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Abstract: Since 2004, a total of 290 700 km® of 1 ¢ 250 000 land quality geochemical survey has
been completed in Northwest China. The contents of eight heavy metals elements such as cadmi-
um, mercury, arsenic, lead, chromium, copper, nickel and zinc in 66006 topsoils have been ob-
tained by X —ray fluorescence spectrometry (XRF), atomic fluorescence spectrometry (AFS) and
inductively coupled plasma mass spectrometry (ICP -~ MS / AES). The content and accumulation

of heavy metals in topsoil in Northwest China were analyzed by using the methods of Geo — accu-
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mulation index, single factor index and Nemerow multi — factor index. On this basis, the causes
of heavy metal accumulation in typical areas such as Baiyin and Laji mountain are discussed. The
results show that: (D the single pollution indexes of cadmium, mercury, arsenic, lead, chromi-
um, copper, nickel and zinc in the soil are more than 99. 26 % , indicating that the soil in North-
west China is not polluted by heavy metals and they are as a whole in good condition. @ The
sites above the screening value of soil heavy metals in Northwest China are up to 52. 7% and dom-
inated by geological accumulation, which only four sites reach the control value. It shows that,
the content of heavy metals in soil is very difficult to reach the control value under natural condi-
tions and pose low — risk threat to ecosystem health. The sites above the screening value caused
by human factors are mainly distributed in Baiyin, Tongguan, Xi’an and other areas, and the
points greater than the control value are concentrated in Baiyin and Tongguan. @ It is recommen-
ded to carry out in — depth research, especially the bioavailability of soil heavy metals in the arid
area of Northwest China, so as to further optimize the control value and screening value of heavy
metals under different backgrounds.

Keywords: Northwest China; heavy metals in soil; cumulative characteristics; influence factors
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Tab.1 Supporting scheme of soil sample analysis method

5 G W05 Ik M 5E T H
1 L5 K T ik (ICP - MS/AES) Ni,Cu.Cd
2 X B 98635 % (XRF) Zn.Pb.Cr
3 J&F PG 2 (AFS) As.Hg
4 HL 07 7% (ISE) pH

(1) X G752 56561E 3: (XRF) M 52 Zn.Pb.Cr,
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FHE X 4 X, 381 R E MR R AE R O
HX,.
1.3.2 X FLERBFASN
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Tab. 2 Classification standard of geo-accumulation

index method

SFR Lo (TCHEZRD
FEMCT) Io<<0
BRMRERD 01, <1
BeE R 1<1I,,, <2
A BBV 2,00 <3
B BRIV 3, <4
BRERVD 4<1, <5
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X L o A5 2 — A J0 i 0 A LA SR 5 ARG X A (B K
ANKE A ERR B T T Y AR ATV A GOy . B
R

R:% 2)

K. P, N EEPRESR BRI Y3850 C,
MR ESE LGS hESE I
M s o 0 CR AR b = 18 75 e JRUBS: 8 45 s o
GBI15618-—2018) iy “ A FJ Hhy - 338 ¥5 e KUK fiff 12k
L7 08 At D b O 0 () 000 Ak L 5 R v AR B
AR R pH A (X N 1+ 8 pH A F 4. 87 ~
9.86) 4 B 3 v X L B O (R . BTN
WA B B AE L3R 4,

x3 KRAMITESERNEFHEES

Tab.3 Screening value of soil pollution risk of agricultural land

Sy RS 9 326 1
75

BH  pH<G5.5 5.5<pH<6.5 6.5<pH<7.5 pH>7.5
1 cd 300 300 300 600
2 Hg 1300 1800 2400 3400
3 As 40 40 30 25
4 Pb 70 90 120 170
5 Cr 150 150 200 250
6 Cu 50 50 100 100
7 Ni 60 70 100 190
8 Zn 200 200 250 300

TE:Cd Heg &8 1070, Hfl oo R &8 1077,
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Tab. 4 Classification standard for single factor index

method of soil heavy metal content
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Tab.5 Classification standard for of nemerow multi-factor

index method of soil heavy metal content
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Tab. 6 Background values of heavy metals in Northwest China

TR Cd Hg  As Pb Cr Cu Ni Zn

HE 169 23 12.2 21.1 67.7 23.8 29.1 67.4

5 Y SR HHFH P T S5
1 P;<1.0 Toi5 Y
2 1. 0<<P;<<2.0 B0 Y
3 2. 0<<P;<3.0 2 RS e
4 3.0<<P;<{4.0 o1 g VS Yy
5 P;>5.0 Ei TR

1E:Cd He &4 1075, Hf oo R F 8 A 1077,
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M 7 AT OO X N 4 R A Y B T R
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x7 BRI ESLSEHRIVIEECEHERESITER(%)
Tab. 7 Statistics of samples of soil heavy metals by

geo-accumulation index method in northwest China (%)

b3 B hE BB B
e T P
R am P T T T
Cd 0.031 0.015 0.039 0.118 0.345 5.248 94.202

Hg 0.115 0.083 0.218 0.759 3.901 18.401 76.522
As 0 0 0.005 0.033 0.136 1.457 98.368

Pb 0.012 0.011 0.030 0.071 0.142 1.439 98.29%4

Cr 0 0 0.008 0.035 0.208 2.224 97.481
Cu 0 0.009 0.014 0.021 0.954 1.990 97.870
Ni 0 0 0.006 0.033 0.924 1.631 98.233

Zn 0.001 0.006 0.009 0.024 0.058 0.814 99.080

(DHg:Hg UL B E, 5 76. 5% T 44
WAL M ERRZ, 5 18. 4%, Hf R EHKX
F B T I VY 7 A AR Ll ST
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DX YOG S5 M
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@ Z R A0 T FAR M X S8 R 5 f i s e ss R
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(DAs:As B RN F, 5 98. 4% B B2 A
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TR 30 T G A s A BRI F2 B R A A e
A5 BARRIX P e D H A AR R B G 3 O e e

(5)Pb:Pb PLJC REN ., A7 98. 3% 1Y i £ 1
Mo BHMBRFLESAERZRE L RASE—H 82—
W B B R X ko B B —

W N ET L X AT — SR B oA 89 R R
A3 FE R I 56 b X5 A SRR D 4R v 4y
A FE FER RN CHB X,

(6)Cr:Cr LAJE RBUN L 5 97, 5% 1 25 1
R, Horp A2 i SRR X F2 A T RA L BT P R JER K
B —a 5 B KL b R e h A L
To] 75 S R A IR R B R R A A AR i L — A AL

(TNi:Ni DLTE BN F, 4 97, 5% 1Y I/ 2 1
B Hop i BBV T 5 1 h A I — L BEVE R
U—Ja 2 B R i BB pg EREAE T R 0 Ll Rl — Al L TR
Jb 3 0] P R B AR I B L — At i R 32 2
SR A AE AR BB P R LH R AR R
(i} S S a=1

(8)Cu:Cu LATE BEBUN . &7 97. 906 1 8 45 1
. B R D A 7 FER X PSR T IX L AR
Bl 7y 7R Z I8 Ll A A 0 T B A 2 oK 5%
kg B R R A A A X 3 R I TE BB .
2.3 EERETHEIR

8 Ff 1 8 H 4> @ PTG Y 5 B E GO 45 R B
R(FE 8, +EF Cd.Hg,As.Pb,.Cr,Cu.Ni I Zn
F14) BRI 8 B0 JE TS Y 4 iR 99. 266,99, 96 %0
99.59%.99. 91%.99. 84%.,99. 92%.99. 94 % Fi
99.94% . HIELEAAREOTFMEE R LWL 9, 115
98, 300 N A L PG b X+ 3 4 JE V5 e B
[USIERVNERiaN

T AR L b B o o ke 848 AN 47 . 5 P L IE A
X 1. 2856, Hor 52. 796 0 s A 1 I b 5 3R 31,
RAARAETCN L X B E B 1 H XD . 848 A3k ]
i 3 (B ) s 2, Cd S 402 A, i b 47,41 %5
As S50k 226 A, (5 H 26, 65% 5 Cr S 00k 55 4,
di bt 6.49% ;Cr = Ni ik 30 4, L 3.54%.,

EHNE DL i A 3 43 AN S Pk A
[X 0.07% ., 43 4~3k B i & B 1 g1 A7, Hop, Cd
SR 194N, 44, 19% 5 As SR 7T AN, L
16.28% ;Cd— As JS ik 6 4>, itk 13,952,

i G fH LA b Cd 3= 243 A 78 H AR T ATV 22 1T
AR % LR R L PA L VE L s A R E L
Cd FE0 A1 TAE X,

O e A 1 As 327 43 A7 6 4 0 Ll i AR A
— A HEIE L, As FEAME TAERCL L .
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Tab. 8 Evaluation results of single pollution grade evaluation of soil heavy metal content( %)

V5 YL R Cd Hg As Pb Cr Cu Ni Zn
EIFY(5<<P) 0. 064 0. 006 0. 006 0.014 0 0.012 0 0. 008
4G e (3<<Pi<<5) 0. 030 0. 003 0.029 0.010 0.012 0. 008 0. 006 0. 005
BTG (2<<P;<3) 0.087 9 0. 002 0.036 0.010 0.017 0.014 0.011 0.017
BTG Y (1<P;<<2) 0.554 0.027 0. 336 0.053 0.127 0.047 0.042 0.033
Tevs Y (P;<<1) 99. 264 99. 962 99. 592 99. 912 99. 844 99. 920 99.940  99.938

R9 ITESLECEFAEHENERR(%)
Tab. 9 Evaluation results of comprehensive index evaluation of soil heavy metal content( %)
HIGYL(3<<Ps) TS (2<<Pyp <3) RS (1<Pyi <2) e R (0. 7Py <{1) %42 (P <<0. 7) At
0.098 0.062 0. 459 1.061 98. 320 100

3 LAY X A A
3.1 HfRHtEX

P AR Hb DX 35 (5 DL B 09 8 151 A, i 3 ANV
e IX ) 17.8% , EE R K Cd IL R ML IL R
HER Y, Hp, Cd Sk 118 4~ Cd - As -
Pb—Cu—Zn fifik 14 4~ .Cd - Cu &k 4 4~.Cd
—Zn S5 34 .Cd-As ik 34 .Cd-Cu-2n
SR 2 . Cd—As - Pb—Cu &S ik 2 4.Cd-
Hg-As—Pb-Cu—Zn &filh 2 .Pb &k 1
ANCd-As—Zn g N1 4.Cd-As—-Pb-Cr -
Cu~Zn S0k 1A HFELE 5 MmAE R v
Wl B WA DL B RS 20 A4S, b7 #E A T L X
44,40, Hop Cd Sk 10 4~.Cd - As S 6
AS.Cd—=Pb & ik 24 .Cd - As—Pb Ak 14,
Cd-Hg-As—Pb fifily 1 4, 2o Mfe R Kl
HEV SRy g rp . b HS I O HAR 2
B R IYIAE T KO A b SR Ak 9 R 48 vh b 2
— BT SR By e R AR A R A A B
B H A EER.199) . QF R G o 72
AR A R AT R IR A 0 A AR AE R R
Vs AR R B A 0T 2 DL 9B aCak A KR, HE
117 5 W) R Y5 2% M 7K R H 3 K CR 3G OF 555 2019)
QW HRIE 3 B8 RHEBU R 708 B0 22 KAk
iz | [ AR UURE RN K E A 18 GRIT AR % ,2020) . @
T s =7 e L5 /IR | 97 R RN e
EA - HE,

3.2 HAELMER

P L b DX 2 A DL L 08 A 229 A 7 A4S
PEACHLIX [ 27,026, Horp, As S5 47 R 89 4~ Cd #
fiih 64 4~ . Cr— Ni A7 K 30 4. Cr AR 21 4,
As—Cr S5k 7 4H.Cd - As fifilh 4 4~.Cd-Cr
JAE N 34 Cd = Cr = Ni fifiily 3 4.Cd - Zn gifii
2 A As—Cr—Ni Hfii k2 4.Cd-Cu fifih 1
AN.Cd—As—Cr EHfih 14 .Cd-As—Cr—Ni EHf7
H 1A Hg-As-Cugifih 14, HHEL LK
FAL 2 A3 As AT H A - O s 4% A b iy b
3 ROV 25 R e — e M 2 A Ak oy 3 4
FE B Ni A Cr, B¢ 7 v i Mg MHE A Fn 2 1 -
LR A IR SR BT RE T 55 . A 5 KAk . T
SO b 1 RS A a6 ) AR b Y K R B R L T
ML R A KA AR, R B R o e Al KB T
A1 HERR S O RS E R B Y NiLCr, R
T NI Cr X2 B 0 598 IR W B b 4 3 A AL 5
W 5 I 5 RO IR BUMERS W (75 B Ni
Cr it ik B vE (. O 88 HE kA Fn e 98 )40 75 8
WA Sy IR T R E W As FILR.
Smedley 45 (2002) 48 ) Hi5¢ i 1y As 3 2858 1 /R
WP St VAT (Fe't (T ATt
FHH YR, Boyle Z (1973) A M40k & A AL 1Y
DURUS M Ho B i s B B ) As & & . Hattori
SE(2003) WEFE 48 L e B0 A B AR As i ORE A
Y W e B0 R As Bl 18,49 X 100 ~
54.92X 107" s M A TR J5 OB W R I 80 A As
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Ei ol 4.34X 10 ~11.89 X 10 ° (Deschamps
et al. ,2010), Hattori % (2005) 45 Hi Hb 18 HH5 A
OAs FE R . A AT HLER 18 JE AR T AR
Z M AN B ITE C As(V)) IR J5 hy B E
AR A & CAs(TID) (FE 42 W] 45, 2007 ; Kulkarni et
al. ,2018),

4 g5 Rt

(D PG b X 4 3 T 4 i ¥ Y R 1 Bl B4 O
PEAE LA b 7 LA i RE Ok 32, 3k 8 52. 700, Hop
A4 A AL As SR B0 TIE s W RS T,
PO X A e b ) EE 4 B B R R B0 A A, A
RN 5 S s NGRS I T B O ip v (D S SO A= S
Sy AR AE FAR T SE L TG 28 AR i X 5 KT A A A A5 0
A TP AR A AE VAR IR G, XY M R N AR SR G L G
2 R A S RS W T A

OFXMFE BN, PP ESE TR SRS HE
A A KBS AN A S8R O 2 T T R AR AE . £
PR IR A AEYERAE (FLBR K pH A K SRS £
A EES . F, IR A TR TREX £
B 4 R AR WA SIS Ak T A R AR R S
T A 7 5 (N A A X BORE HE — 2B i e AR
SHERP ELARE L AGE FHA R EE
ISR X,
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