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ABSTRACT

Monitoring on soil chemical properties, soil physical status and fertilizer application in arable soils
was conducted on 4 cropland types including upland, orchard, rice paddy and plastic film house from
2017 to 2020 in order to provide basic information for soil fertility management of Gangwon Province.
Monitoring of agricultural irrigation water, surface and ground—water, quality was investigated annually
too. Objective of this study was to provide the fundamental data of environmentally—friendly agriculture

policy and to product agricultural safe products.

Soil Chemical Properties

Upland soil samples were taken from 170 sites in 2017. Chemical properties were pH 6.4, organic
matter 32 g/kg, available phosphate 742 mg/kg and exchangeable K, Ca, Mg were 1.2, 7.6, 2.0
cmol./kg, respectively. The content of pH and exchangeable Mg were within the optimal range. The
content of EC was lower than the optimal range. Available phosphate content, organic matter and
exchangeable K and Ca were over the optimal range. In terms of the long—term change, the contents
of EC, OM, and Exch. cations in upland soils showed increasing tendency. However, significant
changes in the contents of pH and Avail. P,Os were not observed since 2013. The ratio of optimal
range of pH and OM in upland fields reduced from 55% in 2001 to 36% in 2017 and from 33% to
27%, respectively. The ratio of excessive range of Exch. cations have increased.

Upland soil(alpine region) samples were taken from 56 sites in 2017. Chemical properties were pH
6.4, organic matter 28 g/kg, available phosphate 895 mg/kg and exchangeable K, Ca, Mg were 1.2,
7.5, 1.8 cmol./kg, respectively. The content of pH, organic matter and exchangeable Mg were within
the optimal range. The content of EC was lower than the optimal range. Available phosphate content
and exchangeable K and Ca were over the optimal range.

Orchard soil samples were taken from 80 sites in 2018. Chemical properties were pH 6.2, organic
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matter 36 g/kg, available phosphate 860 mg/kg and exchangeable K, Ca, Mg were 1.4, 7.6, 2.1
cmolc/kg, respectively. The content of pH and EC were within the optimal range. Available phosphate
content, organic matter and exchangeable K and Ca were over the optimal range. The content of
organic matter tend to increase gradually since first investigated 2002. Available phosphate content
was much high than the optimal range. The ratio of high-level site was increased from 62% in 2002
to 76% in 2018.

Orchard soil(alpine region) samples were taken from 46 sites in 2018. Chemical properties were
pH 6.4, organic matter 29 g/kg, available phosphate 726 mg/kg and exchangeable K, Ca, Mg were
1.1, 7.2, 2.0 cmol./kg, respectively. The content of pH, EC, organic matter and exchangeable Mg
were within the optimal range.

Paddy soil samples were taken from 150 sites in 2019. Chemical properties were pH 6.0, organic
matter 26 g/kg, available phosphate 128 mg/kg, available silicate 169mg/kg and exchangeable K, Ca,
Mg were 0.33, 4.5, 1.1 cmol./kg, respectively. The content of pH, organic matter and available
silicate were within the optimal range. The content of exchangeable Ca and Mg were lower than the
optimal range for plant cultivation. Available phosphate content and exchangeable K were over the
optimal range. In the long—term analysis, the contents of Avail. SiO,, Exch. K and pH of paddy soils
showed increasing tendency. Paddy soil samples within appropriate pH range were increased from
65% in 2003 to 77% in 2007, 68% in 2011, 71% in 2015 and 74% in 2019. In case of Avail. SiO,,
soil samples within appropriate range were increased from 20% in 2003, to 37% in 2007, 29% in
2011, 45% in 2015 and 44% in 2019.

Paddy soil(alpine region) samples were taken from 24 sites in 2019. Chemical properties were pH 6.2,
organic matter 29 g/kg, available phosphate 162 mg/kg, available silicate 246mg-kg™" and exchangeable K,
Ca, Mg were 0.41, 4.9, 1.0 cmol/kg, respectively. The content of pH, organic matter and available silicate
were within the optimal range. The content of exchangeable Ca and Mg were lower than the optimal
range for plant cultivation. Available phosphate content and exchangeable K were over the optimal range.

Plastic film house soil samples were taken from 100 sites in 2020. Chemical properties were pH
6.5, organic matter 45 g/kg, available phosphate 1,203 mg/kg and exchangeable K, Ca, Mg were 1.7,
11.4, 3.5 cmol./kg, respectively. The pH average was optimal range, but the other components exceeded
the optimal range by more than two times. The content of organic matter tend to increase gradually.
Average of pH, EC, and available phosphate showed little change since 2016.

Plastic film house soil(alpine region) samples were taken from 56 sites in 2020. Chemical properties
were pH 6.7, organic matter 45 g/kg, available phosphate 1,112 mg/kg and exchangeable K, Ca, Mg
were 1.7, 11.4, 2.9 cmol./kg, respectively.

Heavy metal content investigated much lower than soil contamination criteria.

Soil physical Properties

Upland soils samples were taken from 40 sites in 2017 were following as; Bulk densities of surface
soil and subsoil were 1.20 and 1.49 Mg m™. Yamanaka hardness of subsoil was 18.2 mm. In

addition, the average of surface soil depth was 16.1 cm.
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Orchard soils samples were taken from 40 sites in 2018 were following as: Bulk densities of
surface soil and subsoil were 1.19 and 1.42 Mg m™. Yamanaka hardness of subsoil was 18.5 mm.
In addition, the average of surface soil depth was 28.3 cm.

Paddy soils samples were taken from 40 sites in 2019 were following as; Bulk densities of surface
soil and subsoil were 1.25 and 1.58 Mg m™. Yamanaka hardness of subsoil was 20.8 mm. In
addition, the average of surface soil depth was 18.7 cm.

Plastic film house soil samples were taken from 40 sites in 2020 were following as; Bulk densities
of surface soil and subsoil were 1.12 and 1.41 Mg m™. Yamanaka hardness of subsoil was 19.0 mm.

In addition, the average of surface soil depth was 20.0 cm.

Agricultural Water Quality

Surface water quality was estimated at 34 sites from 2017 to 2020. In 2020, the average
concentration of DO, BOD, CODyy, SS were 11.2, 1.0, 1.7, 3.1 mg/L, respectively. and pH was 7.7.
The sampling site ratio of pH, BOD which was over the agricultural water criteria was 1.0, 2.9,
respectively. and All of the other factors were within the criteria.

The sampling site ratio of exceeding the agricultural water criteria, from 2017 to 2020. pH was
2.0, 1.0, 3.9, 1.0% in 2017, 2018, 2019, 2020, respectively. T-P was 1.0, 2.9, 3.6%, in 2017, 2018,
2019, respectively. TOC was 1.0, 2.0% in 2017, 2018, respectively. CODyy, was 1.0% in 2018, As for
DO, BOD, SS, there was no excess site from 2017 to 2020.

Ground water quality was estimated at 20 sites from 2017 to 2020. The average concentration of
CI", NO3—N were 21.0, 5.72mg/L, respectively. pH was 6.8 and EC was 0.3 dS/m in 2020. Especially,
the concentration of NOs—N, critical factor of ground water quality was much lower than the
agricultural water quality criteria.

From 2017 to 2020, the sampling site ratio of exceeding the agricultural water criteria, pH was 2.5,
2.5%, in 2017, 2020, respectively. NOs—N was 3.3, 2.5% in 2019, 2020, respectively, As was 2.5, 3.3%
in 2017, 2019, respectively, and Cd, Hg were not detected or much lower than agricultural water quality
criteria. There was no significiant change of surface and ground water quality from 2017 to 2020.

Fertilizer application Monitoring

Fertilizer application Monitoring was estimated at 400 sites from 2017 to 2020. In 2017, Highland cabbage,
cabbage, and radish crops were surveyed at 50, 25, and 25 points, respectively, for a total of 100 sites.
In 2019, Potato and corn were examined at 30 and 30 points respectively. Nitrogen, phosphoric acid, and
potassium were the most used in cabbage for farm fertilizers. The difference between farm household
consumption and fertilizer use by crop was found to be the largest in highland cabbage. In 2018, a total
of 100 locations were surveyed for apples, pears, grapes, and peaches. The total fertilizer use was highest
in pears. The difference between the recommended amount of use by crop and that of farmers was the
largest in pears, and in the case of apples and grapes, it was found that the amount of use by farmers
was insufficient. In 2019, 40 farmers of rice crops were investigated. Total fertilizer use of farms was 27.7

nitrogen, 10.3 phosphoric acid, and 17.1 potassium. In 2020, Tomatoes, green peppers, and cucumbers
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were examined at 100 points. The total amount of fertilizer used by farms was found to be the most used

green pepper. The difference between the recommended fertilizer use and the use of farmers was the largest.
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A 1) a8 AR

7t Az MF

YL 4 A= FHANE H ok ohd 4AHES AR 49, 74, 1092 A 3
3|4 AAsGT pH, EC, DO 52 @& oA &A% & Zgoddl &7]o AFste] ICE BOXO|
dof 2Htete] 4C WA o] Byt £4 Ao Aot +EARE YsFHERE = 5,
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pH 6.4, 71 32 g/kg, FEUAF 742 mg/kgol L, A& ZF, 2w 2 vtadaS 242 1.2, 7.6,
2.0 cmol./kg o1l FUE WA WEFS Bt 332 pH 6.4, F71%F 28 g/kg, AU
895 mg/kgel L, AT Lg, & 12,75 cmol./kg ©1%1tt. pH, EC, #71&
Wt el Aoy
g2 gtk {718 &%, EC
2013 o]% ®37F A gl

o
flo
_]>~1 oo

1A9E 23t sheleh 2w e

2g K
i]@r"é Fol&8 > Ttk B ALY, Bt pHe

2 MEOEC 718 fEelM A2 8Zol=(cmolc/kg) NOs-N Az e
(pH) (dS/m) (g/kg) (mg/kg) K Ca Mg Na (mg/kg) (kg/10a)
BF 64 09 R 742 12 76 20 02 417 158
ge A9 86 41 109 1847 39 243 76 14 4616 398
170 x4 46 01 2 10 01 16 04 01 0.3 0
%% 64 07 30 765 1.1 67 18 02 228 133

A9 6.0~7.0 2.0018F 20~30 300~550 0.5~08 5.0~6.0 1.5~2.0 - - -

H 4 ZYUT DYK| WEYO| ULt FHSINE 3R (2017H F7H)

oo AEEC 97|12 259004 Rt 0l 2(cmolc/kg) NOs—N AM3|e7E
- (pH) (dS/m) (g/kg) (mg/kg) K Ca Mg Na (mg/kg) (kg/10a)
B 64 1.3 28 895 1.2 7.5 1.8 - - 237

g A9 83 44 91 1,940 6.5 19.3 6.9 - - 398
(56) za 46 01 6 45 02 19 04 - - 0
=% 64 0.9 25 937 1.0 6.6 1.7 - - 133

A 6.0~7.0 2.0018F 20~30 300~550 0.5~08 5.0~6.0 1.5~2.0 - - -

as At EC LIE  LF0IM X2t g Zol2(cmolc/kg)
- (pH) (dS/m)  (g/kg)  (mg/kg) K Ca Mg Na
01 5.9 0.5 20 687 0.8 5.3 1.6 0.1
"05 6.0 0.4 20 726 0.6 4.6 1.3 0.4
(%7%) 09 6.3 0.6 20 699 0.6 44 1.1 0.6
13 6.5 0.5 26 675 0.8 5.7 14 0.2
17 6.4 0.9 32 747 1.2 7.6 2.0 0.2

A 6.0~7.0  2.0°]sF  20~30 300~550  0.5~0.8 5.0~6.0 1.5~2.0 -
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a9 12 AHe TEY 17074 Bty A4 4E div %Eﬂl%-‘ﬂ WEEE WstE AT
B Axtoltt pH A (6.0~7.0) v 200149 42%°01A 20179 36%% HAstAa A4 W=t
E2 29 Hgo] FUtsklnh ol At A 71X ZAHRoh et al, 2018)¢}F H]S=E HFS EH
wHl, EFY pH7F oA Aol e] Freof B oS vAA Hol AEAsel A =
stal, 9714540 Za viadls 28-S obr|gth E3F QAR TS AdfjstE e WEGY] At
M EFATS e A3d HE A Slel B Al 9T A3 e FFS AEsto] AAA
H| 7} o] Fo Ao} & Zo|t}, E°k°7134 ™Y v 20019 35%4 20179 27%= 4 E
Qal, AN HCE o H] R 53904 24%E HAE I, AW R} 2O H|&S 129%04 49%=
7k, A71=9 f71E AT $2 A9 H1°°l 54%N A 40%2 A, B A H ]

£90] 5% 17%=2 %71 2 (Roh et al., 2018)° H]&| F7]&0] EEAF oY, AAHY vwte
F7HE 20% oliololA §71E & %7}:2— Aot BEFde|et Fgdido] dasict
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H 6 ZHUE WEY FIL H(20174)

= 7 Cd Cu Ni Pb Zn As Hg Cr cCr®
(mg/kg)
170 A3 Bt 0.23 21.0 13.5 11.0 82.6 4.8 0.01 260 04
Bt/ 71 (%) * 5.8 14.0 13.5 5.5 27.5 21.0 0.3 - 8.0
% 0.11 18.9 11.0 7.7 80.0 2.8 0.01 22.5 0
Zof 3.07 80.8 447 150.4 180.1 24.2 0.03 169.4 3.7
B E ND 2.0 ND ND 38.0 ND ND 2.3 0
SH7|E** 4 150 100 200 300 25 4 - ND
272 ** 12 450 300 600 900 75 12 - 15

¥ EFRR RN Egedee]Ee] Wi vieEdat/27IE X 100)
EGEAERANAGY] EYed +8 B dAVE@AF, 2010)

H 7. ZYUE TYX LEL FZ4 (20179 FI1)
Cd Cu Ni Pb Zn As Hg Cr Cr®
s A
(mg/kg)
56 AH H 022 255 154 127 916 7.3 001 253 08
Bt/ 2(%)* 5.5 170 154 64 305 29.2 0.3 - 00
% 011 229 129 95 87.2 7.1 001 229 02
) 125 668 391 705 1812 13.7 003 572 49
EIEN 000 53 04 28 38.3 1.6 001 56 00
H 8. ZHEk YEYO Axiyt 534 e Hst (22 mg/kg)
2oz 18 7 ealz  oEsE
Z9(170 X|®) m™=2(1,760 X|H) ZE(I70 XF)
cd 0.30 0.35 0.23 4 12
Cu 20.5 23.4 21.0 150 450
Ni 12.6 17.3 13.5 100 300
Pb 13.3 16.9 11.0 200 600
Zn 77.0 74.1 82.6 300 900
Cr 24.6 217 26.0 - -
As 7.3 3.8 4.8 25 75
AUE HEYY At Fad T WSk # 8olA Hi Hiel Zo] £87]E Hoh dA 5] weren,
7S 26k A9 ot Ade HEY S35 @t EGed Ao tEtk vE
()& °tA(27.5%) » ¥14(21.0%) ) +21(14.0%) > YA (13.5%) ) 7F=5(5.8%) ) H(5.5%) 2 2Tt
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Lt AfrEEYC| 3oty

FUE A EGY BESSY Hes F71Aor ofstr] 9fste] 2018 £AMSH B kSt
71& 80 A F7he A 46 AFoR, Bt FFS E 9 H 107 2ok AUE ARG
et 352 pH 6.2, §71% 36 g/kg, a4l 860mg/kg, XA ZFE, ZAw 2 vtiveS 247
1.41, 7.6, 2.1 cmol/kg ©1% 3L, LR 58 ©|¢ith pHE EC= AAMAE WEsta oy, Fadik
A2y dgw, A dess 4 &

g
pH 6.4, §71& 29 g/kg, &4 726
7.2, 1.7 cmol/kg ©1lth. pH, EC B2
ARHAE 23 9t HAAHY nd

9 ZEHE dHEY Lt ststdE 2E(2018)

as Mz EC 2712 2F0a  XEY0|=2(cmol/kg) NOs—N A3|Q7z

(pH)  (dS/m) (g/kg) (mg/kg) K Ca Mg Na (mg/kg) (kg/10a)
FF 62 079 36 860 141 76 21 034 233 158
= Hd 78 643 93 1,947 492 236 56 325 267 398
80 xx 41 020 9 36 006 14 06 003 06 0
%4 63 055 33 860 114 70 23 009 80 133
B4 58 054 18 520 078 51 15 029 63 224
g AW 83 202 42 1539 394 170 48 283 801 398
80 a4 38 010 2 2 004 08 04 004 06 0
ZoF 57 046 18 48 067 41 15 008 46 265

el 6.0~7.0 2.0018F 20~30 300~550 0.5~0.8 5.0~6.0 1.5~2.0 - - -

ol

B 10, YT TUX BAAEY Ut SSHAE (2018 27D
oy A= EC Sl 95 oa  AEYL0[2(cmolc/kg)  NOs-N AlFQT T
(pH)  (dS/m) (g/kg) (mg/kg) K Ca Mg Na (mg/kg) (kg/10a)
#d 64 051 29 76 111 72 20 012 114 260
e A 82 147 66 2040 339 311 60 080 879 398
@6) zx 47 017 4 42 025 14 06 004 024 133
ZoF 62 043 28 648 102 54 17 007 45 265
#d 59 047 20 325 064 43 14 013 87 311
Ne Hd 83 137 54 915 207 136 38 110 420 398
@6) Ha 45 017 2 20 011 11 03 005 038 133
55 041 18 330 054 35 13 009 58 398

A9 6.0~7.0 2.0018F 20~30 300~550 0.5~0.85.0~6.01.5~2.0 - - -
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U= A EQ) ANt SR WSt 3 110 Yebd vEeF o] Wit pH, f71E o, A8
Fol&-& 1449 ol % Ha7l Aty Ak ArdEFe St A ezl UE RS Wek=
% 2004 H= v Zh
E 11 2T B4Eo Yusistas wat

2 o MEEC 8718 B30 A 0|2 (emole/kg) M3lere
= (pH)  (dS/m) (g/kg) (mg/kg) K Ca Mg Na  (kg/10a)
02 5.9 0.39 22 734 0.95 4.5 1.3 0.12 283
06 5.9 0.64 24 896 0.92 4.6 1.2 0.54 236
EJEOE) 10 5.9 0.39 28 791 0.97 49 1.3 0.18 154
‘14 6.2 0.67 38 804 1.41 8.0 2.3 0.66 149
18 6.2 0.79 36 860 1.41 7.6 2.1 0.34 158
02 5.8 0.35 18 538 0.76 3.9 1.1 0.12 304
06 5.7 0.40 17 531 0.68 3.6 1.0 0.53 255
2205) 10 5.8 0.30 18 591 0.70 4.0 1.1 0.14 186
‘14 6.1 0.42 23 665 1.12 6.8 1.9 0.62 201
18 5.8 0.54 18 521 0.78 5.1 1.5 0.29 224

A 6.0~7.0 2.00°8F 20~30 300~550 0.5~0.8 5.0~6.0 1.5~2.0 - -
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E ML= 2 BEEg W
H 12, ZEE 3 EY 24 §2H20189)
Cd Cu Ni Pb Zn As Hg Cr
g A
(mg/kg)
80 XA Hat 0.13 27.8 16.6 8.0 87.9 4.7 0.03 349
B/ A7 %) * 4.5 17.3 17.5 4.0 28.9 16.8 0.8 -
=% 0.09 24.2 17.1 7.0 81.2 4.4 0.02 35.6
Z|f 0.89 128.2 36.2 82.0 241.1 15.5 0.21 109.7
A nd nd 3.0 nd 46.8 0.4 0.01 6.9
S27]E=** 4 150 100 200 300 25 4 -
27| = * 12 450 300 600 900 75 12 -
* B R AL EFe AT gt & (FHg/ 7S x 100)
O ESSA R AR EYed ¢ 2 A |E@ R, 2010)
ZHE A Bk 4 SRR 112, F 1337 2 AAF FE45 O WskE 1 149 2o
FEE BEUEY T8 Foad EYed SH7IEA tiE vE (%) otd(28.9%) ) YA
(17.5%) » +21(17.3%) » ¥14(16.8%) ) 7t=

w(4.5%) ) = (4.0%)2t 2t



B 13 Y¥UE BHAEY 334 (0188 £

=5 Cd Cu Ni Pb Zn As Hg Cr
(mg/kg)
46 A- Bt 0.28 22.7 18.9 7.9 85.0 3.5 0.02 35.8
P/ 71 %)* 7.0 15.1 18.9 4.0 28.3 14.0 0.5 -
=% 0.20 14.9 20.9 7.1 80.2 3.1 0.02 33.4
oy 1.4 84.0 36.6 25.5 158.5 6.4 0.09 128.8
B E 0.03 3.2 3.4 nd 49.8 0.9 0.01 6.9
B 14, 49T D2 YEY0| GxfZt 334 Y s (E+9): mg/kg)
E s '8 a7z gEIIE
280 XH) H2(1,470 XH) FH(126 X
Cd 0.20 0.18 0.18 4 12
Cu 24 31 26 150 450
Ni 12.6 21.7 17.5 100 300
Pb 9 24 8 200 600
/n 87 77 86.9 300 900
Cr 30.3 37.0 35.3 - -
As 4.7 3.7 4.2 25 75

Ot =EY9| stetd

FHE =B EGEY WEs TR gofsty] flsto] 20199 AR EFEFEH &
Aab F7hE 1A 24 AHoRE Wit T 1 19 9 203 Ak AUE =EQF] ¥t 313

4L pH 6.0, F71% 26 g/kg, A4 128 mg/kgol AL, FFHEFAE 169 mg/kg, A2 ZE, 24

2 vl 27 0.33, 4.5, 1.1 cmol./kg &2 pH, EC, &AL Hae 2y )

TR Xghd K& AR S 23 shaL, A2 Cad} Mg A4 9ol nlgH e 15).

H 15, 4= =EAO| ot st5HE §2H2019)
e At EC QJI2 2501 X2t 20ol2(cmolc/kg) o5 3A
= (pH)  (dS/m) (g/kg) (mg/kg) K Ca Mg Na  (mg/kg)
d@d 60 040 26 128 033 45 1.1 0.19 169
e HY 82 158 6l 417 .02 102 47 0.73 551
1500 x5x 50 012 12 11 0.09 0.9 0.4 0.06 22
% 59 033 25 106 030 43 0.9 0.15 140
AW 55~65 20015 20~30 80~120 0.20~03 5.0~60 15~2.0 - 157014
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ol

# 16, ZEEZ TYX| =ELo At stetdE (2019 F71)
e Az EC RIE2 RFQM |8 g Yol=(cmole/kg) QETFA
(pH)  (dS/m) (g/kg) (mg/kg) K Ca Mg Na  (mg/kg)
BF 62 031 29 162 041 49 1.0 013 246
ge A4 79 072 44 555 067 87 25 029 680
@) zmx 55 013 14 9 021 21 03 005 76
24 62 029 26 116 038 44 08 013 187
AAWS 5565 2.008F 20~30  80~120 0.20~03 5.0~6.0 15~20 - 157014
E 17 BUE =EYQ EYSBAE HY v
as Az EC RIIE2 Q5 x| &g Yol=(cmole/kg) QEFA
(pH)  (dS/m) (g/kg) (mg/kg) K Ca Mg Na  (mg/kg)
03 58 - 21 144 027 50 1.1 014 121
07 6.1 - 20 105 0.15 51 1.1 055 152
(i%) ‘11 58 020 25 104 019 44 08 027 134
15 59 034 26 123 039 48 09 021 170
‘19 60 031 26 128 033 45 1.0 013 169
AAWY] 5565 20018 20~30  80~120 0.20~03 5.0~6.0 1.5~2.0 - 157014

AUE YA =EFo Hyt S pH 6.2, F71E 29 g/kg, FEAAE 162 mg/kg, FEFAE
7k} 0.41, 4.9, 1.0 cmol/kg2 &, =EF9] pH,
A 28] K AAHYE 276k 1L,
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XlEd Mg
=
E 18, JYUE =EY £32 H(201949)
Cd Cu Ni Pb Zn As Hg Cr
=¥l
(mg/kg)
Ha-(1502]4) 0.19 16.3 20.2 9.9 71.1 5.1 0.0321 36.4
Bt /712 (%)* 4.9 10.9 20.2 5.0 23.7 20.4 0.8 -
=S4k 0.14 13.8 16.8 8.1 70.7 34 0.0272 30.2
oy 2.03 477 106.3 424 117.2 37.5 0.1439 150.7
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Cd Cu Ni Pb Zn As Hg Cr

EA
(mg/kg)
2 A nd 2.0 3.3 nd 38.8 0.3 0.0072 5.5
S| E** 4 150 100 200 300 25 4 -
7] * 12 450 300 600 900 75 12 -

* BB AMAY] EQealeelzlE] oRt v EIWSE1E x 100)
o B AN Eed 9o U Azl EE@AY, 2010)

H 19, ZEk WX =EY 34 F((2019E F7H)

Cd Cu Ni Pb Zn As Hg Cr
=l
(mg/kg)
HEQ4A1H) 0.14 14.6 17.1 12.5 68.5 4.4 0.0417 26.6
Bt /71 (%)* 35 9.7 17.1 6.3 22.8 17.6 1.0 -
Sk 0.10 13.3 15.2 12.7 67.1 3.8 0.0434 25.5
e 0.38 31.6 29.8 16.3 83.4 9.6 0.0767 453
FHa 0.01 3.8 5.2 0.6 51.8 1.3 0.0151 10.8

2t AATHHELS| sletd

7J%JE A A EQke] Eokstehy WES

= 100 A QT =7k ALY A] 56 AHOR
Bt ﬂi”" pH 6.5, +71& 45 g/kg, FHQ 3m %

ZF 1.7, 11.4, 3.5 cmol/kg & Fd® AHESFS pH Bd24dH 9ol Ao, 1 9o 42

A9 E 15~2u) oA} Z1}atgrt.

H 20, ZEE AMMHIELS] LUt ststdE &2H(2020)
oy Az EC 712 S50 REHEY0I2(cmol/kg)  MEQTE NOs—N
- (pH)  (dS/m) (g/kg) (mg/kg) K Ca Mg Na  (kg/10a) (mg/kg)
BE 6.5 48 45 1203 17 114 35 05 111 80
we Y 79 257 140 2440 57 357 142 36 0 394
(100) =4 46 03 11 21 01 20 05 01 398 3
2% 6.7 2.7 41 1213 13 99 31 04 0 67
B 6.5 2.3 32 969 11 91 27 04 127 68
Ne A 82 145 93 2033 43 212 74 31 398 327
100) =z 49 02 2 16 ol 17 06 01 0 3
Y 6.6 1.7 28 965 0.8 8.3 2.5 0.3 0 51
_?4

6.0~7.0 2.0°13} 25~35 300~550 0.5~0.8 5.0~6.0 1.5~2.0 - - -




# 21 ZEE ™K AL ESC] At stetdFE BF&H(2020 F71)
- At EC 97|2 250IA x| 8t 2F0|2(cmol./kg) M3 QTE NOs—N
= (pH)  (dS/m) (g/kg) (mg/kg) K Ca Mg Na  (kg/10a) (mg/kg)
B 6.7 3.1 45 1,112 1.7 114 2.9 0.4 111 71
zg Ad 83 147 97 2165 70 217 112 1.6 398 391
(56) Ha 46 0.1 16 240 0.3 33 0.5 0.1 0 2
T4 67 14 43 1,091 1.6 10.9 2.2 0.3 0 43
B 64 14 26 608 1.0 7.7 1.9 0.3 171 54
Ae Y 84 4.8 66 1,814 2.3 18.6 54 14 398 331
56) Ha 47 01 4 16 03 1.0 04 01 0 1
=% 64 1.0 26 629 0.9 6.9 1.7 0.2 133 30

AAHEY]  6.0~7.0 2.0018F 25~35 300~550 0.5~0.8 5.0~6.0 1.5~2.0 - - -

A= A A EF dut aFohdE M3k i 220 UERH WEe o] it pH, EC, A Q4R
169 o]% W37t Aoy frlE S S7ksklch
E 22, 29U AMMIEYC| EUSISINE Ml

2 m Az EC 2712 LBEUM x| &g o[2(cmolc/kg) NOs—N
- (pH)  (dS/m)  (g/kg)  (mg/kg) K Ca Mg  Na (mg/kg)
04 6.4 2.8 33 1,214 1.7 9.0 31 04 164
08 6.3 2.0 33 1,179 1.4 8.8 25 04 89
XE 12 6.2 2.9 36 1,359 2.0 12.2 3.9 1.1 244
16 6.5 4.8 40 1,240 1.9 13.3 39 07 157
20 6.5 4.8 45 1,203 1.7 114 3.5 0.5 80
04 6.1 1.7 28 974 1.1 7.2 2.3 0.3 91
08 - - - - - - - - -
HNE 12 6.2 1.3 24 924 1.1 8.6 2.6 0.8 78
'16 6.4 2.7 30 1,038 1.4 10.7 3.0 0.6 110
20 6.5 2.3 32 969 1.1 9.1 2.7 0.4 68

AARHY  6.0~7.0 20|t 25~35 300~550 0.5~0.8 5.0~6.0 15~20 -

I% 4= = AEAANESS 100489 Edetety A4 t] #2H&9 fiEs HIE
A & Axpolth. 2AF 27191 20049 ¥ pH= Jfa 718 Hlgol AL o] & AlYstile
kel 57k BlEo] w3 7lES AASHAY S5 57 H 0] 1 g2 F7He] HEo] 5
7¥stal Qlou 15%9) F7he F53 255 4ok 209 #FH& pH (19%) > #7158 (15% ) »

84 Mg(14%) > AEA K(12%) > AEA Cal6%) > +HEQ *J(l%) o[flal, Hrhr|EE FAIA
91%) > A2 Cal89%) > AZHIMg69%) » A& K(67%) > +71=(63%) > pH(29%) ©]19itt.
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OE 4. JE=: AMEEYY sstdE HY+Z0| OE HESSHE!

YA ALAESGS] S5 Bt T E 23 U FE 247

AUE 71 AU ES % 271 7
a Ipashe T 259 2 AR QusEA AU =

Z:‘_].‘:ﬂ- 7]5& A @XHHHEO]:—’] oq;‘(]' o t?:l © (]
¥ Tus5 BAaY ESed SE7IEA A Ut Ble (%) otd@4T%) > T-2(22.6%) > Bla
|ZHT oLt AR YA 41 e

(17.6%) » UA17.2%) > 'F(5.8%) ) 7t1=5A4.0%)= $H7
27170 HlA& 93 7]ES 2IeHE Aol AL o] AFEL tE FE5TFE FUE Ho B
P

e dolgleh, TEu B 334 0@ SeAHAA ASS QY BEA, 7, 1%, ks, E
uhE, A Qo] dhetol ABAY FFE FFS 2AAOU Sold Fe itk FAF AT Aol of
AL 25 QuERAIA AdSa A2e AFS AFT DR ot



# 23 JEE AEMHIEY S35 §EH(20204)
= 7 Cd Cu Ni Pb Zn As Hg Cr
(mg/kg)
2020 H+O96x13) 0.16 339 17.2 11.6 134 4.4 0.05 35
Bt/ 27 1=(%)* 4.0 22.6 17.2 5.8 44.7 17.6 1.3 -
Y 0.12 29.7 17.2 111 125 3.8 0.03 31
=2 059 1155 469 273 297 17.1 0.79 95
A nd 7.6 2.9 0.5 51 0.3 0.01 6
Q7| E** 4 150 100 200 300 25 4 -
7= ** 12 450 300 600 900 75 12 -
¥ EQRA ALY EGLHH7IEl diet v (“ 4%}(/#47% X 100)
R EANAY Eded 8 9 =@ R, 2010)
H 24 ZEE THX ALMHEY S35 E(20204 F7H
= 7 Cd Cu Ni Pb Zn As Hg Cr
(mg/kg)
2020 Hw+(54x13) 0.19 29.5 16.2 13.0 118 5.5 0.04 33
Bt/ 7= (%) * 4.8 19.7 16.2 6.5 39.3 22.0 - -
=Y 0.15 27.1 12.9 10.8 112 4.0 0.03 24
2o 0.66 96.4 80.3 334 231 19.2 0.29 203
FHAa 0.05 8.4 3.4 5.9 61 0.5 0.01 5.6
O EGRAHEANAY] Eed 8 W diA7E@E T, 2010)
# 25 ZET AANH ELe| AXZE SFL = Bt (Et: mg/kg
16 ’ ’
T = 2210100 AH) ®2(.377A18) a%mszgx@)* %;%(1287(@) 8712 HHI|E
Cd 0.20 0.20 0.19 0.17 4 12
Cu 32 34 34 33 150 450
Ni 15.2 15.6 17.3 16.8 100 300
Pb 9.3 15 12.9 12.1 200 600
Zn 124 116 128 128 300 900
Cr 31 30 34 34 - -
As 0.44 33 6.3 477 25 75
YA A2 A =S
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AE 2) EGEA HE2RAF

SEyete] BEokEE|A EA A= 19844 22 A oo HUEFZAE A4
A3 A= &F 20%, +715 2.03%, CEC 10.3 cmol+ kg! o]glom REHa 7153 dA=
18%, +71%& 1.85%, CEC 8.6 cmol/kg)ol AAtH(E] 5. 1984). o]F f-ejutet 5429 234

Tt A3e AP ek AETIY(H 5 1989), EAE SHSEA 5, 1990) 59 A
U g8 A9 ghgEl Aol 20109 e 2A 3574, 201193 201292 AHS
=2 47 3088 AT FUE s3A BEGY B84 EAS ghofshr] st 20179 HE
@, 201849 HPAEY, 201992 =EY 202092 A A ESCR R 747 4028 & 24

=
BN
>

i
2
- o rr
s _llm m
¥0 ox o
32 2 ol

L)
ol
2

ARlE wEee] Bl 24} 218 1% 56 D & 260) et 24 B A4S hni
ARG O, o FANEY ulgo] FT ¥ Y §HURL KE/L B 120Mg/mEA

ZAESFS] 92.5%7} 1.40Mg/m vlgt o]%lal, A E+= Hdt 1.49Mg/m= A 2'5%94 2 A} EOFo] ek
7124 1.40Mg/m ol o2 et o §AUES Wt 2013d % Ko ozt H’ﬂ% Aits Bt
AE Ar: Bt 18.2mm=EA 57.5%2] B0l 15.1~25.0mmo]l HE3IATH LEJO FIELS F
E7} 54.6%2A4 82.5%] EO] 51~60%0] BE3IYL, AEE 45.9%2A60%0] 5ol E-E5HT)
ZAE AR 65%= 7144EC] 15% o4& UENTH

O

30 -

25 -

20 -

15 -

4> o A

10 -
77

S LS SL L SiL Si SiCLSCL CL SiC C

F) SIALE, LS:URIALE, SLAKSE, LIYE, SIL:OJAIRIQE, SiO|ALE, SICL: OJAFE AIYE,
SCLIAFRIAIE CLIAIYE, SCIAMEIAE, SIC:O|AIRIAE, CAIE

O 5 HEY BEY BX

w
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2 26 ZUE WEUS| MY U ENEE
AF AH(%) 2z oA FHE MEA KIS
ag HEY 8XHLz < 2 Tt
(cm) (Mg/m’) A OHAf 7| A (%) (mm) (9/kg)
13y RE 185 1.31 493 194 314 648 271 8.1 12.5 24
Bt A= . 1.49 56.1 238 201 61.0 29.1 9.9 15.8 13
7y RE 61 1.20 454 202 344 612 2716 112 9.4 30
B A ' 1.43 541 265 194 621 269 11.0 18.2 23
Az RHE - - - - - 20~30
W9 4 a4 - - - <20 -
80 - 80
60
60 -
g 0 | had
Lil'_ll 275 nEE
20 i myE
o
0099 1.00-1.19 120139 1.40-159  1.60- 010 101150 15.120.0 201-25.0  25.1-
Q.Jc-lnlEH-l_?_KMg m3) ”EHTl(mm)

80 4

60 -
—
X
-~
I-H 40
ol
20
0 -
0-40 41-50 51-60 61-70 71-80 0-14 15-24 25-34 35-44 45-54
naoe o (=) o
SIEER(%) 7142 HRA(%)

J8 6 WEY BN SHY 2E HIS(HO: %)

L}, o3 EY =24

FUE B B A AFE O 78 ¥ E 279 UEtych RAA EYE

HE AGEQOH, thgo® AR H[Eo] =t Hed EYY SHUEE=RET ¥
1.19Mg/mE A ZALEFS] 90%7F 1.40Mg/m B[Rt o] %L, A E= B 1.42Mg/m=EA 52.5%<] ZA
Eol MF71= 1.40Mg/m o]F ez yetou, A UES Ft 20149 ¥} Hl3t 2S5 B2
I, AE AT B 185mmEA 85%2 EoFo] 15.1~25.0mm 1 B3, BgEfe] 3
2 RET} 57.0%2A 90%2] EoFo] 50~60%° 13} I, AELS 46.6%2 A4 60%0]8te] EEa}
ok ZAMA e AEL 80%= 7IAEC] 15% A2 YERGT

o

o
M rlo

(e}
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=) SIALE, LSIUEIALE, SLAIYE, LIYE, SIL:OJAIRIYE, SiO|ALE, SiCL: OJAFRIAIE

SCLIAFRIAIFE | CLIAIZE SCIAFRIAIE, SiC:O|ARIAE, C:AlE
O3 7. A4EY EN X
H 27 ZEE M fEYO Ay U EMED
25 NEN 8FUE o 8(%) = O BE MzMzEe f712E
= (cm)  (Mg/m) TAb oAb 7|Af (%) (mm) (g/kg)
‘149 EE 250 129 488 257 255 582 322 96 14.2 349
Bl HE ' 143 540 241 219 582 310 108 15.8 18.4
gy E 283 1.19 449 241 310 616 328 56 13.5 35.2
B AR ’ 142 534 257 209 586 334 80 18.5 18.1
22 X E - - - - - 20~30
4 AE a4 - - - €0 -
B0 mn
(21} &l
] &0 ] 0 =
w ::: = 15 20 :::
i HI 5 2" —| 1@ I 5
o+ o 4 1 | . ]
X £ 44 (Mg m ) = 2 (mm)
CH
L)
g L 4TS
;HJ ns T 1
e 0 | I . s
iR 5
?Iﬂ'i'ﬂﬂ{m
O3 8. HREY S2|M EME 22 HIS(THR %)
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280l LFEFWATE ZRAIAF EQFOIEALS B

%kl%‘zii’-ttl, 202 AIFES] v go] Tt EYFY §AUEE REVF Hd 1.25Mg/m=EA] RAF

S58Mg/m= A 52.5%9] RAME o] FeE7] el

140Mg/m OWOE b}EP*Ob} REQ %a o] PFO 2015WE Kk o7k AAE AWE R

AES A= it 20.8mmEA 55%2 EF0| 20.1~25.0mmoll EE3}Th =Eg FIES #

E7} 52.8%=A 60%S] EFol 3& 51~60%°] =2 31, HE= T80 40.5%2 4 97.5%7}
=& 60% oI5t REsITH ZAA = AE] 725% = 71AE] 5% olstE et

Z) SIAME, LSYEAE, SUAIYE, LYE, SiL:O|AIRYE, Si:0|ALE, SiCL: OJARIAILE
SCLIAFRIAIUE  CLIAIYE SCIAIRIAIE ) SICIOIARAE, CAE

% 9 =ExY EM BXx

A A% Zef  OAb HE = =
MEA XD (%) oo UM RIIE
(em - Ma/m) o s st (%) (mm)  (g/kg)
sy EE 131 495 372 133 486 391 123 - 21
-, 16.1
T A 1566 586 359 55 494 375 131 164 17
oy EE 125 472 408 120 438 433 129 - 26
) 18.7
T e 158 595 363 42 436 423 141 208 18
g EE - - - - - 20~30
Wo -
B e {1.40 - - - <20 -
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O 10, =EY =2/H SE4E 22 HIS(HH: %)

HI

3 A 5, 19995 2 Ho eyt & AR =+ e

T =20 =0 e o
ZHE o] A4 At 15~200]3, = 17 mm olstol A ekl A9 ggFo] g1, % 23 mm
ol/Fold e wFol A3 ARHIL =R 25% ool Brbal Hig vf Jlvh ERF fobet
=9 Aol EY A= STl wel daste, fotd w7le EQ %'EA 7kl wet FoiA= 4
ol uhar Hustqih wehA, A =E4Y 2942 HAR ¢ Ao E ArEHY, HEY
ATZLE 208mmEA 20159 %16 4mmEA e A ATl Uel 235 A4 20l mug o] DAt

FHE A gk EelA 2AF AXE 9 11, 12 E F 299 YERch AN B B
A HFE AFERCH, thgo R FE Hgo] =rh

A|dEo S-U L= REVF Hat 1.12Mg/mEA ZAFESF] 92.5%7}F 1.40Mg/m v|Rt o] L,
AELE i 141Mg/mEA 50%2] ZAFEF| EF7]Eel 1.40Mg/m AL R YEoL EE
SAYEY Het 20159 % Wk ok AAAE AHE EAth AEY Are B 19.ImmEA]
47.5%° E%0] 15.1~20.0mmeoll REZSUATGALESY F5& RETF 57.6%=A 60%S] EFo
TEE 51~60%0] EEIFIL, AEE FIE0] 46.8%2A 100%7F 3=E& 60% o)t EE3FAT
AT Al*é A E 9| 375%= 71@% | 14% olst=2 urepstth 2016W =Sl 2020 = Abo] A &
AEAO] WAL 2 olf= F 40 AR F TAA1T.5%) Y Aldol glolA] AR AHo g HAsHel7]
o Eo 2 A7kt

=
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=
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=) SIALE, LS URALE, SLAIUYE, LIYE, SIL:OJAIRIZE Si:O|ALE, SiCL: OJAMR AI%E
SCLIAFAIAIFE  CLIAIZE  SCIAMEIAIE  SiC:OJAFEIAIE . C:AlE

32 11, ANEIHHEY EN 2

H 29, ZHEE AMMHIELS] oY H EMEZ
g REA BFU A M%) =l O BE MmAEc fuISwE

T (cm)  (Mg/m) A oHAb 7| (%) (mm) (9/kg)
169 EE 1.04 39.1 263 346 626 31.7 5.7 - 40
Bt AR 24 1.38 520 321 159 621 318 6.1 12 32
oy EE 0 1.12 424 257 319 605 323 71 - 41
Bt AR 1.41 531 292 177 60.1 330 6.9 19 33
Ax  RE - - - - - 20~30
e e a4 - - - €20 -

a8 12, NEMHEY =28 E428 22 HIS(H/: %)
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(H2MEotH: Z2HE SEEs +EEA | HIZALSHE|EAD

DO BOD CODwn TOC T-P SS
Al 7] pH
mg/L
49 7.7 11.1 1.1 2.4 3.39 0.04 33
2017 74 7.5 9.2 0.4 2.3 5.08 0.06 8.9
104 7.6 10.6 0.5 2.2 3.83 0.04 1.4
Bt 7.6 10.6 0.7 2.3 4.10 0.05 4.5
49 7.7 12.2 0.5 2.4 5.80 0.05 2.5
2018 74 7.6 8.8 0.6 2.4 0.0 0.08 2.5
10¥ 7.6 11.0 0.5 1.7 0.0 0.06 1.2
Hat 7.6 10.7 0.5 2.2 1.93 0.06 2.1
49 7.6 11.7 1.2 1.3 1.36 0.03 1.6
2019 74 7.5 9.5 0.6 1.6 1.90 0.40 1.3
104 7.8 10.9 0.6 1.7 4.16 0.05 1.0
Hat 7.6 10.7 0.8 1.5 2.47 0.16 1.3
49 7.7 12.0 1.1 1.7 1.46 0.03 4.1
2020 74 7.5 9.6 1.2 1.9 1.37 0.03 3.4
10¢ 7.8 11.9 0.7 1.5 0.99 0.02 1.7
Bt 7.7 11.2 1.0 1.7 1.27 0.03 3.1
= 6.0~8.5 =) <8 <9 <6 <03 <100
Al 7l EC NH,—N T-N Ca K Mg Na
(dS/m) mg/L
44 0.21 0.12 3.34 19.67 2.15 4.67 11.63
2017 A=! 0.21 0.21 3.37 22.16 4.13 4.92 9.80
10¢ 0.21 0.12 2.80 21.61 2.05 4.99 9.88
Hat 0.21 0.15 3.17 21.15 2.78 4.86 10.44
44 0.20 0.10 3.10 15.50 1.60 4.50 9.70
2018 74 0.20 0.30 3.90 26.60 2.30 6.10 11.30
104 0.20 0.00 2.90 19.90 4.40 4.90 8.70
Bt 0.20 0.13 3.30 20.67 2.77 5.17 9.90
44 0.19 0.01 2.37 16.76 1.60 4.07 10.30
2019 74 0.28 0.01 3.46 26.54 291 6.28 9.85
104 0.16 0.00 3.52 22.04 1.79 4.99 7.77
Bt 0.21 0.01 3.12 21.78 2.10 5.11 9.31
44 0.20 0.00 2.81 19.41 2.62 4.83 9.62
5020 74 0.18 0.00 2.93 22.51 3.28 5.10 8.98
10¢ 0.19 0.04 2.79 24.83 2.00 5.56 9.19
Bt 0.19 0.01 2.84 22.25 2.63 5.16 9.26




2017~2020& A=ERE P4 4AFE 2AG 43 A=E
307 #o] xAtEIQloH £AT|Eo] AFE AoR Ve, F8 FEEE DO
11.1, 12.2, 11.7, 12.0mg/L.Z 79, 1095t} &=¢ton BODY H¢=
17014 2090 AE Wolx= ARFE EAth T-P+= & H3ke $iSl =
Zipstgl=d 1090l 7120 Aeet AoR Uethyt dA A oo R S sH8s

o
A7E o] 9 7EFgEd A= 17~'20 & W3t gle AeE YEhgTh

L. Xlots
'17~20 FEFAEGE, L, AR AR Aok ARAE AU = 299 FAXAL
A= ® 313 o] pHE '17~'20 ZF Hat 6.4, 6.6, 6.8, 6.5 2 H3l7} ¢le Zoz2 Yeyton
FA7IZ At Asteo] FAed HET HiE NOs-N 49 A=¥ B 503, 4.75,
4,57, 4.15mg/L2 $=A7)12o Hgstdnt, f3lE2<l As, Hg, Pbel A% Ase '17 493 79 H+
0.01, 0.03mg/L A== 13, PbxE "17 4% H 0.03mg/L AEE Ao, $27&0= At Aoz
UebgTt '18~2000= HAEEA gokon, Hge tla] A&=A] ookt o] & 7|etaEo A= s
& ¥t gl o2 2AE G,
E 31 &= XY Xlste £ HE(UNIIE 78S L JIE 8HE)
NOs—N cr Cd As Hg Pb
SSH A7 pH
mg/L
44 6.4 4.82 23.21 0.00 0.01 0.000 0.03
2017 74 6.4 5.24 23.98 0.00 0.03 0.000 0.00
Bt 6.4 5.03 23.60 0.00 0.02 0.000 0.01
44 6.6 4.45 23.19 0.00 0.00 0.000 0.00
2018 7¥ 6.6 5.05 23.14 0.00 0.00 0.000 0.00
N Bt 6.6 475 23.17 0.00 0.00 0.000 0.00
b 44 6.7 5.06 19.98 0.00 0.00 0.000 0.00
2019 7€ 7.0 4.08 20.93 0.00 0.00 0.000 0.00
Bt 6.8 4.57 20.45 0.00 0.00 0.000 0.00
49 6.5 3.59 19.19 0.00 0.00 0.000 0.00
2020 7€ 6.5 4.72 20.98 0.00 0.00 0.000 0.00
Bt 6.5 4.15 20.09 0.00 0.00 0.000 0.00
A8 71EH 6.0~85 =20 <250 =001 =005 =0001 =01
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EC S04 T-N T-P Ca K Mg Na
(dS/m) mg/L

44 0.28 24.93 5.33 0.02 26.06 351 5.14 14.14
2017 74 0.29 18.03 5.77 0.02 29.33 6.75 5.47 14.26
et 028 21.48 5.55 0.02 29.21 5.13 5.30 14.20

44 0.27 15.57 4.69 0.02 24.74 2.22 5.25 14.00
2018 74 0.28 15.58 531 0.02 31.04 2.99 5.53 15.19

B 028 15.58 4.85 0.02 21.89 2.61 5.39 14.60

it

44 0.25 19.82 5.22 0.02 19.91 2.07 3.94 13.39

2019 74 0.31 16.11 4.70 0.01 35.71 1.62 5.94 9.96
et 028 17.96 4.96 0.02 2781 1.84 4.94 11.68

44 0.23 12.66 4.05 0.01 26.45 2.12 4.26 12.94
2020 74 0.25 17.52 5.01 0.01 28.87 3.49 4.87 12.98
B+t 024 15.09 4.53 0.01 27.66 2.81 4.56 12.96

B 32 # X% Xshe 4% HE(EXIIE 782 U JlE 882
— Al oH NOs—N CI” Cd As Hg Pb
mg/L
44 6.8 5.95 9.77 0.00 0.01 0.000 0.02
2017 74 6.7 7.10 11.11 0.00 0.02 0.000 0.00
Bt 6.8 6.53 10.44 0.00 0.02 0.000 0.01
44 6.7 5.46 10.21 0.00 0.00 0.000 0.00
2018 7¢¥ 7.0 7.32 10.90 0.00 0.00 0.000 0.00
Bt 6.9 6.39 10.56 0.00 0.00 0.000 0.00
44 6.9 5.39 8.10 0.00 0.00 0.000 0.00
2019 74 6.9 8.31 11.47 0.00 0.00 0.000 0.00
Bt 6.9 6.85 9.78 0.00 0.00 0.000 0.00
44 6.8 7.80 8.86 0.00 0.00 0.000 0.00
2020 7€ 7.0 9.64 11.78 0.00 0.00 0.000 0.00
Bt 6.9 8.72 10.32 0.00 0.00 0.000 0.00

& 71 6.0~8.5 =20 =250 =0.01 =0.05 =0.001 =0.1
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EC S04 T-N T-P Ca K Mg Na
(dS/m) mg/L
49 030 4050  8.00 0.01 37.48 3.12 7.79 5.94
2017 7¥ 031 41.09  9.15 0.02 38.85 7.18 7.90 7.66
Fd 031 4080 857 0.02 38.17 5.15 7.84 6.80
49 030 3856 715 0.01 33.21 1.91 7.88 7.79
2018 7¢ 030 3862  10.81 0.02 37.05 2.65 8.56 8.46
0.02 35.13 2.28 8.22 8.13
49 029 3486 747 0.01 28.03 1.83 6.61 7.10
2019 79 025 3917  9.02 0.01 26.56 2.16 5.56 6.78
B 027 3702 824 0.01 27.30 2.00 6.09 6.94
49 025 3499 825 0.01 36.64 1.67 7.67 7.06
2020 79 031 3877 1000  0.01 41.75 3.13 8.51 7.86
HZ 028 3688  9.13 0.01 39.19 2.40 8.09 7.46

i)
o
W
S
(98]
©
w
O
oo
o
oo

i ZAFE AAFE Aabs & 3290 Zo] pHE '17~'20 ZF B 6.8, 6.9, 6.9, 6.9
= tﬁi}ﬂ alom £A7)E skt At LAY ALt B NOs-N 44 A
=9 g 6.53, 6.39, 6.85, 8.72mg/L2 FA7|Z0 AgstAct. =2l As, Hg, Pbel 49 Ase=
17 4%4 79 Bt 0.01, 0.02mg/L AEE U3, Pbx *17 49 Ft 0.02mg/L AEEHJo U $A7|E

Ageh Ao 7 Yehtt '18~'2001= AEEHA %%kon, Hge wia] dE=A ¢ttt o] 9
= e & H3t fle AoR 2AE G,

— Al oH NO3—N CI- Cd As Hg Pb
mg/L

44 7.0 5.47 20.24 0.00 0.02 0.000 0.02

2017 7¥ 7.1 4.94 15.93 0.00 0.02 0.000 0.00

Bt 7.0 5.20 18.08 0.00 0.02 0.000 0.01

44 7.1 4.67 16.48 0.00 0.00 0.000 0.00

:]1;% 2018  7¢¥ 7.1 6.52 24.35 0.00 0.00 0.000 0.00

Bt 7.1 5.60 20.42 0.00 0.00 0.000 0.00

44 7.2 4.48 38.86 0.00 0.01 0.000 0.00

2019 7¥ 7.0 4.60 35.39 0.00 0.01 0.000 0.00

Bt 7.1 4.54 37.13 0.00 0.01 0.000 0.00
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NO3z—N CI Cd As Hg Pb

HSHEY Al7] pH
mg/L
49 6.8 6.23 39.11 0.00 0.00 0.000 0.00
A A
Zﬁ 2020 7¥ 7.2 7.53 34,78 0.00 0.00 0.000 0.00
Bt 7.0 6.88 36.95 0.00 0.00 0.000 0.00
e 7S 6.0~8.5 <20 <250 <0.01 <005 =0.001 <0.1
S0 T-N T-P C K M N
A=sE Al EC ‘ 2 9 2
(dS/m) mg/|_

44 0.32 11.34 8.86 0.02 36.94 273 8.35 9.17
2017 74 0.29 12.26 6.45 0.03 34.69 7.16 7.55 9.22

o

{

B+ 031 11.80 7.65 0.02 35.82 4.94 7.95 9.20

44 0.26 12.13 5.45 0.02 27.05 2.16 6.77 9.31

2018 74 0.33 14.15 8.51 0.02 41.35 393 7.36 10.52
A B+ 030 13.14 6.98 0.02 34.20 3.05 7.07 9.92
44 0.36 12.30 5.35 0.02 23.09 2.99 6.75 13.11

2019 7€ 0.40 16.43 5.66 0.02 39.50 241 8.68 15.25

et 038 14.36 5.51 0.02 31.29 2.70 1.72 14.18

44 0.39 13.57 6.95 0.01 50.90 3.55 9.37 11.78

2020 74 0.38 17.70 8.12 0.01 48.68 3.95 9.18 12.85

B+ 038 15.63 7.53 0.01 49.79 3.75 9.27 12.31

Al A1) sk SARAMS AR Ais #3337 Zo] pHe '17~'20 ZF B+t 7.0
7.1, 702 Uehd 7|0l At Aok 2242 d o) Awrt B NO;-N 49 A=
5.20, 5.60, 4.54, 6.88mg/LE 407 Zo] HaAstAh, GaBA As, Hg, Pbo] A% Asis '17 4
79 Hat 0.02, 0.02mg/L HEE AL, Pbe 17 4¥0] 0.02mg/L AEZE AT} "18~200= HE
oroken, Hgd vis] A5 A °P°“’+ o] & 7|ejatEolA= vis) & W} gl AoR RAMEICH

17~20 FEFEHE R AotE 2ARE HE pHO| 4% =R o2 2 B 2L
NO;-N& =X A4 &2 #30th

—_

)

_\ﬂﬂﬂgoﬂ\l
B o

A

(Ad 2) WA AL

7t @ 2= HIZAISEE]



T T ounws wws 2 ux =4 7
ZAL 7 50 25 25 30 30 160
A 50 25 25 30 30 160
S EAGS A ATHE MUl E 359 o] Gl el A Ak, 4k, 2] FAEF] M L
AOR tehtom, S447k g A AgHATh FA+4718 WE AL 1A HETt Betou,
SulAbg el A FElFst ol AHgSHE A0 ehgt

H 35, S7HH|EAIEES

xig T A} EAr2E” 271+87|2° HEPNE=31
- S7t A=A oM zlal  AA QM Zal =AM g
YA S 50 66.7 29.5 38.6 53.0 16.5 37.2 13.7 13.0 1.4
PR 25 68.7 42.4 40.4 414 13.2 28.8 27.3 29.2 11.6
5 25 478 27.6 19.4 28.4 9.1 17.8 19.4 18.5 1.6
Edpts 30 448 34.1 33.8 27.1 12.2 13.7 17.7 21.9 20.1
S 30 37.1 21.5 25.9 27.2 8.3 9.2 9.9 13.2 16.7

A) 7114 ARgtaL
B) 7holA] Abgta
C) 7oA Agsta

MR § R A7) D)
R R R
wule] AE S

£0 30 30
o e e

S7F EHIARE RS 3 363 Zol RAME e, AR TE tiR] ofuiSrt 7 wo] ARE-s)
el Ao 7H AA) Abgste Ao2 yEebdth ARSRRS st 7H g

27 Ahgete Aoz et

pak
|o
fu

-1U Y
N
N
N
XN
o

E]

# 36. 57t EH(R=x771E) MEY I ALEEH[Q 2T e Hlw

e EA AR EHZ AT SHI4EY %)  EHIAST(YE)(kg/10a)
= 8 57t (kg/10a) (kg/10a) mA oM zal  mA QM Z

aFAEE 50 27 239.7 1,576 172 160 020 253 24.2 2.6
== 25 23 193.8 2487 150 151 034 325 34.8 13.9
= 25 18 275.4 1,558 1.73 165 0.14 270 25.7 2.2
A2 30 26 519 1,868 120 140 120 205 25.3 23.2
S 30 22 796 1,704  1.00 120 130 135 18.0 22.8

1 M5t 2ARSZE A AN 7 WSCHGE 37). A B 44kg/100 714 WOl
AL, L4547} 208kg/10a 7H HA AHg-stiTh
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B 37. 57t ®R712HE AT H R7IZHIZY 42T Hu

o o A A A8 HI2 Y22 (%) K718 (kg/10a)
TF B3 B (ke/108)  mA oM zal  MA QM Za
A uf S 50 23 4472 4.0 2.0 1.0 17.7 8.8 44
RS 25 8 246 4.6 1.9 1.1 10.3 4.8 2.6
5 25 8 338 4.0 2.0 1.0 13.5 6.8 34
Edpts 30 10 288 8.0 33 2.6 19.0 8.6 6.6
S 30 10 208 54 2.1 1.6 11.5 44 34

A) R Aea Aude AW Ee 240 s et

e EV ZHAEYY S7tAr8 Y xto|®
=
) S7b 0 ™A Qb zal ™A QM ZE =AM g

JLEY R[S 50 23.8 3.0 7.1 53.0 16.5 372 29.2 13.5 30.1

Rl 25 31.2 3.0 21.7 414 13.2 28.8 10.2 10.2 7.1
+ 25 25.2 3.0 6.8 28.4 9.1 17.8 3.2 6.1 11.0
AR 30 13.4 34 9.6 27.1 12.2 13.7 13.7 8.8 4.1
S 30 22.6 3.6 5.8 27.2 8.3 9.2 4.6 4.7 34

A) FHAGHOIRAGAY): EFAHANE Bgto] FEAIN HYF B
B) $7HAME RI)R+87) AR AMgF
C) Aol: B7AHEF - HIRAGH Y

Lt a3 HIZARS2E]

189o] B AERT, W, EE Beohg daom E 399 2ol 10048 AT

T 39, RAINAL RH2

Z A A=
= Aot By zx =ao} 4
24} 7k 40 20 20 20 100
A 40 20 20 20 100

w
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7P EALETHS HEl E 400] M vhel Zo] HulAGFL At wekou, £7+5714 v2
RGeS Hi7E ok AT Wit g B, Al He Ao vehyt

e EA EINE=XIg 2I+87|&° E[H[ Al 2O
=8I ™A oM ma ™A oM zal =AMz

Abt 40 15.0 10.1 8.2 4.1 3.3 2.3 10.9 6.8 5.8
Hj 20 24.7 14.2 18.1 16.1 8.4 13.3 8.6 5.8 4.8

A 20 18.1 10.2 8.2 8.5 4.2 43 9.6 6.0 3.8

Egof 20 17.4 8.7 11.7 11.9 5.2 8.5 5.5 35 3.2
A) 71 ARSI Gl HE F FYRERS A7) D)
B) 57bollA] Akt Qi 718 fo) 8 AHg
C) 7114 At Gl Eulo] AR gt

Bl $7ke 2ARS7H du] ZRBb Y Beth ASFE At 1615ke/10002 1
oL s W) B4oh EE w02 TG 41),

2 41, 57t EH(R=R712) AEE H AMSEHS 428E HE Hl2

ne  EAAR EHZ A8 E|H| M2 (%) E|H| AL (M E)P(kg/10a)
"= ®7t =7t (kg/10a) (kg/10a)  mA  9IAF  zal A QUM g
AT 40 30 700 1,615 1.2 0.8 06 195 121 104
Kl 20 15 733 1,500 1.0 7 06 153 103 85
=20 17 1,059 960 1.4 0.9 06 133 83 5.3
Hapob 20 14 1,071 995 1.1 0.7 06 113 71 6.4
F714 & AgETHE 2ARsTE o) Egokisrbh A WO, AU 304.9kg/ 100 B A

on 2AEYOn, ZEYIAT L0 UEHTHE 42),

B 42, 7t R712HE A EY H 77|2H|z9 428 Hlu

oo EAEAER A8 H| 2422 (%) S7|EAE Y (kg/10a)
T 57 BJb (ke/10a)  ma en ze  "a oAM g
At 40 20 96.7 6.6 5.9 3.2 6.4 5.7 31
Ll 20 12 166.4 5.4 2.5 1.6 9.0 4.2 2.6
EE 20 12 173.3 5.3 2.3 2.9 9.3 4.0 5.1
o} 20 13 304.9 3.7 1.8 4.6 11.3 5.5 14.1

A) SIS LA AEge ZAY Bl B o3 st
B) S718AMS () B71Qu|R AGOE o FREYY
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248 SNSRI ST Aol H 430049} Lol ¥z} 71 & AR ehdon, Alakek
Two] A9zl UMARFO] £ A0R RAEC
¥ 43, 22 2 57t HE R STIAIRY X0
o EA} EXINE= SItALR Y xto|®
o= 7t AA A ZE] EA QA ZEl EA QUM Zg
Atk 40 3.0 3.0 3.0 4.1 33 2.3 1.1 0.3 -0.7
H 20 10.9 5.0 6.0 16.1 8.4 13.3 5.2 34 7.3
I 20 7.5 4. 5.0 8.5 4.2 473 1.0 0.1 -0.7
50} 20 9.1 44 6.4 11.9 5.2 8.5 2.7 0.8 2.2
A) FANEFFOEAEAYE): EFARATE SEoto] FERIA AT

o
B) B7MRE 71 8+R7) AR AREY
C) Ao]: 7PALETF - M RAGHYY

Ch = 2= HIZALSHEY

"18490f = A& ¥l His] 40571 AT Holl s7HRlR SAREES A4 277, A 103,
Ze) 17101333 44), A} F7F B EHu|E ARESH3l 2w, AR 662kg/10a0] ATHEE 45). &
46014 H whel o] f71HHE= 40571 T 1577k AREStal QIQlaL, 155kg/10a AHE-Sh= 2
o2 ZAERAL, FAAGFT 7R Abole A 12,6, ik 3.2, 22| 952 YERATH(E 47).

3

B 44, STHH|BAIESY

e EA zAgyY 27)+87| 2" ElHIAg YO
TS Bt ma e el ma o Al mEA AN 3
W 40 277 103 171 243 72 130 34 31 4l
A) F7FIA ARESHL Sl HIE & FUAREG A7 E+EH)
B) 57bolA) Abgst qlis 718 f) Als Abge
C) s7rollA ARESaL Q= EB|9] A& St
# 45 57t EH|(BE=R7IE) A2 2 AZEHQ 428 e HlW
ne  EAL AR EHZ AR E|H 4 28Y(%) E|HI A8 24 8)”(kg/10a)
= =t st (kg/10a) (kg/10a)  mA QA Z3 A QA Z
B 40 40 880 662 05 04 06 34 31 4l
H 46, 57t 97122 A8Y ¥ 97IMHIRo ME8 HlD
e EALAE ASE H| 2 A22(%) K71&AEE (kg/10a)
= 87 s7b (ko/102)  ma ol At 23| BA N zt3|
Mo 40 15 155 4 19 16 82 29 23

=

5
A) FRIEE: A8A EEE A Ee B4 3 2t
B) #712ARF(EE): R712RR AlgL

fru
o]
)
(]
0,
=h
—m
o
ol .

w
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- = = C
e EA Frsrgy” sIAEE” xto[®
=
) A C T - N - - N CR O

B 40 11.7 4.0 12.6 3.2 9.5

3 0
A) FANGFE ALY EFAYANES gt FEGNN Ay B
B) $7MHga: 1A +571 AR A
C) Aol: 7HHET - HIEAMGH Y

2t AlExiEl 2= HIZAISEE]

20400 AAAN E(E0tE, E1F, 2o 1004 HE ZASAHE 49).
HUl g EotEsh b Bgtou T4/ MRk EFE 4G gol ASFS £
F7h 7 ol AgsHe AOR Uerteh(E 49),

H 48, ZACHAL =2

| - A
EOIE Zox 20|
ZA 57 30 40 30 100
%l 30 40 30 100

H 49, S7HIZAEY

= C
o EA ER 2I+57|12% &[5 ALS Y
=
T 87 ma ot zmEl m=A oM e ™A oM

EntE 30 25.4 17.9 17.5 16.6 11.5 14.6 8.8 6.3 29

FiE 40 313 20.3 19.4 25.3 15.7 17.7 5.8 4.6 1.7

Q0] 30 28.6 16.4 21.1 18.9 9.2 17.1 9.7 7.2 4.1

A) B7HIA AFSHL Gl M F FURHERI 571 D)
B) B7Hl 4 ARgala Sl 8 f Mo R ALGTE
C) 7N ARgaka Gl Eule] A A

HALE 7 £ O] olisol A1 fol At Ao AL, g
HFE7F 5,410.9kg/10a 2 7Hg WoF O (3R 50), 3F 5191419k Zo] f714u & AHEE7F RAMI A=
£12 Auis7l7h A Bol AL, AFESE 479.6kg/10a02 71 BT 2AAEST B
TIAEEF 2fol= E32) BEUlE ) Q0] 202 WorH(E 5)).

# 50, 57t EH|(RESR7|E) A X AMSEH|2 d28E e Hlu

ae  EAL AR EEZ A8 E|H| M2 2(%) E|H|AFB 2H( 4 2)%(kg/10a)
"= =7t 57t (kg/10a) (kg/10a) mA oA za  mA oA |
EmE 30 12 792 54109 07 06 02 219 159 72
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AP AFR EHZT A% E|H| M 22 (%) E[H| AR (M 2)Y(kg/10a)

€ w2l &7t (k/i0a) (ke/i0a)  ma oy za  mA  oa
EalE 40 15 817 3,772.8 0.8 0.6 0.2 15.6 12.2 4.5
209] 30 18 222 4,739.8 0.5 0.4 0.2 16.2 12.0 6.8
E 51 57t 97132 A2Y U 97ITH|R0 HEE Ha
o ZAOAE JNE=X=L HI2 422 (%) SII1=A2 Y (kg/10a)
= st s (ke/10a)  ma elM Al mA oM g
EutE 30 11 337.0 5.1 2.8 2.8 17.0 9.0 8.3
FiF 40 18 479.6 73 3.4 3.9 32.0 17.9 16.4
20] 30 7 198.8 6.3 3.0 3.0 12.1 5.6 5.6
) HEAE s JRYE T B B o) St
B) $71AAME AR 7140 R A0 olat QEEQls
E 52 &2 3 7t b2 RHARD IR o)
Y MY =IpALR R xto|°!
TS B ma o el ma o el mEA o e

6.5 16.6 11.5 14.6 12.2 11.5 8.1

0.0
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7F F 49 7H2017~2020) 2AHE 5HE 49 W+ pHe 7.6, DO+ 10.7 mg/L, BOD=
0.8 mg/L, CODyp 1.9mg/L, T-P+= 0.07 mg/L, SS+= 2.7 mg/Lo| 1L, &8 dpdsof gt
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