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Abstract

Soils and rice plants in wastewater irrigated area of the Mangyeong River receiving
waster from the Jeonju Industrial Complex and municipal sewage were sampled at two
depths to assess the nature and content of Cd, Cu, Pb and Zn, particularly with respect to
distance from wastewater source.

For metal levels of soils in these area, no difference in the heavy metal contents between
the surface and the subsurface soils was found. Total contents of Cu, Pb and Zn in soils
were negatively correlated with distance from the source.

A positive correlation was found between contents of total and 0.1IN-HCl extractable or
IN-CH,COONH, extractable heavy metals in surface soils of these area. Total contents of
heavy metals in soils were positively correlated with clay, soil organic matter and cation
exchange capacity.

Heavy metal contents of brown rice sampled at the Jeon-ju Industrial Complex area ranged
from 0.15 to 0.91 ppm for Cd, from 1.13 to 5.68 ppm for Cu, from 0.22 to 7.16 ppm for Pb
and from 11.74 to 38.66 ppm for Zn.

Negative correlation was found between the contents of Cd, Cu, Pb, and Zn in the brown
rice and the distance from the source. The contents of Cd, Cu and Zn in rice straw were

positively correlated with those in the brown rice.
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Fig. 1. Sampling sites along Mangyeong River area
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Table 1. Some physico-chemical properties of surface soils in Mangyeong River area
Sampling Texture Clay pH O];ii?;: Avlgilc';lble Avasiilgble C.E.C.
site No. (U.S.D.A.) (%) (1:5) (%) (Spfn) (pp;n) (me/100g)
M* 1 sandy loam 16.0 5.2 1.56 89.8 69.0 5.8
M 2 sandy loam 17.5 4.7 1.47 89.8 63.0 7.8
M 3 sandy loam i8.5 4.7 4.17 143.7 69. 0 9.7
M 4 sandy clay loam 26.0 3.3 1.83 182.9 87.0 8.8
M 5 sandy loam 13.0 4.8 1.05 130.6 46.0 5.3
M 6 sandy clay lcam 20.0 4.7 1.56 119.2 61.0 10.6
M 7 loam 19.5 6.2 1.01 32.3 €9.0 11.1
M 8 loam 20.0 4.1 1.56 102.9 49.0 12.1
M 9 sandy loam 16.5 4.9 1.74 73.6 47.0 10.1
M 10 loam 18.5 5.7 1. 33 155. 1 63.0 10.1
M 11 sandy loam 12.0 4.8 0.7 109. 4 45.0 7.0
M 12 silt loam 15.5 4.5 1. 33 84.9 45.0 8.7
M 13 sandy loam 8.5 4.7 0.60 62.1 36.0 4.3
M 14 silt loam 16.0 4.8 1.74 65. 3 44.0 9.3
M 15 silt loam 13.5 4.5 0.92 49.0 49.0 7.3
M 16 loam 13.0 4.9 0.82 45.7 63.0 7.2
M 17 silt loam 13.0 4.8 0.37 40. 8 56.0 7.0
M 18 loam 11.0 4.8 0.78 60. 4 46. 0 3.6
M 19 silt leam 13.0 4.7 0.50 65.3 46.0 4.2
M 20 silt loam 1L.0 5.7 0. 60 65.3 71.0 4.5
M 21 silt loam 11.5 4.7 0.73 171.5 42. 0 8.2
M 22 silt loam 21.5 4.5 0.82 79.9 39.0 4.3
M 23 silty clay loam 27.0 5.2 0. 41 53.6 09. 4 4.5
M 24 silt loam 13.0 4.9 0. 82 98.9 47.0 5.6
M 25 loam 13.0 5.2 0.60 45.3 55.0 5.1
M 26 silt loam 15.0 4.6 1.05 78.3 44.0 5.6
M 27 silt loam 13.0 4.3 0.64 49.0 40.0 3.6
M 28 silt loam 19.0 5.4 1.05 0. 4 59.0 4.1
M 29 silt loam 20.0 7.1 0.55 65.3 93.0 5.9
M 30 silt loam 22.5 5.9 0.73 81.7 87.0 5.2
* : M=Mangyeong River.
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Fig. 2. Total Heavy metal contents in surface soil with references to distance from Jeonju In-

dustrial Complex
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Table 2. Relationship between content of total heavy metals in seils and distance from Jeonju
Industrial Complex
. N - Equation of linear Simple correlation o
Soil depth Heavy metal regression coefficients
Ca Y=—-0.001X+1.332 r=—0.0511ns
Surface Cu Y= —0.610X-26. 000 r=—0.9120**
(0~15 cm) Pb Y=—0. 425X-28. 570 r=—0.6158**
Zn Y =—1.870X+101. 150 r=—0. 7395**
Cd Y=—0.005X--1.186 r= —{. 2086ns
Subsurface Cu Y =—0. 470X4-23. 270 r=—0. 6936**
(15~30 cm) Pb Y =—0. 355X+25.516 = — (). 4094**
Zn Y=—1.630X-+92. 700 r=—0. 6239**
ns=not significant, *p=0.05, **p=0.01
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Surface soil

Subsurface soil

Heavy
metal
Total* 0. IN-HCI N-NH,AC Total 0. IN-HCI  N-NHAC
Cd 1.31(100)** 0.14(10.7) 0.05 (3.8) 1. 12(100) 0.14(12.5) 0.05 (4.5)
Cu 16.59(100)  4.41(26.6) 1.17 (7.1) 15.9 (100) 3.80(23.8) 1.1l (6.9)
Pb 21.59(100)  6.18(28.6)  4.40(20.4) 20.02(100) 4.77(23.8) 3.35 (6.7)
Zn 72.16(100) 12.52(17.4) 5.22 (7.2) 67. 45(100)  9.26(13.7) 6.72 (9.9
*Total : perchlorate extractable

*¥*( ) :extractability ratio

Table 4.

River area

Relationship between 0. IN-HCI extractable and total heavy metals in soils of Mangycong

Equation of linear

Simple correlation

Soil depth Heavy metal regression coefficients
Cd Y=0.127X—0.030 r=0. 2584ns
Surface (0~15cm) Cu Y =0.338X —1. 247 r=0. 8139**
Pb Y=0.284X—0.114 r=0.7277**
Zn Y =0. 343X —2. 600 r=0. 6884**
Cd Y=0. 269X--0. 005 r=0. 2930ns
Subsurface (15~30cm) Cu Y =0.598X 5. 613 r=0. 9841%*
Pb Y=0.126X+2. 335 r=0. 3391ns
Zn Y =0. 300X —11. 000 r=0. 8328**
ns=not significant, *p=0.05, **p=0.01
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Table 5. Relationship between N-NH, AC extractable and total heavy metals in soils of Mangy-

eong River area

Equation of linear

Simple correlation

Soil depth Heavy metal regression coefficients
Cd Y =—0.030X-+0. 088 r=—0. 0543ns

Surface (0~15cm) Cu Y= 0.073X40.001 r=0.5761**

Py Y= 0.180X+40.380 r=0. 5643%*

Zn Y= 0.214X—10.194 r=0. 8709%*

Cd Y= 0.009X40. 062 r==0. 0248ns

Subsurface (15~30 cm) Cu Y= 0.174X-1.673 r=0. 8225%%

Pb Y= 0.090X+1.477 r=0. 2642ns

Zn Y= 0.063X+42.100 r=0.3519ns

ns=not significant, *p=0. 05,
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Table 6. Simple correlation coefficients between
some characteristics and total content
of heavy metals in surface soils of
Mangyeong River area

Heavy Organic matter Cation exchange

metal Clay content capacity
Cd  0.5752%* 0. 1958ns 0. 0810ns
Cu  0.6310%* 0. 7313*%* 0. 06622%*
Pb 0. 6213%* 0. 4313* 0. 7308**
Zn  0.5186** 0. 9240** 0. 9229**

ns—not sxgmflcant *p=0. 05, **p 0. 01

**p=0.01
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Table 7. Heavy metal contents in pants sampled with 1km intervals from the industrial complex

along Mangyeong River(ppm)

Cd Cu Pb Zn
Distance - e -
(km) Stem & Brown Stem & Brown Stem & Brown Stem & Brown
leaf rice leaf rice leaf rice leaf rice

1 1.35 0. 83 8.24 3.52 11. 40 5. 86 48. 10 29. 83
2 1. 53 0.75 4. 55 3. 64 11. 80 5.27 77. 20 23.98
3 2.11 0. 80 9.09 5. 68 12. 20 5. 37 169. 80 31.56
4 1. 80 0.85 5.97 5. 45 13.20 7.16 117.50 38. 66
5 1.63 0. 85 6. 53 4.55 11.90 6. 48 81. 80 28.13
6 1. 33 0. 44 3.13 2.84 10. 10 1.97 32. 80 18. 81
7 1.06 0.24 4. 83 4. 55 11.50 0.30 20.70 18.72
8 1. 92 0. 30 5.97 3. 30 10. 40 0. 36 49. 40 22. 24
9 1.54 0.43 3.41 2. 61 10. 80 1. 44 32.00 20. 36
10 1.14 0.91 4. 83 3.86 11.70 5.72 35. 20 22.93
11 1.10 0.27 3.98 3.52 12.10 0. 64 36. 60 22. 07
12 1.28 0.37 3.13 2.50 11. 30 2.05 31. 60 22.51
13 0. 89 0.31 2.27 1.71 12.50 1.81 24, 30 21. 63
14 1.27 0.23 7.39 3.98 11. 10 0.77 35. 30 24.12
15 1.18 0.24 4. 83 4.09 11.70 0. 81 38.90 17. 07
16 1. 09 0. 26 3.98 2.61 12. 20 0. 59 38.90 20. 30
17 1.09 0.24 6. 25 2.73 14. 30 0.27 29. 90 19. 42
18 0.95 0.19 3.13 1.82 12. 00 0.78 30. 30 17. 20
19 1.30 0.27 4. 26 3. 50 12. 80 0.83 26.70 20. 66
20 0.97 0. 47 1.99 1.13 13. 40 0.97 18.20 26.13
21 1.12 0.31 4. 55 3. 64 12. 00 0.33 25. 80 23.17
22 1.18 0. 27 7.10 3.07 14. 00 0.52 32.00 17.38
23 1.11 0. 42 5.11 4.43 10. 90 0.83 34. 90 18. 66
24 1. 06 0.85 4. 83 3.07 14. 20 5.99 20. 40 21.56
25 1.14 0.15 3. 69 2.61 13. 40 0.57 24. 10 14. 63
26 1.29 0.77 4. 83 3.75 13. 00 5.13 23.70 21.79
27 0.94 0.21 4. 26 2.61 13.10 0.45 19.70 11.74
28 1.41 0.23 3.98 3.75 12.30 0.22 23. 50 19. 42
29 0.95 0. 26 4.55 3.18 12. 60 1.03 21. 60 14. 11
30 1.54 0.24 4. 83 3.30 14. 10 1. 61 24. 40 20.79

4 et Znol RiFHEE BED 5 & A A
% Bkl ¢ BEHBITRM L HREM, HR
B, KR, LEEE O BREAS HES ¥
#e Pormz —FEF WAL A 48 A 2k
@, o FHRiFo 2R ks MiE k]
BEBEESS HEH BERAGRE e BRe &
g3} 7o) EipH EHEe ¥iEh Pbsh Cus st
dxE FHREe 2N dol A4 K H kb 4
Bl HlAE &9 FEE Jr #HEE Hehiled

o} ohE PRHEIGW R [ —sld o &
29] +&h HEF BRIES RSl MHETlA 2o
Z upel 2ok @ K Culr FRFozHEHY
PEmEel HiEtke] 9l MBI dot sl HelAds
E WA HAS Belz k(2| 3). mE W
i Pbi o33 EY HEM It HEBGRE 2ole
2L Rk wlel Aol FHRFozFrl 20 kmir el
AL wm 92 TEEKT 4iEddz o BEkride
Curt Pbo] (4] Rel ohdr A==

o] =
AT



Heavy metal contents in brown rice (ppm)
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Fig. 3. Heavy metal contents in brown rice with references to distance from Jeonju Industrial

Complex

Table 8. Relationship between heavy metal contents in rice plants and distance from Jeonju

Industrial Complex

Part of Heavy Equation of Simple correlation
metal linear regression  coefficients

plant

Part of Heavy Equation of Simple corfelTxtion
plant  metal linear regression coefficients

Cd Y=-0.018X+ 1.550

Leaf an Cu Y=-0.060X+4 5.778

stem

Pb Y= 0.069X-11.200
Zn Y=-2, 223X+75. 301

r==—0Q.5211%*
r=-0.3199ns
r= (. 5450%*
r=—0. §055**

Cd Y=-0.014X+ 0.646 r=—0.4810%*
Brown Cu Y=-0.410X+ 4.014 r=—0.3659*%
rice Pb Y=-0.297X-- 5.580 r=—0.4510*
Zn Y=-0.381X427.559 1= —0.6250%*

ns=not significant, *p=0. 05,

**p=0. 01
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Fig. 4. Relationship between heavy metal contents in brown rice and leaf-stem of rice plant

(Mangyeong River area)

_é"" el BLEG R Tfoh B&EARTA RF
2 mwul 29 49} o] Cu, Zne FEY HEME A&
Fo #Ee e Cd: 5% HEMH A& HES
9ot Pbe BRI RESA $gkeh. ol Pb
o FEpel WM A oE EEFEY TBHH d2g
= AL Bwdchx Al

3. 1tk E£MSED KB SBIO MWK
TERKSY HETAY BEE T MUk LG &

GERGES Artene] SS9 WES B K9
sb ol Aol o F kel o WA In,
Cu, Pbel el HobA & HHt: 9= MWHFEE 2
R, Wk WESH Ek SRt B AL Cu
s Zno] @HES AEE QT MBS debdosd, Cd
3 Phol A : AHEHE BET ¢ AR

459 Xkohe] MEBAES] YA L ik HOE
&) Wil BIHAA Rt APk AL ki
th Cdg st Lkt MBS MfE RS



& B MEUL WS £ R ARRT B6E 68

perchlorate(Mangyeong River area)
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Table 9. Relationship between heavy metal contents in rice plants and soils extractable in

metal Equation of linear

Simple correlation

Part of plant Heavy regression coefficients
Cd Y= 0.243X+4 0.957 r= 0.1952ns
Leaf and stem Cu Y= 0.110X+ 3.027 r= 0.3868*
Pb Y= 0.110X+14. 686 r=—0.5934**
Zn Y= 1.043X—34. 458 r= (.7178**
Cd Y=-0.078X+ 0.535 r=—0.0627ns
Brown rice Cu Y= 0.100X-+ 1.636 r= 0. 6013**
Pb Y= 0.129X— 0.676 r= (.3343ns
Zn Y= 0.142X411. 384 r=(.5800**
ns=not significant, *p=0.05, **p=0.01

Table 10. Relationship between heavy metal contents in rice plants and ¢.1N-HC] extractable

content in soils(Mangyeong River area)

Part of plant Heavy metal

Equation of linear

Simple correlation

regression coefficients
Cd Y= 0.029X+ 1.263 r= (.0369ns
Leaf and stem Cu Y= 0.346X+ 3.319 r= (. 4985%%*
Pb Y=—0.246X+13. 753 1= —0.5524**
Zn Y= 1.595 +20.799 r=0.5420%*
Cd Y= 0.004X+ 0.432 r= 0.0020ns
Brown rice Cu Y= 0.211X4 2.434 r= 0. 4969**

Pb Y= 0.355X+ 0.033 r= (. 3807*
Zn Y= 0.224X+418.845 r= (. 4584%*

o ns=not significant, *p=0.005, **=0.01
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