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Evaluation of Characteristics of Particle Composition and Pollution of Heavy
Metals for Bottom Sediments in Cheonsu Bay, Korea
-Comparison of the Sediments Environment of Farming Area and
Non-farming Area
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Abstract : For the systematic scientific management in Cheonsu Bay of Korea, this study was conducedt to survey the particle composition, organic
matter(I.L.) and heavy metals in farming and non-farming areas. The sediment of study area showed feature mixed property by sand, silt and clay. The
farming area showed superior by fine-grained sediment, non-farming area showed superior by coarse-grained sediment. The organic pollution of farming
area were appeared to be heavily polluted more than non-farming area. The concentration of total nitorgen in sediment was higher farming area than
non-farming area. Also, in the case of heavy metals pollution in sediments, farming area was higher than non-farming area. The correlation analysis
among to heavy metals, organic matter and particle size was found to have a good interrelationship. For evaluation of heavy metals pollution of
sediments, three criteria are applied, Enrichment Factor(EF), Geoaccumulation index(lg,) and NOAA criteria for sediment. In the case of EF, Heavy
metals pollution was appeared to artificial effect all heavy metals if except Cu. In the case of Geoaccumulation index, Cu, Al, Pb was shown zero grade,
that is non polluted group, and Cd, Hg, Cr was shown to 0~1 grade, that is mid polluted group, As was shown to 2 grade, that is moderately polluted
group. In the case of NOAA, pollution levels of heavy metals except Cd belonged to a group of ERL(Effect range low)~ERM(Effect range median).

Key Words : Cheonsu bay, Farming area, Non-farming area, Particle composition, Organic matter, Heavy metal, Enrichment Factor, Geoaccumulation

index, NOAA criteria for sediments
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Fig. 1. Map of the sampling station in Cheonsu Bay.
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Table 1. Levels of sediment pollution by the Ig, Index
(Muller, 1977)

I o : . . .
& Designation of sediment quality

class
>5 6 Very strongly polluted
4~5 5 Strongly / Very strong polluted
3~4 4 Strongly polluted
2~3 3 Moderately / strongly polluted
1~2 2 Moderately polluted
0~1 1 Practically unpolluted / Moderately polluted
0 0 Practically unpolluted
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Fig. 2. Ternary diagram of surface sediments in study area.
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Table 2. Sedimentary texture of sediments in Cheonsu Bay

St Gravel Sand Silt Clay Mean Sort Skewness Kurtosis
' (%) (%) (%) (%) @ (@ (@) (@)
1 0.0 7.7~19.6 40.8~43.8 39.6~48.6 6.9~7.9 4.1~6.8 1.3~1.5 1.9~2.5
) (13.7) (42.3) (44.1) (7.4) (5.5) (1.4) (2.2)
5 0.0 19.6~51.7 28.7~70.8 9.6~19.6 4.6~5.1 2.7~3.8 0.5~0.6 2.5~4.6
) (35.7 (49.8) (14.6) (4.9) (3.3) (0.6) (3.6)
3 0.0 43.6~56.4 24.9~32.3 18.7~24.1 5.1~5.5 3.2~4.9 1.2~1.6 3.0~3.4
) (50.0) (28.6) (21.4) (5.3) (4.1) (1.4) (3.2)
4 0.0 7.6~8.7 54.0~62.1 30.3~37.3 6.5~7.0 3.4~3.6 1.5~1.7 3.0~3.6
) (8.2) (58.1) (33.8) (6.8) (3.5) (1.6) (3.3)
Farming 5 3.6~4.8 50.4~70.6 15.8~32.2 10.1~12.7 3.1~4.0 3.2~3.8 0.9~2.0 4.1~5.1
area (4.2) (60.5) (24.0) (11.4) (3.6) (3.5) (1.5) (4.6)
6 0.0 3.6~5.1 40.5~57.3 39.1~54.4 7.4~8.2 3.3~6.8 0.1~1.2 1.6~1.7
) (4.4) (48.9) (46.8) (7.8) (5.1) 0.7) (1.7)
7 0.0 23.4~27.7 50.1~55.1 21.5~22.2 5.8~5.9 2.6~3.0 1.2~1.7 3.7~4.1
’ (25.6) (52.6) (21.9) (5.9) (2.8) (1.5) (3.9)
3 0.0 9.2~11.6 55.7~57.7 32.7~33.1 6.8~6.9 3.1~3.3 0.8~1.7 2.3~3.5
) (10.4) (56.7) (32.9) (6.9) (3.2) (1.3) (2.9)
9 0.0 36.6~57.7 17.9~41.9 21.5~24.5 5.5~5.6 3.3~4.8 1.0~1.6 28
' (47.2) (29.9) (23.0) (5.6) (4.1) (1.3) )
10 0.0~1.2 32.5~340 29.6~33.8 32.5~36.4 6.2~6.7 3.5~5.8 0.3~1.4 2.2~2.4
(0.6) (33.3) (31.7) (34.5) (6.5) (4.7) 0.9) (2.3)
11 14.4~15.5 61.1~66.4 12.8~14.9 6.5~8.5 1.5~1.9 3.3~4.6 -0.7~1.6 1.5~5.2
(15.0) (63.8) (13.9) (7.5) (1.7) (4.0) (0.5) (3.4)
12 0.0~5.9 55.1~65.7 21.4~31.9 7.0~13.0 2.4~4.6 4.4~5.1 -1.0~1.5 1.7~2.7
Fall\r]gg;l (3.0) (60.4) (26.7) (10.0) (3.5) (4.8) 0.3) (2.2)
area & 13 12.7~16.0 58.0~77.7 4.4~16.8 5.2~9.2 1.2~2.0 2.8~3.7 1.7~2.3 4.7~9.2
(14.4) (67.9) (10.6) (7.2) (1.6) (3.3) (2.0) (7.0)
14 0.0 39.6~43.9 32.6~41.3 19.1~23.5 5.2~5.5 3.0~5.0 0.3~1.6 2.3~2.9
) (41.8) (37.0) (21.3) (5.4) (4.0) (1.0) (2.6)
15 0.3~2.4 31.2~67.1 25.3~45.4 7.2~21.0 3.4~53 3.4~5.1 1.6~2.1 2.9~5.3
(1.4) (49.2) (35.4) (14.1) (4.4) (4.3) (1.9) (4.1)
Farmin 0.0~4.8 3.6~70.6 15.8~70.8 9.6~54.4 3.1~8.2 2.6~6.8 0.1~2.0 1.6~5.1
e (0.5) (28.4) (43.4) (27.8) (6.0) (3.9) (1.2) (3.1)
Not-Farmi 0.0~16.0 31.2~77.7 4.4~45.4 5.2~36.4 1.2~6.7 2.8~5.8 -1.0~2.3 1.5~9.2
e (5.7) (52.7) (25.9) (15.8) (3.8) (4.1) (1.1) (3.6)
Total 0.0~16.0 3.6~77.7 4.4~70.8 5.2~54.4 1.2~8.2 2.6~6.8 -1.0~2.3 1.5~9.2
(2.6) (38.1) (36.4) (23.0) (5.1) (4.0) (1.2) (3.3)

2 Yehtar JckMuller, 1977; Stein, 1991). ©]& #ste] A 71 =T Hg 392 0.01~0.36 ngkg HHZ Hf 0.09 mg/kg
TR BT EHAE U9 ON HE 79 Ad 1198 AlQskar o)A, v WS S5elA fFolgk Abol= yERA] ekdTh
10 o3t s Ho] F71E 7|Qo] &9 A4 U AEA Al TS 3.17-8.12% HAZ Hat 637 %R L, A A6l A
of o3 AdH HF 71U wﬂai Btk © 1149 2AF 7PF %3, TSl SHY A4 YElth As §FES
olME HA 2939 S Hol 9RFUY TS wo] W= 353-823mgkg WAE Ht 5.83mgkgol, A 13 60llA
Ao g2 VEPRTE weba & 3] B4 Al wal S FA YERDL, S508 AE wWokth Ao ) v o]

H

re

3} S| o] EAfsks AoR WA & v, 90| 945 S5 DEEE s i, Ve Pld ¥
Hogol ] & BFEnE vehha sl
3.3 BB 534 2% 54 YA PR T FEAT) 9FS e T Ag
AR A4 8 S U 24D TR S Cay YA TEUAE R A71E B sl A4 9

X off

A

g
UU
sy
>
Qo o
o omE
o T-

=
el 2 HS Table 4 E Fig. 40 UeERTE 2 EAH &0l (Hart, 1982). ©] = 2 Al Fe, Mno|t}, ¥
Cd g2 0.01~1.15mgkge] BHE H 021 mgkgol™, ¥+ A7AS EAHEQ] Al 52 3.17~8.12 % (6.37%)°]™, &0
WS A3200A4 Ht 061 mgke= 7HE =R SFo = ZAF Fo] HAAFET} 6.87 %, HI%WOV o] 5.63 %= YERY, 42
= 7123300 Cr S 21.47~65.68 mgkg W= Ht 4550  ofFolAM e FEATe] & Ae® Yehdth o] Kim et al
mg/kg oln], ThiZ AA1ol HF 6541 mgkgZ 7HF = (2008)0] ZETO|A FALE 4.78~11.28 % (7.71%) FEHTH=

3, 9Eo R A4 744tk Cu TS 4532457 mgkg SHSEIL Kim et al.(2003)0] AjuHE 7 o A i*}fz} 4.60~9.97 %
t‘é—&i Hyt 12.74mgkgol™, AZ 1914 7 =9k Pb & (H 7.10%) 2 Kim et al(2005)°] AlSF5o A FASE 540~
2o 14.50~28.37 mgkg W2 Wk 23.04 mgkgo|H, AA1004  833% (He 698%) Hulx w2 Uehfgich
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Table 3. The concentrations of Ignition Loss(I.L.) and pH for sediments in Cheonsu Bay

IL

AVS

COD

TOC

St. I N CN ratio
(%) (mg/g . dry) (mg/g . dry) (mg/g . dry) (mg/g . dry)
1 4.18~7.43 N.D.~0.170 7.38 ~15.50 0.37~0.97 6.6~9.3 7.7~19.7
(5.71) 0.071) (11.96) (0.64) (7.7) (13.7)
) 3.83~5.41 0.003 ~ 0.090 1.21 ~6.58 0.34~0.75 48~94 8.1~15.0
(4.55) (0.053) (4.78) (0.54) (6.1) (11.4)
3 1.26 ~9.78 0.001 ~0.259 442 ~15.79 0.38 ~0.78 3.6~8.7 5.0~16.4
(4.80) (0.184) (8.13) (0.59) (5.3) 9.5)
4 4.61~6.51 0.002 ~0.280 535~15.76 0.10~0.93 1.8~8.0 7.4~25.3
(5.56) (0.115) (10.65) (0.48) 6.1) (16.0)
Farming 5 1.85~5.32 0.001 ~0.057 1.92~7.75 0.21 ~0.60 2.6~5.5 5.5~16.7
area (3.13) (0.030) (5.53) (0.38) (3.8) (11.5)
6 4.21~5091 N.D.~0.253 3.93 ~16.51 0.26 ~ 1.40 4.7~8.1 4.6~25.4
(5.34) (0.104) (10.32) (0.82) (6.5) (11.4)
7 3.58~5.23 0.02 ~0.099 4.74 ~11.49 0.23 ~0.68 4.0~57 7.7~23.0
(4.09) (0.034) (7.06) (0.50) (5.1) (12.1)
8 091 ~5.87 0.058 ~0.268 6.18 ~19.83 0.19 ~ 1.27 1.8~8.7 1.4~45.8
(4.52) (0.122) (11.57) (0.73) (5.8) (16.2)
9 325~4.12 0.008 ~0.091 4.10 ~9.47 0.26 ~0.88 41~7.0 5.9~16.2
(3.75) (0.048) (6.56) (0.54) (4.9) (10.9)
10 239~6.15 0.014 ~0.266 247 ~8.02 0.30 ~0.74 32~7.6 4.3~253
(4.52) (0.103) (5.42) (0.54) (5.6) (12.6)
11 1.29~4.59 N.D. ~0.062 2.52~6.97 0.19~1.17 12~32 1.5~11.4
(2.96) (0.016) (4.85) (0.46) 2.1 (7.6)
12 2.10~7.25 0.001 ~0.212 0.28 ~12.99 0.17 ~0.52 05~28 1.9~12.9
Fﬁgﬂn (4.11) (0.057) (5.73) (0.30) (2.0) (7.6)
area g 13 1.23~8.03 N.D.~0.026 0.34~9.28 N.D.~0.56 1.0~ 8.6 0..0~50.6
(3.70) (0.013) (2.85) (0.25) (3.3) (15.1)
14 0.80 ~4.08 N.D. ~0.082 1.64 ~5.02 0.08 ~0.92 1.0~5.1 5.5~17.5
(2.53) (0.021) (3.82) 0.37) (2.8) (10.4)
15 0.76 ~3.79 N.D. ~0.046 0.97 ~4.69 0.08 ~0.55 0.3~13.7 3.6~124.5
(2.09) (0.012) (2.46) (0.27) (5.2) (36.4)
Farmin 0.91~9.78 N.D. ~0.280 1.21 ~19.83 0.10 ~ 1.40 1.8~9.4 1.4~45.8
g (4.60) (0.084) (8.51) (0.58) (5.7) (12.5)
Non-Farmi 0.76 ~ 8.03 N.D. ~0.266 0.28 ~ 12.99 N.D.~1.17 03~13.7 0.0~124.5
ng (3.32) (0.037) (4.19) 0.37) (3.5) (14.9)
Total 0.76 ~9.78 N.D. ~0.280 0.28 ~19.83 N.D.~1.40 03~13.7 0.0~124.5
(4.09) (0.065) (6.78) (0.49) (4.8) (13.5)
6 5 0.06
EEEE Farming ©=—= Non-Farming BN Farming CT— Non-Farming BN Farming T— Non-Farming
5 :\o\ B a 0.05
d St
—~a 4 o
Q3 o0
e 3 = B0 0.3
S g, 8
E 2 = wn 0.02
E >
1 o0 ! < 001
0 0 0.00
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E‘ 12 = 12 E 10
-? 10 ; 1.0 4 -? s
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Fig. 3. Mean of grain size and geochemical indicators(COD and TOC, LL., TN, AVS) in

non-farming site of Cheonsu Bay.
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Table 4. Range and mean values of heavy metals of sediments in Cheonsu bay

St Al As Cd Cr Cu Hg Pb
' (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 6.26 ~8.12 6.91~7.85 0.23~0.29 65.13 ~65.68 19.71 ~24.57 0.01~0.16 26.77~28.37
(7.19) (7.38) (0.26) (65.41) (22.14) (0.09) (27.57)
2 6.47~6.93 5.79 ~7.99 0.07~1.15 45.02 ~64.38 15.46 ~ 18.55 0.02~0.21 24.19 ~27.63
(6.70) (6.89) (0.61) (54.70) (17.01) (0.11) (25.91)
3 6.37~6.58 4.76 ~6.91 0.12~0.15 45.67 ~50.96 13.42 ~13.76 0.04~0.11 20.81 ~24.52(22.
(6.47) (5.84) (0.14) (48.32) (13.59) (0.07) 67)
4 5.97~7.54 5.03~6.77 0.09~0.12 37.71 ~59.29 8.07 ~20.43 8.07 ~20.43 0.02~0.18
(6.75) (5.90) (0.11) (48.50) (14.25) (14.25) (0.10)
Farming 5 6.30~7.39 4.83~6.21 0.20~0.29 37.23 ~52.23 10.37 ~12.84 0.02~0.08 19.09 ~24.51
area (6.84) (5.52) (0.25) (44.73) (11.61) (0.05) (21.80)
6 7.14~7.78 7.46 ~8.23 0.13~0.39 60.37 ~ 65.25(62. 15.96 ~22.11 0.01~0.36 26.93
(7.46) (7.84) (0.26) 81) (19.04) (0.19) :
7 6.48 ~7.24 5.39~6.22 0.04 ~0.27 47.69 ~52.36 10.95 ~16.19 0.01~0.22 23.29 ~23.88
(6.86) (5.81) (0.16) (50.03) (13.57) (0.12) (23.58)
8 6.38~7.35 5.58~6.29 0.08 ~0.28 42.20 ~55.70 10.17 ~ 19.09 0.02~0.10 23.47~23.71
(6.87) (5.93) (0.18) (48.95) (14.63) (0.06) (23.59)
9 6.57~6.77 5.06~7.29 0.07~0.58 4432 ~57.18 12.15~15.70 0.02~0.13 19.97 ~27.02
(6.67) (6.18) (0.32) (50.75) (13.93) (0.07) (23.49)
10 6.62~7.05 591 ~6.67 0.04~0.16 47.05 ~51.05 11.53 ~ 1591 0.02~0.17 22.53 ~24.01(23.
(6.84) (6.29) (0.10) (49.05) (13.72) (0.09) 27)
11 5.02~5.12 3.53~4.46 0.15~0.21 27.59 ~35.95 7.64 ~891 0.02~0.04 19.87 ~22.74
(5.07) (3.99) (0.18) (31.77) (8.27) (0.03) (21.31)
12 4.63 ~6.69 4.64~5.40 0.01~0.15 21.47~41.55 4.53 ~8.27 0.02~0.19 18.78 ~22.16
FNOI!‘ (5.66) (5.02) (0.08) (31.51) (6.40) (0.10) (20.47)
armin
area & 13 3.17~4.79 3.60~5.84 0.10~0.11 22.71~31.33 5.68~7.28 0.01~0.07 14.50 ~22.34
(3.98) (4.72) (0.11) (27.02) (6.48) (0.04) (18.42)
14 5.15~6.71 437~5.26 0.16 ~0.21 23.15~45.54 493 ~12.16 0.01~0.18 20.39 ~20.78
(5.93) (4.81) (0.18) (34.34) (8.54) (0.10) (20.58)
15 5.55~7.04 4.85~5.96 0.16 ~0.27 25.80 ~43.50 5.02 ~10.95 0.01~0.17 22.13 ~22.45
(6.30) (5.41) (0.22) (34.65) (7.99) (0.09) (22.29)
Farmin 597~8.12 4.76 ~8.23 0.04 ~1.15 37.23 ~65.68 8.07 ~24.57 0.01~0.36 19.09 ~ 28.37
g (6.87) (6.36) (0.25) (52.69) (15.53) (0.09) (24.36)
Non-Farmin 3.17~7.05 3.53~6.67 0.01~0.27 21.47 ~51.05 4.53 ~1591 0.01~0.19 14.50 ~ 24.01
g (5.63) (5.04) (0.15) (34.72) (8.57) (0.08) (21.06)
Total 3.17~8.12 3.53~8.23 0.01~1.15 21.47 ~ 65.68 4.53 ~24.57 0.01~0.36 14.50 ~ 28.37
(6.37) (5.83) (0.21) (45.50) (12.74) (0.09) (23.04)
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Fig. 4. Heavy metals (Al, As, Cd, Cr, Cu, Hg and Pb) in sediments for farming and non-farming site of Cheonsu Bay.
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Table 5. Correlation coefficients(R) among IL, AVS, COD, TOC, TN, sedimentary texture and metals for sediments in Cheonsu bay

Cd Cr Cu Hg Pb

As

COD TN TOC Al

Clay Mean AVS

Sand  Silt

1L

IL

1

-0.670
0.514

Sand

Silt

1

-0.921
-0.893
-0.955
-0.525
-0.781
-0.744
-0.808
-0.804
-0.764
-0.145
-0.793
-0.783
-0.663
-0.789

0.647

0.815

0.716

Clay

1

0.927

0.639

Mean
AVS
COD

N

1

0.589
0.745
0.753

0392 0573

0.630

0.711

1

0.676

0.799

0.816

0.796 1

0.653

0.652

0.796

0.571

0.686

1

0.682

0.512

0.807
0.864
0.802
0.108
0.828

0.785

0.688

0.683

TOC
Al

0.749 1

0.697
0.744

0.631
0.257

0.476

0.728

0.733

0.483

0.795 1

0.879
0.354
0.876
0.888

0.613

0.460

0.789

0.611

0.713

As

0.466

0.935

0.321

-0.052
0.740

0.758

-0.163
0.509
0.493

-0.015
0.808

0.260

0.047

0.739

Cd

1

0.439

0.863

0.838

0.644

0.626

Cr

0792 0912 0455 0.985 1

0.574
0.829

0.839

0.443

0.796

0.795

0.809
0.584
0.764

0.764

0.409

Cu

0676 0202 0539 0474 1
0.949

0.910

0.448
0.864

0218 0309
0.677

0.648

0.781

0.618

Hg

0.591 1

0.951

0.531

0.396

0.676

0.662

Pb
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Table 6. Range and mean values of enrichment factor(EF) for heavy metals in sediments of Cheonsu Bay

Metals/Al % 1000

Metals/Al x 10000

As/Al Cr/Al Cuw/Al Pb/Al Cd/Al Hg/Al
Earth’s curst 0.02 0.44 0.31 0.25 0.012 0.010
Range  3.52~627 1.02~236 029~1.02  1.18~1.87 022~14.77  0.16~4.98
Bay EF.*
Mean 461 1.61 0.63 1.47 2.76 1.40
4 Range  3.72~627 134~236 0.44~1.02 1.18~1.81 051~1477  0.16~4.98
Farming E.F.
Mean 4.65 1.74 0.72 1.42 3.15 1.43
Nor- . Range  3.52~6.10  1.02~225 029~0.78  124~1.87 022~352  0.18~3.52
Farming o Mean 456 1.41 0.49 1.53 2.17 1.36

Table 7. Range and mean values of metal excesses (EX) for heavy metals in sediments of Cheonsu Bay

Metals/Al x 1000

Metals/Al x 10000

As/Al Cr/Al Cuw/Al Pb/Al Cd/Al Hg/Al
Earth’s curst 0.02 0.44 0.31 0.25 0.012 0.010
Bay — Range 3.52~821  2127~6533 439~2431 1442~2822 -0.04 ~1.07 -0.07 ~0.28
Mean 5.82 4522 12.55 22.88 0.13 0.02
Farming EX Range 475~821 3695~6533 7.88~2431 1893~28.22 -0.04 ~1.07 -0.07 ~0.28
Mean 6.35 52.39 15.31 24.18 0.17 0.03
Non- EX Range 3.52~6.65 2127~50.76 439~15.70 14.42~23.83 -0.04~0.19 -0.06 ~0.13
Farming Mean 5.03 34.48 8.39 20.92 0.08 0.02
* Taylor(1964)
2) Al 2% 7t Agrt g HHE 55 $E5E o8&t LEA=
Agnt FA 5] 55 SAHAA Y d@gs ol&ste] v & Hristr] fske] v il 7 (NOAA)S] H A E Y&
AAFE ARtste] 29 A=E e 29k SFAANGFATL 71E=A ek nlal G 7heke] Table
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Table 8. Iy, class and geoaccumulation index of heavy metals in sediments of Cheonsu Bay

I, . . . . Igeo

| 0 Designation of sediment qualit

; Class & auaity Cu <« Pb O As Hg Al
> 5 6 Very strongly polluted 0 0 0 0 0 0 0
4~5 5 Strongly/very strongly polluted 0 0 0 0 0 0 0
3~4 4 Strongly polluted 0 0 0 0 0 0 0
2~3 3 Moderately/strongly polluted 0 1 0 0 0 0 0
1~2 2 Moderately polluted 0 3 0 0 26 1 0
0~1 1 Practically unpolluted/moderately polluted 0 14 0 8 4 9 0

0 0 Practically unpolluted 30 12 30 22 0 20 30

Table 9. Toxicological effects of tidal flat sediments by guideline values for the incidence of biological adverse effects in sediments

of Cheonsu Bay

Guidelines(mg/kg) Incidence of effects(%) Farming Non-Farming
Metals . -
ERL ERM <ERL ERL-ERM >ERM (mg/kg) (mg/kg)
Pb 46.7 218 8.0 35.8 90.2 244 21.1
Cd 1.2 9.6 6.6 36.6 65.7 0.25 0.15
Cu 34 270 9.4 29.1 83.7 15.5 8.6
Cr 81 370 2.9 21.1 95.0 52.7 34.7
As 8.2 70 - - - 6.4 5.1

* ERL(Effect range low), ERM(Effect range Median)

Table 10. Pollution level and Criteria(proposal) of heavy metals in sediments of Cheonsu Bay

Criteria . .
Metals (Dry Wt. mg/ke) Farming Non-Farming

Goal level Warning level (mg/kg) (mg/kg)
Pb 30.2 530 244 21.1
Cd 0.7 9.6 0.25 0.15
Cu 18.7 390 15.5 8.6
Cr 52.3 370 52.7 34.7
As 7.2 93 6.4 5.1

Table 11. Ecological effects of sediments by standard values for the Marine Environment Management in sediments of Cheonsu Bay

St Al As Cd Cr Cu Hg Pb
: (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Sang  TEL* . 14.5 0.75 - 50.5 0.11 44.0
ard ey« - 75.5 2.72 - 123 0.62 @01
Farmin 597~812  476~823  0.04~1.15  3723~65.68  8.07~24.57 0.01~036  19.09 ~28.37
g (6.87) (6.36) (0.25) (52.69) (15.53) (0.09) (24.36)
Non-Farmin 317~7.05 353~667 001~027 2147~51.05  4.53~1591 0.01~0.19  14.50 ~24.01
g (5.63) (5.04) (0.15) (34.72) (8.57) (0.08) (21.06)
Total 317~812  353~823 001~1.15 2147~6568  4.53~24.57 0.01~036  14.50 ~28.37
(6.37) (5.83) 0.21) (45.50) (12.74) (0.09) (23.04)

*TEL(Threshold Effects Level), PEL(Probable Effects Level)
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