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Abstract

Contents of heavy metals in fruits and vegetables collected from Jinju district of Korea

during June 1980 to March 1981 were determined.

Statistical analysis of the data showed the maximum, minimum, mean and standard devi-

ation for each variable. The ranges of their amounts in fruits and vegetables were lead,

trace~0.802 ppm; mercury,

ND~0.368 ppm; cadmium, ND~0.264 ppm;
ppm; copper, 0.200~3.759 ppm; zinc, 0.327~21.663 ppm; manganese, 0.828~22

arsenic, trace~1.280

.413 ppm; iron,

0.201~32.425 ppm, respectively and the content of chromium was in trace for 4 samples.
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Table 1. Moisture contents of fruits and vegetables

Sample Moisure (%) Sample M01sture (00)
Cabbage 94.5 “ Water celery 93.5
Cabbage®’ 94.2 ! Cucumber 95.9
Spinach 88.4 ‘ Cucumber’ 95.9
Lettuce 94.5 ‘ Tomato 95.4
Lettuce® 93.9 Tomato™®’ 94.8
Radish 93.8 ‘ Pepper 91.6
Carrot 90.7 ; Pepper® 90.7
Sweet potato 70.4 3 Pear 89.5
Onion 90.9 Peach 89.3
Garlic 65.3 89.2

(a) Samples cultivated in vinylhouse

Table 2. Operating conditions of atomic absorption spectrophotometer

Flame condition

Element Avyalysis line Lamp current Slit width
w avelength(mn) (mA) (um)
Cu 324.7 5 320
Pb 217.0 5 320
Zn 213.9 3 320
Ni 232.0 10 40 Air-acethylene oxidizing
Cd 228.8 3 320 fuel lean blue
Mn 279.5 3 160
Fe 248.3 10 80
Cr 357.9 7 160 Nitrose oxide acethylene
fuel rich, red cone 20
mm high
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Table 3. Copper contents in fruit and
vegetable samples

(L nit: ppm)

Content
Sample
Range Mean S.D
Cabbage 0.559~2.081  1.001  0.2524
Cabbage®™ 0.602~3.321  1.802  0.4502
Spinach 1.119~1.681  1.432  0.0848
Lettuce 0.801~1.360  1.112  0.0843
Lettuce®’ 0.200~0.358  0.322  0.0278
Radish 0.562~1.351  0.823  0.1308
Carrot 0.801~2.000 1.211  0.1962
Sweet potato 1.041~1.918  1.331  0.1390
Onion 0.800~1.243  0.951  0.0682
Garlic 1.122~1.921  1.592  0.1198
Water celery 0.879~1.241 1.071 0.0528
Cucumber 0.802~1.037  0.861  0.0413
Cucumber’ 0.200~0.356  0.310  0.0308
Tomato 0.542~1.361  0.602  0.2440
Tomato'® 0.358~0.363  0.351  0.0002
Pepper 1.041~3.759  1.821  0.4494
Pepper-*’ 1.041~1.638  1.343  0.1193
Pear 0.801~1.238  1.0l11  0.0708
Peach 0.885~1.761  1.232  0.1326
Apple 0.801~1.988  1.380  0.1929
Total 0.200~3.759  1.078  0.1444
(a) Samples cultivated in vinylhouse
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Table 4. Lead contents in fruit and
vegetables samples

(L nit: ppm)
Content
Sample e
Range Mean S.D

Cabbage 0.481~1.119 0.852 0.0972
Cabbage™’ Trace~2.201 1.011 0.3309
Spinach 0.482~1.117 0.841 0.0946
Lettuce 0.480~1.117 0. 801 0.0903
Lettuce’ Trace~1.601 0.582 0.2628
Radish 0.801~1.521 0.981 0.1249
Carrot 0.801~0.922 0.831 0.0208
Sweet potato 0.800~1.002 0.890 0.0308
Onion 0.481~0.919 0.711 0.0666
Garlic 0.478~0.837 0.732 0.0582
Water celery 0.481~0.923 0.722 0.0689
Cucumber 0.476~1.121 0.862 0.0967
Cucumber’ 0.801~0. 963 0.906 0.0802
Tomato 0.483~40.684 0.582 0.1197
Tomato®™’ Trace~0.841 0.423 0.1680
Pepper 0.642~1.235 0.871 0.0894
Peppert’ 0.961~1.000 0.981 0.0078
Pear Trace~2.679 1.082 0.393!
Peach 0.483~1.000 0.833 0.0850
Apple 0.642~1.561 1.001 0.1391
Total Trace~2.679 0.825 0.1212

(a) Samples cultivated in vinylhouse

Trace : £0.005 ppm
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Table 5. Zinc contents in fruit and
vegetable samples

(L nit: ppm)

Content
Sample e — e
Range Mean S.D

Cabbage 1.761~4.879 3.347 0.5308
Cabbage’ 3.081~9.180 6.230 0.8784
Spinach 4.483~16.001 8.592 1.8038
Lettuce 3.762~5.921 4.537 0.3492
Lettuce™ 0.601~3.282 2.128 0.4122
Radish 1.924~21.663 10.252 2.8937
Carrot 1.684~4.401 2.769 0.4208
Sweet potato 1.121~4.843 2.681 0.5479
Onion 1.843~4.002 2.943 0. 3259
Garlic 3.761~10.158 6.351 1.0112
Water celery 1.284~3.923 2.982 0.4180
Cucumber 1.285~16.081 5.601 2.6627
Cucumber 0.644~6.123 2.363 1. 0645
Tomato 0.921~2.327 0.813 (.3811
Tomatot’ 0.602~0.645 0.625 0.0088
Pepper 0.721~9.039 3. 641 1.3103
Pepper®’ 1.806~3. 002 2.402 0.2402
Pear 0.327~20.009 7.451 3. 3596
Peach 0.486~16.188 4.910 2.6130
Apple 0.367~15.278  4.421 2.5162
Total 0.327~21.663 4.252 1.1874

(a) S'\mple< Lultlvated in vinylhouse

#I e QB A Fale] BEE 0.24(0.07~0.
38) ppm, 2o}ol] 3 F 0.08(0.00~0.01) ppm, Er}Eo
3 0.09(0.02~0.32) ppm, w} Fe] 3F 0.57(0.06~
2.26) ppm, -F%-ol J7 0.33(0.03~0. 79) ppm, =}

o] 3F 0.13(0.04~0.25) ppme] YA L 4= ¢l chx
i_z_ﬁ}ﬁ‘ib}.
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Table 7¢14] 2& wlo} o] 42 ek =jzke]y
w3 E A8 df5e ik

K 50 A3l osled T4 2 Tl E FL0)
%4 T 0.038(trace~0.065) ppm, LFut Foll & J T 0.
053(0.029~0.075) ppmo} Ff-=e] glo=, g TV
T34 el T L A A F 0.034(0.008~
0.054) ppm, A&z - 0.027(0.010~0.086)ppm,
o] 3 3 F 0.026(trace~0.029) ppm, & 3 & 0.059
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Table 6. Nickel contents in fruit and
vegetable samples

BN M B aE
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Table 7. Mercury contents in fruit and
vegetable samples

(L nit: rpm)
Lontent
Sample _— S
Range Mean S.D
Cabbage Trace~0.599 0.232 0.0998
Cabbage®’ Trace Trace 0. 0000
Spinach Trace~(. 481 0.222 0.(883
Lettuce Trace~(, 362 0.092 0.0620
Lettuce®’ Trace~0. 362 0. 692 0.0618
Radish Trace~0.596 0.302 0.1196
Carrot Trace T'race 0. 0000
Sweet potato Trace Trace 0.0000
Onion Trace~0.321 0.082 0.0559
Garlic Trace~0.802 0.282 0.3076
Water celery Trace~0. 324 0.080 0.5423
Cucumber Trace~0.357 0.252 0. 0580
Cucumber®’ Trace~0.357 0.122 0.0672
Tomato Trace~0.398 0.102 0. 0688
Tomato™ Trace~0, 367 0.353 0.0026
Pepper Trace~0. 321 0.162 0.0638
Pepper ™ Trace~0. 355 0.181 0.0714
Pear Trace~0.321 0.082 0.0552
Peach Trace~0.392 0.182 0.0725
Apple Trace~0.322 0.082 0.0553
Total Trace~0.802 0.145 0. 09256

(a) Samples cultivated in vinylhouse
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Trace :

Hi

£ APESAA vt
ppmo g ebyion,
2] (trace~1.239 ppm),
2 F(trace~(.388 ppm)s #
299 AzdAE TF A A iolaiﬂlr

B OEDe At
0.055 ppm, =i
0.018 ppm, <F

0.031 ppm,

<0.005ppm, ND : not detected

CEEINPEE

AEAZH AP & doll 2 EFY
4 1~3.5 ppmol stz T gl &
olell WA Fulxm givi.

a2t

=

Fogl ol
EEY T

(Umt ppm)
Content
Sample e
Range Mean S.D

Cabbage ND~0.020 0.010 0. 0030
Cabbage®’ Trace~0.212 0.(59 0.0352
Spinach 0.020~0. 052 0.0637 0. 0053
Lettuce Trace~(. 048 C. 024 0.0064
Lettuce 0.004~10.368 0.204 0.0640
Radish 0.620~0.268 0.044 0.0036
Carrot 0.008~0.040 0.029 0.0052
Sweet potato 0.008~0.020 0.015 0.0020
Onion 0.016~0.028 (1. 020 0. 0019
Garlic ND~0.020 0.017 0.0036
Water celery 0.008~0.032 0.018 0.0036
Cucumber ND~Trace Trace 0. 0000
Cucumber®’ Trace~0.108 0.038 0.0192
Tomato Trace~0.028 0.009 0.0043
Tomato®’ Trace Trace 0. 0000
Pepper Trace~0.020 Trace 0. 0000
Pepper® Trace Trace 0. 0000
Pear Trace~0. 040 0.019 0. 0055
Peach ND~0.048 0.020 0. 0067
Apple ND~0. 040 0.022 0.0053
Total ND~0.368 0.029 0.

7 0.079(trace~1.289)
Wl 2(trace~1.009 ppm), A&
41z} (trace~1.289 ppm),

EET P

A+3) 0.066 ppm, A 3
2ol & 0.013 ppmeo 2 Vebykod,
FA0L W £ (A50:2H)9 HFEA
ppm, ¢0] 0.03 ppm, £=1E 0.02 ppm, =} 0.55 ppm
o7 Baslg.

e Al 1:171 0.06
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Table 8. Cadmium contents in fruit and

vegetable samples
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Table 9. Manganese contents in
fruit and vegetable samples

(Unit: ppm)
Content
Sample
Range Mean S.D

Cabbage ND~0. 052 0.021 0. 0081
Cabbage®’ Trace~(. 056 0.042 0. 0092
Spinach 0.050~0.132 0.071 0.0139
Lettuce ND~0. 052 0.021 0.06080
Lettuce®’ Trace~(.240 0.075 0. 0389
Radish Trace~0.264 0.113 0.0379
Carrot Trace~0.132 0. 066 0.0184
Sweet potato 0.032~0. 108 0.045 0.0151
Cnion Trace~(. (68 0.031 0.0116
Garlic Trace~(.128 0.C58 0.0187
Water celey Trace~(. 104 0.028 0.0175
Cucumber ND~0. (02 0.C40 0.0129
Cucumber®’ Trace~0.128 0.044 0.0236
Tomato 0.052~0.152 0.052 0.0243
Tomato™ Trace~0.(34  0.028  0.0102
Pepper ND~0.204 0.110 0.6305
Pepper®’ 0.050~0.C4 0.052 0. 0008
Pear ND~0. 100 0.021 0.0168
Peach ND~0. (92 0. 044 0.0129
Apple ND~q. 083 0.024 0.0147
Total ND~0.264 0.049 0.0172

(a) Samples cultivated in vinylhouse
Trace : <0.005 ppm, ND : not detected

(Unti: ppm)
Content
Sample N JE
Range Mean S.D

Cabbage 3.211~6.412 4.310 0.4982
Cabbage®™’ 2.029~5.402 2.574 0.8331
Spinach 3.625~11.231 7.224 1.9276
Lettuce 1.232~17.213 10.115 1.4817
Lettuce™’ 1.802~11.801  6.356 1.4474
Radish 2.831~6.812 4.325 0.6002
Carrot 1.625~3.642 2.635 0.3326
Sweet potato 4.425~7.214 6.218 0.4288
Onion 2.841~22.413 9.619 3.(815
Garlic 2.322~2.841 2.6C7 0.0901
Water celery 6.418~20.001 16.122 2.2395
Cucumber 0. 828~2.041 1.323 0.1771
Cucumber’ 0.881~1.522 1.269 0.1115
Tomato 1.611~2.012 0.907 0. 3660
Tomato™’ 1.809~5.021 3.415 0.6424
Pepper 2.012~14.831 5.919 2.0898
Pepper® 3.221~7.044 5.1i2 0.7648
Pear 0.871~2.023 1.232 0.1928
Peach 1.212~1.651 1.422 0.0839
Apple 0.871~2.414  1.628  0.2182
Total 0.828~22.413 4.717 0.9304

(a) Samples cultivated in vinylhouse
Trace : £0.005 ppm, ND : not detected

Table 9ol 4] R ube} o] whkof @aFg Al A=
o] = F-zke] 4.717(0.828~22.413)ppme] ¢l o=, =i}
2} (6.418~20.001 ppm), °F=t(2.841~22.413 ppm),
A2 (1.232~17.213 ppm) 7} ¥ 24 Bm2FE IFH3
o o5 20](0.828~2.041 ppm), E=+E(1.611~2.012
ppm)7b H7EE obF AHA EREm dgivh. ¥ F
A2E9 BEsAAge] & Aoz ot Ao ¢ A&
wel wke) -] ARk Aelsb gl ez 4
255 594 sty BEW AU} 3.08152 A v 4
23t w2k ke Aol & el gl

B 5P AT Z ZMIH TARE A Bl A dae] &
FE FAY A, v FFE 10.106(1.833~17.077)
ppm, Ax FHF 6.228(1.565~12.962) ppm, A &3]
3 8.277(3.773~12.118) ppm, Wl § HF 1.860
(0.941~6.386) ppmo 2 ¥ A Ao} v 7 S
et g oo, i 599 Axe A 5.92(3.03~

10.98) ppm, s§F 2.04(0.53~8.72) ppm, F% 15.56
(0.46~28.37) ppm, oks} 1.81(1.37~2.34) ppmo 2
Fsb ofvbe 2 AdY Aslele Ak A et

|

Table 106l 4] 2gelef 3bo] A T2 Aal A 5o
W gk 3 Fghol 8.255(0.201~32.425) ppmo] gl o=
A 8% u e (10.801~22.403ppm), F-$(4.081~32.
40 ppm)7t A 2 F& ¢3S vehlgles EalE
(0.361~1.221 ppm), E%50}(0.631~2.435 ppm), 4}
= (0.217~2.843 ppm) 7} ¥l A .29 AL i
shgd et

Barakat 5®".& 14 79 A4 A4 60HL A
Hate A gIe 2F¢ A5 AF A E 0.9100. 11~
2.11) ppm, °F=z} 3 F 3.81(0.52~5.27) ppm, % 33
# 1.98(1.01~2.73)ppm, Az 7 3.82(3.41~4.2
3) ppmo g ¥ AgASR A,
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Table 10. Iron contents in fruit and
vegetable samples

(Umt ppm)

FHTT S B EOBAE

Content
Sample
Range Mean S.D

Cabbage 5.223~15.612  10.618 1.4714
Cabbage™ 4.815~22.441 10.419 2.8246
Spinach 12.019~28.417  19.916 3.1731
Lettuce 2.032~32.425 11.324 5. 1380
Lettuce® 6.391~19.279  12.342 1.8747
Radish 4.0G81~32.400  14.026 4.3543
Carrot 4.452~15.625 9.728 1.5859
Sweet potato 2.021~10.818  4.733  1.4436
Onion 3.215~21.231  12.118 2.7042
Garlic 1.231~6.024 3.027 0.7282
Water celery 10.801~22.403 16.619 1.6416
Cucumber 0.891~16. 427 7.337 2.6358
Cucumber=’ 01964~16. 001 8.485 2.4558
Tomato 0.361~1.221 0.397 0.1990
Tomato™ 2.80~2.799 2.842
Pepper®’ 0.403~25.213 8.037 4.0344
Pepper® 6.839~8.161 7.501 0.2636
Pear 0.201~8.415 3.259 1.3354
Peach 0.631~2.435 1.127 0.3363
Apple 0.217~2.843 1.239 0.4326
Total 0.201~32.425 8.255 1.9316
*Ear)ﬁs:;nple;cﬁulitl;atre;i n v m(lbouse 7

2 AR A, 5, nF FL obF £ o8
EHAE Vel T:Hl ol 3L EA 5 37iel A
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L AgAA 28 Fare AFA L Al AR
142 2.8 ¢l 0.112 ppms} 0.198 ppmo] vhebyt
L, g nEel e Az 164 B4 A= gs
som 289 AgelAde A29A ggd.

Zawadzka®V 7} Flrol A 604 2] & o 2f
oA 289 e G A 2% 6%t 2%
o] o9 g
4 134

Sl 2 ekl trace~0.075 ppmo] ¢l o=

" 2 vh4

B arEoll & trace~0.200 ppm
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2 bk % 3 wRsged 2 Anad 4
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T sl B old o%e

T, 7t=F, @
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EN S T%'—'T
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