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Source and Enrichment Situation of Heavy Metals in Apple Orchard Soils of Tianshui Area, China

CHEN Xue—min, ZHU Yang—chun, FU Xiao—yong

(School of Environmental and Municipal Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract : Concentrations of Zn, Cu, Pb, Cr, Cd and organic matter were investigated in apple orchard topsoils(0~20 c¢m )in Tianshui area.
Correlation analysis and principal component analysis were taken to identify the sources of these heavy metals in soils compared with soils of
Xiaolong mountain from Tianshui area. The results suggested that: Dthe contents of Zn, Cu, Pb, Cr, Cd in apple orchard soils were 77.39,
23.03, 23.62, 61.49, 0.07 mg-kg™" respectively, and the Cd content was significantly (P<0.01) higher than Xiaolong mountain soil; @
There were significantly correlation among Cu, Pb , Cr and organic matter in apple orchard soils; @Cu, Pb and Cr in soils were mainly related
to the geology of the parent material of the soils. Cd in the apple orchards soil originated from agricultural fertilizer according principal compo—
nent analysis. Enrichment of Zn in the soils was affected by other factors. Agricultural action was the major reason of Cd content in the orchard
soils which was higher than other metals.
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Figure 1 Sampling range arrangement of soil in apple orchards in Tianshui city
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Table 1 Descriptive statistics of heavy mental concentrations in apple orchards in Tianshui area
LR AR FAXfH/mg kg™ B/Ma/mg-kg?  BARFEHEmg kg? ERR% H R {E/mg kg™
Zn 219 118.21 49.43 77.39 18.04 69.1
Cu 219 25.94 20.09 23.03 6.27 21.26
Pb 219 28.95 19.25 23.62 9.22 22.61
Cr 219 70.46 51.66 61.49 5.14 58.24
Cd 219 0.11 0.03 0.07" 24.46 0.04

H RPE R ASE SR MO RN L AR R8s+ Zou R 5/ L+ R E SR & B2 AA B #1225 (P<0.01),

Pb.Cr M EEBEKRM, HAEITERMER 833%.
4.47%F1 5.58%, [REBIARA BEEZFME (P>0.05);
In MEERBEK, A EREMLR2 G, BB EZE
SHE(P>0.05); [FE RE K, Cd HEERERK,
R 13 Cd SR AERER 1.75 %, HTE0.01K
Y ERABEME, BTRAKNEILGEE TRV, 4
A+ NRESE BN, HEERE TR A
B, AN KK HIEEA TR AR, B, K
X R A —ERER Zn F1 Cd TR R, JUH
DL Cd A E, B s & R lw i , FEAEE T B
2.2 EE€BRIESH

FHR AT B F B 08 TR L ES
JE&BISRIE™, Gt EAHRMEEST ) TT R Z 7R E
AR Z AR 2 2 SRR IR R A B AL
AR Z 8] () Pearson MK R ML R, N
R[]I, Cu 1 Pb TEEM B IFAHSE(P<0.001 ), Cu F1 Cr,
Pb 1 Cr JCE B 3 IEAHK (P<0.01), F L #EWT Cu.Pb
Al Cr TLEFTBE N F—3R U, Cu.Pb Al Cr 5HIFEHHL
[ 5.2 1F A 26 (Cu—SOM, P<0.01 ; Pb—SOM, P<0.01 ;
Cr-SOM, P<0.001 ) , FHA X $60 F AT GESR IR T 15
U, Zn #1 Cd 5 HAMITTE XA YR Z HEAHERE,
S EASRTE

R2 RAERETBEENY ESRTEZ HHHEXRE
Table 2 Correlation coefficients of SOM and heavy metal

concentrations in apple orchard soils in Tianshui area

TLE Zn Cu Pb Cr Cd SOM
Zn 1
Cu -0.08 1
Pb -0.12 0.60™ 1
Cr -0.02 041™ 047" 1
Cd -0.06 0.04 0.01 0.04 1
SOM -0.18 0.41™ 0.48" 0.60"* -0.02 1

W R o FORTE 0.01 KF L BB BEMRKME, > RRE
0.001 /K L BA BEMEM,

F RS SRAEZ AR R A D BUL
MNEETROR R IR BR 15 B, £ 1R T A
DAX 3 B 4 SR SRR U, ARAEZR 3 ARAEME AN A/
Fo & T BT TTRRER R T 70 %) 02, e H
THT 3 ARG X 3 AR Bit7 22 5wk
RiRF] 80.1% , AT LUFREIR 1R 5 B2, K55 —
A E RS RERRR 40.2% 1015 B8 BT F 8o Rit
Tk 61.2%,

H# 4 FTEH, F—F M4 PC1 E2H Cu.Pb
M Cr LRRE, FERBX 3 RN TR, KKR
fd 13 Cu.Pb 1 Cr & B 5Z ARG ZME K
ANBE LD SN Y EE R S BRI (R 1), X 3 Fh
TLEFIM B EMK, B S5 AR B EHK(R2),
WK — RS PCT AR BE BRI R 5l 5 AR 7

Cd 5 F /S PC2 RABAEY], EEBL
B EBAREBECRE . AR, KA
i3 Cd & B EW I, JEgeit, Tk RE 5
AEMEFAAUIE 750~1 125 kg-hm2, S35 75~120 kg+hm?2,

R 3 RKREEEBTRBREFNFEERERRE
Table 3 Explained variance and eigenvalue of correlation matrix of

heavy metal in apple orchards in Tianshui area

ES %y FHE(E HRR % R FRER
PC1 2.01 402 40.2
PC2 1.05 21.0 612
PC3 095 189 80.1
PC4 0.61 121 922
PC5 039 7.8 100.0

R4 RKREECRESEENS AEERE
Table 4 The principal component matrix of heavy metal in apple

orchards in Tianshui area

TE Zn Cu Pb Cr Cd
PC1 -0.18 0.83 0.86 0.74 0.08
pC2 -0.69 -0.05 -0.06 -0.12 0.74
PC3 -0.69 -0.01 0.06 -0.16 -0.66
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BB 1500 kg-hm™ D) | RERLRIFIZ LA 309%~40%,
Kok B e LEP MR EHE —E &R Cd™,
XFERSr Cd BEALAE 5% B8 T e AR e L ] BB R
BT X Cd & & B3 (P<0.01) & TH S EM F 2R
(3 1) PEICHENT, KK SR i TR 2 BT,
S CdELEFHE B, LR, B ERS
PC2 RFEEEMSIMNEN R H R

BE=FMS PC3 5 Zn B4y Cd XRHEY, K
KR 3 Zn 5 Cd 78 R s MR K,
HAE—EBREMNRR(E D), KZ ARESF M
REtEthE R, T8 Zn 5§ Cd AR IEARME—, 7]
3 iFig

FntERESBETRATEREA HERR, 7
B Bt 7= 3 ™, Maitt e Talk A r=
X R KRS R SR EES RS RN
B, BeAh, TSPt 50 B 5 Y th Al 24 ™
B RV AE P, SO A B SR R R = Y
POHE B Ak 25 h.nT S 3 R 1+ 4 TR A & B FEARIR
WFFE AR, BB AR AR P s /N H /N 1) £ 38
REREENT T, RES BT R FERZ MR
HEZM, AR RN, 2 3% Cr FEMEER
FE TR A EEF OB KB, 6T i X X
3 Cr FEIKREZ R R R, WIEAM
FHRRKFERE L5 Cr FE S5/ I HIEAGFAER
EESM, HHTTLUAERRKX Cr §B&FEZH L
B RH W 1A, Cu M Pb 5 Cr B B
(F2), UM 2 MESES Cr AAHRASRE, B
B BRI, X 5 A5 Cu Pb #l Cr &5/ 1L+
BYARTEREZFEGR DR JEILHER, XK
Hh X SR -4 Cu.Pb A1 Cr R FEZHE—FE RS
B AR - R R R AR

WEARRARENR, HRXLECASTERE
(P<0.01)FFHERME(E 1), LHEP Cd 7I1ENEM
R FMUAE SRS B PR IR TR, 2R R A
R R BRXER T EE SR S BEEAR
B, RE L Cd FERE T AL 28R A i
A hEAKER Cd, L PHE, 1R Cd &
BAFIEN 165 mg-kg "™, BEH A 24H 80 %Cd
R THER R KB AR S L3 Cd HER
NS TR FPR B IT R, BRIR E  F AE ]
fR 33X Cd BRI, BTRA, 72 SR A 7= v A fR AR

AT RE R S8 3 Cd B Ay EER A,

R A - Zn BISRTIRE) i FAEEE &
In R P EEXRFEEH VI SB LD Zn &
EFHRE, BEIEH S Zn 2 270 mg kg, K EH G
it P B RR A7 A 3P Y Zn A 200 g+ hm %, AR
S ROKRE L EPE —EREN ZIn HEE L),
AT RE 5 < 0Tt P AL AR 25 B B MLAESSAE 5% o Zn
RAYERMFREFRICER, (HiMELES Zn K
SYVAGE S BAFAE , A B BRI, AR, i
HERERCAE 3P Zn TEAS, fR#E3EH Zn WAL
B nEREAE A FRES W I K IES AL
AR, BELEPRR A, T A N
J&, pH BE TR, L3S Zn MEMEREZ K, 1
58 T 3P Zn MTEME, ATTEE RAEIXT Zn AT
Fls AE 2541 R B AT 7 A 3 Zn ARR, BB AT {2
PPN Zn IR, BRI 3 Zn FEE—FRE 24
AR ABFFPIE K8 Zn 48, X R E 4
b Zn BZhASEALI A Zn IEES, MEHE—54)
oo

4 i

(1)Rbd 13 Zn,Cu Pb.Cr F Cd 73 HILEARR
BE EEA—ERESE, K Cu.Pb.Cr BEBREH
AN, EHEFIERTE 10%LLT ;Zn Fl Cd B EFREER
R,ABERER L1270 175 45, H Cd 5SH/ERA
B EZ AR (P<0.01)

(2)FRAK R -3 Cu, Pb H Cr Z [ FF7E B3
IEMSE, B SEYUREA BEAMRM:, X 3 Fiot
FORURAT RE 5 R A 5%, Zn FI Cd A HAIRIE

(3)FRG M bl 3 DR R J7 Z TR
KF] 80.1% , HA AT 2 AR Rt STk FRIK61.2%
SF—E R ROV Cu Pb #l Cr TR K& B 223
BRI R RO Cd TR R
EZ N AR E AL o Zn A AR BTSRRI, 1
ATREAFER AT5 5
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