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Abstract

In the loess gullied-hilly area on the Loess Plateau, the distribution of the heavy metals including
Hg, As, Cu, Cr, Zn and Ni in the topsoil of slope farmland was studied, which was comprised of six
slope gradients. Means of heavy metals in the soils collected from six slope farmland were com-
pared with the background values (BV) of soil heavy metals in the loessal soil. The results showed
that the average contents of Cu and Zn in the sample soils were higher than the BV, and the content
of Cu only reached the third standard of the Environmental Quality Standards for soils in China
(GB15168-1995) and was greater than the critical concentration as 100 mg/kg to cause crop fail in
10%, while the contents of Hg, As, Cr, and Zn all reached the first standard of GB15168-1995. The
contents of Hg and Zn would increase with the increasing of slope gradient and other heavy metals
did not show regularly changing. Correlation analysis indicated that the relation between Hg and
Cu was highly significant negative correlation. By using the Hikanson method of potential ecolog-
ical risk assessment, the C; (the degree of contamination) of all metals were higher than the BV,
the potential ecological risk factor of Cu should be cautioned because which was the highest and
achieved moderate degree in the six slope farmland, while the values of the potential ecological
risk factor of other heavy metals were all lower than 1. The potential ecological risk indexes were
all low, and the main contribution factors were Cu and Zn.
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Potential Ecological Risk Assessment
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AIGEET B LB FERIFEEX 6 MIFHCIEEX, 4T RELEESERK(Hg). M(As). H(Cu).
#(Cr). £E(Zn). BN FE, 5RET R IIBLRYRERIT T HE, SERHE6 M HHHM
FAENSEERTHETIEORERME, & R BAENSEEZRTERE: 5HEXERE
FrAE(GB15618-1995)H ., HFELIBHHFM S EMNEE B =FirdE, B Em K TEEDRI=10% Kl
FIREME (100 mg/kg); HMELBILREK. M. % BNSEHELETHNESELED—FirE. B
FEEHMES BT, RSENSEMEHERNE KT ESBH KBS, HrxRBAMTR
NE Z: EAPAR . BTS2 AT 4, Hg Rl Cug AR B8 i i ootk , A E 4B AR B E M A M.
R FHakansonB7E £ BB ERBIENHX KN ELS BEBEESERBTI, SREHZHAXC (ZH
EEBNEERBW KT ERME(6.00), XA ZXEHMFE—CHESHEERE; 6 MERYH
HBEESAEREY, ClBEASAERERR(FIH55.612)HRB THERE, MEMELEN
BIEADSBEABBESDMENEE/NFL, MEZCulEERA; KBEESBERIIINREESR
E; BEASAEXTETREFANCu, KRZNIn.
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F 20 4D 70 SEARLICR, TG LR B 2 AR TSR U, HOK 2 B s e Tk
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8B, (HEAER NS ER R, 25E WM E SN R RN, Bt R - SR R R - 5 1 5 4R S Y
WIS T — M, AR A1 ) AN ) R 7 3Q 0 358 8 4 v Yo db A7 /A il R R WA T
IR 7 R 0 3 E G R TS Y K AR A R IX s 2RI ER AR50 3 b s JE VA AR X 6-36a S SR AL
T BRE SR A RO SR I, % DR ) RN AR R, et s A R A LI TR
HE%E, GLEESRESERAHRARN . WE X 8 e B AR b L5 5 4 R (1 2 AR R SR D

Xt B4 JE T Yt FE VA, 2R TR T RERH[6]. FEHI[6] [7]. JRHB[8] [9]. #IX[10]« X [11]55 77 1 ;
A 5t -3 8 R 5 Y PPN SRS R T 48 SR R v S 2 £ = M PSSR P A i S5 77 THI[2] [3]s
Z A A PR S TE A 28 IRURS VEA 7 T ) A 28 o VRAR 7792 2 SR R TR BRI JAR B0 5 25 B 5 G 4R 03[ 2] (3]
TCLP (Toxicity Characteristic Leaching Procedure)i[12]. A% 45 &4 5013128 k. A ST IR/
FE[14], R F B L) vz F it i) Hakanson FRIVECE AR SV Fa 50, i PE B & B st REFC £ %25,
S 2 T SN B o SR R AR X AR 3 T 4 SRS G SV E 1 AR S K HEAT VR

2. MRS %
2.1. MREERER

WX A T3k L R i RSN MR, B R 9.48 km?. X PR MR SRR A
WA PSR 9.8°C, —HIIR-4.3C, LA 23.1°C, LHEW 183 K, ¥IFE 10 A d), &
4 ATH, BG5S H 22 He >0°CHUR 3899.2°C, il 269 K, >10°CHIE 3281°C, Fift 173 K, AP
SEHR S MR 120.46 keal/em?, 4XfEH IR 2372.1h, HERF /)3 54%, L4 FH[#/KE 600.6 mm, 7. 8. 9
SANHEFREIL 50%LL E, ZHEMEN. TEE K BT 1.10~1.38 Z . HFAsE LR IRAaRRm
PSR AR 5.61 km?, 5 59.2%, YAELEAN A 3.87 km?, 15 39.8%, MK 712~1193 m, VOERESE
4.71 km/km?®, THELUEERE N T, EREG, MR, GHURMRD BT 0.6%~0.8%, #HMELF, SR
PR IR TR ETR A RN BB AR, RN 2.01 77 mYkm? £4, # N R b hiEk 2
WA E 2R, — IR S22 100 m, HE/NT 10 Ls, T REL 30 Lis. KA
BB, ZafmEintzdh, DEARFEARRNE, JBRRE R,

WEEE 3N S, H 7 MTEANM L ANEEKT. A 3361 A, 35771501 A, A¥#Hb 021 hm?,
5141 0.47 hm?. RAFETE AR RDME AR B 932, 2000 4EHE & T 95 262.5 kg, A4l 3100 76, 7K
TR AVEHE BT HEIFLN 8.2 km?, VA FEJE A 86.5%, 3 (2% B 4000 t/<km® 4> K B F 317 t/<km?4E>.,

22. ERmEESTH

f£3°. 5°, 8°, 12°, 15°5 25° S8 FE (bt R A2 HH 2 (0~20 om) L 3BAE BN REVR S L hry
N3OS E LA, B NN L mx 1 m, FEREANEEDT WEET 3 IRBENLEURE, KR A RE
VENFET WIREAR, 1T 3 ANEE 7 VR G FEAE BN FE S B () — S R 24

TIERERCREE G, W RISEI =R HARART G 0. RS (LIRS EbRIE) (GB15618-1995) & 5L
B WIS At, X TR LREHEAT TR (Hg)« Fli(As). 4(Cu). £%(Cr). £E(Zn). BE(Ni)&E &8 1. 7
JHEWR: K(Hg), SR - BRER - HAAL UM, AR TR E s fl(As), SR - $hIR - M aERTH
fite, BNEALER - FHBRER 7 CC RN E . H(Cu). E(Zn). HRA(NI), IR - IR - =R, KHalET
WRSCo e R E s % (Cr)BiER - MR - SRR AR, SUER - SO IR o3 D6 6 BEvE I E [15]

2.3, TMESREAEESKRITEM
FH Hakanson 78 7525 25 fi 5 15 M0k [ 141 % H 48 5 4 J A9 18 £ S EAT AP0 o MR IR 10 A 26 J A A0,
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Il b5 P R R 4R IV E AR 25 M B % (the potential ecological risk factor) E} & 43 £ f
& B 14 A AR A 245 G 548 B (the potential ecological risk index) RI 7] 43 5l & 78 A«

c, =ci/ci €))
C=3c; @
E; =T, -C} ®)
mzia 4)

Ref, o NELBREERY, CONESREI WSl & &, CNHEIHNSIE, C, hEZMESLRE
MEER, RUESBISEEE, T AESREI WEERY, ©EERESBIIEMEACERAEY
of H 4 R ¥ e A UK

KRSV FRAR L 1o 0TS IERER, S E%#H M ZREK, Hakanson $H ABLAR Tl Ak A it
AV & R I i 1 SE N S HUE14], A RERA S A 6], ASCRA T Lm s s gs L ig%oc
K FHE[16] [171E NS L.

3. BZREHh
3.1 EHHHE T RPES BRI HIFE

XERTAT S b - R S B AT g IR, S RIEONE. BUMEMEARTIE I, Bk 2
PR WIRL, MR E R RS R BN T E TR R AR Ok, BB S R T
KT E R 5N TEARME(GB15618-1995) I LL, B L8 p il i) & AL REIA B = bnitE, HE
T2 R TAEAEI8™ 10% I Sk FEAE (100 mo/kg)[18] [19]: HARE G B oK. Ml B BAMEEERZE +
b S AR JibritE . AN e R AR R R AT RIBORE < S T R A A S
REFERZE7[20]; i 2 3R], LI rAEERIERAEIIRT 1, Cu5 AsZRAMNT 6. Cry
Zn R FZHUNT 9, T Hg 1225+ 240N 10.8, Ni I3 A%y 31.1; X Ut B RIS bt R =
TP ESEEEAERRKNZER, Hh, Cul5 As A mMEXE RS, Ni A nESHEK. 61
YRS T EME S A R SRR T M AT A T AR, AE 95% /KT e 2 e B,
AT 4 B AREAR T A5G R ACE AN T 0.05, HANT 0.01, s o s JR BRIV A% X St Hh -
BEeE T S RA L REREREE SR

P 1R, SRR R R S R S B R (R KT R R IR K S, X ATRER A A KT
R PR RO, 1 H RS RIS RO T S R RGBS IR & AR 3°~15° A 21K
@, £ 15°mEK, fE 25 I AMTRT 3 ~12 I A& i Bt H S AR 8 I Rk, AE 127K
RIE RGNV 42 BT EAE 1271 SRORFE S SR AR IF Rl A SR R 3 KT SR ARG K A LA 12° I s
Bt Jm SRR H AL T 52 . X AT RE S /NAU A IS A I BE A LA BT 0%, SRR G R R R T3 i
RIS O R 2% AT BE 32 1 BRI R Fel AR 245 (R K 18 Y B i [19]

32. EERMEXMSH

X B R ISR M 4 B < SR T SR BEAT AR OG0, A A IR I 3. TN, Hg A Cu A 2 B SO e
RIS, dis 1 AN 2 fpal A Hg A1 Cu RS - & 2 ok, HUL B3R AL AR AR IF A —
Bl XATRE S MR AT IBREEA 5, AT RE S AR 25 7R A H R P b it 55 SR A AR 5 15 A 5K
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Table 1. Toxicity coefficients of heavy metals and consult values
=1l ESRSMANESILE

TiH Tl As s Cr #i Cu ¥E Zn 7K Hyg 2 Ni
R 10 2 5 1 40 5
Z Al molkg 105 575 23 67.9 0.016 29.3
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Figure 1. Change of the contents of heavy metals in different slope farmland

E 1 FERERH M TIREER S BTN

CAHPIFERY, EERENETE. EEFIE. HEOERT NEREAMERZ P E pH EH. AP PR
B B A B S P BT SEA [21], HOSRE BT, PSRRI . AR 25AE) . B ) A XA A
AR Al K B 4 e 1 R RS o0 A FUHE = A SR [22] , [R]B 7E 45 8 2 R4 7E (8 0 PRI B0 ) 4 FH AR 2 5%
e E ERE I AR (23] BT EE K R R AR, SR BN AL, SECREACEHIEM . Fihl2
AL 1 Jod e FH 5 OB AR R 5 1 H As. Cu Cr 25 5 4 @ ik N 38, Sl -8 p 5 &R & 5 =i [ 24]

A AR AR B T B8 S BUE SR A AR 2, IR 2 WA 2 S Bk Cu i AR [25]

3.3. BEEDSBEITFNOH

FIH] Hakanson VB 7E 4 216 E 4R B0k K A (L) ~(4) % BRI 5 4 8 (B A A S fE E AT VR Y, &5
RUnE 4 Fone AIAL, EBEAIX C, (B FPE S8 10 E 4 R BN K T 54E(6.00), X Uk I Z X SRk A7 7E
—EMAESEERE. H 5 A 5 R R R = (12.87), 1 15 S A AR MK (11.61), Sk SR RHIR S
38 KT A R BRI 34

HLH Hakanson 194765 i 9 /) 5% (E] < 40,40 < E] <80) , #F FLIX HUMF/E AL A Mo 5 R B DI (42 4),
6 MR b T, Cu BEASGE R M (T 55.612), AP T HEGE, SYEN S HAS
&% A B0 (59.146), BN fGE, N Cu M duRit. HAlE 4 8 a4 e E Rl
HARAN BN T 1o Hord, As VB AE AR A 16 R 8UR /N HEEAA 24 (F1Y 0.012), B3y 8°1 4 /)7(0.010),
HABIE LA 0.012; Cr IBEABGE RECTHN 0.048, 16 25° 1 £ K (0.056), S HH B35 i 48 K 1y 184
KEI#aH, Hy MBS GE RECFA N 0.283, 78 12° 1 #: K(0.313), RAEI KGN, Ni 1
WAEAESGE RS 0.235, 1F 5 A (0.309); Zn (I EA &G H R BT 18 0.969, 7E 12°1 i
K(1.085), EAHEAL.,

M Hakanson MIEAEERINES (Rl <150), %BF X EA B G H v R MRS,
BN REMESEER(63.00), FTEHEHHbGEREE) 5 W & ERE = (60.71), &
/NHI 1274 1 (54.52) . A Iy 575 BEE B 3 K RN

AR AER G E R BRI ECKE, S 7 X AR S fEH F EITM 74 Cu, IRZA Zn. B
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Table 2. The distribution of heavy metals in top soil of farmland (mg/kg)
= 2. Wt RE T IERE S BT (ng/kg)

b - ST 87 B A4 (1 (GB15618-1995)
)R LR b T R BUE[16] [17]

BE BKME B/ME CV% &K Sig. —2% = =25
éﬂh 255.91 272.07 24355 5.20 0.000 23 <35/-"  <100/200" <400/400"
K
Hg 0.113 0.125 0.098 10.80 0.000 0.016 <0.15 <0.50 <1.5
ug/kg
itk
As 1222 1289 1097 573 0.000 10.5 <15 <30 <40
ug/kg
f:% 137 161 129 882 0.000 57.5 <90 <200 <300
fﬁ 138 181 068 3110 0.000 29.3 <40 <50 <200
;ﬁ 65.79 73.68 60.06 7.78 0.001 67.9 <100 <250 <500

T T, FORFES 7 ATEAEUE AR MR, R R R, -7 ek,

Table 3. Correlation analysis between elements

3. EgEREXM
HERE As Cr Cu Hg Ni Zn

As 1

Cr 0.090 1

Cu 0.326 -0.457 1

Hg -0.366 0.416 -0.993" 1

Ni 0.212 0.339 0.652 -0.660 1

Zn 0.055 0.299 -0.453 0.456 -0.324 1
P <001,

Table 4. The potential ecological risk factor and index

T4 BEESRERRSRERY

iR As Cr Cu Hg Ni Zn
° Ci E C E C

f T f T f

: : . : - C, RI
El c! E! c! E!

f " f " f "
3 0.0012 0.012 0.0230 0.046 11.7296 58.648 0.0061 0.245 0.0532 0.266 0.9355 0.935 12.75 60.15
5 0.0012 0.012 0.0231 0.046 11.8291 59.146 0.0063 0.250 0.0618 0.309 0.9492 0.949 12.87 60.71
8 0.0010 0.010 0.0224 0.045 11.3217 56.609 0.0069 0.275 0.0502 0.251 0.9249 0.925 1233 58.11
12 0.0012 0.012 0.0226 0.045 105891 52.946 0.0078 0.313 0.0232 0.116 1.0851 1.085 11.73 54.52
15 0.0012 0.012 0.0238 0.048 10.6522 53.261 0.0077 0.308 0.0358 0.179 0.8845 0.885 11.61 54.69
25 0.0012 0.012 0.0280 0.056 10.6126 53.063 0.0077 0.308 0.0573 0.287 1.0346 1.035 11.74 54.76

SE#% 0.0012 0.012 0.0238 0.048 11.1224 55.612 0.0071 0.283 0.0469 0.235 0.9690 0.969 12.17 57.16

#s{H 1.0000 10.000 1.0000 2.000 1.0000 5.000 1.0000 40.000 1.0000 5.000 1.0000 1.000 6.00 63.00

SR Cu Ml Zn RAEMLTHRIEFRICR, HAHEE#N BN E BN SIS - A R 5 aE, MiE
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CA BT SR 0 73 25 S AR TR [14] S XK B 38 KA 1) [6]. #@3[8]. &7 [X H:3%[10] [12] L,
X RAE RS EFE IR R TEM, V) ERE R BT IRUE A — P IR ST .

4, L&

1) 5EMBEE LR FETAPIEAMEL, 6 MRS FERT R4 L LT
RE R, B k. WA S EELRTHERME; 5 E(GB15618-1995) /1 EL, #FZE +
S ) S BAREA ) = ZibnifE,  H O K TR Ys0™ 10% 1k K A (100 mg/kg); = & oo
ok b B BRAIERAERT R M S R A B — SRt

2) AR E SR AR, Rk SEFN S BRI AT 228 KNS, HAboERa
WARXT BN R 2 EA A

3) X E R ITR Z AT AHRNE T, Hg A1 Cu A B3 A SO Stk FoAt B < s 22 ) ANAFAE 25 4
K.

4) HBEAESEERBETR, ZHRX C, (ZMEREMNEHLRL)IATHR{H(6.00), XiiH]
ZIXBHHAAAE R ESE TR 6 MRS EASE T REUD, CulEESEEH R/
B (11 55.612) I8 2 7 EEfE T, T HA g Jm R AR A S S R BUE AR AN T 1, BER
Cu V54RO HB A fa F 0 R MAESE S, WAL HE R ZotlkE 1 Cu, IRZN Zn.

5) Xt 5 - 38 T <R ¥ S AR AR S B AR R o 7 B PR T

HEemE
AW FAF B FAM A E KRR R (2012BAD04B02-3) % B
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