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Abstract: This paper is the result of ecological geological survey engineering.

[Objective]|The origin and enrichment of trace elements such as Cd and As in soil—water—atmosphere dust fall are the focus of
environmental geology research. The quantitative research on migration and enrichment of trace elements such as Cd and As in soil—
irrigation—rain— atmosphere dust fall system was carried out in Huishui. It is of great significance for agricultural production and
agricultural products planting in this region. [Methods]Taking the samples of surface soil, irrigation water, rainwater and
atmospheric dust— fall from Huishui County of Guizhou Province as research objects, this paper analyzes the geochemical
characteristics of trace elements such as Cd and As. [Results| The results show that the study area is dominated by acid soil. Cd is
positively correlated with As, Cr, Hg, Mn, Ni, Pb, Zn and pH while it is negatively correlated with Cu and Se in the 147 topsoil
elements. The 34 irrigation water samples are mainly As, B, F~, Se and Zn. The single factor pollution index and Nemero composite
index of heavy metal elements from irrigation water are Level 1, belonging to the clean range, which indicates that the water quality
of irrigation water is up to the standard. Among the 5 rainwater and atmospheric dust—fall samples, the atmospheric dust—fall mainly
includes As, Cd, Cr, Hg and Pb and the main components of rainwater are As, B, Cd, Cr*, F~, Ge, Hg, Pb, Se and Zn. [Conclusions]
The evaluation results show that the Cd single factor pollution index is the highest, and the Nemero composite pollution index is
arranged as followed: Hongqi Village, Xiantang Town>Yangma Village, Lushan Town>Lianjiang Street, Dapo Village>Haohuahong
Village, Haohuahong Town>Lixin Village, Baijin Town. The irrigation water quality reaches the standard without heavy metal
pollution. The order of the average annual flux density of atmospheric dust— fall is B>Se>Pb>Zn>Cr>As>F>Cd>Ge>Hg. The
average total amount of atmospheric dust—fall in the study area is 89 g-m™-a"', which is slightly lower than that of some cities and
provinces in China. The comparison between surface soil and atmospheric dust—fall shows that Cd, Cr, Pb, Zn are rich and Se is
poor in terms of the comparison between surface soil and annual rainwater flux, indicating that rainwater contributes largely to Se.
Compared with rainwater, elements in the atmospheric dust—fall are higher except Hg. Compared the atmospheric dust—fall annual
flux to the average surface soil, all elements are in deficit except Se. And compared the atmospheric dust—fall annual flux to the
irrigation water contents, As, Hg, Se are enriched while Cr is depleted. So it can be concluded that the heavy metal element Cd
pollution in surface soil comes from geological background, industrial wastes and coal burning while the atmospheric dust— fall

mainly comes from coal burning dust and traffic dust.

Key words: Cd, As; trace elements; soil; irrigation water; atmospheric dust—fall; ecological geological survey engineering; Huishui
County; Guizhou Province

Highlights: Based on systematic geochemical data and statistical principle, migration and enrichment rules of Cd, As and other trace
elements in the soil— irrigation— rainwater— atmosphere dust removal system were studied in Huishui County. It provided an
important basis for agricultural production and agricultural products planting in this area.
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Fig.1 Sampling location of soil and irrigation water, rain and atmospheric dust in Huishui
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Fig.2 Sample photographs of surface soil, irrigation water, rain and atmospheric dust
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Tablel Evaluation criterion of surface soil and irrigation water

JRE 5 126 B

Byt T H Byl WH AR
pH<5.5 5.5<pH<6.5 6.5<pH<7.5 pH>7.5

cd K 0.3 0.4 0.6 0.8 cd 0.01
HoAtb 0.3 0.3 0.3 0.6

Hg JKH] 0.5 0.5 0.6 1 Hg 0.001
oAt 1.3 1.8 2.4 3.4

As 7K H 30 30 25 20 As 0.1
At 40 40 30 25

F i mgke) Pb K 80 100 140 240 A A (mg/L) Pb 0.2

i 70 90 120 170

Cr K H 250 250 300 350 Cr” 0.1
At 150 150 200 250

Cu JKH 150 150 200 200
At 50 50 100 100

Ni 60 70 100 190

Zn 200 200 250 300 Zn 2
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0.014, %28 Cd 5 As.Cr.Hg .Mn ,Ni.Pb.Zn 7] i H.
A HE A T5 G A8 s Cd 5 Cu, Se 2 A KR (A
3c.j), H R 43524 0.002 10.005, B Cd 55 Cu.Se
AR AT AN 75 ok

K AT 5N ER 2R Z2 R ZS R E S5
AF 3, HEMARZ TIEE SHE (EZ SR )5,
1990) AR EE (8 3K) , HorpB IR i (n=5) K=+
5 B.Cd.Hg.Se.Mo & it F-¥{H 7370 1.21 15 .1.89
5 14945 . 2.46 4% 1.99 4% s RIEHALUEA (n=62) )2
+3EB .Cd Hg & - FIE 0 11945 2.23 4% .1.24
135 s WAL LTI AL AT (n=13) T2 1 Se .Cu & 11°F
BHES IR 1.63 45 10245 s SV THE RIFT (n=51)3
JZ 43 Mo Hg Ni.Se & f V- BI{E /4 2.03 4% .1.32
£ 11345 249 5 s RSB H N (n=16) R )2 -1
Hg.Se S X 90 1.30 475 11445, &HER

®2 BOSNET SREHS RIFE
Table 2 Classification standards for single pollution index
and Nemerow pollution index
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Fig.3 Logarithmic graph of soil average value to soil background value in Guizhou Province
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R4 EBRKTERESEREE(ng/L)
Table 4 Characteristic values of element content in irrigation water (mg/L)

TiH As B Cd Cr” F Ge Hg Pb Se Zn pH
IEON] 0.0042 0.0600 <0.001 0.014 0.5000 <0.001  <0.0004 0.003 0.0022 0.0310 8.39
R/ME 0.0000 0.0040 <0.001 <0.004 0.0600 <0.001  <0.0004  <0.002 0.0002 0.0030 6.89
“FIME 0.0010 0.0115 - - 0.1764 - - <0.002 0.0007 0.0087 7.98
FRifEZ 0.0012 0.0110 - - 0.1026 - - - 0.0004 0.0068 0.33

5 R A 1.2223 0.9608 - - 0.5816 - - - 0.6015 0.7773 0.04
RIUREBK B bRHE 0.1 2 0.01 0.1 2 0.001 0.2 0.02 2 5.5~8.5
RS MAMKSELETESERHLEE
Table 5 Characteristic value of elements content of rain and atmospheric dust
. Rk KRR
As B Cd Cr” F Ge Hg Pb Se Zn pH As Cd Cr Hg Pb
I KAE 447 1471 0.06 <0.004 0.40 0.10  0.40 034 2822 6.14 737 19.67 4.60 4685 0.07 115.74
/ME 0.86 1.63 0.00 <0.004 0.06 0.02 0.05 0.02 0.13 0.38 6.28 16.78 1.22  30.18 0.05 60.96
THIME 2.71 8.91 0.03 <0.004 0.23 0.04 0.14 0.16 649 216 7.00 18.20 296 36.06 0.06 89.69
brdEZE 171 592 0.02 0.15 004 017 013 1404 265 042 1.16 129 7.61 001 2412
BRRH 0.63 0.66 0.93 0.64 1.03 1.20 0.80  2.16 1.22 0.06 0.06 0.44 0.21 0.14 0.27

SEHIE 7.00, ARPE R
3.2 MR
321 R EXREFLBTFMER

147 43R )2 1358 8 43 Jm ST R A0 R 75 Y 48 4L
FINMED ZE AT AR EBIAFR 6. WNFR6 W H I, B
FEIX N Cd I Jedh B ar , o e ok ok, G
HAE P L SR S PR LR iR 2 59, )8 T
TG Y HUON I AL LT B AL LT T YT A3 R
PeAT IR 3K, R T BTG Y IR R R 2
KB TR WY G T5 P48 80/ Nl &
B LUEART > LR SR> VLA I8 R >4

T KT A mg/L ;s KA TER 008 mg/kg ;s pH AT HEN] o

ARSI RAN N i VA 5[ 8
322 EBAIEN LR

MR ATTFE ), KA Cd . Cr™ \Ge Hg.
Pb & A TR BR A, 6B & Al VEMKE 4
JE TG R FLR 15 Y s SO g 2 25 B AR B R 4
H.Cd.Cr.Hg Po & TH& R, P FINP, N 0, As Zn
(1) P, {1 [l AT NP, 43 51 & 0~0.0042 . 0.0420, 0.0015~
0.0155.0.0156, Z54% 34 0y 1 9, J@ i 1 05 [l , e W
BEAKK BT kbR, A IR TTR TI5 5 .
323 MKA K AE EIFMER

HHEA R F=0/5=(0,+0.)/S=(M*C,+VxC,)/S it

®o6 REXTRESREAZERTFSREBANNET RGN

Table 6 Single factor pollution index and Nemerow composite index of heavy metal elements in surface soil

HORE bR WH As Cd C Cu Hg Ni Pb Zn NPi
S P 036 413 043 023 0.07 028 024 037 292
o N1 5 1 1 1 1 1 1 4
. P, 045 490 043 013 006 021 020 029 347
eI BLLT A
a1 5 1 1 1 1 1 1 5
P, 038 133 038 033 003 034 0.17 031 094
AR VS IRAW )
Vo 3 1 1 1 1 1 1 2
e P, 046 183 046 055 006 044 023 037 1.30
VT AT IR
w1 3 1 1 1 1 1 1 3
) P, 024 097 030 019 006 0.15 0.15 0.19 0.68
BEHOLHR
WA 1 2 1 1 1 1 1 1 1
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RT MAMKSELFEBSHFESE (ng m’-a')

Table 7 Characteristic parameters of annual flux in rain and atmospheric dust (mg-m~>-a™")

e As B cd Cr F Ge Hg Pb Se Zn

5LSDQI 0.827 8369 0.043 1.188 0.071 0.056 0.006 2.101 0.813  3.562
6HSDQI 0.788 5908 0.136 1221 0.131 0.010 0.006 3.586 0.662  1.080
6HSDQ2 0362 0947 0.047 0877 0232 0013 0002 1333 0.077 0218
2BIDQI 0.633 2072 0.149 1236 0207 0011 0015 3.611 16369 0.307
4TZDQI 0.667 8532 0.097 0918 0.033 0.020 0.004 3.523  0.895  1.101
FHIME 0.655 5.166 0.094 1.088 0.135 0.022 0.007 2831 3.763 1.254

Jeat (AAJE%,2008)  29.00 2360 118.55 024  219.95 544.92
RSB ET eSS ,2007)  2.77 1.770 0.10 4595 174.83
HREER,2014)  4.50 0.44 30.25 76.26

BRI K RS R R (K T7) . Hrp . FoR4E
VIRFA E % E (mg-m2-a'), QO WAFETIFEE & (mg/
a) , O N TEEH A U & (mg/a) , O MR FERR 43
PR (La) , M AR o (g/a) , ol TAESS
OIRESR TR BUE B (mg/g) | VT HORE i S AR
(L/a) , CHE WA TR W (mg/L) , S hRHEAE
#rm A (m?) .

KT SRR LR IR T &
P As .B.Cd.Cr .F.Ge.Hg .Pb.Se.Zn 25350
AR TR B, HAR G 52 BT K/ NIUY 43
5124 B>Se>Pb>Zn>Cr>As>F>Cd>Ge>Hg,
3.31F it
331 A B HEHA AR AKELAGX R

RETHTE GBS R En . R2 L
JCZE 1 Se . Cd  Hg # i 5t M 48 3R 2 1 875 S (i 5
R 575 Y485k Cd sk i K, 28 T s g L b
1M 34 AFVEIE /K R i vh 4 B T R S i IR |
FEWE K BRI, JBIH I X R 2 11 5 A T /K 1A
Lok E (Kl 4a),Cd .Cr.Pb.Zn & %, Se 7 it , &M
WK Se Ay BTRkES K o

RAREA SR AR K 5 KRR, KR
a2 o 5 WSO T T R o B AR A B T AR A 2
i, PRI R S E R 24~146 g m -2, T
YIE89 g-m?-a', 5 E AL 77 Mo X Fak i AH L A,
W (R SE,2013)2007 4246 g-m-a FAIK
IR (AR AEAE ,2011)2007 4489 g-m 2+a™!, SR )T
AR L, SRS, Qi) AR R DG (B 321 AE,2006)
20064180 g-m-a UM (FE7555,2013)2006—2009
110 g-m ?-a 'y KAFEA B & RN
2BIDQ1>5LSDQ1>4TZDQ1>6HSDQ1>6HSDQ2, HJI

PR BB > I S >R PR 2T >4 4k
ST BRI AR LT A>3 VA3 AT, BOK B AL X
KA L B S TR IX , JF HAR 4 e e
A5 R PR T A E A (5 B R A B B R
18 309) % YA

4 JE JCR AR 1 K/ Pb>Zn>Cr>As>Cd>
Hg, Pb FYAEIREE & L A SRR A . 5
e (A JESE, 2008) KA AR @ H XL, As,
Cd.Cr.Hg.Pb.Zn 4354 0.02 £5 .0.04 £% .0.01 %
0.03 £%.0.01 £% . 0.002 1% ; 5 WL &B T (37 47 W 5%
2007 ) KA LA 38 5%, As .Cd .Hg \Pb . Zn 5351l
49024 1% .0.05 1% .0.07 1% .0.06 £ .0.007 i ; 5 # &
7 G2 E 55, 2014) RKAFEARER X, As Cd.,
Pb.Zn /3914 0.154% .0.21 4% .0.09 4% .0.016 43 , iX it
T HA I T R AR A A o

KAREAE WA L (K 4b) , bR T Hg LASH,
KRG = FRK KA S 5 RZ 1
SEXEARRT L (B 4e) ,BR T Se LISM, #4541, RIS
Rt 22+ 4R ou R A sk, (R EME—¢
SRR 5 AR 2 A v 5 I K A E A (TR
4d),As.Hg.Se &8 ,Cr 71,
332k E L AR ARET L RR

RIZHHEELS R R TR S5 A
R sh AL 25 R (IR SCRESE,2008) . BFFEIX -
HEF 4 JRI0E Cd 5 As Cr . Hg Mn \Ni Pb . Zn S 1EAH
K HEA MG YR, A i, 5o
A B R HR AT T AR Cd BEEAH A KRR ) 5
B (RN BE, 2001 ) 237 BURE T A, BT 1X.
WHAEZ AR A, Ho= A r Tl =% (BRITAE,
2020) [AIEERT LS5 Cd Hg % 4 J@ i 21, JF H Y

http://geochina.cgs.gov.cn FE LT, 2023, 50(1)



202 Hr £ h Joi 2023 4F
257 —+—28pQ1 @ 47 m2BDQI  msLSDQI  meHsDQ2 ()
4TZDQ1 4TZDQ1 M 6HSDQ1
I 20 q 4
=) —¥—5LSDQI
15 —e—GHSDQI
R —4&—6HSDQ2 R 24
=10 L4
& 8
@ ] r
2 % 0
® 0
H -

[
W

-10

As B Cd Cr F Ge Hg Pb Se Zn pH

S- ©
o

:E"_\T'

Y

4

"

H 51

g

H\%-IO- ——2BJDQI1
i) 4TZDQI
ﬁ-ls- —¥—5LSDQI
oA —e—6HSDQI
& 2 —4—6HSDQ2

As B Cd Cr F Ge Hg Pb Se Zn

4.5 -
4 (d)
3.5
3 .
2.5
5
1.5 1
.
0.5 -
0
-0.5 -

AT K B A /R K S B

-1
As B Cd Cr F Ge Hg Pb Se Zn pH

4 3RJ2 T3 HEBEK /K R AR K]

Fig.4 Comparison diagram of surface soil, irrigation water, rain and atmospheric dust

HiR BOAE T R 2 fif PR (Streets et al., 2005347
FMG5E,2020) , X [AIREAT LS He 1 2,

KA LY TR IE 20 5 Al BRI
A HHIR IR AR AN FDRIE A HA AN
FHETCRBOTRA G (R 4,2019) . BFREIXRS
Rl Se \Pb.Zn Cr4F-i8 it 5 63.87% , A W5 %W
Ak EHORWE A 2R IR Se SR BRI R I RHIE TR ,
Pb 2 AR UERIE TC K, Zn R B R B R AR E T &
(FBEESFE,2013)  MMiRRIEZL 1 Se Pb.Zn As.Cd &
AR LA R A ke R i s (T 4, 2012) o PR3
PalAr ST X S BUAR AR 1 U AR PRI, 5T HL
Ja 3 JEAG TUAS/ N TR (B A5 1 TR ), Rt
SRR SRS BT LA A 52 B 5 X KRR
() B 5 Yol 22— Pb &5l (R RA) (E 3
W ,2020) PR /R METC R, MR A BRI AL LT B IE 47
BLTACHE T 1A, Ei K, B R R AT AR

AKX KAREARR I3 — G
4 % i

(DBFFE X AR+ 0 32,147 (R 2 H 30 &
Cd 5 As.Cr.Hg .Mn Ni.Pb.Zn .pH S IFAHR K FR;
55 Cu.Se 2 17 AHICOC R 5 34 1 WE 7K A i v Cd
Cr" .Ge., Hg.Pb & B AIK TR I B A 5 /KR 7 i 2 22
i As B .F .Se.Zn; /K 64 8 0 E BN 155
TR L5 B TR H N 1 O, R T TG, 3=
VR K K SR8 kb, AR C R TG 4. SN
IKFIRA R, R4 T2 As .Cd . Cr.,
Hg . Pb, & & K /M F S Po>Cr>As>Cd>Hg; [ 7K
1. As . B.Cd.Cr .F .Ge .Hg.Pb.Se.Zn, & K/)
I A B>Se>As>Zn>F >Pb>Hg>Ge>Cd>Cr",

(2T IX PN Cd LR 715 e dig B i, Hois 4
DR K, R TR P LA T RN 2 S LT A
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KBS, JE T HE T Y s PO AP AR LT AR AR LT R
FIHEVT A IE RIS iR 3 340, J| T s 4 12 4
TSR R 290, J8 TR RS 4y s WA 25 515 L 4R
BRI R 2R JE LR > 2 LB R >3 VL
KIS U AL LT AT A LU >R G BT BT A 5 BEE K
KTy IA bR, T & @ T R 15 Y s R TRUTEY
AT 1 2 BT K/ NI 5351 24 B>Se>Pb>Zn>
Cr>As>F>Cd>Ge>Hg,

GIWFFE X RS FEL B P IESI g m™?-a', 5§
o ] — S T DA LA, B IR 2 1 R
TR Z [ LT 60 - 3R )2 4 198 55 WY 7K 8 AR T EE R
% ,Cd.Cr.Pb.Zn &%, Se 5 i, AT KX} Se i) 57
R s KA 5 INZKARXT E, B T Hg LAZR , KA
B R TR R R4 = SR E TP E
FHXT LG, BR T Se LIS, 3475 41 ; KA RS AF T i 5
WK S AT L, As \Hg Se & 4, Cr 7§,

(4)KZ T EESEICR Cd by, His ek A
THO BT s Tl =08 SRR 25 Gk IR R
FERIE T LSS

B H AR KK G B T o AR U B iR
HERENBEHEN, £ bR w0 A

@ 51 8 A7 (04 Jm FIAZ b T ) A SRy A R T 9
BE 2019, 5 A BK BRI AT 5 (R
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