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H Q!0 dFe ASEATYE MNEFEAGNAN EA2 A3 EF PR 2 AFFA vAe
g FHY BEFoZ 19933 RE 1998974 Ad g 94 Y AAEYESE AR g g
FHAEHEGY G B4 GEAFHY A 26 Dol A FYsE Tk o] AFLE Y8t 1993 d] A7 13
hae] Ao} oo} AHF AN E ZAL - AFUNFRAZ AA s o] ZAR A 1993 F-H 1998
A7A EYY) SR AFTALE 24 - B4 A3, dAF 19, 2d0] AFE e 5o AdL, A3
g 0] &%l K*, Nat, Ca**, Mg** §& ¥ild B} $FH o2& ZAstgor, 8aF 5o Z3E Fde
i 2d AHF 2o fo5 ez Frtstgd o, EG SRS WA ookt B3, dA Bad
9 2 g &), 2 AT Sdo] AHHAL o WAR AF59 BOD, pH 5& A FAfA/NE

Korean J, Ecol.

of & Fds 18 71& 228A.2H, Cd, Pb, Cu

T ETEEH R4S AEHA A% AR

A, g, JA, o, NHS-N, NO,™-N, A2, 342 5 8/ $5& He & #3784 A3
o BAA A2AY FUEC TEF4E o] &8te ot Tl e A2 AMHt a8 AFS
AY7MEE F BODE EAF 1, 2de] AFse 5 HAFEEA7E o A4 17 71E9
FHAQ 1 ppmol =St § FA0l A3t $27t 7] Wi A2 2y EAAY L AFTEARA

& A2 ste] AjYsteiol & Ao Hzdn.

MO Y, ARS, A B2 TS, EFSLHR

M E

TRl 7kt QIzte] WE I, EEH, AE
F a9l W WAbse] B¢ 29 Aol AoHEH,
A= MY B2 B9 E& A Y (Megahan and
Kidd 1975, Brown and Binkley 1994). o]2{dt Abg X<}
AA dZ BAE AP =Y, ol sty YFHL
2 e dx 2 SARd e AAFA FE - HEAME,
=, 7 5o FAHLEHN o)F AYozny B
o] WAQET. oA Y BErls A AF FH) 5
HAY A this oz f9He FaYss dog
o2 FANNE QLGNNI £EE WA 8,
o7t e ARTH FES FTI2E olfdhe FUE
Al 4G 3E mX= PA(Brooks ef al. 1994)0) H/E T
0. 53 dAAGN EFHY U] He AT
JAZAY e AZ2RE YW (Fredriksen 1970, Bea-
sley et al. 1986), ol 2 Ql3ld HA|H EAlY §2 . g4
Ao 74 & Fae9leltt (Vaughan 1984).

oj9} o] A AFe] FHFLHE BAAIE LU
thsled U.S. Environmental Protection Agency Region
and Water Division(1975)= EA, ESAE, GAAHH, A}
k], AAE, APARAF APEY] mE A EE,
g3 254, ASs2, ZuusE, B SEd FE
- AEANE Y, AARE, £ F9 9Fo] Ay B

-9 —

ot ol g sALH] UL AgelX g Az EFel
O3 A%z (Packer 1967) $4F £ T3] AP0
2RE A o5& 47 Adde AHHgBLAY £
Ao Fo¢ x#o] Hastt} (Fredrksen 1970, Larse
1971, Gonsior and Gardner 1971, Crown Zellerbach
Corporation 1971). o}2-2] Arge] ¥WAjula o] o3l 4
e 3AE 4 lEd], Brown# Binkley(1994): A7l
W(strip cutting) v AFR /fdo] olgg gL 3w
dom, ol 3ty AFAAY - 10%o)l4 Al
A g3te]of itz B3

T, AEEAE A E<F] sEAdE W) #%
T2 Alban $(1978), Mann %5(1988), Johnson %(1991)
T, AEEAE dNAY fU1E E4E fEs Bz
of E%S] 84S WA A7 le EFABAA Y o
FE WA, AR A3 NFEFNAM] FEHAL N,
K, Ca 594 @A AT Bsch E3H Park(1993)
2 EYF AF 50 cm9 EQAEE ¥AE Zoteled o
v #Z(leaching)d] g Fo]29 #4 wEo|v, UAFE
2do] AHolx EFe] sedite] Wshi o2 44
Hshe U, HAF 6do] HzEojof ALzt A
A9 ez 3EA} (Park 1993, Brown and Binkley
1994)32 gtk 28 Martin?®} Herrmann(1998)-& )
F 2, 3do] AAHE AAFEE ¥4 Ao IR
i i= s '

314, Baeumler9} Zech(1998)F YB39 40% 7hd%



10 WA F

Eoh) A9 W3t /M WEA Jehti, EdFede
Si0,9} SO.8] AF o] F7tate) AT Ege st e 7
WA zAcE 1dge] B, HE Agel
FA 7] A8ET BT

olglg Mgz 9% AWl st v)F, dE
52 HFEE AR YFiMe EFBNEY ¥E oplE -
g9 w3l A9 HolfHE TF AU HYTEE
A, BEFR71EY #F, $EEY 59 FFoLE A%
Aol BARVHD 5ol A7 Fale] vhAR WAl
e otdEe A7) A% BARAY BHANY o
o] ZYglol olFA 2 Ut (LEF} 44 1990, Johnson
et al. 1991, Adams et al. 1991, Neal and Fisher 1992).

28y, A71A $8 detAe dE AREAR QL
sto] WAEE APl nAE o] BT dte
o Ag Aol flen, AT A FFEAEAE 19
3 & o old] g 72Ho|ax FFAJA AFe AT
gkl Qv wlEbA o] AFE diE WA= A3 FE
37} B9 AR 2 AFTAd uXe %S Y
stozy oifn WAl g FAFES A7)
AF dAFH &F IPAFE A% AEYEFEA Y
#8Y & Ak A%Y 72ARE AT 2 Bo)

lch.

rir

Mz o W

AR x| FHE

o] AT FYAYY st 1989dFH 199474 oF
200 had] DAy Ay WAF Megdigtn FHAAE =L
W3 2 IRAEYEGE, FAE) YAAEE 1,217
m) NG F 19933 4o HaAT A 2690wk AR (A
WA oF 13 ha)s} o9k AHT WEAA oA FP3}A.

o] Yol HZ 1087 AHFAFFE 2 R
FAA 1,927 mmlH), ZEF F 60% oldo] Fwhr|ziel
6~84 o AFHE AFLS FUHE Yz Az A
o g 800~1,000 myt AAQ] 53.7%E FAEE Yo
B, 700~800 m} 1,000~1,100 m7} z+zt 11.8%, 12.2%
g ARt .

AFYARAE 3 600~800 me) XL HAAEE B
Apdol abd Rk Fakx, AFUAA wEAx s} 27.5
(20.0~35.0)°, WAIR)7} 27.5(25.0~30.0)°01Q. o8, wa]R
S Huyow o FAFE HAAZeR Fstx vt ¥
AR F9HFL ¢k 30 haolRL, o1F FHHY B L
ok 17 ha, /\EWA L ¢F 13 haollon, AAHY YW
A& < 13 haol3ith

o] ARG YREL 3¢t T Arlgtoly, B
ST RIE PA~FF~H EYFo] 2 FE,
7t R Qe ST ~AF~QE EYFo] EEI,
ANH oz vigrt F3d 4] - AME EYOE 53 4F
WA ZAEY EAL mAME R0 AFL FAY
wWoly)o] EHAEo] MABzolr]o] s7ete] Aoz W

A el 8h3] A A|23Q A1lE
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Fig. 1. Location map of sampling points for soil chemical
ingredients and stream water quality (Ml Harvested site, [J:
Non-Harvested site, @: Upstream region of the Seomijin river,
X: Soil chemical ingredients).

AE AYA HHRGA o) S, dbEd YA wvt
gto] FHE o172 I, g REAHOZ EEY
AP g LlEEA g XL Jom, Argrhe]
37 E¥7t & ez A AT vz ogsi.
A9g dFe FUEF, MAuUF, WUy, 9¥UTER
5 Y89 RS AR dow, AT, 1L
ZAUF o] EX3t. Yrldde AZVF, L2,
HSUE, B2, “EUR Fol, BAd e Az,
REAVR, =TANE, EFAUE Fol Exdt (3734
1991). ZA} - A7l Al 2690wke] AEY A
EZNE EJUE, Mojuirt $4%5E o)FH, HEY
72, PR Ee FHES o|R3, AIFRde &3R4
Aoz} weslsl ot

o] ArtiAdA A WAAAuEE 2o] %
2 Agzslgen, 188 714 E(chain saw)& o83}
A&AdBg WAste AAA7|E & 2 m PHOE FFd}
I, 14L& HES MAAHY e R FeElEs A
2o FAsAA sHssld YEF T Al diE 3t
AL E 3gc) WAL 19933 498 592714 A
Hol 788 AU 10~80 m)z} AFTE(H) 10~20
m), 283 2~3% FAH 150~200 m)o] FHEAE
212 % 30d0)A 7038 (DBH 30~50 cm)9] H&YE
S A AFEY FEde 22HUFe] BIE B
Hoz YL, T FHe ABREL 3o, 282
2~38 S5A9 Yurt s FEAYGY FHUE 4=
o B39 AAFENUA S FAg BEFHo A FT
SAzE FEE dE &S FEHOR 3o NEHA
oW, FF=EL 9F 45 mo|L, - YEAE F =¥
ol F4 9 BEAME a4 ol A9 AXEHA &%t
th SEtg 9B wEe § E EFE o]&dte 19943 5
Yo g2, A2 =Hole 19959 499 AUF
EES 2Pt QTugA AN EGY 888 RA B
AFFE 244 AE Fig. 1989 2o
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HlHxfx[2} Hax] Eto| slEMEEN

Eg] 3R B4 daAel 19939 38 FAAY
oA EFAHAEE AT 2 AYGH AF EYS
3RkEste] 500gram¥ AFHstz HAF 3, 4d0] A
199613, 199793} Eoko] do} AL T#d FAZHE
AL ABE AR AIo)N LI WHez AFE=
A - BM8kgh oju] Total-N& Semi-Micro Kjeldahl
w2l o] &3t EASAY. fr1E &AL Walkley-Bl-
ack FAHE o} &39 1, FEUNS Bray-1 £902, X
A o]29l K+, Na*, Ca¥, Mg* $& Atomic Absorp-
tion Spectrophotometer® AREste] 2R ETh 3o
= AR FddA &4 - B48Th

HIE=x], WK FollMe A7+

1993d¢] R&dEs AT WAXNG HEAA
AFdol Wsta] A 2608 WA} o AT v
AANELE) 79, 222 A2 TAY PH(=RF, T
AR ¥ A ge A9 AIReR fYHEe
AfTe AZER 13 ARE st HHAN A5
Tt 41 & e NER s, £AegY AR
! pH, BOD 5 27} 534 979 71AF 5 WAdde
2 #29 4 d& Cd, Pb, Cu 5 I 23 47198
ol FEo diste] ARTY FHYRS EYsAT
@7A 1983). =, 7R ARF &85 ¥ E
dshs ARR olgspy] Sstd AE, gE, dA, 3,
NH,*-N, NOy"-N, duAgs(1 cc F), TS0 cc
3) % N FES TP F 1) =Y dste FAR
Attt (P71 1999).

bl

BRIt AR B0l SitaE s
VYEPH FrE FRH S0 Yol #3ol Bas
o, 8, 93, T, 98, 92 53 pe A9 Bt
AN GFA g3 3 FYo) AL, 212 §
o WA WAAAN EFS] BAYE $HZ%E B
@ e Table 19141} et
WAA UEY EFVTE S04 Y EFoIRe

al
=

|

2 o

Table 1. Soil chemical ingredients at the harvested site
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W, 7)1 EFHE 16.06%, 2AAE 0.78% oYt FE
A+ 13742 ppmo2 uk APEGFHT L e YE
WSl EF FoleXTEHL 1793 mefl00 g K*=
0.86 me/100 g, Nate 0.15 me/100 g, Ca*= 4.67 me/
100 g olglom, Mg+ 1.43 me/100 g Ut}

WA Gdxo] EAANAY ERIEE UAA B ol
Aed, ol WPz A% U, UdA 59 FEAS
7t EREH(7 wiEeolgt AdErh. 2y HAF 19, 2d
o] AEHA EdNEE AR ¥ AAE Jeh
Red, ole EGH7IEY FEAS £t ZAAHW] |
Folgt AztEy, WS Sdo] AHHA EFNEE ¥
A% 2do] AFd w R} FUMEHEH, ol WAA Y
AAA B2 % EGFRIEY FEAS St F
71897 w&olgt A=t} (Bacumler and Zech 1998).

HiE Qlft eiFHsP} AlRTRo nlXlE &

AESFY A 87F(BOD)S) W3} ¢ A7 F H|
iR} AAQA 28y HAFeR fY=He vlE2EE
FIs WA g AHY AR BODHS= Fig. 2904
o}z

S8 ety sAFA A7 E A Aedse 1§
2 Hgde] AAFARERYGU Afde AEFTH
A28 7% (BOD, mg/l, ppm)e] 1o]3te]o]of 3},
a 23-& BOD7} 3 olgtojolof T} (frek A 1990). U4
FHd= 8ol vpEAA] fGolxE BOD7Y Ha# 0.3 ppm
ol e}, WAA & Ao} vpEsfR] Fhe] Eo] FF
3t HRAeR fde AfMe wEAARY &
0.5 ppmo]itt.

o9} Zro] WA 7} HEAA R} BOD7 w2 A
ge dAgezx HAHe HERANY EGRIIEY
T2, AAAY o2 st HAE EA} AF] FYEH
F7189 Aol 7|0 Az A4En). g A RAY)
AR fSlHe AFSTE HEAAS "R
BOD Ht} =3t ole o] A o] dAx e} v]da)=]
99 gHAel7] diEd gt fYoziyH dAHe
944, 94, FEEA o 9% AA 2 A8 Y T
o] 945l BOD 59 U] H37] HiEe] Aoz 4
zZrdh

X0 L Ak

Lo

Exchangeable (me/100 g)

Category Year pH Organic  Total N Available CEC.
Matter (%) (%)  POs (ppm) (me/100 g) K* Na* Ca** Mgt
Before 1993 5.04 16.06 0.78 137.42 '17.93 0.86 0.15 467 1.43

harvesting

1993 5.98 13.10 0.62 110.27 17.48 0.40 0.12 0.69 0.44
Harvested 1994 4.58 12,30 0.34 18.27 16.50 0.27 0.07 1.49 0.98
it 1995 431 1121 0.41 38.40 19.58 0.19 0.22 0.98 0.17
1998 4.65 12.21 0.45 40.46 19.60 0.20 0.25 1.22 0.55
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Fig. 2. Variations of BOD of the study sites from 1993 to
1998 (A: Upstream region of the Seomjin river, ll: Harvested
site, @: Non-Harvested site).

3, da) Fdze AR 4AFeE FdEHE A
F9 BODE ¥AM BT Fobi v HEAA], ¥R
a8 dAZes fYHEe ARSI BF sA-EE
A71F0 4T A 15 7)Ed EEsid 2AAHY
AFTE AQRRRAS AT A9oz F25d9 In
A3 2ol A9 gE EY AR A=Y &, &
Q8 2 FAEHA R3AEs $3% £29 A &
2 3tz 724E& Yeo] o F TolAFLAAF A
o] 7bsdt7] W& o] AFTFE FE&FE o3 B
2l AZAY FUgAAE AyPdAe] wE FEed ¥
e e Aoz A=A

E3k 19943 39 HEAA A BODE 0.6 ppmlE
1993 8¥RT}= ¢F 0.3 ppm T ZvksiioH, 1091
e 02 ppm B FUkEIgh a3y WA 3 1do) A
g WA AFS BODE 0.9 ppmoE A Fdx
B} oF 0.55(0.4~0.7) ppmo] Z7}atdch. oju) M=o
2 fd=E AT ARAGIMY AF 2= BOD 1.0
ppme 2 W] Feldx B} oF 0.650.5~0.8) ppmo] F
Zbstgch. &, AAF 1do] Az 19949 3ol AN
BAGY AFT BF B4 FedE Boh BODE £ i
S Jepided, ole AFd HAH B 9% 2 /-3
o8 e 7% A gRolgt Azrd. '

T3l 199449 599 BODE ¥l RAKY EF 349
A fAlsIgl e, 8] wdaixlel BODe 599
ZAHE g fARRE oW WA AR E fdEe
AE42] BODE 1.0 ppmo2 59RT} Folirh ol o
Uk @A 93 7HEez ARSTY £3 e ¥z
oMol AFW R71E9 Fute 710 A3 gEOE A

a2 e e A23A ALS

Z+ht}. 19949 1094 EAA oA e BODE ¢F 0.1 ppm
o] ZAsg oy, ARG MHARLE flHe AFTF
o] BODE H3b7t gisith. ols} 7ol EAF 1do] e
19949 WA 49 AfFS59 BODE ¢F 0.850.7~1.0)
ppme 2 o] ozl o, o]EA 45d BODY ¢
A JAFLARI T 97 FedS 17 Ve &8
slo] o]F L&FE olgsle WAA AT FHISIAE
Wio] WE Frd LS e L A2 Y
=l =

a2 HAA folut AR fYHE AF +E
ol SHFABAANNF 3 A 17 71EY A
ol 1 ppmd] T2HE F ¥A FHdESY 1 oS dele
AF o] o3lE7]) mEd olHd FALEE AL
7] 93tdEs AF7 32 AYde FHHE 2489
AR A HAHe] FEHE EAE ARl fYEA g%
2 AAstodol & Ao Alg @) §9, 1995 590 ¥
AR 49 AFSS BODE 0.7 ppmlEA APE SYR
t} BODE 0.2 ppmo] Zradte] o] 3Rs= AYE
Bon, A W AFrd AL, Adx 599 Hg
BOD¥ 0.3 ppmo| #Astd F {4719 Aol F7HHIA
ot 2y EAF sdo] Agk 1998 593} 8ol W
A, AR, HAGe2 f{lHe AFST EF BODE
WAAS FARE ZHE JeRldEd, ol AFsdd e
B o] Fgo] HrHUSE uiste el &, o
g} 72 Ade WAF 5do] AFEUA WA HAA
= 993 7ol A U7l Wil AAA1 283
Bl 3 AFFAo] SRR S-S st Aol

F2:01 %5 (pH), $54%(Cu, P, Cu), $71¢), 4=,
X, 5, 94, NHi-N, NO:-N, 4ubids, diAare) ¥
3} vgAA g} WAR], 22 A o LEREH TS
) e AAgew f95e AFTY pH, $34(Cuy,
Pb, Cu), f719, A=, g%, A, =, NHM-N,
NO/-N, QuAl#s, 22 5 137 329 gt 5
AEA3 Azl= Table 39|A4¢F 7o),

A zA7)7F B9 Cd, Pb, Cu & £243 §47)91& 7
257 qgtor, YAFFE A RAARIN AZEA &
o}, &3 Az, g, g @il NH-N, NO,--N 52
g B FA7E AP §3 NO,--N& s
2743190, °)= Remy(1985) ¢} K (1992)9] |72
b FAEE oW, A 2AZ g I A9 BEF
1.5 mg /15 dx &gttt @M, Hg pHe vHAgR A

Table 2. t-values for the mean differences in soil chemical ingredients between harvested and non-harvested sites

i Organic Avail Exchangeable
Variables pH matter Total N P,0; C.EC. < Na* Cat Mg
t-value —5.00 -1.19 -298 -1.47 -1.52 -14.23 —6.07 —-17.14 —43.32
Probability  0.001** 0.269 0.017* 0.181 0.166 0.000** 0.000** 0.000* 0.000*

Note: * means statistically significant at 5% level and * stands for statistically significant at 1% level.
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Table 3. The results of suitability analysis of water from 1993 to 1998, in terms of chemical properties for water source

Standard
Cd Pb Org.P Cu Color ~ Turbi.  Odor  Taste NH,*-N NO,"-N plate  Coliform
Distribution ~ Year pH count

mg/l <5 <2°  Odorless Tasteless mg/l lec 100 r}egatlve
in S0cc
1993 6.5 0 0 0 0 1 passed passed  passed 0 0.5 40  negative
Non-harvested 1994 6.3 0 0 0 0 1 passed  passed  passed 0 0.6 54 negative
site 1995 6.5 0 0 0 0 1 passed passed passed 0 0.5 50  negative
1998 6.5 0 0 0 0 1 passed passed  passed 0 0.5 40  negative
1993 6.5 0 0 0 0 1 passed  passed  passed 0 0.8 70 negative
Harvested sit 1994 6.3 0 0 0 0 i passed  passed passed 0 1.0 69  negative
arvested stte 1995 6.5 0 0 0 0 1 passed  passed  passed 0 0.8 57 negative
1998 6.5 0 0 0 0 1 passed passed  passed 0 0.6 50 negative
U . 1993 6.5 0 0 0 0 1 passed passed  passed 0 0.8 78 negative

pstream region \
.. 1994 6.3 0 0 0. 0 1 passed passed passed 0 0.8 79  negative

of the Seomjiin .
river 1995 6.5 0 0 0 0 1 passed passed  passed 0 0.7 70  negative
1998 6.5 0 0 0 0 1 passed passed passed 0 0.6 62 negative
A 27 F F 658 YIS, EAA Y AF5 =3, di2 Qsld IFE EYME NH N,
Ae A o de F7 638 Yehiod, @aF 29 NO,™-N, %E"J'&, Aggole F EFY YaIt A5l
of Zzd 1995deE 6.5, WAF 5do] Asbd 1998 st GA FrEH AR K= A& AFTFES
de HEAA U AFFe $AR 3 FF 6.58 e W3 7= g¢1o2 228l =d (Packer 1967, Brown and

dow, dAgee FUHE ARFANE daA44 U] AR
o A A% Jepdidd. &, ¥AF AF4 pHe
ztel7b A9 giglen, 5do] e ¢ HAX W A
¢ pHe EA4HY JeHZ QAHHEe Aoz BA5,
Brown#} Binkley(1994)¢] A1A=9} $A8F )

o8 13/) & F ANPW AFFAN HAEH7 4 o
A2 19952 AR A Ea ggsidle BT 69
CFU/mlo|Qlom, 1 th&3l9l 1995de)= 57 CFU/mIZ
A ohEEl 19949 ¥ e Yeldou, A
5de] 7 1998 dol= HF 50 CFU/mIZ WAlF A7
8 Astel wet YA Fet Zade Ao Yelgted,
ol WA MM HAFEY wE {7)E o)& 5 gyt
Ao Hol FFYe e 71903 Az} Aztdd. 2
gl HEAA ) AFFAME A ZANZ 5O HE 46
CFUmIE 9 & 43724 88 Az gy
3, w2 T %f%}%xl e AR fYde AF
FollMe A ZAP7 B -‘—’é‘ﬂ' ok 72 CFU/mIZ ]
A} dAA W AFFED £ 7S JERIAEH, e
Az °1%}°1 B E %MEAM %%l S Aol A4
a7]d F& FHx0] o|FFHs] W Zdz AztE
=3 :LEM o UEL EF He B T%_Ulf«l LR
o] Zrolitt. &, USDA Forest Service(1990)= $duj7}

v MEAYNME FEU7t Qe A9R AFFde
ofstEttn e, o] A% o9 FAlg AsE
el ARTFERAS e FEU7 Fasgx
AztEc).

Binkley 1994), o] dFdMe FEHFE] e e 3
4apA] Z3gch dEb FE9 fE2 A% AF5EHs)
o WAUESS HAFYLE A AFTA Wty uoto
83 9FE vAEZ old FF ATt o|FoiRo} &
RO 2 Azt

ﬂ
olges
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ABSTRACT: The effects of clearcutting on soil chemical ingredients and stream water quality
have been investigated at a natural deciduous forest catchment within the Seoul National Univer-
sity Research Forest in Mt. Paekun, Chunnam province during the periods of 1993 to 1998. Soil
chemical ingredients and stream water qualitics were monitored at a 13 ha clearcutting site and a
non-treatment site nearby. During the first and second years after harvesting, the levels of total-N,
and exchangeable ions (K*, Na*, Ca’*, Mg>*) decreased compared to the values of before
harvesting. During the fifth years after harvesting, these levels were significantly higher than those
during the first and second years after harvesting. But the chemical characteristics of soil were not
changed at all. pH of water in the harvesting area was 6.5 in stream water. Among the nutrients,
Cd, Pb, Cu, and phosphate were not found, and the level of BOD reached at the level of the dom-
estic use suitable for drinking. Turbidity, odor, taste, NH,*-N, NO; -N, standard plate count,
and coliform were also low enough to be used as the domestic use for drinking by the near
villagers. During the first and second years after harvesting, BOD increased to about 1 ppm. For
that reason, the harvesting planning should be built in the harvesting area in consideration of the
control of water quality in the stream.

Key words: BOD, Clearcutting, Soil chemical ingredients, Stream water quality




