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Abstn"act 'Excessive heavy metals in soils and’ crops will affect the human living environment and“health. In order to study the
enrlchment characteristics‘and causes of heavy imetals'in soils and‘ crops in a mountainous area of southern Sichuan, 1699 cultivated soil
sampleb 30 rice seed samples, 31 corn seed samples, 15 tea samples, and 76 crop root soil samples were collected. The enrichment
charactepstlcs and origins of heavy metals in the soil were studied using mathematical statistics, principal component analysis, and
correlation analysis. The enrichment characteristics of heavy metals in crops and their correlations with root soil were discussed. The
results showed that the content of heavy metals in cultivated soil was higher than the national soil background value, and many sampling
points exceeded the risk screening value. Among them, 770 points of Cd, 176 points of Cu, 116 points of Cr, and 106 points of Ni
exceeded the standard. Combining the factor analysis results, it was found that Cd, Cr, Cu, Ni, and Zn in cultivated soil mainly
originated from the geological background, and Cd was also affected by soil organic matter and pH. Meanwhile, Hg and Pb were mainly
related to human activities. The results showed that the contents of heavy metals in the crops were lower than the national standards;
the enrichment coefficients of heavy metals in crops were generally small, and were mainly in the following order: tea > rice > corn. The
correlation analysis of the heavy metal contents in the root soil and crops showed that there was no significant correlation among them.
Thus, the heavy metals in the soil generally had a high content and low activity, which did not affect the quality and safety of the three
crops. However, Cu in corn and CaO in root soil, As in corn seed and Fe,O; in root soil, and Ni in corn seed and Fe, O, in root soil
showed significant correlations, whereas As in rice seed and CaO in root soil and Hg in rice seed and MgO in root soil showed
significant correlations, and no significant correlations were found in tea.

Key words :soil heavy metals; heavy metals in crops; geological background; enrichment coefficient; mountain area of South Sichuan

TR REAE RN A O L BRI
R, A Ao A= Ve B i =4
S SR EAR (YIRS AL U () M
VAR (7K ZARGLRL R NS LA A7 5 8 R 11 B
JEh AR BRI 1 R AR I R T 5T
PREE D bl 2 3 ATl Ak 0 9k Ak B %
W, T R Vs BB R IT AR B, 31 2014 4F i 36
S PR A A ] - B A 114 4 ] - 975 bR D

AN TR, TR S AR AL 19. 4%, LA
FAJB TS Y £ R OR R TR E AR
PR B 4 T e I = AR 1 00028 5 7 LA 1R

Y BEA: 2020-08-26; f&iTHHA: 2020-10-13
E£mA: El/k’?‘/)?*ﬁrlwiliﬂﬁ%ﬁ?&)%'imﬁﬂﬁlﬁ H
(DD20190522) 5 4= [H 4 1 ¥5 YL bk e 13 4 /R J5 51 H
(121201108000168530)
YEE B FE5(1985 ~ ) 3B W4, TR, 05T 7 n) s it
BRAb2E KRB ERfL 27, E-mail ; 331224192@ qq. com
* WEVEH , E-mail ; wangqiaolin@ igge. cn



53 FAAE IR LLIX S S AR Y T 6 R ik B A 2481

SN A T - R A VE W ) BB 4 R T e ) B T
T IR BUAS0 E 00 R v e i VA 4 it 7
FS SR RIRL U, DRI ], 30 & 4 R
FFRE N NG BRI R, A E B
AN e 25 A4 I 1 i T, T B K R 8
HERCSE T 19K U S AR A A 2B Ak R
WA I B B X A i R 2 — ik
3 e e T 4 S A R AR 1 A KA SR
S | 23 o AR R 7 AR AR R A B AR LT LA
H B A S BT N S R R R A
G, BFSE A A 0 o 1 T 4 SR A e R A XA
B A B A B 5 R A 1 SR PR B EL AT R A
5508

H AT TS A8 T F A M e b 3 4R 0
BT, 200 T A AE Y R 4 R A R TR
7 [X 470 2% ok 2 R 383 A A 5 0 0 R 1
RELENENE L, BERERREWRL
(1) B AR 23 5025 R[], 7T Bl 2t L 4 7 4
TR GE R R %, AU T 13 52 TR (A5 X

), A FE R0 o 0 T 4 o 0 A AT

SR SR EET T 15 YR A
Al b 7 i S B e, LA L el
G ER RS S =

1 g © L

1.1/ Eﬁ%IAﬁ;Eﬁ

A5 X A3 T3 P R 252 101X, S8 T 1|
AUWNE ML R 5 Bl B A5 A, BB
55 km, S 4 R (. M B AR AR LA
F. WFFE DX WA TR 2 K, K 2 B
K H B B RRIR A R . 1 IS F2 BN KR
+ EEHE R KA R R SOR LU
5 R K B Ry A A B F 5 XAk T R
72. 48%,7K H i 26. 80%, %% el FIA fel 5 11 i b AS /2
1% . HHERE , 22 11 [l IS Jr/b | Rl 5K KRS
AR EY. X P Tl A &3k, DAL N .
EHFT R E b AT T & DU S &t
VO 2 WO OIE R . )2 2ok e 102 R A
(P,B) , MR IR GRS A IR LR A b e
o R AU BT A RASCHL (T f +1) , %
PENED A Ve TUAFIVCH s FBRIT4L(Ty)) , Ak
NV S, k4B R PR & A
(Tyl-5k) 7PN A B A KA B A L s e A
B FERE(T,-) ) I =B LB RP 22, &
PR B A e i DU I 2 T YR R 4
(Js") A TERK A AR A B s Tl

! T

A
"

FURTRE ; FIRIRAL (L) s e,
AW AR I 2N FE PTG 1L X
T4 R, B T 4 IO R A 5 N (5 4 R S
E R SR e B 11 SRR AR R , 757
5 T M BEAE B 7 ¥ % 58 A AR 3, R T A
R 5K 0 B 56 TR IR A AR i it ok
T RGBT a4, TR AT A
V5 YR
1.2 BEASRAES S0
1.2.1 FESLCREE

S5 G T T AR SER R DTS X A L AR 4540, Bt
R RAE T RS K OB 13 RS AR M
Yy B AR 4 SRS AR KR Rk
et

AR YT AR F L HRE 2 R 52 Tk AT,
S S H A K T BE T 1 kg, REEREE 0~ 20
om , AHIRE AR | o ) — o e 17 4 A 7 P45
IR AT | B TR 7 R A S
RS TR SN SRR (L E S
S KRR R i SR AT IR A 10, TR 8L
K TER M I RIS A M bk | 5 R P R
VAL 1 AR A e T sk AL FE AR 4
. 6B A M B LI B Ao b
R b b R BA RO I AR A 1 PR St

AR | 699 KRR S FE A 30 1, K

KAFIRE S 31 14, 25 HRE SR 15 78, X AR 28 4 ke
w76 (B 1).

>z

£
« IKFE
s ok
X o JEn
o R R
i AR

— WFSEIXFE
e

E1 HREMEBUERXESMUTE

Fig. 1  Geographic location and sampling sites of the study area
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Table 1~ Analysis method and detection limit of target elements
Fdl A 5T £ Tk Kz R B AT ezt WRES K 3 B
As AFS 0.5 As ICP-MS 0.01
cd ICP-MS 0.03 Cd ICP-MS 0.000 2
Cr XRF 2.5 Cr ICP-MS 0.005
Cu XRF 1 Cu ICP-MS 0.005
e Hg AFS 0.000 5 V(R Hg ICP-MS 0.000 5
Ni XRF 1.5 Ni ICP-MS 0.05
Pb XRF 2 Pb ICP-MS 0,005
Zn XRF 4 In - ICP-MS S f),; 05 =
pH ISE 0.1 TeHLA AFS 50,01
A ML VOL “0:02 o0 Ies
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Table 2 Statistics of elements in cultivated soil in the study area/mg-kg ™!

WiH As Cd Cr Cu Hg Ni Pb Zn
I KMH 38.3 1.21 515 445 4.76 149 244 322
e/ MA 2.24 0. 036 33.7 7.74 0.017 4.8 15.6 44
THIME 11.2 0.329 9.6 38.7 0.105 34.3 35.9 9.1
LR VA L 9.95 0.313 82.9 28.7 0. 094 30.9 35.5 93.7
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AT RE % 45.5 40.1 57.8 103 150 45.9 23.6 21.8
o T SR 11.2 0. 097 61.0 22.6 0. 065 26.9 26 74.2
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Table 3 Statistics of the number of samples in excess of the heavy metal standards in soil in the study area
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Fig. 5 Relationships between the heavy metals in soil and crops
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