
o] 29 fAlF 12 AF EoFAASY wztEs}
g2 A9 & Aoz Balr,

EAZ Bl @l EHAGE AL ez
Aol 4] 0-15cmell ®l#) 15-30cmel A Ao
(#0.05) &3kch. o] Fest Al AH8HEF7} wx
F7180) AL AlEZoA] &4 F4te] & ek
=9thE Vanced} David(1992)2] o 74 39} 742
Aol gl ont, T AbP Bl 3Hatel e &
Aol AHgate o5 Bkt G FF AT
2 =3 Wus) Arseol & Ho Alrdd

2) 284 $aole

FE7A gofe] £44 Fte) e gek(mmol. kg™
& (-15cm EAIA £4K5.55), 73H4.05), @
AH1.84), ¥H(1.56) €28 E9ton, 15-30cm
EALA] 4] £4K10.83), 743K8.74), F4H3.11),
23(1.96) =22 FAAA(#0.05) #olE w3l
}(Figure 2). ol2lg xdA7t 2ol 84 il
)22 A (Figure )¢} dxst Roz 244
shatel & gako] EA D TAI GARE Gl
o) Asbe e EAFANOR 8] B
7t 92 7h&sE e A9e AAsta glet,

EAWEE 22 x99 (-15cmel & 15~
30cmeld FaFo] Eol LA o] o] F=
A EZe L¥FclE Bhatti S(1997)9 A7 2
el Axsteet, oleg 244 FHate] ol A
7} A7} Aol thy|23Ele] Bale]le F9l
2k, gato] Lo EAF A 243 Fesl Al 43}
B8 g 2 Faboles £2 APHE 4= #
71229 x93 EA7Z xo](Dethier %, 1988)<ll
7]elgk Ao BeRc},

Bofo] #9]% 34le] &L HelmoltzZ o] ¥of
xg F% AshEe] v dak(ligand)st X =&
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Figure 2. Insoluble sulfate content in mineral soils
(0-15cm and 15-30cm depth) extracted
with 0.0081M Ca(H:POy) - HXO for four
regions. NS, KH, US and HC denote
Namsan, Kanghwa, Ulsan and Hongcheon,
respectively. Results are mean of three
replications and the bars show standard
deviation. In a depth, mean values by the
same letter are not significantly different
at the less than (.05 probability.

EAE 93 449 HeE A3t o]
FA A wEAg OH ol &8l EFAbds EAg
Fxo] &(H) 85 = 2(Bohn 5, 1985), Z
F EFE B84 b ke B E o
Aol 7]4A%F FHitol o] EAFAFS wbdct
& 4= glch. wetA fU1EEE 2T EA 30em
7R 9] & &4 Al (FEA+EEA) ¥
off thgt B84 Fake] wlgaql alel o EAHE
2% [Specific adsorption(%)=Inscluble sulfate/
Total extractable sulfate > 100] & At&ste] 4t
A B gt 2okt UAEE AHHEE ¥
@ et et

e A 2o o] glddd HERAY £HE A
oJg @A, 7hEh, &4be] shabe]l & BEAFAES
747t 16.6%, 56.8% % 37.4%=H AA A
A AR gtew, 53] Fates EAHFAE
o] A3 o} AEHAER °h& oAt ate] 4}
oA wztesl A E3ket,

2. B2 Bils

Figure 3a9] #Ate]& FA5EANM 2 #
7130 galol e FHFE BE Aol &(-)
9 g nged, ot F71E HAE Ud &
A}o]2-2] o] =H(desorption)& 9| P1&tct, vt B
E4 2o (Figure 3b, 3c)dllA& HA Ad3 &
Aol A Fako]-29] Zr3-ql 2kt Fa=kke] %2
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Figure 3. Sulfate initial mass adsorption isotherms
of organic horizon(a), 0-15cm depth(b)
and 15-30cm depth(c) in various sulfate
additional rates with CaSO4 solution for
four regions. Negative values of sufate
adsorbed on y axis mean desorption of
indigenous sulfate in organic or mineral
soil.

FA5249 IFAASLME 7)ed el
FA4%(mmol. kg)e ¥ EAL HFsted FA
(0.32), €4H0.25), 73H0.24) 2 F4H0.16) +

olglen, uMAFKY HA Z2 AHH A%
& BgtH(Table 1). °]8g #ito] & Fa5ol

TAY ERAHS UREE > FH=T4>
£ #02 wghedd, s A% HxAdd
FA A AL $RE AT 2P0
ek 2 AR Ee Aoz FAHAG.



BEHSEE 0. 2001¢F 97

435

Table 1. Parameters and determination coefficients in sulfate adsorption isotherm regressions of organic

and mineral soils for four regions,

Soil Slope(m)

Intercept(-b)

RSP Kq

. Z
depth Region mmol. kg™ m® kg™ R
NS -0.09¢ 24.62d 22.52d -1.28¢ 0.37
Organic KH -0.12d 8.10b 7.25b -1.58d 0.46
horizons US -0.08b 22.36¢ 20.75¢ -1.08b 0.42
HC -0.02a 6.11a 6.24a -0.32a 0.02
NS 0.15d 0.57c 0.67c 0.88d 0.74*
0-15cm KH 0.21c 0.41b 0.52b 1.29¢ 0.95**
Us 0.26b 0.88d 1.20d 1.81b 0.97**
HC 0.29a 0.22a 0.26a 2.04a 0.98**
NS 0.17d 0.65b 0.77b 1.02d 0.79*
15-30cm KH 0.27b 0.64b 0.88c 1.90c 0.95**
b us 0.25¢ 1.63¢ 2.17d 1.65b 0.98**
HC 0.35a 0.20a 0.30a 2.69a 0.96**

Note : Results are mean of three replications, and in a depth mean values by the same letter are not
significantly different at the<(.01 probability level. m, b, RSP, and Kq denote slope and intercept

of adsorption isotherm regression, reactive soil pool meaning the amount of SO
or readily soluble, and distribution coefficient, repectively.

confidence level, respectively.

=3 3ato] & F9leke] 0 mmol kg'Y W
FF ANEA kel F(RSP)LZHE]9 o]¥
2k (desorption)& ¢wst= AA(-b, mmol. kg™
< F EAS FEstd £4H1.26)>34H0.60) >
7+8H0.53) > F2(0.21) £o2 Tk}, kst
o] Are 584 Bl gH(Figure 19
F A g7k #olel bRl o2 o] bl
o Z7] o]gAfe] FalelM =& d 7]qlgt Ao
2 s

ol 4ke] 3alo] & FAFAS o] &3l E A

Al 2] Fite] L FYFE(2EH 5, 1988 9.72
mg LYol digk A1 gato] & Fataks 233}
Ak, 1,260mm AHF A5 1.2g cm® B
7HEd o f1]lFEE BEoF W9 EHY fzke
i g4bsbd (.68mmole kg7t Fck, o] & F EA

< H@3h FFE-2A6 dislsld @4t s, &4
%’l TAe] el F AL 7+t -0.50, -0.36,
-1.08 % 0.0lmmol. kg o1}, ol& e %
APSLE f9lskrc) Bk A9 flFFAME
Fa5ol M U FAANA 22 FAabel 2 F
A2 A glod, U] A 2357 34t
0] o]2H(desorptin)e] L AF H& &=l &tc}.

g gAlo) 2] Frkfdddl et Eofe] AHF
2k (null-point adsorption)& F-3l= 23 FAko]

weakly adsorbed
*,** significance at the 0.05 and 0.01

2 F&o] 0]FA F gl i Bilol| L FYH
T #9sgd. F25e49 FAFRE)e] 0]
5] /l]— 7]-;]. g,\} o)

& BAbo] ¥ fql (X2
FANAM 27t 3.81, 2.17, 4.96 2 0.65mmol. kg™
24 AL A3 oA A ded 7
o] Fato ]% 44 % 0.68mmol. kgt o
= 1°*°ﬂ*1 dAA Fadeld £
FAEUS. B2 B ate]

o3 Bk E AT At &
o2 g8 AolAnt Eekdste] 4 4

Abol 9] Fefol B Eopl3& o
F e —’F%‘* %“Pc’li»} ﬂ*“’]—"— 4%
]t

o8 EH
1. Aes - Ay - A4 - 458 - 25 -
A7 QAR - P, 199, ‘o) 2ol

% AYE FE % SHEY B, 8
eofo] AYAHAL PIAE G, He) &
A pp. 55-91.
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