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Abstract Based on the ‘typical greenhouse vegetable productlon system in Siping Clty, Jilin Provmce 124 soil samples were collectedj
from greenhousg! soﬂ% growing vegetables ‘(GSGV) J fields growing maize (FGM) 4 andl’forest soil; (IFS) under different Tand, utilization
patterns. "In addition, “other samples including” aféenholise vegetables (81), fertilizers (50), and irtigation water (10) were also
cllected Ty thé studigd! region. To illustrate the jaccumuldtion characteristics of heavy metals in GSGV and greenhouse vegetables, the
hedv{ metal content of different samples was méasured using 1_n.duct;.vely coupled plasma mass spectrometry (ICP-MS) technology. The
results indieated that the heavy metal contentsin GSGV was. muJe'H hlgher than that in FGM and FS except for lead (Ph). Heavy metals
including €admium (“€d) , copper (Cu), chromium (Cr) nickel (Ni), and zinc (Zn) in GSGV presented with various degrees of
accumulation. The mean value of Cd content in the soils in the investigation region was 0. 45 mg-kg ™", with about 42. 8% of all the
soil samples exceeding the Cd content criterion of the Environmental Quality Evaluation Standard for Farmland in Greenhouse Vegetable
Production (HJ 333-2006). The content of the other heavy metals was in the normal range, and all met the regulations of the standard.
In comparison with different vegetable categories, leafy vegetables showed much higher heavy metal concentrations ( Cd 0. 033 mg-kg ™"
fresh weight) than did fruity ones. In total, about 2. 5% and 1.2% of vegetable samples exceeded the regulated values of Cd and Pb
recommended by the Standard of Food limits, respectively. With the cultivation time prolonged, heavy metal concentration in soils and
vegetables all increased synchronously as the pH value decreased. The content of heavy metals in greenhouse vegetables was
significantly influenced by soil pH and organic matter. It can be concluded that the health risk of greenhouse vegetables increased with
GSGV accumulating more heavy metals due to the substantial application of chemical fertilizer and manure containing high level of
heavy metals.

Key words: greenhouse soil ; vegetable; heavy metal; accumulation; manure
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Table 2 Descriptive statistics of soil quality and heavy metal content for different agricultural utilization patterns

AN 3R 7 = FE R + et FHE fe/ME FoRME

Wt 81 pH 6.07 0. 87h 4.35 8.00
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Ik N 46 0.023 +0.019b 0 0.110 — 0. 050 0. 089h
-3 6 Cu 1.250 0. 817a 0.330 1. 880 10 — 0. 049a
ok 29 1. 101 +0. 660a 0. 350 3.270 10 — 0.041a
R 46 0.729 +1.061a 0.190 5.980 10 — 0.029a
3k 6 Zn 2.055 +1. 165ab 0. 750 2.990 50 — 0. 026b
ok 29 4.085 +1.451a 1. 630 8.730 50 — 0.055a
&S 46 1.795 +1.942b 0. 420 13. 050 50 — 0. 021ab
e 6 Ph 0. 050 +0. 053a 0 0.11 — 0. 300 0.003 5a
[FE S 29 0.027 +0. 027a 0 0. 100 — 0. 200 0. 001 6ab
PSS 46 0.014 +0. 026D 0 0. 140 — 0.100 0. 000 9b
s 6 Cr 0.018 £0.014a 0.010 0.030 — 0. 500 0. 000 3a
Gk 29 0.015 +0. 012a 0 0. 040 — 0. 500 0. 000 2a
PSS 46 0.024 +0.032a 0 0. 130 — 0. 500 0. 000 4a
S 6 Ni 0. 146 +0. 125D 0. 050 0.290 — — 0. 006 5b
FES 29 0.662 +0.421a 0. 040 1. 630 — — 0.027 3a
P& 46 0. 147 +0. 248b 0.010 1. 590 — — 0. 006 2b

1) bRl B it B A AR, ARl B S s R R i s« —" FORTIhRE s [ — SR T RRR 2R A, AR TR ER

2.4 UOHRE R S S BRI A AR B (AR 4) , B i R i S A
AR P I BB B A AR R 52 0 — 5 9B AE M. BEE 3
MR RSB F AR RS B Bt AT et S RIATAR R A, B L8 pH {E A W FEAIR e 0
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Ni &l NS, RIEADLR, B4R SRR
HEEIAW BRI EHE. AREAERR L, S5
<3 a L, MEMEFERRS 21 ~30 a i, 11 pH
HEEFI(P<0.05), AR EEEGE(P <
0.05), H: pH fH FFET 0.83 PN, AHLE &
WINT 55.5% , +3E Cd, Cr, Cu, Pb Fll Zn M5
SRR T 112.0% . 9.4% . 27.0% . 22.7%
36.4% . SUHCARRL, sk b 4 o B A Bt )
FHAFFR A 4 S AN R I iy e 34, it 1) HH 4 PR
ik 21 ~30 a B}, WifiEE =% Cd, Cr, Cu, Pb, Zn &
FH LG T 2 2 00 /Y & & 2 0 3 T 105. 4% |
219.7% . 11.7% . 4. 5% 1 48. 4% . [ifi %5 V% it F1) i
AERRBE N Je IR AL R BE N TR, iR SR E A

M E SR SRR BRI
S BN A SERIBE 3 (0 PR BT 4 4 R 34
2.5 Whig R ESE SRS R R
It 2Tt REH BT 25 SRR (WL 5) , &t
Bt n SRS IR Zn S pH, OM [RIJFATETE
BEMILR, WMHE Cd 511 Cd Z [ AE7EN
WEADE, HBIE A YeE RECE T (R?) H K 0. 265,
BRSE Ni A4 pH S22 im] i [ P RECE 7 (R
{H R 0. 154, Wi TR 0 5 AE G, H OM g4 A 19 T
PR R 5 2 0. 213, Bi3E Cr i 5 H A HUTUR
pH [H¥EAE B A OC, Bi3% Cu, Pb 5 1P
[EAH DG A B KT, TS Zn 5 13 Zn & i
o - SEEAME 5 [B) R FR I b 2 AH DG E.

F4 BHEXELESE(UHET) RIEERERBEEEEFNAERMTLD
Table 4 Heavy metal content of greenhouse vegetable (based on fresh weight) and soil quality with different cultivation times
WiBER RAK LERIUR b — T R— P EE
/a (n) /g'kg'l pH ﬁ j:t%%7 Eﬁ%, it%é ) Eﬁ%, :tt%é, g "‘f’b%ﬁ‘é_i
/mgekg™t /pgekg' /mgekg™' JpgekgT! /mgekg! gk
<3 13 28.73b 6.46a ~0.25b 14.40c 49.21a 13.00c 29.97a /0.91h
4~6 24 29.37b 6.27a | 0z48a 21.76b 52,114~ 132.17b 30.51a . 0.99h
7~10 15 31.45b 5.91ab 0. 46a 26.93ab 59170 50.23a 35.15a ;_)f'..‘23a.l_)
11~14 10 30.64b 6:05ab 7, 0.43a 20.39h 52.45a _.~D4.85h, 3.24a | & 1.86d 4
15 ~20 1, 35.91ab 5.61b 0.58a 25.41ab 54184 44.62a 39.97a 17184l
21 ~30 8+ 44. 68a 5.63b | _0.83a=" 29.58a {54:34a 41.564h 38.05a 1403al)
T 81  32.16 6.07 1 [ 04T 22.55 54.03 =7 33.954° 33.35 0.88 ' _~
il el wanm A R TN PR T __far—"
1 e Ja-kg! o 1 A i}%l E"%ﬁ,l ; i{g Bﬁi i}%, e 3
- or /lJlg‘kg /g kg /mgkg ! /grkg ! /mg-kg ™! /Mg~k$}]
“<3 13 28.73b 6.46a | 23/38a 0.36a 15.32a2.  20.97b 79.04b 3.04b
4~6 2 29.37b | 6.27a 22.74a 4 _ 10.35ab 15.21a 20.44be 80.47b 3.47b
74100 | @is © 31.45b 5.9%ab 229705 0.40a 16. 58a 32.28a 94.03ab 3.64b
1'-a4/ 710 30. 64b 6.05ab 21-93a 0.43a 16.83a 25.92ab 86.03b 4.09ab
15 ~20 1" 35.91ab 5.61b 21.95a 0.49a 17.50a 24.77ab 96. 18ab 4.01a
21 ~30 8 44.68a 5.63b 21.82a 0.38a 17.89a 21.95ab  107.8a 4.51a
- 81 32.16 6.07 22.58 0.39 16.25 20.27 88.15 3.70

1) RABBAE I, W3R PR 2R A B3, ARTRARER BE

x5

B§ £ TR S EEAFEY

Table 5 Multivariate stepwise regression equation between

BEGERESESHNTESSER AR (pH, OM)

heavy metal content of greenhouse vegetable and

parameters of corresponding soil quality

B2 R LIPS
HE)R (R?)
Cd y=0.013 +0. 014« 0.265
Cr y =0. 082 +0. 0020M - 0. 014pH 0.124"
Cu y =2.096 -0.0410M 0. 065 *
Ni y=1.739 -0. 175pH -0. 0120M 0.213 ™
Pb y =0.052 -0.0010M 0.076*

1)y FR AT AR (mg- ke, DLBETTE) | x FORA + HEE
48 (mg-kg ™), OM FR AN At (g-kg™") , pH R+
BRI, + UFRTE0.05 KT BEMAE, = «LEFAE0.01 KFT 8
E2iiPS

3 g

Wt Bh A 7 2R G R AN [R]85 AR A7 2R
g, KA TRE . Sl SR, mERAL ST
HIPIRAS., R T, BN RBEAES RS
B eANETIHECRE FRIEE. &a AP
B, it 1 e Rt it A AR BR B3, 5 35 1
E SR AN R, RIS — R IREE A
Wit - AR U, U Cd Ak 61% , H$3%
FESEXSHN, X 5 Fan 25057 004 Qb #b X 5% it 5%
HWAFFE 25 AR 3] Cd SRR RN 72. 4% BT
B, ARG B R B LA S8 2 g, i
WIEMZERAAME, HARREE S i e 5 4 Jm A2 - 4
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A BT 35 R M 25 2518 FAT — R
ISt 1 <5 75 115 AR AN SR S
o A (R 6), 13 pH 5HEAE)E Cr, Ni,
Pb . Zn [EJAHSCHENL B3 (P <0.01), HIEAHLEY
bR Cd Z ARy 5 MhE 4 e A e ik e 2, Hoh Al
Jit45 Cu, Ni, Pb, Zn [A] IR 2 35 A SE MK (P <

0.01). 5+ R FE M ds KR, 155
FREER T 1 B9 ER 3L 2 A, XA F s Rt
TR N 77.91% . Hp, Cr, Cu, Ni, Pb, Zn Jy—
K, XE—F AR AmE, Cd I—3, XF
B RO ARR R AT, X5 A R —
K IJCER A RETEARIE EAATE BRI A [R5

®6 BETESEEEESTBWMERNMERE

Table 6  Correlation relationship between heavy metal content of soils and soil quality

pH oM Cd Cr Cu Ni Pb Zn
pH 1. 00
oM -0.04 1. 00
Cd -0.16 0.20 1. 00
Cr -0.49™ 0.27" 0.18 1. 00
Cu -0.16 0.37* 0.58™ 0.33™ 1.00
Ni -0.40™ 0.26" 0.20 0.73™ 0.37™ 1. 00
Pb -0.52" 0.39™ 0. 06 0.63™ 0.25" 0.73 ™ 1.00
Zn -0.37™ 0.44 ™ 0.54™ 0.44™ 0.67™ 0.44™ 0.48 1.00

1) = fRRAE 0. 05 K FREMZE, = = fURLME 0. 01 RF T BFEMRK

MABIFSE I B G - HE T 4 IR BRI IR
PR A e B T T et K
RN | AR B 25 % 3 A O 7= R .
IR AL 7 28 e W), s b S Hs

T 4o A T2k 3 TR K, B Ay

e 2 P AR T T g LA
USSR AR A, VMG S M I 1 b e P R
W, A TG KD B R S, [Tk e
N\ TR B R T 20 3 %P5 X 3 5 1 i

FOK IR AT 0T, 44 4l o5 LR (T

o B g R R T ) 5 K R A v, DR A
VEWEAKE A 80 T 42 IR T 220 AR 2 9 BEA
KA, M A AR Z, RS
SRR, M2y TR 4 JE R
i 4587

55338 R T AUMRCH A [R] A 2, it =R Rk 5
A JCHE A HUAE AT AT il FH e 37 /g 3
A FRIAR 8 Ak T (] 3R & B0, R 5 DX dak 4% i 52
oA HLIE RN AR AR /Y 7 3406 H & o 5 ok 114.6
t-(hm®-a) ™" F12.41 t-(hm*-a) ', W EKHAY 3
~20 1%, T A48 500 t- (hm®-a) ~'F1 8. 33
te(hm®-a) =", T30 F oK M 3L AR A LR, R
Ay, 38 A X 3 it S AR b AR ARG I 43 A (3R
7Y, GEF IR Y it FH ) AN [R) 2 R AT A [ 2
WA E AR, P od SRR,
H91.79 mg-kg ™", Cu Fll Zn B 55435 55k 337. 97
mg-kg ' F1528. 86 mg-kg ™', B K mE T4 FLIE

Fh SR, R g A A K R 2 I
Cd, Cr, CuZh SHESPRI M 0.41, 37,55 57994,
481.69 mg-Ke'. T A A Cd Lk 6. 26
me-kg ™!, FLCu Rl Zn AU T 36, 2 T R
55 A IR R B LA I 0
AT K, IR s cd) | AR
RN EORLA A & B | W20 36 Cu N Zn
A SRR DT, EA R o f s 1 AT B A
AR K 3015 e AR AP X R 3 7 4 22
BUNKSHF1, PR T 1978 4 0 o ik R bRREA 2
T A BRSO FE5E. 7N 7 o SR
PR AT BLAE o 7 P18 B O LR, LS AT L
RECHE FFI it 500 t-hm > FLAREZETTEE, TI4E4 A Bt

& % i Cd 0.6 kg-(hm®+a)™', Cu 169.0
kg+(hm’*-a) ™', Zn 263.4 kg-(hm’-a) ', Pb 5.5
kg+(hm*+a) ™', Cr 14.4 kg-(hm®-a) ™', Ni 14.4

kg+ (hm?+a) ™', 3R FH 76 22 (0 [R] 287K
SRR, S A B AR IR A R R
A LA 4 1 B A SR 0

PR 5 3 4w S E A TR O AT Y
EREN], L3 Cd, Cu & & 50 A0t FH 7K S ) 5
MR EIEMELEZR (P <0.05), i 5 +
 Cd F1 Cu By B EEA G, KEXELSESEE
A HUIEHE HAE RS T G 8T, & BRI 58 7T
AL Cr & 5544 MUt K - [8] 32 22 B0 o 2%
FHOC(P <0.01) , PIg I a] HEM: T B4 .

y = 0.0024x + 0.006 8
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(P <0.01, R* =0.2433)
A,y AESE Cr &, mg-kg™', x WAL E,
t-(hm’-a) ~'. BFHEESLIR & B S5HVLACH H

IR IR F AR SE R, AR, AEFIAHL
HERME A , 2 S B AR S R & T s
LSE S

%7 WRRERELESE/mg-kg!

Table 7 Heavy metal content in different fertilizers and pesticides/mg-kg

-1

oy HHLL AL
- W3 (n=4) W3 (n=3) FEHK(n=3) A (R)IE(n=35) FUE(n=5)
Cd 1.79 0.41 0.30 6.26 0. 001
Cr 28.79 37.55 28.73 20. 14 0. 14
Cu 337.97 57.94 35.60 54.59 0.53
Ni 17.91 16.72 17.23 14.23 0.22
Pb 11.04 13.04 13.45 6.41 0.20
Zn 528. 86 481. 69 167. 38 255.31 1.94
WA, ARWFFEUESSBEE R BOEF HAFE RS SH 3.
N, LR S RO R (1] O, G RO R
e - . NIV - . 5 I]. 2O 247, , 2013, 21(7) ; 787-794.
UG, g b E g Jm o B 1Y Jh sy nlHE 2252 = %h'njl—z}l[ JNM Bao L. R% h ) | deeradai
N B Shi J, Zhang , Bao L. Research progress on soil degradation
ﬁﬁ%‘% Y 52 l]rﬁj s 4‘7%5,6 E[ T j:i% HLR /3\ B }I_ and regulation of facility agriculture in China [ J_.]._. “Chinese
_‘IEJ— s i ii%ﬂf{ff,t s Emi%ﬁ m}ﬁi j][] j(%m Journal of Eco—Agricu}turc, 2013, 21(7) . 787‘_79‘2‘_::‘ T
5&5@1:ﬁ%pH{E%}H% T S5 T 4 Bk P 1 [2] ﬁﬁ,%lﬁ,ﬁﬁﬁ,%.ﬁﬁ&%ﬁ%?ﬁ#@ﬁﬁﬁ
. . . I B RO [ 1. P R SRR T, 2045, 30(S1)
ﬁﬂ , :ti§ﬁ m):ﬁ =1 %Ej‘%ﬁﬂ({ﬁ"riﬁmﬁ ( bOM > 257-265.1 4 T }..-"' i
ij]u , ig&TEéE E‘J*E%ﬂ%um‘l‘i, Mﬁ%ﬁ*ﬁ Huang B, I"Iu W Y, IYu Y L, et al .Prob'ﬂ:ms of f."ﬂ
%ﬁ]‘ I&[‘I& E{Jié}%&k,ﬁ:@%ﬂﬁ@iﬂu :27,28]'“‘ ZIKZTH‘ “ envimr.lr'nental r,q'ilality" amdI their managements stra-tefgies'{ in
PN e L _,4_; ' e, N 4‘ . e greenhﬂm{,se \ vegetgble prodﬁc?&on of China [ J]. Bu11¢tin of
h@%?aj%ﬁ@ﬁTlﬁi% @lﬁlﬂ E”*H?@Q% %’j‘( Chinesé;'ii&t:aden'-l-y of St}ences’; 2015, 30(S1) : 194-202. "=
%Wﬁﬁaﬁmﬁ%ﬁi%iﬁﬁﬁ%ﬁﬁ%% (3] ety ARl A AR o TNT. e
AR Z AL, T, (T 8 e B 5L it 0000”2 P
S B Al v R L Hil g3 pr, [ 4] Traest o], ens, 55 IR i S b - 3T A TS
%$%%$§wﬁﬂ’LXﬁmkﬁ$i%&ﬁl. FEE SRR ST [, BRHR%, 2012, 33(8) ; 2810-
feis, Y d LS ) .-
2-:': N “"‘. ‘ 2 o = Yin CY, Luo YM, Teng Y, et al. Pollution characteristics and
4 = ey accumulation of antibiotics in typical protected vegetable soils
i NN | [J]. Environmental Science, 2012, 33(8) : 2810-2816.
2% X Vbt 2 i A 0
(DB BRI TR ERIEB 0y o wioe, %, misre 295 6 RS

e, AR SRR R TR A F ok, JEH R
Wit Cd SN 0. 47 mg-kg ™', RK#HT
T E G WA PN bR, B AR AR Cd
PRIk 61. 0% ; BEitibh 3 5 48 & E AU BEE Bt
AERRE I R, it S HEh E A S R
— BRI B ES, fERE R iR,
198 K it S 4 B 1A .

Q)W W ES RS LR ESE S &
pH | A HLET A + et T %5 D) AH G, A P o i 4%
AIKE e g R h AR A, e
HEE 5 Cd M Cu & EEFEMIX(P<
0.05), B XE4EE & &5 AV HE R IEM X,
PLCr e M3 (P <0.05), SEHARAIE., 1L
JIES it P 2 15 it 4 498 M L% S i 4w % B T R e
ZLR B R -
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