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Abstract

Study of cadmium and lead contamination in the orchard areas was conducted in 2017-
2019 by randomly sampling soil and mangosteen samples in Nakhon Si Thammarat, Surat Thani
and Chumphon provinces to analyze the amount of heavy metals in the soil and mangosteen
products as well as various basic soil properties. The results shown that, the amount of lead
(Pb) in mangosteen planted areas in Nakhon Si Thammarat province ranged from 1 to 36 mg
kg. Whereas in Surat Thani and Chumphon provinces, it was found in the range of 9-35 and
3.4-32.6 mg kg'l. While the amount of cadmium (Cd) in mangosteen planted areas in Nakhon
Si Thammarat, Surat Thani and Chumphon provinces were found in nd.-0.6, 0.3-1.8 and 0.02-
1.07 mg kg, respectively. These data indicated that Cd and Pb content in soils were not
exceeded the maximum allowable concentration for Cd (1-3 mg kg) and Pb (100-300 mg kg™)
in agricultural soil. Therefore, this study does not conduct a study to reduce the accumulation
of Cd and Pb in mangosteen grown in contaminated areas.

The concentration of Pb in mangosteen products in 3 provinces was found in the
amount not different, average concentration <0.002 mg Pb kg fresh weight. This illustrated
that Pb concentration in mangosteen products not exceeded the maximum allowable in food
of Codex (0.1 mg Pb kg™). While the concentration of Cd in mangosteen products collected
from Nakhon Si Thammarat, Surat Thani and Chumphon provinces were in the range of 0.007-
0.09, 0.03-0.06 and 0.006-0.06 mg Cd kg fresh weight, indicated that Cd concentration in
mangosteen products at some areas were exceeded maximum allowable standard Cd

concentration in food of China (0.05 mg Cd kg™). Therefore, the mangosteen planted area that
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detected Cd contamination in the product exceeded the standard, ongoing monitoring and

surveillance should be taken to prevent and reduce Cd contamination in mangosteen products.

Key word Heavy metals, Cadmium, Lead, Mangoseteen
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M5 1 YSinadlavevdnviaualufiudgndenn Aseduaugdn 0-50 wudiuns Tuiuiid1sia damin

UATATETINIY
No. Location (47P) Toxic metals in soil (mg/kg) Plant nutrient metals in soil (mg/kg)

X Y Cd Pb As Cu Zn

1 599168 969883 0.52+0.08 11.5+0.2 16.1+2.7 4.6+0.5 28+5
2 590879 965206 0.38+0.05 9.0+0.6 13.2+1.9 2.9+0.5 20+3
3 591039 965334 0.37+0.05 8.6+0.6 12.6+1.9 2.9+0.2 19+3
4 591022 964282 0.26+0.04 7.5+0.4 9.9+1.5 2.1+0.4 19+4
5 589154 960850 0.14+0.01 6.5+0.4 7.2+0.7 1.4+0.1 13+2
6 588966 961175 0.16+0.03 6.9+0.4 7.5+£0.9 2.3+0.8 14+1
7 589115 960507 0.12+0.11 6.7£1.2 7.8+2.7 2.1+0.7 19+2
8 589074 960331 0.11+0.03 7.2+0.4 7.8+0.8 2.5+0.2 24+4
9 588896 960100 0.08+0.02 6.8+0.2 7.6+0.6 2.4+0.5 49+4
10 587166 959209 0.01+0.02 3.8+0.4 5.8+0.7 0.9+0.3 18+3
11 590389 922998 0.44+0.06 8.9+0.3 16.6+1.9 1.9+0.5 24+2
12 592208 924386 0.42+0.18 10.7£1.9 18.1+£3.3 2.6+1.4 2143
13 588603 928604 0.07+0.10 55+2.4 8.8+2.5 4.7+1.2 44+11
14 586909 931595 0.05+0.02 3.2+0.3 8.7+0.7 2.8+0.6 35+3
15 587652 930516 0.04+0.04 4.4+0.6 6.3+0.9 3.2+0.4 39+7
16 576538 972353 0.20+0.04 5.2+19 9.3+0.9 0.8+0.5 19+4
17 576573 972072 0.63+0.14 36.7£16.6 19.9+4.9 16.1+8.9 35+10
18 576122 971189 0.02+0.02 6.6+1.3 3.7£0.5 1.7+1.4 17+3
19 588075 952017 0.02+0.03 1.0+0.4 1.7£0.5 0.3+0.1 1.1+1
20 593635 937542 0.09+0.09 5.0+0.9 5.9+2.8 3.0+1.1 8+2
21 592586 938775 0.23+0.06 3.7+0.3 9.8+1.7 5.1+0.8 14+2
22 592239 938910 0.10+0.06 1.4+0.3 5.4+1.6 1.1+0.4 3.1+1
23 589856 939345 0.17+0.09 3.9+0.9 8.6+3.3 3.7+1.6 17+7
24 591698 939352 0.52+0.10 12.5+£0.5 16.3+2.4 5.0+0.6 34+3
25 598824 969662 0.5+0.10 12.4+1.5 16.8+3.3 4.6+0.7 31+6
26 598747 969669 nd. 3.2+15 3.6+1.4 3.1+1.0 43+8
27 584795 928752 nd. 4.4+0.7 4.1+0.4 2.0+0.7 35+4
28 585866 928472 0.02+0.02 5.1+1.0 6.6+1.2 3.7+2.8 52+12

Min. nd. 1.0 1.7 0.3 8.0

Max. 0.63 36.7 19.9 16.1 52.0

EU standard A 1-3 100-300 - 100 300

Thai background 8 0.15 55 30 a5 70

U dl
BAANNUN ¢

A Commission of the European Communities (CEC, 1993)

B Zarcinas et al. (2004)
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M5 2 USunaulavevidnnamualufudgniisgm

A o

=

A 0-50 WURLAT TUNUNH1529

NITAUAINUA
e inasIug 3511
No. Location (47P) Toxic metals in soil (mg/kg) Plant nutrient metals in soil (mg/kg)

X Y Cd Pb As Cu Zn
1 544795 987084 0.82+0.34 13.0+2.8 19.6+£5.5 1.6+0.4 12+2.3
2 546387 985969 0.84+0.10 17.9+2.2 20.9+2.6 2.7+0.4 16+0.9
3 541524 972498 0.79+0.15 12.7+0.9 19.9+3.2 7.9+4.3 30+4.8
[ 541189 972212 0.86+0.26 14.5+0.8 21.6+.2 9.5+5.2 30+1.5
5 543758 974329 0.32+0.12 12.6+2.5 8.7+3.0 5.8+3.5 21+3.2
6 536418 983296 1.23+0.07 14.4+0.8 32.3+1.7 6.5£1.5 45+4.9
7 535904 983205 1.48+0.11 159+1.1 39.0+2.5 6.2+1.0 46+1.6
8 544795 986912 2.44+0.22 35.1+8.1 66.5+6.3 6.5+£2.0 37+9.1
9 541576 972663 0.43+0.15 11.8+1.4 16.5+4.0 9.1+5.8 29+2.9
10 545339 981402 0.70+0.20 9.3+0.7 24.0+3.4 3.4+0.7 26+3.0
11 536785 982984 1.82+0.29 18.8+3.2 48.3+4.3 10.2+3.6 65+11
12 536340 983156 1.47+0.12 17.6+1.1 39.9+3.5 6.8+0.3 54+3.6
13 535524 984308 0.94+0.11 13.3+1.0 27.0+2.9 7.3+1.8 43+6.3

Min. 0.32 9.3 8.7 1.6 12

Max. 1.82 35.1 66.5 10.2 65

EU standard # 1-3 100-300 - 100 300

Thai background & 0.15 55 30 a5 70

WAL

A Commission of the European Communities (CEC, 1993)

B Zarcinas et al. (2004)
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No. Location (47P) Toxic metals in soil (mg/kg) Plant nutrient metals in soil (mg/kg)

X Y Cd Pb As Cu Zn
1 509302 1100822 0.38+0.07 13.3+0.4 14.6+2.3 6.9+0.6 30.1£3.1
2 510732 1100982 0.76+0.02 18.2+0.9 25.1+0.8 13.1+0.6 60.5+0.6
3 505123 1098302 0.31+0.08 9.9+1.4 11.6+2.9 4.7+0.4 26.1+0.3
4 505140 1098584 0.40+0.08 15.2+2.5 14.6+2.5 5.6+0.4 31.6+2.4
5 505664 1099228 0.45+0.08 12.6+0.4 15.6+2.3 6.8+1.0 34.8+2.9
6 508185 1099133 0.41+0.07 13.6+0.3 14.8+2.2 8.5+1.7 47.3+10.4
7 490210 1098159 0.02+0.01 5.0+£0.7 3.4+0.2 2.1+£0.7 14.2+2.8
8 490500 1099567 0.07+0.04 15.9+0.6 6.2+0.8 7.3+2.1 31.0+4.1
9 490600 1098782 0.05+0.03 8.2+1.5 4.6+0.9 3.0+1.4 13.5+3.8
10 491249 1094365 0.22+0.03 12.3+0.9 10.0+1.4 9.0+2.1 26.2+4.7
11 491194 1095078 1.07+0.68 14.8+4.4 32.6£7.5 12.1+4.3 32.0£6.9
12 509207 1100813 0.61+0.08 15.9+1.2 21.3+2.0 12.0+0.5 52.7+1.9
13 511245 1100996 0.42+0.13 12.3+2.4 15.9+3.6 9.2+2.2 41.1+8.8
14 510949 1101012 0.38+0.14 11.7+2.5 15.2+3.7 8.4+2.0 39.1+9.2
15 507292 1099452 0.59+0.19 15.7+1.7 20.8+£5.0 12.0+1.3 49.9+5.2
16 503170 1097717 0.59+0.10 13.5+0.8 20.3+2.7 9.0+0.8 37.7+2.6

Min. 0.02 5.0 3.4 2.1 13.5

Max. 1.07 18.2 32.6 13.1 60.5

EU standard # 1-3 100-300 - 100 300

Thai background & 0.15 55 30 a5 70

U dl
BAANINUN ¢

A Commission of the European Communities (CEC, 1993)

B Zarcinas et al. (2004)
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No. Location (47P) Toxic metals (mg/kg)
X Y Pb Cd As
1 599168 969883 < 0.006 0.02 0.05
2 590879 965206 < 0.006 0.02 <0.02
3 591039 965334 < 0.006 0.02 < 0.005
4 591022 964282 < 0.006 0.02 <0.02
5 589154 960850 < 0.006 0.03 0.03
6 588966 961175 < 0.006 0.02 <0.02
7 589115 960507 < 0.002 0.05 0.02
8 589074 960331 < 0.006 0.03 < 0.005
9 588896 960100 0.007 0.04 0.04
10 587166 959209 < 0.006 0.02 < 0.005
11 590389 922998 < 0.002 0.03 < 0.02
12 592208 924386 < 0.006 0.02 0.05
13 588603 928604 < 0.006 0.09 < 0.02
14 586909 931595 < 0.002 0.02 < 0.005
15 587652 930516 < 0.002 0.03 < 0.005
16 576538 972353 < 0.002 0.007 < 0.005
17 576573 972072 < 0.002 0.01 < 0.005
18 576122 971189 < 0.006 0.05 0.04
19 588075 952017 < 0.002 0.01 < 0.02
20 593635 937542 < 0.002 0.01 0.05
21 592586 938775 < 0.002 0.009 0.05
22 592239 938910 < 0.002 0.008 0.03
23 589856 939345 < 0.002 0.008 < 0.02
24 591698 939352 < 0.002 0.01 <0.02
Standard  Codex 0.1 -
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No. Location (47P) Toxic metals (mg/kg)
X Y Pb cd As
1 544795 987084 < 0.002 0.03 < 0.02
2 546387 985969 < 0.002 0.06 0.02
3 541524 972498 < 0.002 0.06 0.02
4 541189 972212 < 0.002 0.04 0.03
5 543758 974329 < 0.002 0.04 0.05
6 536418 983296 < 0.002 0.04 0.04
7 535904 983205 < 0.002 0.04 < 0.02
8 544795 986912 < 0.002 0.03 0.02
9 541576 972663 < 0.002 0.06 0.03
10 545339 981402 < 0.002 0.06 0.05
11 536785 982984 < 0.002 0.04 0.04
12 536340 983156 < 0.002 0.03 < 0.02
13 535524 984308 < 0.002 0.04 0.03
Standard  Codex 0.1 -
EU - 0.05 -
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No. Location (47P) Toxic metals (mg/kg)




X Y Pb Ccd As
1 509302 1100822 < 0.006 0.02 < 0.02
2 510732 1100982 < 0.002 0.06 0.04
3 505123 1098302 < 0.006 0.03 < 0.005
4 505140 1098584 < 0.002 0.02 < 0.005
5 505664 1099228 < 0.006 0.01 0.06
6 508185 1099133 < 0.002 0.02 0.05
7 490210 1098159 < 0.002 0.02 < 0.005
8 490500 1099567 < 0.006 0.01 < 0.005
9 490600 1098782 < 0.006 0.01 < 0.005
10 491249 1094365 < 0.002 0.02 < 0.005
11 491194 1095078 < 0.002 0.006 < 0.005
12 509207 1100813 < 0.002 <0.006 < 0.02
13 511245 1100996 < 0.002 0.02 < 0.005
14 510949 1101012 < 0.002 0.03 < 0.02
15 507292 1099452 < 0.002 0.007 0.04
16 503170 1097717 < 0.002 0.02 0.04
Standard  Codex 0.1 -
EU - 0.05 -
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No. Location (47P) Texture pH oM Avai. P! K? Ca’ Mg ? Cu?’ Zn?
X Y (1:1) (%) mg/kg mg/kg mg/kg mg/kg  mg/kg me/kg

1 599168 969883  Clay loam 43+0.2 1.1x0.6 121+£105 102+17  157+27  26%1 0.51£0.38  0.79+0.55
2 590879 965206  Loam 43+0.1 1.0£05 1110 18+4 138 10+6 0.61£0.67  0.32+0.32
3 591039 965334  Sandy loam 4.4+0.2 0.8+0.5 12+10 21+4 49+24 18+5 0.21+0.11  0.28+0.19
4 591022 964282  Loam 4.4+0.1 0.9+0.6 615 24112 129 10£7 0.15+0.04  0.21+0.10
5 589154 960850  Loam 45+0.1 09206 5%2 205 49+28 25+11  0.12+0.01  0.22+0.16
6 588966 961175  Sandy clay loam  4.5+0.1  0.9+0.5 44+15 30+16 92+43 13+12  0.35+0.27 0.75+0.78
7 589115 960507  Sandy clay loam  4.5+0.1 1.2+04  11+7 25+12 69+28 25+10  0.17+£0.07  0.36+0.27
8 589074 960331  Sandy clay loam  4.4+0.1  1.3x0.7 73 27+8 100+31  42+29  0.24+0.12  0.53+0.38
9 588896 960100  Clay loam 4.1+0.1 1.1+£0.5 14+11 34+8 101+27 3048 0.28+0.19  1.11+0.51
10 587166 959209  Clay loam 4.2+0.2 1.3+0.6 13+12 32+6 89+10 24+11  0.15+0.10 0.54+0.43
11 590389 922998  Sandy clay loam  4.7+0.3  1.2+0.5 17+23 45+18 81+35 21+13  0.17+0.12  0.28+0.18
12 592208 924386  Clay loam 45+0.1 1.2+0.5 1247 29+5 45+57 15+9 0.28+0.22  0.55+0.33
13 588603 928604  Sandy clay loam  4.7+0.3  1.4+0.7 96+48 99+68 362+ 51+38  0.71+0.53  0.89+0.91
14 586909 931595  Sandy clay loam  4.7+0.2  1.5+0.2  28+20 55+12 189+37  30+11 0.22+0.07  0.40+0.17
15 587652 930516  Loamy sand 5.1£0.3 0.5+0.3 60+20 32+16 156+£39 256 0.24+0.08  0.23+0.09
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16 576538 972353  Sandy clay loam  4.5+0.2 1.8+0.8 14+3 18+8 28+6 8+6 0.11£0.06  0.42+0.39
17 576573 972072  Sandy loam 48402 1206 2«1 28+14 83+49 44+12  0.76+0.39  0.49+0.23
18 576122 971189  Silty clay 4.6£0.1 09+0.4 101x70 46+12 95+18 15+8 0.42+048 1.28+0.88
19 588075 952017  Sandy clay loam  4.3x0.3  1.1+0.8  7+2 8+6 10+4 7+5 0.06+£0.02  0.29+0.14
20 593635 937542  Sandy loam 4.2£03 1.0+1.2 5+£3 15+5 16+10 8+5 0.32£0.12  0.35+0.19
21 592586 938775  Silty clay loam 43+0.3 1.4+0.7 75+23 1445 25+19 9+6 0.65+0.44  0.54+0.33
22 592239 938910  Clay loam 4.4+0.5 0.7£0.6 65 T+3 1145 5+3 0.06+£0.03  0.42+0.34
23 589856 939345  Sandy loam 44+0.6 1.3+0.9 10+9 19+11 128+22  46+24 0.31+0.19  0.42+0.28
24 591698 939352  Loam 48+0.3 1.0£0.4 72+28 115498  209+50 40+26 0.60+0.47  3.84+0.65
25 598824 969662  Clay loam 50+0.2 0.8+0.3 1249 38+18 58+46 33+13  0.36+0.08 1.11+0.83
26 598747 969669  Loam 44+03 1.2£0.5 69+26 85+35 193+37 3518 0.64+0.51  1.83+1.00
27 584795 928752  Clay loam 45+0.2 1.0£0.4 103+27 105481  165+51 33+21 0.50+0.16  1.47+0.78
28 585866 928472  Sandy loam 50+0.6 0.6£0.3 1249 30+11 408+46 3121 1.19+1.28 1.17+0.88

Min. 4.1 0.5 2 7 10 5 0.06 0.21

Max. 5.0 1.8 121 115 408 51 1.19 3.84

Note: ! Bray Il method, 2 1N NH,OAc. extraction method, > DTPA extraction method
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No. Location (47P) Texture pH oM Avai. P K Ca Mg Cu Zn
X Y (L:1) (%) mg/kg mg/kg mg/kg mg/kg  mg/kg me/kg

1 544795 987084  Sandy clay loam  4.0+0.1  1.4+0.6 6%4 29+24 19+13 8.6+4 0.17£0.06  0.33+0.28
2 546387 985969  Sandy loam 4.2+0.1 0.8+0.2 944 22+6 27+12 T7.7+4 0.30+0.09  0.26+0.13
3 541524 972498  Sandy clay loam  4.0£0.2  1.4+0.5 12686 53+35 133+11 1246 1.23+0.87  1.16+0.82
4 541189 972212 Loam 4.1+0.1  1.1+1.0 47+10 38+19 115457  27+14  1.56+0.98  0.62+0.32
5 543758 974329  Clay loam 43+0.2 1.0£0.9 1416 45+28 187+26  41+23  1.14+0.81  1.07+0.70
6 536418 983296  Clay loam 4.1+0.1 1.7£0.2 31+24 52422 164+16  55+25 0.75+0.36  1.33+0.55
7 535904 983205 Clay 4.2+0.2 15102 13+4 62+12 204+21 54122  0.62+0.36  1.06+0.83
8 544795 986912  Clay 4.2+0.4 1.4+05 4+2 37+10 145£59  18+4 0.42+0.36  0.77+0.53
9 541576 972663  Sandy clay loam  4.4+01  0.9+0.5 97+45 34+16 64+25 10+4 1.73+1.57  0.38+0.11
10 545339 981402  Sandy clay loam  4.3+0.2 1.1x0.3 17x16 47+11 71+£59 22+14  0.20+0.16  0.32+0.13
11 536785 982984  Clay loam 4.4+0.2 1.4+0.7 10121 23625 39734 96157 0.71+0.66 1.31+1.11
12 536340 983156  Clay loam 4.1+0.2 1.2+05 94 90+66 75156 249 0.31+0.15  0.71+0.30
13 535524 984308  Clay loam 4.6+0.2 1.0£0.5 24+20 60+28 218494  46+26  0.75+0.43  1.30+0.94
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Min. 4.0
Max. 4.6

0.8
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No.  Location (47P) Texture pH oM Avai. P K Ca Mg Cu Zn
X Y (1:1) (%) mg/kg mg/kg me/kg me/kg me/kg me/kg
1 509302 1100822  Clay loam 4.3+0.30 1.5+0.9 78+25 85+49 146+35  39+13 0.4+0.3 0.9+0.5
2 510732 1100982  Silty clay loam 4.7+0.05 1.4+05 746 19+11 173+39 12545 1.2+0.2 1.9+0.2
3 505123 1098302 Loam 4.7+0.16  1.1+0.3 120433  49+3 147+37  48+26 0.5+0.3 29+3.5
4 505140 1098584  Clay loam 4.3+0.03 1.2+0.8 49+16 79+39 171+60  69+24 0.5+0.1 1.2+0.3
5 505664 1099228  Clay loam 4.6+0.41 15+1.1 72462 84+39 295+41  92+62 0.8+0.6 29+2.6
6 508185 1099133  Clay loam 4.8+0.58 1.3+0.8 159+28 132+37 326+71 104+34 1.2+0.04 10.1+0.5
7 490210 1098159  Loam 4.4+0.02 1.1+0.6 1648 21+1 16+7 12+5 0.2+0.05 0.4+0.2
8 490500 1099567  Clay loam 4.7+0.14  1.3x0.7 343 28+14 119435  51+11 0.7+0.05 0.6+0.4
9 490600 1098782  Sandy clay loam  4.2+0.26  0.8£0.5 38+29 34+6 21+8 8.5+3 0.2+£0.02  0.3+0.1
10 491249 1094365  Clay loam 4.5+0.02 1.3+0.5 645 25+6 38+15 46+7 0.7+0.04  0.8+0.4
11 491194 1095078  Clay loam 4.5+0.41 1.4+0.6 24+17 65+27 179+21  73+37 1.1+1.03  1.5+1.7
12 509207 1100813  Clay 4.7+0.32  1.3+0.5 17+18 47+16 213+84  104+11 07+0.32 0.9+0.8
13 511245 1100996  Clay loam 4.5+0.21 0.9+0.5 1049 27+20 50+43 60+12 0.7+0.2 0.9+0.4
14 510949 1101012  Clay loam 4.2+0.24  0.8+0.5 22+14 32+15 54+45 40+20 0.6+0.1 1.0+0.5
15 507292 1099452  Clay loam 4.6+0.35 0.9+0.5 34+46 90+46 237+75 158+64  1.2+0.8 24+1.7
16 503170 1097717  Silty clay loam 4.6+0.38 1.1+0.6  61+38 90+47 224+94  51+17 0.7+0.3 1.3+0.8
Min. 4.2 0.8 3 19 16 9 0.2 0.3
Max. 4.7 1.5 159 132 326 158 1.2 10.1
= s a 3 a
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OM (%) <15 1.5-35 >35
(1 AzLUL) (2 AZWUL) (3 ATLUL)
Avai. P (mg/kg) <10 10-25 >25
(1 AzLuL) (2 AzWUL) (3 ATLUL)
Avai. K (mg/kg) <60 60-90 >90

(1 AZLUU)

(2 AZLLUL)

(3 AZLLULU)
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Fe <25 2545 >4.5
Mn <1.0 >1.0
Cu <0.2 - >0.2
Zn <0.5 0.5-1.0 >1.0

#i117: Viet and Lindsay (1973)
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