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A Study on the Heavy Metal Contents of Soil
and Rice in the Kum River Basin

Young Oh Kim, Hyung Yul Yoo, Jae Hyung Lee,
No Suk Ki, In Dam Hwang

Department of Preventive Medicine and Public Health,
College of Medicine, Chonbuk National University

This study was carried out to investigate the heavy metal contents and their correlationship between
paddy soil and brown rice near the Kum-River area.

In this study, eighty soil samples and forty brown rice samples were taken from the paddy soil.
The contents of heavy metals were measured by flame atomic absorption spectrophotometry.

The results were as follows:

1. The average contents of soluble heavy metals in surface soil were Cd 0.19, Cu 15.31, Zn 18.10
and Pb 9.08 ppm. The average contents of soluble heavy metals in subsurface soil were Cd 0.19, Cu
14.52, Zn 17.75 and Pb 8.11 ppm. There was no statistically significant difference between the two layers.

2. The contens of Cu, Zn and Pb of Taejeon(S6) and Cd of Sinbyung(S5) in surface soil were higher
than those of other areas. The contents of Cd and Cu of Taejeon(S6) and Zn and Pb of Kumnam(S3)
in brown rice were higher than those of other areas and four heavy metals in soil and brown rice
of Simchon(S7) were lower than those of other areas.

3. The ratio of soluble contents(Cd : Cu : Zn : Pb) in surface soil was 1: 79 : 93 : 47, that of soluble
contents in subsurface soil was 1. 76 : 94 : 43, and that of total contents in brown rice was 1 : 84 1 294 ! 12.

4. The correlationship of the content between soluble heavy metals in surface(0—15 cm depth) soil
total heavy metals in brown rice was found to be order of Cd)Cu)Zn)Pb. The correlationship of the
content between soluble heavy metals in subsurface(20—30 cm depth) soil and total heavy metals in
brown rice was found to be order of CudCd>Zn)Pb.
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AE RN FGolA WA Iai-ltai Wo)] Fr=Fol
9% e g WA o|F ERd oM HFE 29A
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Table 1. Sampling Sites and Locations in the Kum Ri-
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Figure 1. Sampling sites along the Kum River

2. NEBH=E

DE %

B TANEH(FAEA, 1983) o Fato] vy
Aol of 27 ALog AxANZ X, Ygagz s}
WA E5te] vFS54 100 meshe] Ao Extg AL
AN&Z AH-3Hch

28 ¢

HRE g EYTF e o AR F Uy
AFeA Hu2 TEo] Alg8 AR5k

3. Eaup

- 321 —



D AES AR

7} o

A5 10g flaskell #3ke] 0.IN HCI 50mlE 718 v
FERAY7E A3t 30°CE FR8HHEA 1A 8
Azl &, q#Z(Toyo No. 6) 2 G743 &43 =44
AlE2 AHg-ateiet

L} @nl

A8 10g< flaske] #3ke] 250°C sand bathol|Al &
A=A - F G A4S THete X857 F40] 2 w7t
F71ES B3 E39 A8 S/ 4 50ml9t ammo-
nium citrate-8-4(25 w/v %)10mlS %3 B. T. B. &9
3e-S gojrxgy 32 ammonium sulfate-§ (40 wiv
%)& A7FEch o7l dEYetz pH 959 13
Al713 5% DDTC(sodium diethyl dithio carbamate) 10
mlE 713 34— Zd o ESE S THET MIBK(methyl
isobutyl ketone) 25miE ¥o] A7 F Hed
MIBKZ & &3 & A5do2 Algach

2) % A

ANades B 29 274 AAFZEA7](Atomic
Absorption Spectrophotomester, IL 551)S A}-&3&}a]
flame o2 &3 gon, AMHEI}AE air-acetylene©]
A}t AlE7F2 FE¥l= air 18 SCFH, acetylene 4
SCFHY 2, Aleke {3l 3453870 AAFBENE
(HAFE) & AMR-SHETh

. A &S

1. EY 9 H0iZe| S3%u

M FEE TR YA F 3949 2ol REY
739l Cd 0.194+ 0.083 ppm, Cu 15.310% 5526 ppm,
Zn 18.104%11.210 ppm ¥ Pb 9.083%+2.320 ppm< X
Aok

A 29| Hx+e Cd 0.189+ 0.091 ppm, Cu 14.518+ 0.
42 ppm, Zn 17.747£9.079 ppm % Pb 8.112%2.747
ppme ETHAE 3).

#u)o] HHX= Cd 0.039+0.029 ppm, Cu 3277%0.
905 ppm, Zn 11.36414.418 ppm % Pb 0478+ 0.381
ppm 22 YERTHR 3).

2. Xl 3% B

A9 HEQ) 7H-4 Cd FE= WA R (S5) o4 0.279
+0064 ppmo2 Hu FFS HYR, FE51(S8) A
0129+ 0.015 ppm o 2 HAFHFS Bt} Cu, Zn, Pbe
AT H(SE) oA 2zt 2917+ 2552 ppm, 31.089+ 12.
690 ppm, 11.110+ 2.361 ppmo & H1 FFL B o,
HA) e 82l AFLe Cy Znd 2A$ HI(SNH=2
Ztz} 9,375+ 2.329 ppm, 6.842+ 1.003 ppm, Pbo) Z¢+=

Table 2. Analytical Conditions of Atomic Absorption Spectrophotometer

Concentrations of

Metal Wavfnrf;‘gth LamE) chlgrent Bag)rgg 58 Stand%gi) nslt))lution
Cd 2288 3 1.0 0.1, 02, 0.3
Cu 324.7 5 1.0 0.5, 1.0, 1.5, 20
Zn 2139 3 1.0 3,6, 9 12
Pb 217.0 5 1.0 1.0, 2.0, 3.0, 40
Table 3. Heavy Metal Contents in Soil and Brown Rice
Sample Cadmium Copper Zinc Lead
Surface soil 0.194+ 0.083° 15.310% 5.526 18.104+ 11.210 9.083+ 2.320
(0.095—0.441) (2.778—27.084) ( 5.028—44.613) (3.056—15.554)
Subsurface Soil 0.189+ 0.091 14.518+ 6.432 17.747+ 9.079 8112+ 2.747
(0.075—0.531) (2.556—31.249) ( 4.098—56.250) (1.667—12.778)
Brown Rice 0.039+ 0.029 3277+ 0.905 11.364+ 4418 0.478+ 0.381
(0.007—0.104) (1.052— 7.180) ( 4.350—34.120) (0.092— 1.568)

a Meant S.D. (ppm)

- 322 —



(86)

ol 2}z} 22,395+ 5.181 ppm, 31.035+ 13.269 ppm, 9.181

e

al

147 ppm 2. & 7} &9te, Cu, Zn, Pb of

F42(S8) 2 4178+ 0446 ppmo)UTHE 4, 1Y 2, 3,

4, 5).

Q.
=

o2 7k w8 ¥EE BAW HA FF

1.600 ppm

+

HEQ 7184 Cd FEe F7432(S2) 914 0305+ 0.

Heavy Metal Contents of Surface Soil

Table 4.

Lead

Zinc
12913+ 2.743
13.578+ 1.683
21.714+ 5.242
11.961+ 2.799

18.669+ 14.497

Copper
12.061t 1.854
11458+ 1.042
10.937x 0.902
15.104+ 2.270
22.396% 0.902
22917+ 2,552

Cadmium
0.130+ 0.009°
0.196+ 0.078

Site

+1.366
+3.197
9.819+ 2318

9.097

S1

9.167

S2

0.138+0.014

S3

8.125% 1.624

0.141x 0.016

9.653% 1.168
11.110+ 2.361

0.279+ 0.064

S5

31.089+ 12.690

0.258+ 0.051

9.375+ 2.329 6.842+ 1.003 6.250+ 0.694
10.274+ 1.718

0.137+ 0.026

S7

9434+ 3.762 4.178+ 0.446
18.637+ 2.116

0.129+ 0.015

S8

9.065+ 1.177

16.184+ 1.925
14.214+ 0.784

0.211%+ 0.032

59
S10
a Meanx S.D. (ppm)

5.279+ 0.782

12.247+ 4.107

0.176+ 0.027
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N Surface soil
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Figure 4. Mean distribution of Zn content in soil and

Figure 2. Mean distribution of Cd contents in soil and

brown rice

brown rice
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Figure 5. Mean distribution of Pb content in soil and

Figure 3. Mean distribution of Cu contents in soil and

brown rice

brown rice
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Table 5. Heavy Metal Contents of Subsurface Soil

Site Cadmium Copper Zinc Lead
S1 0.134+ 0.026* 9.375+2.329 12.285+ 3.279 6.935+ 0.833
52 0.305+ 0.147 13.020+ 1.728 16.811+ 2,709 6.806+ 3.624
S3 0.155+ 0.002 11457+ 1.042 19.050+ 4.013 9.203+ 2.895
4 0.149+ 0.041 16.146+ 5.586 12,931+ 2495 7.986+ 1.083
S5 0.243+ 0.040 21875+ 5412 14.817+ 2.824 9.931+ 0.865
S6 0.242+ 0.040 22.395+ 5.181 31.035+ 13.269 9.981+ 1.600
S7 0.105+ 0.021 7.292+ 2.315 7.219% 0.107 4236+ 1.938
S8 0.132+ 0.026 9.125+ 2.248 11.247+ 4.762 4517+ 0.628
S9 0.175% 0.035 13.717+ 3.218 15948+ 4.215 6.215+ 1.207

S10 0.172+ 0.031 14.218+ 12.710 12.710+% 3.773 4964+ 0912

a Mean+ S.D. (ppm)
Table 6. Heavy Metal Contents of Brown Rice

Site Cadmium Copper Zinc Lead

S1 0.012+ 00022 2550+ 0.333 9.305+ 0.912 0.309% 0.152
S2 0.043+ 0.027 2.878+ 1.296 12.253% 3.045 0.823+ 0.617
S3 0.039+ 0.030 3.123+ 0.658 16.640+ 2.050 0.929+ 0.355
S4 0.024+ 0.005 3.300+ 0473 9.385+ 1.482 0.309+ 0.079
S5 0.060+ 0.030 3478+ 0.561 15.720+ 3.005 0696+ 0.171
S6 0.069+ 0.018 5.168+ 1.164 12.163+ 7.948 0.309+ 0.339
S7 0.012+ 0.008 2.763+ 0483 7468+ 0.546 0.186+ 0.076
S8 0.017+ 0.015 3.156+ 0.519 7574+ 2419 0.331+ 0.154
59 0.034£ 0021 3.728+ 1.002 11.248+ 1.722 0477+ 0.193

S10 0.020+ 0.004 2,648+ 0.723 9.857+ 2.077 0271+ 0.084

a Mean+ S.D. (ppm)

B A-e HAN(SNLZ Cd, Cu, Zn PbolA Ztz}
0.105+ 0.021 ppm, 7.292+ 2.315 ppm, 7.219+ 0.107 ppm,
4.236+1.938 ppm2) F&HFE HYHHE 5 19 2, 3, 4,
5).

Al Cd, Cu & NAFH(S6) <A 0,069+ 0.018
ppm, 5.168+ 1.164 ppm2.Z 7} =9t1, Zn, Pb FFS
FEL(S3) oA 16,640+ 2.050 ppm, 0.929+ 0.355 ppm
22 7bg =gk AA 3¢ 29 2P Cd, Cu, Pbe
A% ARA(ST 2 242 0012+ 0.008 ppm, 7.468+ 0.546
ppm, 0.186+ 0.076 ppm®I AL, Cu) Z-$- B2R(S10) =
2648+ 0.723 ppmo|ATHHE 6, 18 2, 3, 4, 5)

3. Egn} 3HO|IEe| E24 Alnay|

M O

HES} dr]Fe 4o A = Cd(r=0.6834), Cu(r=0.
6288), Zn(r=05144)°1X, HE9} HujFe] oA
S Al Cd(r=04251), Cu(r=0.6909), Zn(r=0.4010) s A
Ztzt §2)% ABRAE BYgor)t Phis EES du)9
BBAT r=01974, AES Av]e) FBAS r=0134

22X BAEA foAHLe QIUHE 7, 29 6, 7, 8).

Table 7. Correlation coefficients between the total heavy
metal content in brown rice and 0.1 NHCl-extra-
ctable heavy metal content in soil

Brown rice
Element
Cadmium Copper Zine Lead
Surface soil 0.6834** 0.6288** 0.5154** 0.1974"
Subsurface 0.4521** 0.6909** 0.4010* 0.1334"

$01

ns.=not singnificent

***=significant at the 0.05 and 0.01 levels, respecti-
vely

surface soil=0~—15cm depth soil

subsurface soil=20~30cm depth soil

Table 8. The Ratios of Heavy Metal Contents

Sample Cd:Cu Cd:Zn Cd:Pb
Surface soil 1:79 - 1:93 1:47
Subsurface soil 1:76 1:94 1:43
Brown rice 1:84 1:294 1:12
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(R=0.6834, N=40)

0.10
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Figure 6. Relationship between cadmium contents in
brown rice and surface soil
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8.0 Y=1.7049+0.1027X
(R=0.6288, N=40)

Total Cu content in brown rice (ppm)
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Soluble Cu centent in surface seil

Figure 7. Relationship between copper contents in brown
rice and surface soil
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40.0 ¢ ¥=7.6855+0.2032X
(R=0.5154, N=40)
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Total Zn content in brown rice(Ppm})
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v-0 0.8 20.0 3.0 40.0 50.0
(ppm)
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Figure 8. Relationship between zine contents in brown
rice and surface soil
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Figure 9. Relationship between lead contents in brown
rice and surface soil
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AN Fteg, T, ofd 2 ¢ B 2 F
4L 7 EA3AY FFEI GEL v ¢l
o g3 egd 98 3% T2t oMY o §1E9
£t 2819 g EFel 2] 1 29%s g
AR e (AL, 1971).

E3] Edol f99 FE4L ol54e) An AN
B R fEl] 2] Beole LT osiM=
olZo) o B4o] AN Fo)F sigelet ¥ BHojrh

EQ Jt=EL £33 L.d7) el gt ozt
AT AERAANNT o, T, old T F&7 A
EAsHE fllFEEo2A Yt ELF AQgdere
0.06—040 ppm FEoNHFEFY 5, 1983), o} Hat
ot AEd FH e AFAH 2 A4A v Ao
AHgA G A L g BY 4 ATtH(Waldron, 1980).

7+ FEEA FIEES S BRES Y 0194
ppm, MES BHL 0188 ppmlE ZJE-Q £(1982)0]
FAG BF = ESE G RELFINY Jl=F G
0.127 ppm, #3%Y 5(1983)0] RAIG G+ T3
dlx¢] 0.10 ppm, A F(1980)°] AN 73 7
ZA A1) 006 ppmE T £, FHJAEITA9
8N ZA FAFY AEESL 0263 ppm, A&
% (1982) o] AV BFAHAY F3A A2l 0.78 ppm,
F&5et 0133019800 0) o1 FAX G AR R
EolA 268 ppm, AENA 117 ppmETE A JE
stk
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duoj e Ft=F HES 0039 ppmoE YA 5
(1979) 0] ZA§ A= HH 0021 ppmB = E}out
Z2895(1982)0] ZAMEF 0052 ppm, Fw59 o|&d
(1980) 0] o}l FAkA Ao A} 2ALSE 0.546 ppm HTh=
worry £33 Iai-ltaigol F¥PE A8 Wl #Y
(TBEERE 5, 1973) 9] ¢to] ¥3E9] §-87]F 1.0 ppme
Z 38 Aol vt 2 zAle @3 Ft=F $8F0.039
ppme Y| o ozt & it

FHE T, A2 239 odojA] Hujrtel Fe] AX
Ao sl B vFFEH0R WA oy
AelMe] AHA FLo| daiMe FE3] FEHA
23 24 o]t (Underwood, 1971). $-ehdel EFE +
o] AasteFe 1571 ppm AEE LA ot B3
A5E4, 98, AR, 23, 859 FZW 2
G e Ado M= 5 FHE KA F Jo(AAS
=, 1980).

B zA el F2le) FERTFE 1531 ppm, HEH TS
1452 ppm 2.2, 89 F(1982)0] A A &
2ol 9| ] Hit 4.15 ppm, F5 Y 5(1983) 0] 2413
T9 F9 ¥R e 755 ppm, AAE 5(1980) 2]
zA4e @70 AR M 7.63 ppmETHE H%O
YA AATA(1983)°] AR 479 A= 21
16 ppm, A &F 5(1982) ] A3 FAkA A A =}=] o
59.13 ppmB.th= #3tch

oo A 2] BHS 328 ppmeE FE8 5(1980)
o] AN W WiF 146 ppmEThs BUI HEA 5
(1982)°] ZARRH v AAREA e HE 331
ppm3} AEEE(1972) 0] AR 25-4.6 ppmIt= H)
=% L 2oL

olde " njaF& o A 4 Hio TAY
2 zas2 AL RFHHA ¢ 54L& OB
F&o) sl H FHo 2 dA don, LgHR ¥
= Eoke) 9whAol e 301-21.19 ppm Fxolu
(F3Y 5, 1983), okl Hh AAL =7, 98, AFA
Az FF HE7 MEHE XNGoMe 5o e
Rol7l® FHFETY o]F, 1980). & FAMA o}
Ao FEHF-L 1810ppm, A ES] S 17.75 ppmE
o gtk dojoAe ol HH-2 11.36ppmoE
2y 3 (1982)9 = EGF Q&AM 395
ppml & PE-J 5(1982) 9] = EYF AAREFo MY
3.95 ppm, F5FY 5(1983) o] AR FEHFH ¥R 9

o B

14.0 ppm, HAE 5(1980) o] FA}EH 3 AR 9
14.48 ppmE U= E%3L, FHFHATA(1983) M £
ARE 2749 MRAE 5207 ppm, MBS F(1983) 0]
FAVS B9 73R 6881 ppm, FEEe} o]Fd
(1980) o] o}QFA A Ho A ZALE BE 24541 ppm,
A E 56.83 ppmE.ch ssich dujo|M ] ol HAe 11
36ppm o2 ZE-4 5(1982) 9 drjF AARE% 2055
ppmEThHE @n d8d 5(1980)9 HIHH 586
ppmE.rH= ¥k
& AAA dElR g 28E FF459 stz
AEAAM 287159 Foll2 215 AL Yo
FAFEE0Z dEiA oY, LFEA Fe& =EY
durEol e 560—11.8 ppm Ao (HE3Y
1983) AFA WrI7ks olgle) BeARFTY, FHA,
A F A, WAL AMg-shs A4, 94HA Bl &, metal-
smelting® 258 H|Z 5= #H5o) 28] 29 Hch(Wald-
ron, 1980). #¢] 79 HES HT-2 9.08 ppm, HEY
B 811 ppmo.g ZHEY §(1982)9 = EYF A
AR-EFPo)Ae] 4.67 ppm, PAE F(1980) 2 3§
AR X ] 0.3 ppm Brhs 31, H3Y $(1983)9
FEFH FAA MY 827 ppm B FAM FES
By a3y IHPESEAT4(1983) o 24 B
o AAEQ 2727 ppm, AMEF 5(1982)0] FAHGH
FAAD TR P 4289 ppm HrohE ggich &)
oA el ¢ HFL 0478 ppmo & F-EE 5(1980) 9] A=
i 085 ppmEThs ®i ZBQ F(1982)°] FAMG
HolE AAREae] 0443 ppmIAE FAE S B
A}
£ ZAMA Uehd EGE 7HEE %] fElvE

EEQE RAREGINY A FFERT BA U
Bt A& ZAAY0) BRE wEF] WA Tl ¥

97} o AAREF Boje wr)7kag 52109
AEo 93 TS o Bo] & Aoz AN ojx
Lagerweff9} Specht(1970) 9] B.519} #o] Bk 3%
FFE =20A 7R 75, EFFol XU Tk
5 Frigvhe &3 st dok

ZAX Y] B A 58 §F2 Zn)CuwPb
YCdel €918 Bgon, e A9 SF&453ERG
o o AR fodxe gt o 2
d9de] REANM AER 20 EY7] W ¥ Zo|gks Wi-
lliams(1984) ¢} ©]d 5(1984) 9 A7} A5t et
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EokdiA dnizel FF& oJPNHE B 9o
soge FHT 43S 12 sge 0 4 354309
e K 63 go] FES Cd: Cu:Zn:Pbo H&
1:79:93: 470100} AuF9 H]= 11841294 12
2 Yeht ojdo] A9 o AZHALS A S &
Zof B4Parr Zgslr] fio) ddxor F55U
that 2c}(Hanly, 1984).

Ay F34 FFS vlaste] 29 7l= # Fe
FRe BE AE, HulolM 25 A (S5) o tHI
(S6YollAt o7t we TS B ot AR o] 139
gatd 7] g Fol Bkl Jl=g FFo] 3 299 9
g AgEAE Bo FYUAGF AP ojFoiFok A
3 A%E dg ¢ & Aotk

Z9 FuAdel A FHFA B AF(THE
HAATA, 1985)0) o3hH AHH(S5), AT HS6) &
Tt A dEF 7t idEHER FEL
9, Eoe] EASE 1A =R FEo L=
ZHo] o]0l o} AT ofd 9] FEE A HUTH(S6)
o SEE(S3) M T]A Heht ofd G4 FEES
AJaks w Aoy Azt ev dvlde ofA
gake Eqko] o}l ool & F@lo] A AL A A
22 FFe RA(OY 4) o1de e FEEEY &
Bojx9 F571 Erie ZA%E 5(1980), THEE AT
£(1983), A&H51(1985) %5 2] AL A3t gt T
8rake ARG £l A 4181111 ppme] FFe =
AR $(1982)0] AR ¥ ¥ EYF HIANVE
A9 g H 467 ppmE BY FE& FHE EQ
Ao B zAAYo] 2 T2F 7|3 glo] AFRIA
H&EE do] 9oz AlsdEnh

BEe Hn)e) Fakzte] J@AAAE CddCu)Zn)Pbe
&9loln, A5 duje FF& FAL] FBEAE Cu
SCAYZnyPbe) o2 el iAol 7H3 WA YEktTh
olE @& AEA tE FFHRTG ¥ FTFEE B
o3 Qluhe HR(REY, 1971) ¢ YA13ie g2 Ak}
(g4, 1980 AEQ %, 1982)¢ dAnF & FFH
A A28 B E9k9) i gako] dnjo] 2 4¥%S
o)A e Ao E JERTL

v.ad &

B

ARG =9 RES AE B AT 35 3L

ZALBAL BEANA #Halze Z FF4 o|PAHE o
o+sk3iz} 19871 7€) RESH AEE 107] XHA Z+
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