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Abstract: The contamination of sediments formed by weirs located in the upper region of the Miho
River, a major tributary of the Geum River, was analyzed. Sediments were collected from 10 weirs in
Mar., Oct., and Dec., and the following parameters were analyzed: ignition loss, sediment chemical
oxygen demand, total nitrogen (T-N), total phosphorus (T-P), soluble reactive phosphorus, and metal
concentrations (As, Cd, Cu, Pb, Ni, Zn, Cr). The organic contamination level of the sediments was not
high; however, the concentrations of T-N and T-P were elevated. Notably, among the 30 samples, 20
were classified as below Class III according to the “Criteria for Contamination Assessment of River
and Lake Sediments.” Among the metals, cadmium (Cd) exhibited the highest level of contamination.
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According to the “Criteria for Contamination Assessment of River and Lake Sediments by Site,” the

sediments were classified into the following categories: 0 samples were rated ‘normal,” 12 samples

‘slightly poor,” 7 samples ‘poor,” and 11 samples ‘very poor.” This indicates that the contamination

status of the sediments in the upper Miho River is serious and is likely to act as an internal pollution

source that worsens water quality. Therefore, in order to improve the water quality of the Miho River,

it is deemed necessary to establish management measures such as management of livestock waste in

the main stream of the Miho River and Chiljangcheon and dredging of sediment formed by the Weirs.

Keywords: Miho River, Weir, Sediment, Internal pollution source, Total phosphorus
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o 23 B AE(16~'25) 04 T SEY
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0|57 259} ol9] A5 LA AH T 107)
2000 245 HAE2 Astel OYE LA}
A TH(Table 1; Figure 1). S5QE(S1), S E(S2), 7§ A&
(S3), Al }L(S4), TA 1| K (S5)2 m] &7t A7 A
off Y1215k, 1] 2 H6(S6), TFEE(S7), AL EL(S8), o
HE(S9), 2 E(S10) P 27 5ol f1A[ 2ttt &

Table 1. Geological information of sampling sites

Site Name GPS

S1 Dongjuwon Weir 37°0028"N, 127°26'19"E
S2 Jung Weir 36°59'13"N, 127°26'51"E
S3 Ganggeori Weir 36°58'40"N, 127°26'S5"E
S4 Sae Weir 36°57'48"N, 127°27'33"E
S5 Gwanjimi Weir 36°56"25"N, 127°2729"E
S6 Mihocheon6 Weir | 36°56'11"N, 127°27'40"E
S7 Makgol Weir 36°55'59"N, 127°26'57"E
S8 Jarae Weir 36°54'52"N, 127°26'36"E
S9 Yeocheon Weir 36°46'52"N, 127°30'06"E
S10 Jakcheon Weir 36°41'04"N, 127°26'06"E

-

S1: Donjuwon Weir
S2: Jung Weir

S3: Gaenggeori Weir
S4: Sae Weir .
S5: Gwanjimi Weir {24

S6: Mihocheon6 Weir [*(1#52)
S7: Makgol Weir
S8: Jaerae Weir
S9: Yeocheon Weir
S10: Jakcheon Weir [

“JA@‘JAY

Figure 1. The map of site taken sediment samples
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Higro] Eajdt AFejofl A Hol St Ao = =4
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M
Al

A E A 5ol A] 40l 25 % (pH), 814 Q.
T (CODy), ¥ A 4715 (ignition loss, IL), &
4 (total nitrogen, T-N), <9l (total phosphorus, T-P), &

9] (soluble reactive phosphorus, SRP), =<5

a
= 9wy

N
HI
oo

EF7]
(As, Cd, Cu, Pb, Ni, Zn, Cr, Al) 5 =5 £435}9t}. pH,
COD,, T-N, T-P= 4 2 FZ A A F 7] & (NIER,
2017a)0] w2t EA5IA oM, 457 = EFL
AZ A F 7] = (NIER, 2017b)°]| wf2} G5 0|83t
ARES o A B E A 2T & EA sk
AAYE A moM F457 5L S4517] Flsto]
Inductively Coupled Plasma-Atomic Emission Spectrometer
(ICP-OES 5110, Agilent, CA, USA)E AH&-5l At S5
0] tfj gt @ A= (pollution index)= =11 "oFH-
T4 EAE QPG 7E, Y EE 3] 5H 24 E
HAEAFE LAF7H 7NN AT wE5F T 5
F71% A4 & o900, kg Al )0l w7
THNIER, 2022). "o} 5.4 E|HE Q A7} 7|& o]
A 839 450 ool “F4F T 57 /1% A
FEAABIA oY, 2 Aol M= 2= AT 7E
o] FEFE WYL 7|E AFEAES T 2
9] A9 oM H, A 50| B 31 A of| gk ofH]
FAPNA EHEE e di4d ol A A2l st
FER W EF R AL 'A%“) (0
9] AoA EC= A& 5 759 347 (As, Cd, Cu,
Pb, Ni, Zn, Cr) % =0, PEL = M514 -4 B A&
QAB7F7IE, S HE 2 oM -4 A E g
L FH7L7IE A 75 a4l dit T 5+ 71
FX]Z5 9Ju| ST (Table 2).
E¥E25YH %51 = QTHFE A flstod,
A4 1 Lo 22 B A E 100 g2 Y11 200 rpmO.E
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Table 2. Criteria for river sediment pollution assessment by parameter in the Criteria for Contamination Assessment of River

and Lake Sediments

Parameter | pom Grade™ I it 11 v
Ignition loss (%) <3 <8 <11 >11

Organics & Total organic carbon (%) <1.0 <25 <4.0 >4.0

Nutrients' Total nitrogen (mg/kg) <1,000 <2,800 <5,000 >5,000
Total phosphorus (mg/kg) <500 <950 <1,500 >1,500
Copper (mg/kg) <48 <228 <1,890 >1,890
Lead (mg/kg) <59 <154 <459 >459
Nickel (mg/kg) <40 <87.5 <330 >330
Arsenic (mg/kg) <15 <447 <92.1 >92.1

Metals®

Mercury (mg/kg) <0.07 <0.67 <2.14 >2.14
Zinc (mg/kg) <363 <1,170 <13,000 >13,000
Cadmium (mg/kg) <0.4 <1.87 <6.09 >6.09
Chromium (mg/kg) <112 <224 <991 >991

* Status of sediments by grade

"For organics and nutrients; Grade I: Background level condition; Grade II: Slightly contaminated condition; Grade I1I: Contaminated

condition requiring attention; Grade IV: Serious and obvious contaminated condition

*For metals; Grade I: Very unlikely to be toxic to benthos; Grade II: Potential to be toxic to benthos; Grade III: Likely to be toxic to

benthos; Grade IV: Very likely to be toxic to benthos

6A17E 53t XS & JAEE S A A Yot 4

A5 3o 7S THNIER, 2017¢). 440 A T-P
5 2 Q AFY A 7]=(NIER, 2017a)

Sk Hrof] wheh EA5kGIT

o

Yoo SAEA-S AA5FS t}. Kolmogorov-Smirnov
testS 0|80 A=) F S AES T A4S o
EX] o= AR v 42 4% 1 Wilcoxon Rank-
Sum Test2} Wilcoxon Signed-Ranks TestE AF-&-5}0d
22519 cH(Mishra et al. 2019). 42 g 22 T
2 StataNow 18.5 (StataCorp LLC, TX, USA)E A5

Act.

1. El¥=9 772 A SYER 249: 24 2

X B0 978 QAR AFLELE LS 073 ~
9.30%2] M99 0.1, COD,.+= 0.15 ~ 2.43 mg/kgo] 9
CHTable 3). S Ho) A 8}4- 54 E| & &0 0. 7}
£ Y8 29 3% otd HHE FEE QABI} 7

Z7o A 1L TSI 1L 1L, IV 55 7|52 22} 3% O]

5}, 8% ©] 5}, 11% ©] 35}, 11% = 3}Ho] TH(NIER, 2022;
Table 2). 49 30709] Al& 5 LI, Il 550 &3+=

A 79 =22 2571, 370, 2701 9l o™, IV 5ol &
St AlE+= f1SITH(Table 4). THFA] 1| 27 A4 B
A QPE HHEL A H & f7]E0) At 2 H 4
= B2 A 0= HHE T AR (S1~86), S7(S7, S8),
SF(S9, S10)0| A1 ILS] B3k ZH2F 1.45(10.56)%,
1.72(£0.81)%, 5.40( £3.66)% 2 315 E] 2 &2] Hatgk
o] 4% B F5f u]3to] &9k}, E24 2] §7]
2 0Qmrt A4 0 foIR Aol gl Ao
LERGTH(Wilcoxon Rank-Sum Test, p>0.05). 515 A| 4
Q1 592} S100]| 4] B A& 5 L2 ZH2} 1.32 ~ 6.44%, 0.73
~9.30%2] H 2 AF Al7]o wet 2ol 7} LA Liet
Wk 1290] P E A5 E A Lot AF B 557
ol 5|4 23} ol2 B2 1L S v, 515
oA IL geo] AF/ = FFol Hlo ZA =2 A2
2 YEPFTHWilcoxon Rank-Sum Test, p<0.05). ©] & gt
A= AR SUE §7120] 2] 559 oJ3) 5}
R ol5stel AYHAAL, HFE 245 55
S7IE QI3 & AR Q9 §FEo] #ol= dA

TRl 2 0 &2 W Th(Yang etal., 2021). A 7] of wh&



4240 - 2ES - 2FH /0|3 HF 2 EXEQ ¥ 24 379
Table 3. Results of analysis of physico-chemical parameters in sediment
. wC IL1 Conc. (mg/kg)
Site Month pH (%) (%) CODy T-N T-P SRP1
Mar 7.1 18.0 3.14 0.98 2,062 1,756 93.0
S1 Oct 6.7 259 1.49 0.57 2,242 1,714 73.9
Dec 7.1 20.3 1.09 0.25 849 1,187 373
Mar 7.6 20.9 0.94 0.24 1,685 1,164 80.8
S2 Oct 7.0 229 0.99 0.26 825 1,090 338
Dec 7.2 24.5 1.00 0.24 1,100 1,302 59.8
Mar 7.9 17.8 1.04 0.19 2,022 1,205 67.9
S3 Oct 6.9 243 1.39 0.50 915 1,159 21.7
Dec 6.9 30.8 1.60 0.29 1,719 3,442 62.5
Mar 7.7 26.5 1.10 0.31 3,839 2,047 73.4
S4 Oct 7.2 22.5 1.61 0.28 641 4,178 159
Dec 6.8 20.0 1.47 0.31 1,593 1,393 75.9
Mar 74 323 2.52 0.89 1,298 738 40.6
S5 Oct 6.3 21.2 1.21 0.27 796 5,046 45.7
Dec 7.3 26.9 1.68 0.30 1,230 3,920 32.6
Mar 7.2 18.8 1.09 0.15 330 626 6.1
S6 Oct 6.8 28.8 1.32 0.20 164 793 0.0
Dec 6.7 24.8 1.34 0.24 294 648 49
Mar 6.6 16.2 1.10 0.19 1,057 793 26.8
S7 Oct 6.9 21.6 0.82 0.15 496 1,370 10.1
Dec 6.6 249 1.78 0.32 800 862 3.6
Mar 7.7 26.4 1.25 0.33 2,268 2,139 52.5
S8 Oct 6.5 30.8 2.52 0.69 281 470 0.0
Dec 6.6 28.8 2.82 0.43 546 612 0.6
Mar 6.6 29.0 5.74 1.50 6,101 2,574 129.6
S9 Oct 6.7 38.0 6.44 1.24 676 7,273 0.9
Dec 7.5 24.7 1.32 0.27 652 492 1.7
Mar 72 49.4 8.89 2.32 1,144 3,544 0.9
S10 Oct 6.7 359 9.30 243 881 1,153 5.1
Dec 7.1 25.7 0.73 0.19 444 620 0.0
Average 7.0 26.0 2.30 0.60 1,298 1,844 337
! Abbreviations: WC, water content; IL, ignition loss; SRP, soluble reactive phosphorus
QAT L3Y 109, 12¥ A Bof|A HFFHS 7F 2,68 (£2,194) mg/kgC. 2, Ao 2 E X &E F4AL QY

(£2.66)%, 2.71(£2.84)%, 1.48(£0.57)% = 129°] A H
H AR A Rokou, SAH 0= [ofgt Aol = ¢l
AtH(Wilcoxon Signed-Ranks Test, p>0.05).

A& A RA T-NY 5E+= 164 ~ 6,101 mg/kg
o]l om, A 9 A|7]of & Ho|7t |- E A0 =
LFEFS T} (Table 3). AF3(S1~56), %-5(S7, S8), G}T(S9,
S10)01 A B-ZH ZH2 1,311(£888), 908( £ 718), 1,650

L9 Z}o]&= gl th(Wilcoxon Rank-Sum Test, p>0.05).
Al719 T2 QA== 3,10, 129 Al =9 A B4k
2 77 2,181(+1,665), 792(+568), 923(+480) mg/kg
2109 E= 12g0] A3 E A= o] H]sh 3€of 3=
Al &of| A 4 4 9] %= 7} ] =9tH(Wilcoxon Signed-
Ranks Test, p<0.05).
g T-P9] % F = 470 ~ 7,273 mg/kgo| 2l

A= 5
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Table 4. Pollution assessment from organic matter, nutrients, and heavy metals in the sediment samples

St o Organic matter & Nutrients Heavy metals® mPEL,Q} Pollution stage
IL T-N T-P Cu Zn cd value
Mar g I v I I I 0.17 Very poor
S1 Oct I I v I I I 0.39 Very poor
Dec I I I I I 11 0.32 Poor
Mar I I il I I I 0.23 Slightly poor
S2 Oct I 1 I I I I 0.30 Poor
Dec I I I I I 11 0.32 Poor
Mar I I I I I I 0.15 Slightly poor
S3 Oct I I I I I 11 0.28 Poor
Dec 1 I v I I I 0.25 Very poor
Mar I I v II I il 0.62 Very poor
S4 Oct 1 1 v I I I 0.35 Very poor
Dec I I I I I I 0.31 Slightly poor
Mar 1 I I I I I 0.16 Slightly poor
S5 Oct I I v I I 111 0.32 Very poor
Dec I I v I I I 0.32 Very poor
Mar 1 I I I I I 0.04 Slightly poor
S6 Oct I I I I I I 0.12 Slightly poor
Dec I I I I I I 0.16 Slightly poor
Mar I I I I I I 0.10 Slightly poor
S7 Oct I I I I I I 0.24 Poor
Dec 1 1 I I I I 0.24 Slightly poor
Mar I I 1\% I I I 0.14 Very poor
S8 Oct I I I I I 111 0.33 Poor
Dec I I I I I I 0.23 Slightly poor
Mar I v v I I 1 0.11 Very poor
S9 Oct I I v I I 111 0.30 Very poor
Dec 1 I I I I I 0.18 Slightly poor
Mar I I v I I I 0.17 Very poor
S10 Oct I 1 111 I I I 0.30 Poor
Dec I I I I I I 0.19 Slightly poor

1 Class of sediment status based on “Criteria for Contamination Assessment of River and Lake Sediments” (NIER, 2022)

2 Only heavy metals with Class II or higher are showed

3 Mean of PEL (probable effect level) quotient for Metals (equation 1) based on “Criteria for Contamination Assessment of River and

Lake Sediments (NIER, 2022)

(Table 3). AF5(S1~86), ZF(S7, $8), T+5H(S9, $10)°]
A HE S 22 1,856(%1,344), 1,041(£619), 2,609
(£2,576) mg/kgo| 0.1, ZA AL} vz FR| &2 X9
o T2 EHE 5 A= Aol = gl AtH Wilcoxon
Rank-Sum Tes, p>0.05). =W oA E|&&E L HE7l =

2 A0 A NEASA AL AT FR R

oA EHE F T-P2 5= 7+ 1,866(+980), 1,810
(£618), 2,172(£302) mg/kg® & Ao A BAH @
Ao -FARE H I ATHOh et al,, 2018). TEHA 1] &
BT B HHEETH T-PE=& A% Y 7-7o}
W 7570l Ml w2 Ao & AAFE T Al 7]of wt
2 29EE3Y, 108, 2 AlRolA Fdg> 44
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Table 5. Concentrations of metals in sediment

. Concentration (mg/kg)
Site Month -
Al Cu Pb Ni As Zn Cd Cr
Mar 25,400 42.0 18.0 33.0 ndl 206.9 0.1 67.6
S1 Oct 95,067 384 159 377 10.6 198.1 25 69.7
Dec 214,000 30.3 13.0 36.6 7.9 126.5 1.9 67.3
Mar 21,767 65.5 20.4 372 nd 4239 0.2 76.6
S2 Oct 252,133 353 152 27.0 6.3 184.5 1.9 52.3
Dec 125,567 40.6 16.2 29.4 4.5 188.0 1.9 69.4
Mar 19,733 32,6 18.0 29.7 nd 191.0 0.1 58.7
S3 Oct 179,500 232 172 20.3 4.5 172.3 2.0 39.3
Dec 91,333 324 14.5 20.8 3.6 181.1 1.6 46.6
Mar 27,267 176.7 249 37.0 nd 682.3 4.1 50.4
S4 Oct 131,900 105.5 19.4 24.6 29 190.0 22 44.8
Dec 198,933 92.7 16.3 30.8 2.8 168.6 1.6 50.5
Mar 26,233 64.5 189 19.7 nd 181.6 0.3 36.7
S5 Oct 359,600 62.1 20.5 234 4.1 182.1 2.1 419
Dec 204,000 82.3 21.9 223 4.0 196.6 2.0 324
Mar 11,367 74 10.0 59 nd 69.0 nd 143
S6 Oct 75,900 59 9.7 5.6 1.1 584 1.0 132
Dec 139,833 15.7 12.2 6.7 1.9 78.0 1.3 14.4
Mar 22,633 28.6 17.5 14.2 nd 129.1 0.1 30.7
S7 Oct 152,467 29.5 174 16.7 3.8 145.9 1.7 333
Dec 172,000 34.5 19.1 14.2 32 132.3 1.7 39.8
Mar 30,967 394 25.1 17.7 nd 253.7 0.2 28.0
S8 Oct 24,733 14.0 122 10.4 3.0 88.6 34 19.1
Dec 161,500 249 16.0 17.3 5.0 122.8 1.6 239
Mar 42,013 184 17.9 12.6 4.1 142.5 0.2 234
S9 Oct 271,233 26.3 45.8 12.8 33 156.7 2.3 254
Dec 70,533 174 12.9 14.8 32 79.5 1.2 26.0
Mar 3,092 273 22.6 37.1 nd 138.6 0.1 76.0
S10 Oct 323,300 21.8 20.2 239 3.7 139.9 2.3 44.6
Dec 192,433 20.2 9.2 223 2.0 56.2 1.2 383
Average 122,215 41.8 17.9 22.1 4.1 175.5 1.4 41.8
Natural background® - 153 18.4 17.7 6.83 54.3 0.29 -
Chungbuk background’ - 17.7+4.1 17.9+3.1 11.7+4.1 6.2£3.75 | 75.6+8.5 | 0.22+0.04 -
1 nd: under detection limit
2 Natural background concentation (Yoon et al., 2009)
3 Backround concention in soils in Chungbuk (Kim et al., 2016)
1,659( £ 937), 2,425(+2,274), 1,448(+ 1,223) mg/kg = A Al719t Aglol Bl A et g2 Ve L

FO2L A 4710l UHE Aol b LhehLiA 2ok
(Wilcoxon Signed-Ranks Test, p>0.05). X HHEZ A3
AlZ1o| T2 QA= E £ A3l IF A - A=

O}, S9(oJ A H), S10(Z}

AR Ffolle A Al7]

of w2528 AFo|7} A YEFHT. o] = 899} $100]

A 108 A& AR o] ol s g2 2h}do] 4

Y=
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o, o]of @} L, COD,.y, T-N9| 5= 2 109°] B3

120 F4 5] Aok
2. E|ME0| 247 24 M ANt
B H &0 A AlS] & S35 A3k, Hat 122,215

mg/kgQ 2 B A& A% S 122%F 2HA|5H3 o,
Hh7r2 $59] 109 A 2] 4] 359,600 mg/kgo] 9.3l
F A2 5109] 39 A] =] A 3,092 mg/kg] A THTable
5). A2+l A ALS O, Si S x}A] 5}
= Yaoln, 47 5 7MY B2 Hle= AAIstAL 9
Th(Ricolleau et al., 2011). E A& Yo A AIZ A} 5

o Bl5h A A et = Mt Fot e =
&7 LA E H/IS ] S AR AN ET |
ST} (Brugmann et al., 1992; Paulson et al., 1993; Kim et
al,, 2017).

514 24 B85 QAB7H 7|04 Fokal e
=55 5014 Pb,Ni, As, Cr& [ 55 o|H9 s =5 U
Eljo] o Fr 7l e Ao 7 Holtk(Table 4). B A&
Z InZ 5O Al 2o A 1T 55= YERH L2 30
N5 2709 A & (S22} $49] 39)0]| A T 550 T &
zqg = ZnS’J Erl 2H 7\]01_,] 501:01]/\1 XJHQ HH
A BE9 9k 258 =2 A0 2 YEFGTHKim et al,
2016). E% % ZnS pH 7.7 O3l A &= Zn* FEIZ &
Asto] 7] =0y HEFE0| S5, 2 pHell
A= ZnOH, Zn(OH), &7} &|7] | &of| EQF Zo =
Zn 2F5}otEo] o] 22514 © th(Kim et al.,, 2016).
ZA QA B A =9 pHE 6.3~7.7 §Yo|om =,
Zn* o] P = E| A F o Sl AEZ | &= o] 24
ot 20 & weEh Cull %3071 A& 5 7717}
1552 Uer At

7}x¥ QAL A FEFECIOZ 0 AR S
EZHI 5F0] 22 9712} 127]0] QA TH(Table 4).

3%, 109, 2] AP ARAA Cd sZe 242
0.54+1.24,2.14£0.61,1.60+0.29 mg/kg © 2 10€ oL}
12¢0]| H]3fl 3ol A Azl A ZFA SA = A+
(Table 5). S4(ME)E A| et A & A 3] 5=
AlEe BFI5Eollou, 1093 120 A H A
2O I6H B I 5F0I0H & AoA &
BHE HAE 5 CdY s YU EFY Cdl

_QOEL—_O u]

2t A A E & = oF H| W SH S wf 5~108) =2 A
O & Ui, Cdo]  Fofl igt a7t Bagt A=
HHETH(Yoon et al., 2009). Cd2 =2 0] = U St
A8 3 AR AR A&, A A 2 ZEA AHEE
1 lom A5t &L Brolofol ghEfof 9l
71 5t A Eo] A S5E= AR g A At
(Mohammad, 2023).

o & 1g7}el7] 9l
A=l A5
FAF 5= EFE Y SRP, T-P, T- NA ST

m[m
ol
l_‘
A i

38 BT 85N TN 5ESHAE TN 5
T ATA T2 A 0 & YE T (Figure 2; 43
4], R=0.789, p<0.001). T-P2] ¢ &Z A7} E| 4 =&
(A)
6000 A o
2
2 R=0.789 (p<0.001)
E 4000 4
£
g
Z 2000 1
D
0
8
(B) T-N in extract (mg/L)
8000 180
E (SRP) R=0.709 (p<0.001) _ L1so 2
E 6000 -5 g
;5, 120 g
E £
8 4000 %0 3
= =
& o o0 &
2000
® (T-P) R=0.038 (p=0.813) 30 ©
0 : . ‘ - 0
0.0 0.5 1.0 1.5 2.0 2.5

T-P in extract (mg/L)

Figure 2. Relationship between the concentration of total
nitrogen (T-N) in sediment and extract from release
experiment (A) and between the concentration
of total phosphorus (T-P) and soluble reactive
phosphorus (SRP) in sediment and extract from
release experiment (B).
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ol A Aa/do] gl Hhd (Figure 2; 424, R=0.038,
p=0813), § 20| T-p 0 E 4B SRP L
AFAd o] &=t TH(Figure 2; AFTHEA], R=0.709, p<0.001).
SRP= EAEo|M Al 2 HEH F Aoz nyy
=l o3 ARE 7HesH E= 571 7HE 412 FE 9
910 2 ¢ A 1tk (Cho and Chung, 2007). 8714 &
o)M= B A= EAoh= Q19 FH T Al = Fe
3} Astz] o] Q)= Q10| reductant soluble-P7} F2 &
SEHA shH ¥} 22 2714 2 A= kel
ZA 5= soluble and loosely bound-Pe} 22 484
o] §& o] dof| n|X| = Yol E AR U
AtH(Oh and Cho, 2015). wh2hA] SEof| A= 215 %
2 u]PEof 9Jsf ARgo] 7hs5tH §& 7] 4%
SRpfl et R U B P B A& F=E L AR
oheof it HE7F 2 e Ao & wekE

[e]

o X ro

4, ENME QB BN

oA = = H7E 2ot JLAJof| A A3t Mol -
T4 EAE QB 71E ol ek obd 2 54 EA
£9] Q9 E grlstal QITH(NIER, 2022; Table 2). ©]
£ HAEY Aty B4, 7 049 A=
Zo] A A= vl A= Y 5= RAFoto] AP =Y
ThHOh etal, 2018). 0] 7]S] “[HH 1] oFd EHE T
5 A7 7|2 A= I ko wet
Aol Ued 7H5/482 vt LAB 7 7| EolH,
S B & =] tisto] §71& 2 B9
TOC, T-N, T-P), 245 8&-=(Cu, Pb, Ni, As, Hg, Zn,
Cd, Cr) 5 % 127 =52 E&olo] EH 59 A2 3
7¥obal Qlet. E3h E| A 29 LALHE THH R
Hsl7] el i3] -S4 EHE AHE 2
Brh 71 o weh ' BE, U, W, - o
& T 49AR H7let e oFqlet. 3 A o] o &
A9 FE e Fole 52 LA 9HAZ
St 4 SFITHNIER, 2022). & Aol A= T4t Al
A9l FA =0 tisto] f71E 2 FYAF 3TH(L,
T-N, T-P), HgE A 2|3t 257 78-5(Cu, Pb, N, As,
Zn, Cd, Cr)= #4510 2 A& B7161iH

IL9] 7% A4 307} E| & & A= F2577F 550l
Pom, I 553 I 552 27 371et 27 & 5172l

o
T AR,

N

rhe

%2

S99} 810 A7 9] A| &= A9k LHEFSATHTable 4). T-N2
Aol= 1550 1550l 22 1671, 1271101 9 1L, 11T
SEI IV 550l 242t 7ol itk 1 55 0199 &
T2 UEHd Al 29 v &2 A5, S5, olFolA 242
56%(1071/187]), 33%(27]/671), 33%(27]/67)°] A Tt
T-P9] -0l AA 3070 Al & F 20707 57 &
= IVSFolglem, AF, 5, st A 2+ 70%,
33%, 67%7} o5 Sl NS =UTh F&4F9] 35l
£ Pb, N, As, Cr BE A ROA I 57 FE0I9 2
™, Cu, Zn 212} 771, 271 9] Al 2ol A 1T 552 U

AL, CdZ 15+, 153, T 5a°] 22+ 971, 971,
RAE FE57 5 7H LA/ AsIA T 757 &
E&F 5L S 2ol -S4 HAE AHE 0%
BE71Z2 oA AT FE5F T 58 7l AR )
£ ARt 23} 0.04 ~ 0.62 H 9191 0.1, Aol Y125
S1, 4 A QoA 2 7|91 0345 2335 A 27t 2
ZF 178, 27]01 3l o H, ThE Ao A= o] 718& 2
SHA] &9kt

F71E Y FLEF 3TEL 57 7Y 2HE
HIRo & “[EH 3] ok 34 FHE AHE oY
71& e} Bl 2] QAR E ERe A, HE,
O UHE, WRE, S U @A 07, 1274,
770, 117]0] ATH(Table 4). ‘o - L @A 9] E| A&
T-P5=7HV 550l &oto] Yehd Zato]n, "UF
ZH71E 4 YR 550l Tt BRg 2 9H
FHR I SFOIAY, 3457 5 CdY 57t 55
of &35to] Lepd Axtolot. “[H 1 3] 5HH- T4 B4
EAAE AE771E oA S A H oy T 7]
9] 9J3FS YukA ol L & ¥k Jof| A Ueht A
Bfo]H, ‘B LHE 2 A E0l H40] UEHE 7Hs
3 om, ZGAE S S A g Eelol BRTHAY
], U5 = AAAE] S0l Uehd 7Hs/d =21,
ZARIRIE Aol = dfisto] 0 = gelo] H
3/, S U2 A Zbotal uiohA] @ A E 9l
o, F471H 02 MiEAAd 4 Fo4d vt 2
Q3 AJEE U] SFTHNIER, 2022). WebA] 1] ©749]
A AL floto] F Bl A E EAHE] we
7tZ Q3 Ao g dotE

Il = HHEY ko ThE £4 7|0l F
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0Fl

4502 dgsol 94X gout, 19939 BFE
AR BHOR WIT HHE AL ALL
L EERE EEEEER RERES VL
Aol A 3739 48 B A 0 19049 FASFE
AR A BT 2 AYS AN Y 45E 7]
& A3 S Filel A2 24

_HNF
<

HAEY LG HEE Blot= 7Ie o2 AN HT
S+ o} (KARICO, 2005; Kim et al., 2012; Oh and Cho,
2015; Yang et al,, 2004). 293 £4 7|&2 T-N, T-P,
IL 9 COD,O thato] Z+7} 1,100 mg/kg, 800 mg/kg,
7.0%, 20,000 mg/kg(2.00%)2 7|0 & 5L, ‘47 &
5352~ @50 V&2 2 A E=SH
Eg 1.;57]. uH_?_ =0 z]oﬂ’g =S| ;Hx} x]Oﬂ oz A
LS SFTHKARICO, 2005). & Aol 4] A%

107] A1 F Se(M| =3 6)y2 A 2J_t 97) A% 2] Z42F
1249 A mol A BT 24 712 276}90ch 5

3] 30f A= 107]9] A| & % S5, S6, 7S A| 9] 3t 7
M A A =7t olE 23R WH, S13} 82, 83,
S4 QHA == 242 38 109 1193l 38} 1299
A AL FRA BFT FH V&S 2HSIAH
S1091 4 A H Al 371 5 393t 10E Almof| A 2+2}
3709t 27 o] TR =4 7S 25| 2
o] 7Hg Atk A o= Yk,

HH 2 FAE Y 7 e A7 RsF COD,
oo Ao 7| AL51g o, 2 A0 &
¥7} 3,000 mg/kg?} 1,500 mg/kg S 7|52 2 5k
, N e 5 270 o} o] 7IE A E 3]st
9] &2 AASHAUTHKARICO, 2005). T2
710 wet v 2 g AR HAEY LS
i, 549} 599] 39 A] 7.2} S102] 3Y Al 7oA 2
o] G50l 71X E 2. OlEiOPﬁﬁr
), 1|37} AR E|F 20 Q A >
7] w2, sk A S AAste] B2zl ot 141
[ =VS k=t E];H .L]-Fq /\}ﬁol huiffe]

™= o

it

3

o gy X 1o T g
0->.1 ﬂ-l.u_lﬂ—g“—l\l

HU X o fob rfr %@ o rfr
3

e
AL
it

0] 57} 5 Ao tiet A3 Aol WEH, 1)
S EF=AEA BT S4HA L EAA 9 v
oAU ZRE Y Rapgo] E A& YT
(Lee etal, 2019). TESE & AL9] tAF 2] 0l A4 9]

TP Ul SRS 241 o9 vFol Bch
ufebd] w] 5730 4 A4S $itol F3H A Hel

A7) 5% P45 A4 Ao Bele 4]
gauE gdss dodd BetBagAow

wroch o ANo AR B A%E Byl 129
% 41710 IL, COD,... T-NO| 527} FA 31 2
s19.0m, o]z 24 A17] o) Hol 4|t 514 B o]
A3t BerEich o9} o] §4 57} AL A7

2 2sto] 1 3 B R0 S4 Hel &
4e ek A Yoto] @ Aow B,

V.48

74 5AY F8 5HR1 ml a7 f1X| gk 107]9] 3
8 HE IS FAHH HHEY LAEE 7153 IL
2EEPE R71EY ¥ = =4 gdoh, T-NI}
T-P9] 5%+ Z+2} 164~6,101 mg/kgy} 470~7,273 mg/
kg W91, A 9 AFH Al7]o] EAo|7FE AR
UETH 3 e ket TAf o 4] gt Tobd - A
A5 2987t 71,0 wet Bret A3k T-N9| 4
330 AR F 1655, L5300 &ot= A&7t
217} 1674, 127191 §H, T-P= Al & 5 2077 55
EEIVEHORE, T-NOHIS| T-P L A7t 52 2
o8 HHE It 247 FolA 7P LAt A%
A& Cdo & 3070 A& 5 1 55 I 55°] 279
7het 127101 Qi et. Fobd- 4 Bl A& A HE 2 457}
710 wet B A E] e E wRe 4y, BT
O UE, U, - U ©HAof S5k EAE
2 7z} 07Y, 1270, 770, 11709] A 2.2 YEbt o, o
of et ml a7} Kol EAE @ AAE 7t A7t s,
FEZ A= YR EYoZ 28t Ao R 3
e Qe ThebA v 2] 8 7S flske] 3%
AAA 5 A Hejet AV EE 5 EH /2
== HH A #Ert A= ofof 5, E| A &9
a2 HYE AA &5 87 A2 A7
frEx *‘51 S ZHou st ElE Lok A
I Tjeto] AR

i-m

>
l
N
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O] =2 20248 A% FEH St AAA Aol
olsto] A= oH, oo A=Yt
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