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ABSTRACT

Heavy metal contamination of soil might be a cause of serious concern due to the potential health impacts of
consuming contaminated products. In this study, the total content of heavy metals (Cd, Cr, Cu, Ni, Pb, Zn, As,
and Hg) in soils was analyzed, and the difference of heavy metal contents depending on crops, soil
characteristics, and topography was compared in 169 greenhouse soils obtained from Gyeongnam Province.
The concentrations of the heavy metals were 0.25 mg kg™ (ranged 0.01~0.44) for Cd, 28.94 (0.53~72.63) mg
kg for Cr, 26.03 (0.5~166.13) mg kg™ for Cu, 14.91 (1.27~33.22) mg kg™ for Ni, 15.76 (0.43~57.1) mg k™!
for Pb, 119.72 (6.33~239.39) mg kg™ for Zn, 2.54 (0.01~23.57) mg kg™ for As, and 0.049 (0.012~0.253) mg
kg for Hg in topsoils. The concentrations of Pb and As in topsoil were highest in green pepper and those of
Cd, Cr, and Ni were highest in melon. In addition, the concentrations of Cr and Ni were highest in diluvial
terrace compared with the other topographies. Higher concentrations of Cd, Cr, and Ni were found in silty
clay loam and silt loam soils than sandy loam and loam soils.

Keywords: Greenhouse soil, Heavy metal, Soil texture, Soil topography

Correlation coefficient between heavy metals and soil organic matter of greenhouse top soils in
Gyeongnam Province (n=169).

oM Cd Cr Cu Ni Pb Zn As Hg
pH -0.025 0.068 -0.006 -0.099 -0.054 -0.049 -0.076 0.027 -0.091
OM 0.012  -0.006 0.361*** -0.042 0.190* 0.488***  0.080 0.206%**
Cd 0.545%**  0.208***  0.550%**  0.241%**  0.308*** 0.278***  0.076
Cr 0.207***  0.713***  (.192* 0.258***  0.230***  (.024
Cu 0.063 0.352%**  0.521***  (.185* 0.186*
Ni 0.118 0.228***  0.315%**  0.002
Pb 0.353***  0.738***  0.165*
Zn 0.227***  (0.313%**
As 0.045
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Introduction

o

FT FEARE AE Aol digh T o] SV Ak A Y 5 Al shE @ ol TRt HER A B
AA Q7= ok ERS 7IREC = Sl ARE0] 3¢ B ko] AlufjAle]ofA, TiR-setolu S
%4 5 LAY AR W7t aFH . EY SaS2 BYo=RY s AAHQ FUY (Baize and
Sterckeman, 2001)7} 7155 EJH] 5 AFFHEARE (Xue et al., 2003)°]] 2]t 219291 @ Flo] =4 HHAY flolo]ct,
18] 71 oko] A 8.0 2 AR Cu, As B PbO] ZH o] SHIE]/|E Sheh (McLaughlin et al., 2000). Z24
2 EG T o] B =T 22 S-S Aol gk o2} AlEAfo]] ool Q1] FRkE Rl (Gil et al., 2004)
EJolld gpafa 5 nE BES AsiAzIH Bl AU Qs tgRt 7152 AsiilzlE 8<lo] Hrt
(Deng et al., 2015). EllA Cu, Pb, Zn, As 59 Sa4-2 L oo 94 o< oV o & SA=H 2Ha-2 As7dof
£ Y.07]11 Cd2}tHg 52 ZaAlel FAxlo] At 715l TH3AQ1 olahE - 8_t (Holmgren et al., 1993).

S UEhE B o] ARt @ o EFe] 74l Foll et SR HAIAIE nkish | #1s 199615
B EQRPd B o] AlaiE]0] 20178 FAell= 57219 Cd, Cu, As, Hg, Pb, Cr®", Zn, Nie]l thoto] EFed 715
o] 47 =]o] UTH(MOE, 2017). ¢-2uet Y7 2] 0] S5 ool theh $4-= Kim et al. (2008)°] =E ]
Sled 1999, 2003, 2007H Fa5 & B5-= LAFSHe] Bl HE Q1A Lee et al. (2012)-> 2011 ZHA[<
=EF 260745 tVdo = BEA 9 AP Fa4 o Aol S Hlarsto] Hargt vt Qlet, 12U vl A ool apd
wof Sl AV Yol EYolis L J Y0 RHE leEo] Alo] Fadol vt A7 EA] odtt. 1ol &5t
A APAYe] EYE Askret 7HEE HH], FoF 508 Sa5 1% 7R/l EAIRTE AR Phonsuwan et al.
(2016)> EJH] F45teof| whE A Qof| A5l EFe] S5 12 ofl sto] Hargh B Qlet. whebA] AdAE|A]
= Fa9oR 7I5aE BHlo] it O&rt 7] whitol] EY Sa59] 2541 24P Easi.

ATE AR S ALY ESF 169714E 02 201610 EY T WEFEA 02 AuliatE, B4 9

A TEE AF Aol Hlalsto] EFHEE flRt 712 2w Ale st skt

Jo

N

e
H

Materials and Methods

AAALAES A D AEARF A AVHLANES T Aotds 246E] f16to] 2016130 EF 73,
A3 Y BT EEHA HIE-S 7|20 2 16971 2182 A5 (RDA, 1983). ES2 49RE 5Y Alolo] HE
£ 0~15 cm, AEE 15~30 cm ZoJof|A] 1 kg HE 3HHE. 0 2 A5 o19ct

AMEZA Y 334 2N AQFHT B2 2|04 7€7E 37351 2 mm AE Tk A2 ol nlAlsHA
waffoto] SE Ao ARSI Tas A2 EYLATEAI™A7IE (MOE, 2016)00 ©j7{5te] Cd, Cu, Ni,
Pb, Zn, As, Cr2 Ad&F 2490 2 FHEY 3 g2 ZI7F H4t (hydrochloric acid, HC, 36.46) 2} 15t 24k (nitric acid,

HNO;, 63.01)% 3:1 |82 S3st 52 =351 ICP (Optima 5300 DV, PerkinElmer co., Shelton, USA)= A
SHCE Hg= EQF A1 0.2 g2 519 Hg analyzer (DMA-80, Milestone) S ©]-&-3f 4513t

SASM U AES BA B B FA4 G BAK B 2 AT BAL SAS X2 1902
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HZA (2008)S AFESISITE Aid=at 215, EA 2 vie5aol me EY Fa5 2 5% 70l Tukey’s
studentized range test= S0 H EYF T Tt G712 2e] AAG- 242 SIel:

Results and Discussion

EHZEE AMEY S24 S 2016UE FEA| S ALES] AulztEE 534 RS Table 13-
EFCd R FEOIH B 0.25 mgkg!, AEONA Bt 0.26 mg kg 0] ITh o= Jung et al. (1997)°] 1996\ A
= AAEAE O 2 0.1 N HCIE F-E510] AR Hiet -FARSHA Urebidet. Afafatzol whet Cd Bt -2
A2 A 2] FEFHE B 0.29 mg kg O 2A] G, EUFE AHlZ] 0.24 mg kg BTFE9ITH(p < 0.05). A A
AEFO] Cr TS BEOA B 28.94 mg kg, AENA Bt 29.22 mg kg ' o]}, Cr Bt RS EEOA]
HE Zaiz]7F36.11 mg kg S 2A] 7P =980, 7] AHHHR]7F0.24 mg kg 2 7 H@okom, A E Ak vt
OFARS B gl ot SHbat 4euF Al ] ol A 33.95 mg kg, 33.34 mg kg 2 & A BT (p <0.05). 183 Cu

A}

rr

Table 1. Heavy metal concentrations in greenhouse soils by crops in Gyeongnam Province.

Depth Crop (site) Cd Cr Cu Ni Pb Zn As Hg
mg kg™’

Geen pepper (28) 025ab’  28.92abc  31.53a 14.32bc  24.05a  128.63ab 529a  0.048a
Carrot (10) 0.24b 28.62abc  16.52b 16.31bc  14.02b 97.44b 2.42b  0.034a
Strawberry (43) 0.25ab 24.22¢ 2321lab  12.78¢  12.30b  108.37ab  2.11b  0.059a
Melon (7) 0.29a 36.11a 19.63ab  22.06a  15.55b  109.49ab  3.51ab 0.056a

Top Lettuce (10) 0.26ab 32.94abc  29.57a 13.43bc  14.69b  123.79ab  0.96b  0.044a
Watermelon (34) 0.25ab 31.88abc  24.4ab 15.62bc  13.92b  121.57ab 1.71b  0.045a
Tomato (22) 0.24b 25.96bc  27.75ab  14.61bc 16.10b  132.78a 1.78b  0.045a
Squash (15) 0.27ab 3449ab  31.93a 17.62b  15.86b  129.14ab  2.34b  0.045a
Mean 0.25 28.94 26.03 14.91 15.76 119.72 2.54 0.049
Min. 0.01 0.53 0.5 1.27 0.43 6.33 0.01 0.012
Max. 0.44 72.63 166.13 33.22 57.1 239.39 23.57 0.253
Geen pepper 0.26ab 30.13ab  22.49ab  14.83bc 24.65a  115.58ab 5.76a  0.048ab
Carrot 0.24b 29.12ab  14.03bc  16.33bc  14.4b 89.83b 2.30b  0.036b
Strawberry 0.25ab 23.91b 21.23abc  12.65¢  12.27b  101.22ab  2.24b  0.058ab
Melon 0.29a 35.39a 16.79bc  22.01a  15.28b 94.96b 3.62ab  0.067a
Lettuce 0.27ab 30.48ab  20.23abc  12.69c  14.5b 93.23b 1.07b  0.044ab

Sub Watermelon 0.27ab 33.34a 21.68abc  16.82bc  13.99b  109.96ab 1.88b  0.040ab
Tomato 0.24ab 26.4ab 25.13a 14.54bc  15.44b  116.70ab 1.86b  0.042ab
Squash 0.27ab 33.95a 27.95a 17.81b  16.77b  127.44a 221b  0.047ab
Mean 0.26 29.22 21.97 15.16 15.86 108.29 2.69 0.048
Min. 0.01 0.55 0.75 5.07 0.85 7.95 0.01 0.012
Max. 0.5 65.46 75.35 39.13 57.63 224.13 22.11 0.282
Concern level 4 - 150 100 200 300 25 4

"Means by the same letter within a column are not significantly different at 0.05 probability level according to Tukey’s
studentized range test.
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. _
S5 EH7H A Eo vel| At 0 2 o] A8 AvtE TR (Kang et al., 2013). AA| 2 S5 E[H]|Q} ofH] 9]
A Ao = EAEA2] CuetZn 9] 9Fgo] 7=l = A7t Halk| o] £t} (Lim et al., 2004; Lloveras et al.,
2004; Moreno-Caselles et al., 2005). 2FE"H 2 Cu Bt 2 HEOJ A §HF 115 Ak AuiR] -0 2 31.93 mg
kg',31.53 mgkg', 29.57 mg kg O] A S ERA AT G A7} 16.52 mg kg ' 2 7FE ok HEE g6l
ErtE A4 27.95 mg kg, 25.13 mg kg 024 71 29131, I W2 AA 7} 14.03 mg kg, 16.79 mg
kg 2 7P 00T (p < 0.05). ZE AVAEF O Ni A2 TR Bt 1491 mgkg', HEIA Bt 15.16 mgke'!
O1SICt Ni it @ WE AliA7F HELFHE 822,06 mgkg”, 22.01 mgke ' 02 7P w945, TP e
A EEOA B APA7F 12,78 mg ke, HE= B719F3F AN A 12.65 mg ke, 12.69 mg kg 01 SIE (p
<0.05). Z12131L PbO] 7-¢oll HE7} Ht 15.76 mg kg, HE= Bt 15.86 mg kg'0]9lom] 13 Apiial= HET}
24.05 mg k!, HEZ} 24.64 mg kg' O 2 THE ZFEE B} 27| YRt (p < 0.05). 0123t A= Jung et al.
(1997)°] 1996 W] 233+ AP A A] o] 9 0.1 N HCIR S5l A Aol -gAkslgic. A4 E9Fo] 7n §
SRo T} Za glekl GAfet ATNE S/ B 119.72 me ke 2 ALES] B 108,29 mgke' BT} 91e} A1
EoFe] zn Wt TS RO E0RE AMAI7} 13278 mg kg 2 7P 2547, B AW 97.44 mg ke 2 7
A Gistor] HEHE S A7 127.44 me kg 2 7V 91T (p < 0.05). 2] Ase] A9 BESIA BF
2.54 mg kg'o|2lom, AEE B 2.69 mg kg 0|2t 15 AR O] As A HEZ}F5.29 mg kg0
A 5.76 mg ke © 2 B2 212 BEH 7] UERTh (p < 0.05). A4 E9FO] He TR BE} 2 0,049 me
kg2 AR Hol7} gl91T AR B 0.048 mg kg O WE AN 0.067 mg ke 2 748 ] ek
whar S AjERR] oA 0.036 mg kg 02 71 Skt

VRS B E oA B4 26.03 mg kg' ©& B 21.97 mg kg ¢l AEQ] BA R H T} =glt) o]ggh Avl= HEOA

N

o

AHE ANEEY S35 & A AV2AM EF AFE S55 2 Table 291 L. o780
g E

Sl A8 AAI517] 18] Wi BT Aol Mswhe AVA EA4 sHIEEA) 71 okt Bl 52

~

Table 2. Heavy metal concentrations in greenhouse soils by soil topography in Gyeongnam Province.

Depth  Topography (site) Cd Cr Cu Ni Pb Zn As Hg
mg kg™
Alluvial plain (124) 0.25a" 29.40a 24.60a  15.04a 14.77a  119.29a  2.0la 0.049a
Top Diluvial terrace (3) 0.28a 37.52a 23.21a  19.63a 12.61a 128.84a  3.07a 0.041a

Fluvio-marine plain (4)  0.26a 29.71a 24.51a  15.43a 15.88a  135.76a  2.10a 0.035a
Mountain foot slope (7)  0.28a 33.88a 28.40a  16.00a 19.86a  133.31a  2.47a 0.042a

Valley & fan (31) 0.23a 25.10a 31.65a 13.61a  19.11a 115.38a  4.68a 0.05a
Alluvial plain 0.26a 29.57ab  21.57a  15.34ab 14.88a 108.43a  2.09a 0.049a
Diluvial terrace 0.32a 40.36a 18.56a  20.95a  1291a 107.82a  3.49a 0.037a
Sub Fluvio-marine plain 0.27a 29.82ab  21.87a  16.11ab 16.43a 117.23a  2.2a 0.029a
Mountain foot slope 0.29a 32.45ab  24.10a  15.10ab 18.75a 113.50a  2.64a 0.044a
Valley & fan 0.25a 25.96b 2341a  13.77b  19.37a 105.45a  5.09a 0.047a
Concern level 4 - 150 100 200 300 25 4

"Means by the same letter within a column are not significantly different at 0.05 probability level according to Tukey’s
studentized range test.
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& dFE A= 2|7t gl oM HE= EF CribNi @3] Zfo]7} Uetdth. A EolM At A|= Cr o]
40.36 mg kg, Ni 9252 20.95 mg kg' 2 71 =7 Uebdar, 37+ 2 AAR]ollA] Z+2F 25.96 mg kg, 13.77 mg
kg' 2 7P 23ttt o] et AT Lee et al. (2012)0] 2011A0] HEA|S A1 FH =ES Fa52] = 1‘4—1?_71]
UFERITE Lee etal. (20122 =E 0] 54 T2 791 HEShE §I5t A5 Fali] g 2 eRtoz o}
Sied BRAZH A 0 & Erhal sEL o APEAENA] = 7ol APt 7] wiizof] Aol mhe Sa< 2 Aol
7t gl Ao = e

Jul

;
H
E
>‘

EYd 4 Hi+S8E MUEY F3% & EAE AR AN EY 555 Har et Table 3374
2k AaA S AVdAElA] E4] Cd @ BEOAN 7P =& A2 WAFEAIYGEH0.29 mg kg0l AL, HE
oA n AR FEQ}F nAFEFE 70,31 mgkg!, 0.28 mg kg & 7P E=Qth AVAE SR Cr T Cdo HIS=gH

S B3 o REM 7P 52 EAL nAFAAFE 2 4 34,15 mg kg 7 AEE T A EoA = njApE Aok
ES}uAAYET} 212k 33.31 mg ke, 31.98 mg kg 02 7P =9kth 121 Ni @k BEo|A mAE AR}
HAPEFE A 242} 18.63 mg kg, 16.50 mg kg 2 7P =401, AE oA &= nlAPE A FEof| 4] 18.86 mg kg, P
AFAOFEA 16.95 mg kg ' 2 7P =0t} Qubz] © 2 Ad] o AJdESF] Cd, Cr, Ni SRS AP ESF Bt 44
orego] We EQFoll A =2 73S H 3Tt (Holmgren et al., 1993; Jung et al., 1996; Kim et al., 2008). L ©]¢] Cu,
Pb, Zn, As, Hg o2 BEL} A Eof|A EAJHE Zfoli= Holx] gIlth

Table 3. Heavy metal concentrations in greenhouse soils by soil texture in Gyeongnam Province.

Depth  Soil texture (site) Cd Cr Cu Ni Pb Zn As Hg
mg kg

Sandy loam (29) 022b"  2832ab  24.11a 1249 1647a  116.53a 2.30a 0.047a

Top Loam (40) 0.23b 23.09b 25.16a  12.41b  15.67a 112.8a 2.59a 0.048a
Silt loam (95) 0.26ab  31.33ab  27.19a  16.50a  1532a  124.4la 2.56a 0.050a
Silty clay loam (5)  0.29a 34.15a 21.89a  18.63a  20.72a  104.42a 3.25a 0.033a
Sandy loam 0.23b 27.63ab  21.34a  12.49b  16.50a  105.09a 2.54a 0.046a
Loam 0.23b 23.31b 21.56a  12.38b  1620a  104.21a  2.90a 0.048a

Sub Silt loam 0.28a 31.98a 2247a  1695a  1557a  111.63a 2.62a 0.050a
Silty clay loam 0.31a 33.31a 19.22a  18.86a  14.87a 96.10a  3.27a 0.030a
Concern level 4 - 150 100 200 300 25 4

"Means by the same letter within a column are not significantly different at 0.05 probability level according to Tukey’s
studentized range test.

e AAANZ] B 53 S aS B R Table 49 k. AR 2130 w7 R 2 et vl

7t gt 3o] A& Aol frefsitt. ZgaA] S AVdAA] AR ) ila-EH= Hyun et al. (2011)°] A2
Aefe] - via5go] e s WiA] o BER Eofo] Fohal B st Avtet fAReH RS veRict. v
AAEE] Hila-5aol The BESHHES] Sa4 e Aol7h Qs 202 Hepgrh
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Table 4. Heavy metal concentrations in greenhouse soils by soil drainage classes in Gyeongnam Province.

Depth Drainage class (site) Cd Cr Cu Ni Pb Zn As Hg
mg kg!

Well (3) 021a’  2524a  1927a  13.15a  13.17a  11024a 296a  0.034a

Top Moderately well (93) 0.25a 30.64a  26.96a 15.83a 16.93a 122.36a  3.23a  0.046a
Imperfectly (69) 0.25a 26.89a  24.97a 13.73a 13.91a 115.44a 1.6a 0.052a
Poorly (4) 0.24a 27.76a  27.55a  15.02a  2248a  139.12a 242a  0.05la
Well 0.22a 25.74a  15.17a  13.49a  13.36a  93.58a 3.76a  0.038a
Moderately well 0.26a 30.99a  21.89a 16.13a 17.32a 111.36a  3.38a  0.044a

Sub Imperfectly 0.25a 2728a  223la  1396a  14.08a 104.58a 1.70a  0.053a
Poorly 0.25a 2431la 22982  14.66a 14.75a  11231a 2.82a 0.043a
Concern level 4 - 150 100 200 300 25 4

"Means by the same letter within a column are not significantly different at 0.05 probability level according to Tukey’s
studentized range test.

- =
AVdAR B pHE Ferss R -rrofet Je AP 9o m #7122 Cu, Zn, Hgob A== o)X Q1 AoV
S B PboH= o)A Q1 o)k B Gitk 112111 Cdi= HgE Al9JRHCr, Cu, Ni, Pb, Zn % As St e & &
SR Bopds HAT AVAES] Cr 952 Cu, Ni, Zn B As 97 1 & 7o 4] Hodha BN Pb
AR AoV dhe HATt AldA EFe] Cu 92 Pb, Zn 3t Al 2 ol 49l Ao ditE Byl
1 AoVdrhe Bt TR Ni 2 Zn R As A =R o]l Aol
A A oVds vehllom, Hg oot o2l opdtha B
AEFO] Zn 2 As H Hg 97 2 e 2 01291 Aol ke Hrt. Z3aA] S 169213 2] AldA =
=

A oISt RAITE A&7 s Rt A2t E AME Aside F714] EEEa

tlo
kT
32

R

o}

>

o

e, 0%
(I
o

el

Table 5. Correlation coefficient between heavy metals and soil organic matter of greenhouse top soils in Gyeongnam
Province (n=169).

oM Cd Cr Cu Ni Pb Zn As Hg
pH -0.025 0.068 -0.006 -0.099 -0.054 -0.049 -0.076 0.027 -0.091
OM 0.012 -0.006 0.361%**  -0.042 0.190* 0.488***  0.080 0.206***
Cd 0.545%%%  0.208***  (0.550%*%*%  (0.241*%*%*  (0.308*%** 0.278***  0.076
Cr 0.207***  0.713%*%*  (.192* 0.258***  0.230%**  0.024
Cu 0.063 0.352%*%*  (.521***  (.185* 0.186*
Ni 0.118 0.228***  0.315***  0.002
Pb 0.353***  (.738***  (.165*
Zn 0.227**%*  (0.313%**

As 0.045
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Conclusions

7S A A EFe] Sa ool Tttt 71 & Ak & Als skt 169414 2 & 2016'A0]| Cd, Cr, Cu,
Ni, Pb, Zn, As & Hg 0] Ag=RS BA51Ich AAAM] Eoke] S3<s B RS Cd 0.25 (0.01-0.44) mg kg™, Cr
28.94(0.53-72.63) mg kg, Cu26.03 (0.5-166.13) mg kg™, Ni 14.91 (1.27-33.22) mg kg™, Pb 15.76 (0.43-57.1) mg kg ',
7n 119.72 (6.33-239.39) mg kg™, As 2.54 (0.01-23.57) mg kg™, Hg 0.049 (0.012-0.253) mg kg™ o] ct. A]/dAHul
FEA 113 Au[R] ©] 79 Pbet As o] theE 21 AfufR]ofl Hsl] =3k HF A A]5= Cd, Cr, Ni eFgo] &34
o}, AR E9FO] CrfNi @2 SATNA] HECIA 7P &34t T18]a1 Cd, Cr, Ni Fd=2 RIAFE A FEL} rlAL
AYEANA AFER} FERTY %—%% 6(}01 Ak A&7Fs e ESRPE-S delokal oFgt sAtE-S A4tk flsh
A AAH] EFe] Saoll Tt Heh AR} e|7h Q4.
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