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A Study on Trace Metal Contents in Rice, Soybean and
Soils in the Vicinity of Ulsan Area

Jong Wook Kim and Yong Wook Lee
Dept. of Environmental Health, Graduate School of
Public Health, Seoul National University

ABSTRACT

The samples for testing have been collected from Kangdong-myon, Nongso-myon, Beomseo-my
on, and Cheongryang-myon in Ulju-Ku, Ulsan-city from July 1994 to March 1995 in order to grasp
status of trace metals contained in some rice, soybean and soils, and to provide references i es-
tablishing their standard 96 collected samples(48 for cereals and 48 for soils) have been tested to
measure levels of Hg, Pb, Cd, Cu, and Zn through methods of trace metal containing analysis and
heavy metal analysis. moisture content was also analyzed. And at the same time 0.1N-HCI soluble
heavy metal content of soil was measured. The average Hg containing level of samples is (1.006 ppm
for cereal and 0.062 ppm for soil, Ph 1s 0.302 ppm for cereal and 1.137 ppm for soil, Cd is 0.012 ppm
for cereal and 0.027 ppm for snil, Cu 1s 2.01 ppm for cereal and 0.885 ppm for soil, and Zn is 7.853
ppm for cereal and 2.366 ppm for sol.
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Fig. 1. Map showing the sampling sites.
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1. WEEHI¥

1) ETEERBIER Mg

FEEE G FHUHE L2 W A, &, b
Z2| Qi FHHE Hhige] B HpEhE Al &
Ft TH(EF)E] PHES 5 LS odoiwy)
H3te] AR &7 e, WA, A, A
o ozb AepHE wlw Eskar, FSke] ]9} vl
glo] Fae] o A= SpfE A FiAst el gt

2) FEHRIL 77k

(1) BoF: 7F kol digh H3e s A 5
e FA A Eoku®el Alg AH il o
2} 7t el FHF(E )RS} [ Bkl A
335 AAEch BEoF AR HREGE 19949 79~
9511 3Y71~] EHishE o}

(2) &zt AR & 28 5 oletz A
£ WEF 7 U=EE 313 200~500 g NH 8k po-
lyethylene el &3k s34 w) o] &2 A
Asta At A7 A EALS AAZ AL 9A
A2 o} fh WR gl ZHEeN4] 322 A A
8lo] 1994 7Y llA 11Y74%] $REeslad ok,

(3) T4 Aie Bipe AAT HoZ 200~
500 g& #RHLE}ted homogenizeri Hifsted EEE
A2 2 A polyethylene Fu ol & 7L K
a2 gl AF 717k 199493 7904 11971%]
B sl o}

2.8% 0 #

Inductively Coupled Plasma Spectrometer (JY
70Plus, Jobin Yvon Co, France)

: FF% Ph, Cd, Zn, Cu &= 24

Atomic absorption spectrophotometer (Model
5100, Perkin Elmer, U.S.A.)

: 2% Ph, Cd, Zn, Cu 3 24

Mercury Analyzer (Model sp-3D, Nippon In-
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strument Co.,Japan) : Hg &3 #4

3. P&

AR 2 A W0, F 2 2 BYEE Cd, Cy,
Hg, Pb, Zn#-4 3 +ike| pH, Bde] Korg Wik
(100°C, 3A17D)7E oh5 ofefe} b2 A Af2fet
Fig(EeFE B gAY, FHe AESH
Aldy) ez #wifishalvt

1)+ HESE

(1) R

AHT Bof AE 4 2kgd FA AEH A et
A8E FAsl] BME A8 sk AlaE A
¥4 RAslw J@Re] A=A s, AApFAde] ¥
2] Sk Aol 4] AL sl A zbed wkgskdoh A
%3k EoFS w24 EXA (9 mesh) & F34A1A 2
mmelAre] Folu} AlE e & o] Wi HFAR
2 34}

(2) sr#rhidk

@® 71=F, Fgl, o, ofd

44 AR 10gS #sle] 100 mie] A2 Eebs
el Y3 0.IN-HCl i## 50 ml& ¢35 30°C shak-
er°ﬂ*i 1417} AEEHE 5B(TOYO) «13=| 2 of 3t

AsERSF Cd sriide] Wb ol #sled sr47sl
91‘4.
E

A4 AR 0.5 H3td LR Zol Age
AR2-8cl. Mercury analyzerE ARH&-8te] fngagiL
&ol¢zty (combustion gold amalgamation
method) &2 42 {E# #i(Hg 1 ug/ml)-& AHE
stod 20~80 w7bA] &AA o2 R R &) #H
8 A6l mel Agste] Ak Aok ket
7S sampling boatell # 3} mzidiol @l

ot

Table 1. Concentration of the trace metal standard solution.

71

Table 2¢] 27l u}z} 4=
EH A 3t A5 FEE
HIEAIR S o] Al

iﬂ' Gl a 1ﬂ| A};B’}-ﬁ___ﬂ:‘ 3x
HsE st 33
& skl e

2) BT RS

(1) Frkamm

3% 7 A= 29 E brush@ 7]3te] Ha o]
% homogenizer & Zol #yEskA whio] HEtR 8}
I, FA AYEE ¥ ¢ g dels po-
lyethylene 871l ol HERED F ARk
RFEENe 2t wepdde] AAFFEA L (Wako

Pure Chemical Industry, Ltd. KBK, Japan: Fac-
tor=1.0,(20 ) 7} 1 mI=1000 pg) E-FYHE A}&
sto] Mercury(Hg)-2 0.001% L-cysteing-2jo 2,
Lead(Pb), Cadmium(Cd), Copper(Cu), Zinc(Zn)
2 6% H.SOAN 22 Table 13 o] 3]43te] X
Zgo0 @ AlL3}c}

(2) ik

@® 7h=g, e, &, ofd

A g oF 30~50 g& AL "ol TR, NFAHA
ol #|afl A&k RALAIZ] v 450~550°Cell A X
festedch, W A1+ D EE 50% g*h’}:uﬂv
£l i HalbRolE 40g B HAME 208 F
100 miol] =9l 8 2~5 m[Z A A3 71Zxgkc}. 53}
7} B2Edds ¢ 2abE 13 EHEelsly 98
s vpajeto g AAH1+1) 2~5 mlE 718le] b4
sA| Xikdc) 3 R& B2 Ao G4 2~4 miE
7hste] =8AF = ERSEE A TRT o A4t
1~2ml 7t @ikl A XA S E sl
7h& gaisla 5B(TOYO) oA =2 o3¢t o3 &
kg 50 mIE 3le] EAgH e sih

20
o~

THES 7R 73 -5k A5l Ehssteiet.

p—
R

Concentration(mg/kg)

Element IL.C.P AA.
High Medium Low High Medium Low
Pb 10.0 1.0 0.1 3.0 2.0 1.0
Cd 5.0 0.5 0.05 0.6 0.4 0.2
Zn 25.0 25 0.25 5.0 3.0 1.0
Cu 10.0 1.0 0.1 15.0 10.0 5.0
Hg 1.0 (Hg: Mercury analyzer)
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Table 2. The operating condition of mercury analyzer.

Classification

Standard solution(1 pg/mi)

Agricultured products(raw and wet)

Samle amount

20, 60, 100 W

50~100 mg

Mode selector High Low
Heating condition 1st step 1 min 10 min
Panel time 2nd step 6 min 5 min
Additive Unnecessary *M+S+M+B+M
Washing liquid Distilled deionized water

Measuring range 100 mg 20 mV
**Gas flow rate combustion 0.5(I/min) carrier 0.3

*M: Sodium carbonate(anhydrous):

B: Aluminium oxide
St Sample.
** Purified air.

Calcium hydroxide=1:1(w/w).

M, B: Additives should be used after heating treatment at 800°C, for 2 hrs and cooling about thirty minutes in

desicator without silicagel.

Table 3. The operating condition of ICP.

Classsification

Condition

Table 5. Recovery of the trace elements in the rice
and soybean.

Wave length spectra(A)

Sample uptake rate
Nebulizer gas flow rate
Coolant gas flow rate

Ph: 920353 Sample Element Recovery rate(%)
Cd: 2144.38 Rice, Soybean Hg 94.2

Zn: 2138.56 ” Pb 91.7

Cu: 3247.54 " Cd 65.4

1.2 ml/mm ” Cu 96.3

0.3 ]/min ” Zn 92.8
120/min{outer)

Table 4. The operating condition of atomic absorption

spectrophotometer.

4. feEt kI

Tt ppEiel thsted, gy BRI oA

Condition™~ Element  Ph Cd Cu Zn & vlazste] fejubet wk BREAE W 2} A
Wave length(nm) 283.3  228.8 324.7 2139 *2ke] ﬁﬁ URIE e} AelE M, kKt
Lamp current(mA) 10 8 15 30 o] FHmo e A Asted fEE 04%’% U }oi
Slit width(nm) 0.7 0.7 0.7 0.7 o}, —‘g—\ é;ﬂ} Eofo]| qlojr] Zhx|d R A H
f’é)r;'i;ion of burner 5 5 5 5 (& A A8 5, Duncan's multiple range
Air flow rate(l/min) 5.6 5.6 5.6 5.6 testell o3fe] 7} 15 Aol Martfrabdeh”
Acetylene flow rate 3.4 34 3.4 3.4
(1/min) II1. WESHEE
LT FPRIE 7e, A, WA, Ak A

3) [l BB Qolla] AHE HIEUA87) B (R4, F247)

Ag 20fvtch shvbE SRSl Hgiz 40 ng, o thsle] Hg, Ph, Cd, (,u, Zn®l TH#E A%
Cd¥= 10 pg, Cus= 50 g, Pbi= | )pg, Zn 15 A= Table 6, 72+ 3ok, Life] tia ﬁ% i e
nge 7hstel Al2e] 2 flgel S orHTE HH Hg(Total content)e]il, v == 0.IN-HCl Wl
oF A Jikom xakste] 7k F45E Table 2, 3 Migolm, &3 Fo| i 8 Hns EF’L s

270 we} %
R

2 Z] a],o{ Table r)g]_ FANCR I—M)(ﬁ‘—g ol

Zx3r 4 oreine AR 11.

ofrt.

’}OM Faphyrel 7
5~15.4%215L, F2] A9+ 8.7~12.4%

Koyaae e
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Table 6. Hg. Pb and Cd contents of rice and soyhean and soils in the Ulsan area Korea. (unit: ppm)
g Ph Cd
Region Rice Paddy Soy- Upland Rice Paddy Soy- Upland Rice Paddy Soy- Upland
soil hean so1l s01 bean so1l soil bean soil
Kd Chor.l 0016 0.035 0004 0.041  0.070  1.001 0.046 0.619 0.003 0.038 0.018 0.083
20005  0.033  0.005 0.053 0.045 0.789 0.061 0.542  0.026  0.026 0.015 0.089
Ch.d.l 0005 0.065  0.004  0.044  0.037  1.018  0.060 0.747  0.103  0.103 0.0239 0.037
20007  0.045  0.004 0.039  0.034 1.037  0.042  0.823  0.023  0.023 0.017 0.042
D.g.l 0007 0.031 0.003 0.041 0.204 1.571 035 0.968  0.001  0.001 0.011 0.052
200006 0.042  0.005 0.048 0.107 095 0161 0.914  0.004  0.004 0.001 0.034
Mean+S.1)  0.007  0.041  0.004 0044  0.082 1.062 0.119 0.768 0.026 0.037 0.015 0.056
T0.004 £0.012 +0.007 +0.005 +0.065 +0.265 +0.124 +0.166 +0.021 =0.021 £0.009 +0.023
N Disl 0.007 0 0043 0.007  0.047 0,082  1.399 0.047 0533 0015 0.034 0.016 0.055
2 0.009 0049 0,009 0.089 0.040 0971 0163 0.701  0.017  0.027 0.001 0.047
Ch'.j1 0.008  0.053  0.005 0.067 2.58 1.548  0.706  1.089 0.018  0.018 0.010 0.018
2 0,010 0091 0011 0102 0279 1717  0.204 0942  0.011 0.022 0.009 0.011
Sal 0.007 0.074 0.008 0.054 1801 1.862 0802 1014 0.006 0.010 0.013 0.004
2 0006 0.050  0.009 0.091 0986 1532 0.788 0.788 0.013  0.015 0.007 0.016
Mean+S.D  0.007 0060 0008 0.075 0961 1504 0451 0342 0013 0.021  0.009  0.025
0,001 +0.018 +£0.002 +0.222 +1.040 +0.307 +£0.348 +£0.209 1:0.004 +0.008 £0.005 +0.020
B.s. Cm.1 0.009  0.103  0.003  0.045  0.081  1.668 0.062 1.133 0.001 0.001 0.010 0.005
2 0007 0.065 0005 0.054 0.843 1.691 0066  1.111  0.007  0.012 0.004 0.023
M.s.l  0.004  0.043  0.002 (031 0054 1498  0.088 0975  0.010  0.005 0.002 0.007
20 0.003  0.039  0.003  0.043  0.046 1,059  0.050 0.922  0.013  0.004 0.015 0.004
K.h.l 0.009 0098  0.008 0078 0102 1.852 0.094 1.055 (.011  0.011 0.010 0.008
20 0.012 0108 0.006  0.039  1.098 2379 0101 1.088  0.017  0.007 0.014 0.006
Mean+5S.D  0.007  0.076  0.004 0.056 0.371 1.691  0.077 1047 0009  0.007  0.009  0.008
0003 +0.031 £0.002 £0.022 +0.472 +0.433 +0.020 £0.083 £0.005 £0.004 =0.005 £0.007
Ch'r.851 0.005 0.067 0018 0097 0081 1.627 0104 0711 0021 0.846 0.002  0.042
2 0,007  0.077  0.009  0.083 0.065 2,058 0.086 0.528 0.012 0.031 0.014 0.014
Byl 0011 0.068  6.007 0.054 0.040 1452  0.052 0.602 0.001  0.043 0.009 0.021
20006 0.065 0.006 0.069 0.027 1.379 0.048 0589  0.007  0.064 0.013 0.015
Hyl 0007 0.056  0.009 0088 0.040 1524  0.039 0783 0.003  0.016 0.007 1.026
2 0009 0.062 0.006 0.097 0.075 1.261 0.062 0.591  0.004 (L017 0.008 0.017
Mean+S.D  0.007  0.065 0.009 0.081 0.054 1.550 0.065 0.634 0.008 0.036 0.008 (.022
F0.002 £0.006 £0.004 +£0.016 +0.021 +0.278 +0.024 +0.094 +0.007 =0.018 +£0.004 +0.010
Total 0.007  0.06 0.006  0.064 0426 1452 0.178 0.823 0.014  0.026  0.010  0.028
Mean+S.D +0.002 +£0.022 +£0.003 +0.022 +0.659 +0.389 +0.238 +0.206 +0.020 £0.018 +£0.006 +0.023
*K.d.=Kangdong-myeon, Ch.r=Churyeom, Ch.d.=Changdeung, D.g=Dalgol
N.s.=Nongso-myeon, D.s.=Dongsan, Ch'j.=Ch'angjwa, S.a.=Sangan
B.s.=Beomseo-nyeon, C.m.=Chimog, M.s.=Mangseong, K.h.=Kulhwa
Ch'r=Ch'eongryang-myeon, S.j.=Sangjeong, B.j.=Banjeong, H.j.=Hwajeong
L T U BREE, D HEsE 2% 0.031 ~0.108 ppm&drh. o] zjede] Hat kL 0.06
T(He)dr ppmlth. f 50 EabellA] [1A TATE(H )2
E=BoFZo 7t f5o] deke WaiHe] o) 5 z]qﬂ ook ke ().085 ppmML]— ] oA ]_o]] 9]6]—
Z.

% ¥4 0,076 ppmo.i 7P =7 Lhepyle), wglse W OGUESE P SATERS 0.073 ppméd ok, 4
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Table 7. Cu and Zn contents of rice and soybean and soils in the Ulsan area Korea. (unit: ppm)

Cu
Region Rice Paddy soil  Soybean Upland Rice Paddy soil  Soybean Upland
soil sotl
K.d Chr.l 1.00 1.088 4.62 0.656 4.88 1.178 18.54 4.018
2 0.856 0.792 3.73 0.454 5.996 0.793 10.04 6.666
Ch.d.1 1.15 2.279 2.91 0.782 5.80 3.902 9.62 5.012
2 1.56 0.989 3.36 0.527 5.81 1.000 8.57 2.156
Dgil 1.23 0.756 5.52 0.473 5.30 0.935 16.52 1.148
2 0.897 0.764 0.734 0.578 7.23 0.671 10.404 1.237
Mean+S.D 1.13 1.111 3.479 0.578 5.835 1.413 12.28 3.372
+0.260 +0.587 +1.637 +0.123 +0.796 +1.231 + 4,160  +2.233
N.s D.s. 1 1.46 0.436 4.26 0.419 5.84 0.974 19.08 5.904
0.905 0.604 1.07 0.608 6.18 1.107 9.97 5.956
Ch' _]1 1.34 0.735 2.62 0.446 5.54 1.212 10.11 0.936
2 1.50 0.624 3.74 0.592 5.85 1.509 12.37 4.402
Sal 1.05 1.497 4.11 0.711 4.30 1.544 9.07 1.893
2 1.48 1.137 2.79 0.579 571 1.316 8.18 3.514
Mean+S.D 1.29 0.838 3.09 0.559 5.57 1.277 11.46 3.767
+0.252 +0.399 +1.20 +0.108 +0.656 +0).224 +3.985 + 2.066
Bs. C.m.1 0.938 1.159 3.64 0.638 5.27 0.836 12.60 2.213
2 0.665 2.169 0.774 0.379 5.00 0.867 8.75 6.060
M.s.1 0.887 1.074 1.39 0.401 4.127 1.468 7.67 2.074
2 1.05 0.986 3.61 0.514 5.35 1.172 5.96 1.459
K.h.1 0.36 1.556 3.97 0.413 7.28 2.134 9.87 1.784
2 1.12 1.278 3.27 0.397 4.87 2.078 10.72 1.349
Mean=+S.D 1.00 1.370 2.775 0.397 5.315 1.425 9.261 2.489
+0.234 +0.438 +1.344 +£0.100 £1.057 10.575 +2.338 +1.780
Ch'.r.S,j.1 1.76 1.205 0.965 0.490 3.28 1.167 8.49 3.872
2 1.23 1.016 1.07 0.413 2.86 1.189 7.22 2.249
B.j.1 0.553 1.881 2.28 0.505 5.37 2.017 9.84 2.581
2 0.611 3.002 3.74 0.602 4.72 3.616 7.78 1.126
H.j.1 0.801 1.127 3.01 .684 5.03 0.999 10.06 1.568
2 1.28 1.131 2.64 .955 5.57 1.741 8.38 8.984
Mean+S.D 1.03 1.560 2.28 0.608 4471 1.788 8.628 3.396
+0.467 +0.771 +1.094 +0.194 +1.131 +0.976 +1.122 +2.895
Total 1111 1.220 2.909 0.550 5.297 1.476 10.408 3.256
Mean+S.D +0.317 +0.598 +1.323 +0.140 +1.012 +0.810 + 3.324 +2.180
*K.d.=Kangdong-myeon, Ch.r=Churyeom, Ch.d.=Changdeung, D.g=Dalgol
N.s.=Nongso-myeon, D.s.=Dongsan, Ch'j.=Ch'angjwa, S.a.=Sangan
B.s.=Beomseo-nyeon, C.m.=Chimog, M.s.=Mangseong, K.h.=Kulhwa
Ch'r=Ch’eongryang-myeon, S.j.=Sangjeong, BB.j.=Banjeong, H.j.=hwajeong
AbellA] 53] | H M E}, AE vhse] ol oM-L— o glsdeh RbEekEe]l #HelE 0.031~0.102
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Eofe] £ KA Rl 2lske) B F Az
] Hg = 32 0.080 ppm&drt. B ZAbddla] =

Al Azivlgo] 0.102 ppmo@ co}E xokur}
E}i =4 vebgdrl gl A & 24719 ARS
100% 71&&< 2%o9, ¥4+ 0.003~0.018
ppmelHa H-E& 0.007 ppmelch. &2} A=
471He] Pz gk, 1990 meolWzalel
B 32514 0,003 ppme] Hd vl B2alrl on) A
sokeh 1994 A 5] 2ARgE 4o} wlwaind
0.006 ppm®] HdHo} o7k =A vhelyde) F9) A
+ E 24710 AEF 100% HAE4S Hgo,
#+= 0.002~0.018 ppmelsd 2 F2 0.006 ppme
ok Fo A s, Yakdo] vmx] 271 finct
20 A% E=A Jebgdel 1990 272 Fizpel ] B
wi gge] 0.001 ppmsith. 1994 3 F*e| ZAlel
A ma 9 9E 0.001~0.018 ppmA 2, HFL 0.
006 ppm— =3 ﬂiﬂ:ﬁﬂﬁ} A&L =Eoky} 2z, %E_oo]:;}
o] Bt A] &, =gef 182 HEmE xlolrt
Ak 2 F, ekl FEMe] JAhP
<(.001). ollA] ZpA|HAH 2 ZAH o2 fEslA
239t (F=0.0310, P=0.9924). Foll4] 7} =i
= #HEteE HESACHP<0.05). olaiﬂ Apo] =
7 d) Faie] AabolA el g, s
AeFd oA A7} glolch WA 5 ”3_ o 4
FellA] 7115 Zels, WAH N Yo E ]9l
= Aoz vepydo o]egl Halg vlFe] Hol o]
el & F F 5L T2 B FHR 5o
o gt BE %lﬂdo} e gErde w4 9l
el Eofe] A9T dAHoZ B hHES 9
T A HES 5mE 2oF3 9t WHO/
FAO/IAEA(International Atomic Energy Agen-
cy)ollME &HAN AR 33 $E% 0.05 ppmeE
At Qlh® EoF FolME B SH B
W2l 0.01~0.31 ppme el ohie gle Hlow
sebgloh Y kel e FEE] glis e
ol 25,000~125,000%- @3tz ApdR ] Fbiel
ofsl HRFN dubd o2 FiestAl =w® Bk

o i HYYE S R 42 o] 8 T Ao B
R fAE & 5 g Helr)

2) 3 (Pb)e] ek

EEFFO] 7 ME =S vyt Exol) HA

el o & ¥kt eH~ 0.789~ 2379 ppm3itt.
o] o8] Hd oS 1452 ppmsith. f+ £V =

Abell A Apd A EE) o Y &2 5.375 ppm
Aok, & FVel alel ofsbd A7 H SH RS
6.646 ppmitt. B-2AleA 53] wliawl 23} vhg
o} ZA}gH Xl“—*% *u kel 1 ale wEak
o] Bark AFEE E 5 ok EFT Wee
0.528~1.133 ppm&l 3, HAimle] vhEa|ed g} 732
A3lsle FAjoluh. HuFgERS  0.823 ppmaith
198991 2% Hfg HF FERT ABRHIE Wi shekd
o] whEeoke] Fbd KIKMKTrol oaba L Al
o] Ph i ek 4.16 ppmadch. EEAlo A |
A A Emkge) Eitugel A A7t 2wt
#0] A5 A AHol|A Phe] AZE¥slon, W=
0.027~2.58 ppmSivt. HH-E (0.426 ppm ﬂc} 2]
731z 4o Hrhel A Fae] Y58 =8 Holuh
19900 2Pz Abe} vlaushd (.223 pme] Hiy
o} BRAPE 257 FA el 19946 7 50
2R 7352} viulshd W94 0.01~0.39 ppm$i 2
Hd-& 0.11 ppmsdrt. o4} o] o) Phyteks
H b B} e ofRate] shws) oA E| o]
U5, 1 F A e A Fak] ur
Holw TR QAR TH M e 2] xfpake) of
o] & Flo *M—‘EM i"l A A *I Foll4]
Pbol %=k W9+ 0.039~0.802 ppm L, 3
= 0.178 ppm3dch. &2 A-felk Fade] glx]
°4 y_Llr =7 stk 1990@ Fo) 7 Aol 4] W 9)i=
0.036-0.820 ppm, Hab 0.239 ppmoEx elbza}
2] ®Wef g2 J%OM 1994% 7) 5 Aol
2 W2lE 0.02~0.38 ppmed iz Ha- 0.08 ppm
et %’4°1 AR v o] Hol o] x|o] A Fpo
Pb‘%} o W7l vhgof =8 AFE] slel o) =
A 2 ‘4?2‘ Fae ohsdet. Bofe] B4 G o
AM o Fk T RS 1 kil fER o
F ®olFar gl
2, =eodI F, wEkTre] M el A &, =
Eeof 1FolM Fatnues Al HFMel Addrt
(P<0.05). 1281} &, s okol|a) = HEpike] gl
th(P=0.124). ellA] ZAAYHEZ HilMo s 5
gk xpelzb Qlduk(P<0.05). oleigt ol ZpEw
7 Fawie] ztelel|a] rialgr Zeolwi, w 4yl
HeFdol A v]als Zlew Jehdol, FellA ”Xl‘ﬂ
W2 HES o)zt gl (P<0.05), o] 52
23 Fepw o] Apololl M FalE g, sade Ud
Aol A 7] ilsked o, iﬂﬂ%ﬂ} 7HETH s 2fo]of

711tk EokF Phol KX S-S 10 ppmA X
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]‘4 t— JE. i R S e e e e S

3 a1 o 2m, 4k] A °]
EP"“‘} ’F‘Uﬂl o &l gy FREel A el
o), hreAle] F7]F 2~4 ug/m’, 45 10
ug/l o1&k AR PSSR fifislkis e M
aEan ek B3] tetraethyl-Ph¥} tetramethyi-
Pb+= antiknocking® 7}l & Al-8-¥]o] 3]Hb{-2] of
a2 S 41710, oAl L Phef dRE SR
BlEel ofate] U Killol 7helH o2 ko] 2
Axlvh 53] agake] W w2 W] £of Fef
= PhCIBro] e w)mad who] HEEITh Y 2%
*P el 7] Zel| A wlifE5]4= lead halide3 E]2] $iHb
Mo 95~98% 7teko]l T RMl 8~25 m x|ed &
o] )il RonaldE7e] od-tolafi= R auslgl e
], Koeppe&™eoll 2|l 50% 71eFe] =¥l 30
me el FAE T v A5z )02 A ol
sk}, Cannons™ol] 2jsb 2ol 150 m
oyl A A ARt w7 7)ol 2f3) fie] FA ol
uf-§- ZFAghchs R} 91‘”‘4 o] 5Vef el
A= E=RE FE Y BEEIR xpelr) A2 %ia—
Ao eyt oleb e gl Kb, B o
HiSol & JEFe] A 7|lEhes AoR
A 7E) ™, lead halide AlE-2] #5{ba470] vl 5 L3l
Aol Wa B9 SO,* iondte| Ao PhSO,
el 2 wHItEch s s dalr) aligtel e
e o] ol HelE ol S 2] 5 WFE}
ol g3le] 2 E FEle] Arlel= HiMENE 54 fu
& Hole Zlar Hgslcl Aol Phi o}k 4]
A = 7, Al w Sl ey ERE o}
e 3% G AFHES Al ERERE = oF 300
pgolch o o] ki 0.5~3 ppme Phd &%
sl oli=dl, BoF F2| Phakako] 400~500 ppmo}
el e ) EEe] AbEe] EIRHIE 9] oA,

(8)e] Afoll= ik AR ‘1’%3 el °ﬂ*‘]
Pb@take] 50 ppmel At o el iHE=cha 3}
o Pbe| HiEH2 = o Wl A :it]:!’ geh A
ele} 739 1.0 mg Ph/day o144 A3 & ZHfoll=
i IE RS Vehdchar ghof

3) FFE=H(Cd)gH=F

xokzol 7t HE ekl 7lewa) Hekbwo] (.

037 ppm3} 0.036 ppm o A} Sgde) HF2 0.
026 ppm3dch. + 5 FAbA K AR
o R 0.135 ppmydtt. & Ee] ZAalel 2)3)

AEE

W GG MO S FE-S 0.148 ppmydth o] XY
o] Cd g zA $ei vl olg A= Ahy
o}, W E kel W= (.014~0.089 ppmSI L, H
T2 0.028 ppmdrh. o] A HellMe ZHsHe} B
B} A3 el a2 ARk 1089 B Hily
e RERRTAE ik d shebtse) wkEcke]
= f\%ﬂutﬁ'%oﬂ olstd F AuiA]e] Cd HF-E 0.
157 ppm&ich B2Abl A Cdel whEFF2] ek
zZA FA A E A gk Aol AS A Alsel4 Cd
o] A&= gt WLi= 0.001~0.103 ppmol ¥, o
< 0.014 ppme| vt #e] A= el ol
g v} 2 =A vgkoud eiEE gk opy
glct. 1990 ZOI-“L‘@}Q} Bl wslH MW= 0.014~
0.022 ppm1, F7F2 0.031 ppmEch. Ez2Abe} Hl
s Cdel ke 2 o)t 1994 71 &
o] zAbe} vlaalH W= 0.003~0.097 ppm&d 3
A2 0.023 ppmAth. F2] AT A ARelA
Cdel ZAE=dl Hei= ( 001 0.029 ppme] 37, 3
2 0.01 ppmgith Fo| A$ 7ol o &
A srfastd ek 19906 & 1 2 FalellAl B ND~
0.030 ppmo] 93, HFS 0.006 ppmo g ¥ 73}l
slck. 19943 7] % "91 “Poﬂ olstd W=
0.008~0.084 ppm&A 3, F 2 0.027 ppmel e &
o] AS&= fluiae} Hl*f‘f}d o] xjHo] wh& Hol
v}, @ mgokal F whwokrle] fHEH el g, =
EofagolM HEZ 2eol7 el P=0.582). &,
Rkl M e frathe el R] b (P=0.304).
Aol 4 Zb HUEGI R G 0 AEES SldeF=1.
0545, P=0.3904). F-ollA = Zhx|ods] A7 Ei-e Le}
vA] ekopeh(F=1.4065, P=0.2701). 7}=F S, %
AR Az Ak, ofad Alal FAke] Aot gk, &
5] sdol] F-xlo] alAlol] fATH R F25 404 o]
e 031”01]711 8% T4, lﬁP"”’z =2 °‘”6l~—
Thlo] 74h7] o ol AR #5dot &
o] &4, g, 93} njde o4HAl, § %, LS
A, RRgA}, o] AlAE 3R], o ddEe] A
a, AbaAel fa] Az o ARlaS sl AL
L3 gk F ol iz b ¥
$EL K fﬁ%"’ﬂ"ﬂ” HAE Zloltt, Q.94 8] #] ¢ xof
2] Cd &= 1 ppm °o)akal °l, L ef4-2-2 ANF
Proloh ! dnbd o 2 Cds} Zn x| sheba{l A
= o] FAe nliz AL JAh ofelgelirl
Zn/Cdul7} 900 Azelar ghoh 2REARe] 3R}
etolejel] 20~90 ppme] Cdol d-f=fof glo] ==

*
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ol Al Ao o] FEw T
&él vl g 4] wpelab4d #lel 50~ 170 ppm, Al 1%
L3ha] 5ol 5~7 ppme] §-fxle] gle] A4k wls

AREEE W) ofol] s A Al ek 1968+ ol
wmiigge] misglil fdoll A AgEl lrai-Ttasie] 15IA
P el obed glvh Cd¥ e ek s
L ‘v‘ﬂ’ﬂ yicdio] g ghekar ghvl Cdel ki
ol 218F F43= Znell ofs) #H-9-xlch™ 2] et
SRk el ‘W = YR F CdEeERE 1 ppm° [}
FrABET ek eliellA o] g HiEo R UK 1
ppm, FIA 0.9 ppm, wi=kzeldi= & 0.1 ppm
(rejection levels) o2 FF4l| %] 7} Al x]o] g9l o}, df
tpre) Frlel| Mz ol & 7Rl il FAbEel el
ARSI 1A oF Al eln) ek Al wE A
7kl 4 monitoring& A 33k 9)em FAO/WHO+=
A A A eks A u) oleb 7 ] Cd

e Ld% ebyl= olx &k A7) gl A
2 opuxub, oAl AgEh Cdghake] 25 ppmelAte!
uf o] :fre] i ivhar ekedy gluph”

olom, wgh

m{m Jlu r_d lo

et 4

4) F=(Cuyde

ok o] Wl (.436~3.002 ppmyd 2, T
< 1.22 ppme] it 1°T Se] ZAfell A HW\ u.“ﬁ
("4‘3)‘)"] Hat gheke 4.00 ppmATh & 5] 2A
o &3l GiEH °:‘_ sie] =i+ ghfEk2- 5.708 ppm
e}, o] xjode] o g Wwl 2.9o] H[F egf’ AF
eojc), wEEeF o ®l$l= 0.379~0.955 ppm
B (.55 ppmoiu} 1989 A Hily BTN u;\
BRR7E @A slebRale] whiEoke] Ha K?T’.‘%Eiﬁ
fiHel elsbad s gk 3.06 ppm3it). E3A) F|
A& o - moke) ghekd AIKIAERL olstolut. &
o] A% 4 Algel A Curb A& e, WHi= 0.
553~1.7h ppme] 7, 2 1.111 ppm<ieh 2o 7
o= gildme) Aol =HEFI vlasl Abslelqdct
19900 2™ FAl2} v]wEhH (0.086~1.359 ppme|
slar, HetE 0.785 ppmelsdel. 1994 7 599 =
A}k 7 et skl #9)is 0.06~11.85 ppm%aL, 3
& 0.07 ppmich BxALe} S wlaahd Y,
zwge] zabHcl g A vsich F¢ AF A
A5l Curt gatiEledoh, W9le 0.734~5.52
ppm& 3, HFL 2.909 ppmeislet. F2] A= A
Emo] gkl A3 s AoE yebdrh
19908 22?0 Falell ¢]3hwl 2.732~8.349 ppmsd
A1, H-2 3.934 ppmArt. 199413 7 592 Al

A g9 HeE 0.03~6.33 ppm Q3 HHFS 247
ppm&itt. &, wwEokn F wkmokke| FHEG 1ol A
B rRokaFe| &2F HESH WSItH(P=0.069).
aeul F, PRkl A SttHP=0.
292), Aol 4] Zhxjedd EAA FEMS ddtHF=
0.9590, P=0.4313). M % 7t il A 1

M2 g rhF=1.0815, P=0.3795). SA&4, =

B, QbR B AT AT e 1GHE F A

(e}
ol F S o7l Fele AR #A) 2
AN, 7] S Do) e 24 3~

9.1 ppm, >l 2.2~6.8 ppmel 4 A= 3le
v, 738 24 9 tyrosinase, catalase®} 2.2
A FEO e $8g 7] Ak ® Cuss 2 Ao, 232
o} ol 10~30ppm, EdPel  20~400 ppm
(Underwood, 1962)°] 4~Fo& Ff=lo] slcka
woaslel qlok, Ut Heisle] Cus REESR A}
ol gtx, WA Aol Rkl HrHRE AR
el el dlEFel T ko] whE wlol = itk
gidio] AE ol fidgell ERNS 71XA 2
th FAO/WHOS®| 715l whet =5ofel4] 0.IN-
HCY afiafhe 125 ppmelate] 3H5-so] ¢l-g o
= Cu i Mo 2 st glov, Srge]
Folli= 3 ppmeldtE A sk ek Cue i
7‘\‘”\ Grite] 20 ppmA =2l ol fEWrtsEe] slAbelA

- 4% e Cusxot 0.1 ppmel i o = Ky
,] el oha A Rsi Al ghep

5) oFd (Zn)hs

wEokel el 0.671~3.902 ppm 3, HS
1.476 ppm&dch. # 579 AP B SR =ERE
gh)o] 9-F &S 4.36 ppmoliel. & FU0) RAb

o ojstl Ar|x Fit FH-F 4.821 ppmelsith
ek Wl 0.936—~8.984 ppmelglar, S 3.
256 ppmol sl #2] A& A Al HE=A
onf, W= 286~7.28 ppmyirt. HFLS 5.297
ppm%A 3, 47 @o] v]gt Fxolrh. 1990% Fo*
ZAbe} vl ek W= 4.492~16.165 ppmy 3L, 3
- 9.711 ppme)&ith. 19943 7] 599] Falel] 9
bl w9l 3.50~24.15 ppmA L, FFS 10.90
ppmel|ich. B-EAle} wlwshd Hatghe] £, Y
o] Hargk Bop oA el Fe Aew A A
ReollM &= o, W 5.96~19.08 ppmelst
o}, }FZES 10.408 ppmelsly, ZHEme] FARR|
Sl A 2| &2 viehygt} 1990%_ ZFo|¥zxAle} vln
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Table 8. Maximum levels and provisional tolerable weekly intake of contaminants in food by the Codex Al-
imentarius Commission. (Unit: mg/kg body-weight)

Contaminant Maximum level
1 week Hg(total mercury) 0.005 provisional tolerable weekly
intake for humans
Pb 0.05 ”
Cd 0.007 ’”
1 day Cu 0,05~0.5 maximum acceptable daily load
(provistonal)
Zn 0.3~1.0 ’”

Source: 1) List of maximum levels recommended for contaminants by the Codex Alimentarius Commission, FAO/
WHO, Rome, 1984.
2) Diatary intake, levels in food and estimated intake of Cd, Pb, Hg by the Joint FAO/WHO Codex Com-
mittee on Additives and Contaminants, Hague, 1990.
3) Evaluation of certain food additives and contaminants by the Joint FAO/ WHO Expert Committee in
Food additives, WHO Technical report servies 776. 1989.

Table 9. Rice intake of trace metals in Ulsan area. (Body weight: 60kg)

Detection  Daily intake  Average PTWI**  Estimation of Maximum level (1)/(2)x
range and of rice per weekly daily intake of of daily intake 100
Element mean a person intake metals from  of metals for a
rice(1) person(2)
ppm g ug/kg bow  ug/kg b.w g Hg %
Hg 0.003~0.016 337.2 0.28 5.0 2.36 42.86 5.5
0.007
Ph 0.027~2.58 ” 16.76 50.0 143.65 428.6 33.53
0.426
Cd 0.103~0.001 ” 0.551 7.0 4.72 60) 7.87
0.014
Cu® 0.553~1.76 " 43.71 350.0~ 374.63 30,000 1.24
1.111 3500.0
Zn* 2.86~7.28 " 208.38 1500.0~ 1786.14 60,000 2.98
5.297 7000.0

* Cu, Zn are expressed ADI X 7 **provisional tolerable weekly intake

spd W= 14.770~46.770 ppm, HF-& 25.878 ol R S Lo v ApEtAl = e,
ppmelsrh. 4 5e] Alel o|3hd W 9)is 5.27~ TE olel gk HRE, FasellA o] el At
30.47 ppm, HH-S 12,98 ppmol i, &, =gk} 23 gle} obed 2 &4 9] 7)1, A A, et
2, wEkRe] Al M &, mEGTES AE 5 el Hhedsle "o vigpdaw, 2F 9 T4
Mol HATHP=0.974). 18] F, WESfoll T 5o Al AdAbol o]l oledd ApgiN
wi 2 ek (P=0.574). oA Zr|d EAH Wb ole}, &, 7] FelE 3w o] alv—tﬂ Abs

M2 5k e o el F=2.4143, P= ol A# 3= olale] ¥ EL e gHE] & 7o

J%/) oleigh Aboliz ZHgwixt A<kl zial 2, T2 A, §57, 2R o2 F5, HAE,
q} Azt FollAl zhrjed 2 A7 ek (F= AFF, FRolA ofade] ghako] Fow, A 4olxi=
1.8248, P=0.1751). o}ad-2 1. o] 4, 7k=g3} A FEE w3k g S5 2F 400~500
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Table 10. Soybean intake of trace metals in Ulsan area. {Body weight: 60kg)

Detection  Daily intake Average PTWI**  Estimation of Maximum level (1)/(2)X
range and of rice per weekly daily intake of of daily intake 100
Element mean persorn intake metals from  of metals for a
rice(1) person(2)
ppm g ug/kg bw  pg/kg bow ug ig %
Hg 0.02~0.108 36.5 0.22 5.0 0.219 42.86 0.511
0.006
Ph 0.038~0.802 " 0.758 50.0 6.497 428.6 1.516
0.178
Cd 0.001~0.029 " 0.043 7.0 0.365 60) 0.61
0.010
Cu* 0.734~5.52 4 12.39 350.0~ 106.18 30,000 0.354
2.909 3500.0
Zn* 5.96~19.08 ” 44.32 1500.0~ 379.89 60,000 0.633
10.408 7000.0

* Cu, Zn are expressed ADI X 7

ppm o ZAT 1922+ 2w, 1938\ 3ol of
ol =g g7lulell Fof ol A% AT 7
E7} odond alAe] #EEdlgl o] -1 ok oF 800
ppme] it ffhzlr i ol Fg|, Wik} o]
otAle] Hlx &, At thatell Jojsl= AT R
o]7 % s}tlr. an TR F4 X8 g, ofdIHgel

o) g¥lzull, 1 ke Bl A Aol ¥
ekl s REle #9718 & 4 el ool A%

of) A}&-%l ofedo] Eihtiol 2 3l ‘““{Jﬁ:_ A L
kel els) tigie] iGHes] 7] ghoh 't Znd dhlipel
g Yol x|wt, 1 ofo] B-& wol= HiEE o
wa% HE i Zndheke 10~ 300 ppm- 24

T 30~50 ppmelch. 5% °l FEHS- Zng 20~
zs ppm°]’2:!’ sl glow 1 ooltellr =
fEik-e JeRdch Al diteE vEble eas
150~400 ppmelAral dl, @] 73 9-olli= fbkb
Feko] oF 1,000 ppmeladed wl kel viehdrhar
ghef

2. B2+ miReRe BE TR
FAO/WHO &% A F37HE E}"FEi%‘Z TR gl A
o o, FhEge] AlE 2] SR 19721 % o]
B 2] Afan FR B e HEAA dd
A3 &g ADDe ek A Beli= JET) IR AT
#r&(Provisional Tolerable Weekly Intake)$
Table 8ol AFE3le] 2 HYEE niwsl =8 253t

**provisional tolerable weekly intake

Qo P oo ube} gl l 3t

S 19) 1205 .50_)\} An|eo e DB Lmau
SEERAS I e T s P

olsb ™ 19l 1% &}% Ecli % =F 337.2g F
F 365 gogA] qrarele] Wit AF- 60 kg o a)
o B, SRR e W e, ol 72l
5o B RS AR Aabe CF Table 9,
100l viebdet.

IV. 8k X £

3]

.971 Xk ZHHHXH gt f:exﬁ
1ol ek vlekgse] SRELE
Akt 5‘_471 7He 94 7%4~95»d 39717
=k geR(487), Win|(2471), F(247)& A A3
t}. Hg, Pb, Cd, Cu, Zng via< & HH*( FigEe
iﬂ%&(ﬁ‘ki&x[ﬂ\ﬁ”&, e BT ABH) 02
skl ok, Aah= o3} el

an

1. T+ HBEE TR

Hgel 7% =EoF 3732 0.06+0.022 ppm,
ol w2 X2 WA o2 (0.076+0.031
ppm, FARG & 2 32] gefel vhEE F3lokEol
0.108 ppmeldct. 24 2dM g HEsA JstokP
<0.05). wEckel HFLE 0.064£0.022 ppmiTt.
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Hol ¥ A2 A=kdo] 0.081+0.016 ppme|
ZARR| A E FH519) ghekal wpoe ka4 Az
o8- 2 (.102 ppmeoldvl. 2k WHF R A7 EskA
e (P<0.01).

Phe] H¢ =Eof '\‘éir%%k-f’; 1.452+0.389
ppm, Fro] & 22 Wadui o 1.69110.433
ppme|givt. FARR| A F FH 12 ‘%Ek"d upg-2 H
3hebS-E 2,379 ppmedvh. b 2|2 fy kA o
S (P<0.01). WEokel  #He- 0.823+0.206
ppm&th o] =& x|l wlxvle] 1.047:+0.
083 ppme]iL, ZAFA & 2 o] ekl vlg& %
k&R 1,133 ppmel vk, 7F i A7 stk
ctHP<0.001).

Cdel A$ wrgF HagaEe 0.026+0.018
ppm, ol & A9 7He, Aubdo] 0.037+0.

313
0 - 1 ]
021, 0.036+0.018 ppmA vk AR5 2 2] &
ghal vhE& AR RS- (0.846 ppm&I Tk 2t X]qi”—']
- 1‘

.~.9; A P=0.3313). nhzeke] w4k
0.0284:0.023 ppm%icl. FFo] & x|dL

SF2 (). ()%+0 023 ppme ok, "*V] g% 5‘]3191
grakel vk 0.089 ppmelivk. 2F Mkl = 458
8}%4(P<o.()01).

Cu®l A% =ES ﬂ‘éﬁ%’%
ppmArt. o] F2 x> Ay
771 ppmelddct, FARR] o Z 5119]
A vbE R 3.002 ppmelich 7 xR 7
2 dgdehP=0.2691). wrzeke] st
140 ppmdct. o] &2 A|de !
608+0.194 ppmeldut, mApr]elE F e 3l
g2 WS R 0.955 ppmel ik, 7F ikl
Fare ¢ sl }

Zne] H$ x
ppm3ich Hitol =&

0.976 ppme|glv}. FAbx] ol # e
& AEUrE R 3.902 ppmieh HEES) i
256+2.130 ppmAv}. Hato| ¥ A& 34w
R 3.767+2.066 ppmel ok, Ji At &
2ol vhe-2 314 0.2 8.984 ppmel el

ol e 7 !5_11:1

L BREEIDF HELE 8B

Hg®) 74-%- %2 Faghak2 0.007+0.002 ppmSd
ch, b 47l A o] ]Sz, Wditinio] & o1
2] grgFel vk T VSR 0.016 ppmel ik 4

Hgle FEE gldch o I 0.006 0.

003 ppm&Ath. Hafe] w2 292 Ak, 4ol
0.009+0.004, ()()()8+()())2 ppme] et #ARR
Z # o] kel vE-2- 0.018 ppmA . 7F HuE! IJ
i3 ﬁ‘-“ kel v P<0). (m
het 749 kel wAbgheke 0.426 £0.659 ppmSd
L}. o] 2 A FARICE 0.961+1.040
ppmaAuh, kg #H e f%‘%“d S8 258
ppmel ek Zb Ao =L {7 el s lrH(P<0.05).
2o a2 0.178 ©0.238 ppmeivl. Hife] =&

Aledg- WA o 1.047 £0. ()8%})})1‘[10]‘3}4, ZA
Al #arel gkl bk 0.802

ppmel ik, Zh ] i {i PR B JLHP<()(%)
Cdel 79 o] goFghed2- 0.014+0.02 ppmad
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