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WE GBI ILARFERER (0 ~20em) FAFEHEER R, THARRLAB TR T LRFENESENES  BrE
=R AR R BB . BT RBSR R B M 30 BRI /NE/ TR/IRAE A B2 IR 4 28 E R A
BRI L (n=127)  BEBEFLEMRIAEFR S, SREW, LARFBLRL RO S BISE N 26.43mg-kg ™, &
69.11 mg-kg ™', SE A EIE N 80.50mg-kg ™ M2 210.8 mg-kg ™' . RERMWAAF RN LIRS ENBZRAITFL N :
RS > BRI > /NE/ TR0 > AR AR BB SESHHH T B BHRESE Hh, DR B
MREE AR, KRS B 490 33.91.124. 2mg-kg ™', BER THERVAF IR, AHREIER HEARRE I
T MR R BH S S BN A HE , YRl H RS & BRI ILE . Ei K EE K. h i m ad; £
YRR T, B R & B B R AR RR A I BE AN (p <0.05) , H RBH 4 F Ky 1. 49mg-kg -2 F12.59
mg-kg7-a” XA RESHEE S BN BER WA NIEXBHERAA X,
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Abstract ; This paper presented the differences among the content of copper and zinc in the upper soils (0 —20cm) under
different agricultural practices and their corresponding spatial distribution through the investigation in Shouguang, Shandong
province. The characteristics of accumulation of copper and zinc content in the farmlands and natural field of the studied
region were also discussed. In this study, a total of 127 soil samples were collected from greenhouse vegetable field, open
vegetable field, wheat/maize/ cotton field and natural field. The sampling location covered all the agricultural production
region of Shouguang County. The results indicated that the range for the content of copper in local agricultural lands was
69.11 mg-kg ™' with the average content 26. 43 mg-kg™', and the range for zinc was 210. 8 mg-kg™' with the average
amount of 80.50 mg-kg™'. In comparison with different agricultural lands, the highest concentration for copper and zinc

appeared in the vegetable land under protected cultivation with the average content of 33.91 mg-kg ™" for copper, 1.38 —
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1. 56 times higher than that of any other agricultural land, and the content of zinc was 124.2 mg-kg™', which is also 1.49
—1.69 times higher than that in soils of other agricultural lands. The content of copper and zinc in different soils ranked in
this order; Greenhouse vegetable field > Open vegetable lands > Wheat/maize/cotton field > Contrast soils. Though
accumulation of copper and zinc in agricultural seils occurred in different agricultural lands, the content of copper and zinc
did not exceed the permitted limit. The spatial distribution map of copper and zinc showed that relatively higher content
occurred in the middle part, and relatively lower concentration appeared in the northern and southern region. Under the
pattern of intensive farming, the content of copper and zinc in vegetable land under protected cultivation increased
significantly in linear trend (p <0.05) with the cultivation years prolonged, and related accumulation rate in soils was 1. 49
mg kg 'a™' for copper and 2. 59 mg-kg 'a”' for zinc, which was probably related to application of abundant organic

fertilizer with high content of copper and zinc.

Key Words:; farmlands; copper content; zinc content; accumulation

WA REYUEERTR A AR EREEEAATY . YHEh AN S Bl R
W, Y AR 6T B A K A B I E E RS E Y , REFS B LIH PR LS
50 mg-kg "B, FISEMRC IR 25 48. 8% 7 MK AV 20umol - L7 i, KRB AN B M b BREG SR 2 A B
FREW B 5 Y+ R E N 400 mg-kg T B, B MR INEIZR Y 20% 7, Chaudri £ A\ SE K BIH
AR, R R AR R S T S B B B (p <0.001), 7E pH 5.9 ~6 By L4y
W B 290mekg ' B, BEEHOF BB 50% o B W ARSI, 43 b vk B i AR A S B A
BARMER RHEYRRERMEMSE R AR, fe TR, & B AR E B A FARRE AXHEY
B X R 2 A FIE N , B BUMME D22 AR P IR M ) T 82 R A o

AR MR R AN FENV R R, KENESBTERNAE AN SUESHEYHHE X
BIHAEE" . Long ST 10 AL EIRTTH 31 A F BB S 20 ST RED, IR
B2 P B H N 105.36,399.0 mg-kg ™' , B B4 BRI % 144.17.505.9 mg-kg ™', HESE &
ARRE 7 A T B X MBS E SRR IR, RIS 2 i S B4 Bk 452.75.2
mg-kg ™' AFE RN 1141 273 mg-kg™', Hirb, LR A 5 B0 B SR F M S B I B I5 259. 5.,1706
mg-kg ™. XESHEFANGNESHEY KIS KEHFTRE, RESSH BT HRES 8 BRIBE
B, S 32 Ak 2 BRSBTS v (B A5 0 3 SRR VAR, ASCRNLARAS A 6T o a4, e e Bl e 25
5EEMPHS AT E, RE IR T ARRLAF TR T L8460 & BRI, T3 T 2 ERUSE, 353
HORIEHEAT TR0 , DA ARl - SR A B 3 KUB 4% Sl SR LR AR 4
1 HRE5H®
1.1 PR SHARE

BRI K IRBAE LUARAE AT 19 A S RV AR 7= S, ST (0 T L ZR 28 5% rh B 30 Y8 3N P w ik , BT AR
2180km” , /& BB I 2 RUM: KB AR IX ™ o H R SEEE B A A RUAE 19 A 9 4H3E R4 1358(0 ~20cm) B4 127
A, H B MESEH TR AR 62 A, BRSEM /NGE/ TR/ ARAEML L B4R 3 (B L S2 A0E B T A X B G
ARHAE X T R ) & 4 FFI A AR 65 AN (B 1) o T3E(0 ~20cm ) BEFHREFRIES” B 45
BB, 2 HEHR AR, WA, AR Y 1. Skg HEHESLR A, 54, I YR 5
B AL AR HLAE ch R IR, A B B4 T T
1.2 SRR AR &

BT REIE AR 4, i858 FA K Bk, SR A B £ B4 4 ICP-MS 1Y ( PQ-ExCell, TJA Solutions,
USA),
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ICP-MS B HAFI 5 (I ERHH IR 0. 6pg-g™) , B L

R R I A B RAREY R 4 (GSS-1,GSS-4) e
BB BB, HRE RN E R, 24 .
FERRH N 10 MES T TR MR E, W R
RETE BRI +2% I,
1.4 HiEabs
EAAHAHRBNEETLZHHHRA
SPSS11.0 #pFE M., 764 MARMRLAAFTRT,
NSRS ESAR, REHERRABARY
{8 ; TR AR B A & B B BUE S 2 , T
Ko R JUTHIE. RF ArcGIS8. 0 #lk52 BkE &
436 LR - S A A B ST M (L R AR
2 BERS5HH
2.1 AEAFAFRTHHRGENGSE
BEARLHAETR LRSS RER B leend | '
(F 1), LR T IEA 4 &8 4 (26.43 £1.465) B Al Shouguang City

-1 —1 4 4H Town
mg- kg s &%‘2 69. 11 mg * kg s %ﬁﬁ /)Jg ( 80. 50 £ & POMSEM Greenhouse vegetable field

1.257) mg-kg ' %2 210.8 mg-kg™', MFE 1 LERE, ; iﬁ*&iﬁgﬁmaeﬁem
TEiRHE3EH B RSEM N/ R/ b BRI 4 % /N T KM Wheat/maize field

AARER T RoR, R A s By gy R ool

FHE3HXTHE(p<0.05), Hff& & 33.91 mg°kg_1 s B AR E A

AN BERIEH B R ESR 13809 1.38.1.54 Fl  Fig. 1 Location of soil samples in Shouguang, Shandong Province
1.56 £ 8 BN 124.2 mg-kg ™', IR BRI

LEREM BT 1.49.1.52 51 1. 69 15, HAEF RYCH 57.5% , ¥R THE L MAVHEE, MERFE
i ESER H MR/ FR/MAEH) AR L IEEIMANS S EI LB EEZR BB ARBNA I ENS
FEHERBMEATIE, HUBRLESERMK. ARFAFFAT, LIBFAGEEH®Z2MOITFHES 6
WHsEH > BRSEH > NE/ER/MEH > BATIE,

SiARE e R E " M, ERRRR LA AT R T, R EE AN S B 2R ™8,
FAE 45 Fl 61 MERMFFFEER THRE, GHAR BB 72. 6% 1 98. 4% ; TEE REHF/NE/ K/
TAEH S BIA 34.5% WHABE T RE, i, B3 B8 B R EFE Bk 89.7% ~96.6% ,
S52EKFHE™, BIRERIRNYA 58. 6% BIREARG &8 & 78. 9% IR A S S BB b E L &R M
(Cu22.6 mg-kg™' 4% 74.2 mg-kg™") , SHFKF A AVFFE 3 MERGF S B K 24 MRS EBI R
IR IE B AT (4 6 ~60 mg-kg™' 4¥ 17 ~125 mg-kg™') ), (BARYE E + 355 F EAR M ( GB 15618-
1995) , FrA AR SR & RS 18 0 Gbr i, XMRBHER, WARFEAFRLFIH TR
H#EPHAaES M T A E EEBSE, BLIRGEME AR, N BRIMBEERE , WRF R 115
WS ENEEZRARGEEN, MR R T5 5, 8 5 B T 5 M S8 B 4R A B B R IR XU
2.2 1B BEENEESM

TGRS BN R AEE R EARGER, E 2 s, LA N, eSS 212 B4 R EK
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FOARRL: 7R L HR 0 X RTEE R R R XIS BRI, PR AR R . IR E T AES R T X LM L IRE R
BRSPS R, DAL RS R S BB 11.28 mg-kg™' (47 60.66 mg-kg™") , i &4 415~
{E 43514 33.06.,82.64 mg-kg ™', HiX F AR AR AHA W B I, BeE5 R 5 AR5 T8 4 I o R 38 X3+
B S BRBRA SR, XRNFASS BRSSO HERAEE LZ IEERENEWE, 5
WA R, LR + R B RS BN TR (35. 58 mg-kg ™) , AR (76.27 mg-kg ™) IRENH , T A<
WS b 2s ) o A B MR B LR X & B R B, R B AR, IR Mt B R E M m b, RERERW AL
ESI TP LR S EH A MIM R T EMEm . MARRRRIA =7 25 LB S ' a1,
INARFNALT X IR EER/NE/ E R/ A, B AL A X, X N8 £ 2908 B m iR SR 1 %
£X, AR FEERLNE , SEAAEANEE S SMERE R AFRARKRETTH K%
HERHE, BI\ARAEH SR, SRR BESRARSD, HPEHAE 1.99 vhn' BEAREAPLIE, T
TR SRR A KT, 88 RS B JE B I 2 29 IR MK 174, iR ik L B4E R A B IUER
% 82.9 v/(hm™a) , B 511k 197.5¢/ (hm™a) 4L IEH4ER A B % 10.6 v/ (hm*™a) , 55k 38. 9t/ (hm®
-a) , RHAVIE—Bok B T A EG B 2SS A BB, B4R, AEAVRERAHTEEFRF
FEAMFEINAREA S ESEFETRGSES RS2V, S RSE SRV IEEE R AR B ITEE
£S5+ PR BR . BN, RRRI A AT R TR BRLIEERA LN ERTOE— ERE
b AR & B RSB

HE R (ngkeg™)
Zn content

. <00
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w20
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B2 Ftm R s RS A
Fig.2 Spatial distribution of Cu and Zn content in the soils of Shouguang City

2.3 gifised P A BERURRE

ABRFEEIT 1 2 M B MESE AR 2 DL 1 Sk R B 7 SRAOB LR i S B P AR RIS B, S5 A A B S N
62 AR MESEH T A F B MMIE SR, FH BA M B0 B i S 8 B3 2 BOFYE (4R 3
BB ) BATAHT , B R B S R AE BR -5 2o 7 T A A S B L AR, U0 IE 3 TR

MIE 3 2R LAE H B3 T A & B SERME R R B E IFA X, B BRMAERRY
¥m, &R BT ESEANSNSENEREFEMER, XHBETH T TBRERAANY =
1.4904x + 22.925, UL AT LAV HH B it + S b 4R B RERV AR PRI BAE RN 1.49 mg-kg™-a™ (R® =
0.5647; p <0.05) , [FIHE, ALK - 4F & BFEFMESE R FRA N Y = 2.5851x + 90.834,
RIE S BRI+ RS B BRUEZR N 2.59 mg-kg™-a™' (R* =0.4174; p <0.05) , {FEEE L
R2AFELRER, 243 10a BESHEG , TR X R PR e 233 mE 2 7k 14.9
mg-kg ' 25.9 mg- kg™, H RHBE R+ B M, & LY RIS M A RS &4 B 33.91
mg-kg ™'l 124.2 mg-kg ™ NFMERITHE , SRR RABHRHE T, Wi HERE R E I Sini
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O JFip%dE Rawdata K 5 FHEHR Annual mean data
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g gﬂ 7 £ g% 200 |
e bl
ag g
E 2 &2 150
B2 B
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8 = £z
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B3 RS RANE S BSHFRKIRR

Fig.3 Correlation between the contents of Cu.Zn and cultivation years under protected cultivation

(Cul00 mg-kg™" \Zn150 mg-kg™" ) 4RI FN4LRR B(E R A1 43 B 44a 71 49a, {8 H BT 4 TE R HEREE XUK o
3 itig
3.1 Rl TP g A B

B RER AR T3 P4 S B 5 26.4.80.5 mg-kg™', 524 L FE(Cu
24.0 mg-kg™' \Zn 63.5 mg-kg™') RHEFIEE R (Cu22.6 mg-kg ™' 4% 74.2 mg-kg ') HAR BT —E
HEEER; ERARRLARTRT, DA & BB ZREIR 0  Bise s > B R3e > g/ F o/
WAL > BRI, R APIIIRE , RS L T RS RN - ERBERR R MR
EFRENEMR  FE AN SRR TR EERYE, HAMEnGna s B ERT I E/
FA, X SABFT LS R RS HL R T AR SRR ™ R DR R T, LR E 1 5
TR B B L K 29. 1 mg-kg ™', B TRM MM AR LI, HIR BAR T, AR LR AR T
Byl e BREE, Teri & B LA B AL R EE A 5, LA MR B AR R HBAR, 7 7 R Lt R R
t, F AR T S BB BRI R : AR ) R REH) Gkih) 3) AR FEi, HERRES5A
BRI RIFA T L3, BESE T PSS BINE TEMAM B R 15, Bl MRS B8
HIER, X — R R S AR T LB A . BB R, 30t (L R IRE3EM) 38 5 AR A
FrRE s, A S B E AN A ST B ERWRL BRE 8 TR
3.2 BAENWHFERT 18 e BT

MABFFE ST ARRRAM AT ROPIE LS RE , RHEESEHX— R AT R TSR R
(/NG FoK/MAE D B RS ) 19 T4 B AR RIS o iy, LR SR 4 4 & BRE 2 B M 47 B9 3
2 8% FFOHE(p <0.05) . BREBEIFMUNR, WRFLLUK AR BRIERZME R T,
BESEHAXT FAE R K T 5, AR e R AR P MR A RIS S Ap S SO 1 1 st A 7= ) B W)
WS FRES . AT HIHRMSEH T AR IR, 2 % B 00 H R Bk AR (Rl WA R R
AT TBUREAT, S5 R, B T HAOEW K Rk B TEO T K, & BRI, Mixd e e
S — B (CE &8 41 112.4 mg-kg ™" \4£227.7 mg-kg™") o ARIRIALRHIGE RIS 5 13040 4e
SRR AVER, AR L3R4 s BRME BT (E 2) , W% XM TR 3
AR RA PR BSOS G RN LA S B RS, HE N 43. 2mg-kg ™', R RIG A2 1. 43
&, HF# A A p <0.05 BE K, MG SN HRASEREMTHEAGE(p <0.05) BE#E(p <
0.05), 3 AAEVUEMA T L84S 2 i i BIRIF h 43 > 183 > TH, XS, BREEIE
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WFEHTBEZST BENFHTERE, LR RN & 2R, KRG A&, MU GRS EEE, &
PREER S RFABGRA R A2 R SMAE S B B E, AR KRBT EHE
TREHER—BN™ . 5 Mantovi £ AMPFRERB . BAALERL HERGREEFAE TR &
WEF RS EEE BT AN TR RAE MBS HILER , B S LA YUIER A TR R IRk i
e BRI ERFRE,

£2 FEAVILHE AR HE M R b E s & BHRm
Table 2 Effect of different organic fertilizer application on Cu, Zn contents in greenhouse vegetable field

95% BfEXM (mgkg™')

EER HEAETT 2 FH9{H Mean #rHEZ Standard 95% Confidence interval for mean
Heavy metal Fertilization (mg-kg™!) deviation(mg-kg ') TR Lower limit "EFR Upper limit
Cu %% Pig manure + 43.20a* 16.50 35.48 50.92
- 30.20b 8.814 27.07 33.32
F2& Chook manure + 34.08b 12.48 30.24 37.92
- 39.49ab 18.19 26.47 52.51
¥ Leguminous fertilizer + 31.91b 13.58 26.30 37.52
- 37.95a 13.41 32.75 43.15
Zn %% Pig manure + 128.0a 40. 56 109.0 147.0
- 128.6a 92.63 95.72 161.4
F2& Chook manure + 129.4a 84.69 103.4 155.5
- 123.7a 21.91 108.0 139.4
¥ Leguminous fertilizer + 121.6a 37.89 106.0 137.3
- 134.3a 99. 86 95.60 173.0
*: AAIFBEREEFER(p<0.05) = ; Different letter means significant difference at p <0.05; [f] —FHBFERLEEFZEF The same letter
means no significant difference; “ +” ;JEF“ + ” means fertilization ; “ — " fAFAME“ — " means no fertilization

AN, B PR 2R SO S A 5 S B R EER N, MR R AR MUME. BEFER
BHII, Bk P S B E B NES . BRI, wOEsk R SR 524N
BLAG RSB TREELR R Y, =0. 1059X, +1. 1173 (R* =0. 1183,p <0.05) .Y, =0. 1182X, + 1. 6959
(R*=0.3146,p <0.05) F/R, 2 ¥, =log, (HIEFEE mg-kg™' ), X, = log,, ( B0 T AA HLIE 1t FI &
t°hm_2°a_1) x (RMEAERR a) 3, =log, ( HEHTE mg°kg_1) X, = log, (A EHAVEEHE t-hm™>
a™') x (RHIAEIR a) o FIEHIEAE 1.25g-om R+ JE LR 200m F55, AR 4% FA 03843 I BHEE 5 B 0 2
SR AVUE GRS B R0 112.4.227.7 mg-kg ™', FHHEFAAF 82.9 t-bm ™a™" , MIBERE KA UL
B PR T B S A A B A BT 4 3. T3mg kg T M 7. 55mg kg T o 5 HHEA IR R 1. 49 mg
kg ™ha™ B¥2.59 mg-kgTha™! AR, FAE— R, X VT BE S AR RIS R RE R A E , DA R
WEEMNKZELISERSA XS BT L, S8 5 R MR HUE A4 HH 2 5 B0k ik +
RS RRNEERHE, Bk, 3 THRESE IR Z L, T HREA MM 3E D H e B RN, B
FHE S BRI FEAE , IR SK IS 40 AN B 2 H SR B A
4 LHit

HERXTIIARE F W R H BN REREE , 18R T 2K EA R A 7 F 156 R AR E 2R
(A =5

(1) INRFHAFE BN A LR T 0 HIREARME TSR 310 26.4.80. 5mg-kg ™', 5ILARE +IEE
A AR, A 52.8% MBEARHBIMKN E4£.93. 7% WHEAB R TENEE, BFAERA S S B RE
HRETERERE O Rk,

(2) 72 4 FARBRWF AT, DREAMES B dm 2RAF - SOtz > SRS > /hE/E
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KRN > BRI, B RS 44 S B4 53k 33.9 mg-kg A1 115.6 mg-kg ™', BEBTHER
WA, BB R B R B N/ BB AR EAKANE S B TR E2LR HEX
S BB TIERBM AR T,

3) MARBR A TR T HEEAME S BIOSROMGE, G A E P h XN S B8,
AL 3B X SRR R IR S BBAR . BORh AT -5 24 35 0 BB A 64 R R B3R SRR -
MR 772 F Aol A2 7= R0k (CANAERE) B A b B 22 S A 236, 42 2401 P B V80 ) o X S X 0 v Ak Pt
AKFETRERSHHM N M ERER BN S BN EERE,

(4) SEGHRFEER TR, E 404 R T WG T B e & B REE B4R R A% N2
BB EHEIE(p <0.05) , H BBUEESFI N 1.49mg kg ™'-a™ M1 2. 59mg-kg ~'-a™" , AFEHE A HUIE AR
B, Rtk T A BB IR BN (p <0.05) , XA HEAME BB RS S TRMESER
B RS X8 3 HUIE K B P A 2
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SRR - 7 b0 et DX R R 0 ¥ X3 1 S AU, e Dt ol AR o A0 v o AR 0 28 3 A R A o R PP ) 24 e 3 5
TEIAE T 25 R, LU R p i e 2 B (4 11.28 mg-kg ™' (4% 60.66 mg-kg™") , T HH R LT 5t
{53514 33. 06,82 64 mg-kg ™", MRS FRAHRA0TE FLAEA B 1IN , ME 2 SR 5 AR 5% BT 45 431 ] Hp P IX a4
A A R AR A — B AR R X R B RS R AR KR E L2 RS RENEN, 5
WOAE S, AP X S B 7 B O T B (35. 58 mg-kg ™) AT RAE (76. 27 mg-kg ™) IR , 4%
IR S B2 1] 375 Pl DU 22 AT o X2 3 I, AR R, B 32 2t + 5 e fE A 4, e R R A 2%
15 S TP0 S8 B B LA AN I T IR o WA IR Al A= 77 T 00T - S8 B 2 1 PR 52 i 4B
WA AR GALTR DI 32 B2 /N2 / K/ MG, SR AR GE AR FioAE IX., 38 DX 30 ) Je8 R 24 A e 3 v ) 18 e 58 1t 2
X o RAMRNAIN TGN T , T B R AR = B Z Rk AE P~ B A R & B = KA
B BRHE AR A R A G A5 SR A AR AR AR, AR AR 1. 99 v/hm® ARt A HLAL,
AT Bt Y HERHBATK T, 58 2K S b 1 AR ek it 2 24 S TR0t S b 1) 174, T 4 i St 45 4 48 A HILAE Y
BN 82.9 v/ (hm™a) , & A] ik 197. 5t/ (hm™a) , (LAEAI4ER A8 H 10.6 t/(hm™a) , f ik 38. 9t/ (hm®
‘a) , HHAHUE—Bok B TIEL SR8 28 X025 R IR RO HENE . R4k, A A DIGERWH THE S
SRR A ISR R B ] S B S PR B R A T, A I 4 R 9 MRkt AR T e
S ECE R BA LRI R [ 7 3T A A B b A 25 R RE L TE— RE R
R T AR AR 1Y B S A (R4

i & (mgkg™) AR (mgkg™)
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Fig.2 Spatial distribution of Cu and Zn content in the soils of Shouguang City

2.3 Pz e A A A R AR

AR i 1] 2 MBS A AR A P L 11 Sk il J =R A LM AR AE R L, 25 B AR 0
62 AN [F) 15t 35 b SR 1 2 PO 0 R, 0T LA R ) A 5 B8 M S 4 B A 5 BBU - X0 (4R 403 P-4
WA HEAT ST , TR (5] (5 e T R4 MR 5 00 17 34 B & e 2R TR TR 3 BT o

MIEL 3 (945 SR TT LA - G S P AR AR Y & B S AR R AT 2 RS TEAR G . B 4R L 1
B0, Bt P R A B AL S R R B E I XA ] — nR R ERR A Y =
1.4904x + 22.925 , iy AT ATTAE Hh 8t 398 b 4 5 2 BE AP AEBR 9 B A RN 1.49 mg-kg -a”' (R =
0.5647; p <0.05) o [AIFE, AT ASRAGBoit £ S i & B BRI AE FRAS (b B T AR ¥ = 2.5851x + 90.834,
AR BRSO B0 + A A B BB 2. 59 mg-kg a ™ (R® =0.4174; p <0.05), W% 1
W2 AT FRR R, B 10a 1497 SEBHES , DF 5T 0 X 15 i - 398 r 4 07 (0 23180 i 426 40 B 7 3k 14,9
mg-kg ' F125.9 mg- ke ', HEFEREIE T4 BB A, L2 AT 5 i SE 5 A AE 1 & B 4 Bk 33. 91
mg-kg ™' F1 124.2 mg-kg ™ RFEAEIATAEE, AFEBUA BT SR AR ORI T, U0 3 R 53 5 B 1T S o
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