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Abstract; [ Objective | The content changes, cause and pollution risk of heavy metals in cultivated land around
phosphogypsum yard were studied in order to provide scientific basis for sustainable development of phosphate
industry and remidiation of water or soil heavy metal pollution. [ Methods] Researches and analyses were
carried out by field investigation and sampling of the phosphogypsum yard in Central Guizhou Province.
[ Results | The the contents of Cd, Hg and As in the drainage of phosphogypsum yard, erosion gully water
and shoal water were exceeded the water quality limit of farmland irrigation water quality, especially Cd. In
the range of 50~300 m around the phosphogypsum yard, the content of Cd in corn field, vegetable field and
paddy soil were respectively exceeded 4. 87~9. 43 times, 8. 83~19. 13 times and 3. 83~13. 42 times of the
soil pollution risk screening value of agricultural land. The dry soil around the yard was mainly the pollution

risk of Cd, As and Zn, while the paddy soil was mainly the pollution risk of Cd, As, Hg and Zn. The content
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of Cd in most vegetable soils and paddy soils exceeds the control value of soil pollution risk in agricultural

land. [ Conclusion ] The erosion and leaching of natural rainfall on the phosphogypsum yard was the main

reason for the migration of heavy metals. In the direction of surface water flow, the risk of heavy metal

pollution in cultivated land gradually decreases with the increase of the distance of the yard. The improvement of

irrigation and drainage facilities and the adjustment of planting structure were effective ways to reduce heavy

metal pollution in cultivated land around the phosphogypsum yard.

Keywords: phosphogypsum yard; soil; water; heavy metals; pollution risk
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Herh SR & R IK 1. 14~2. 86 mg/kg, 1 HEAE N 1Y
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1.1 FAERXPYBERER

W5 X b b 5% M 48 T P EL /N ZE 300, 2 5 1% 1 b
£ UFRAE 1 100~1 200 m 2 [a] , J& 7 $4AHF 2 XU 1
TS AERE N 2 — B 72 1 100~1 300 mm, [/ 3
AR 5—8 AL AE R R\ 10.2~15.7 CzZ
B8], 00 2% 5 B . 32 DB 4 40 6 B2 3k 6. 00 X 10° ¢,
P,O; &1 33.31% ~36. 77% Z 18l @A R & 7.
P X N BRIER Eh A KB 1A K b A DR A
MAMRFNEE AR RO . Al DLRAE b =, EEFE E
K ISR LB 2R A Jmy AR T b BOR R K R
1.2 BERAEHMXE

WA O 240 MR B AR K R R
100 m, B A7 B AE R SEAE [ — B 40 3 g e A I
o M B AN [R) HE R [R) (—A H NHEC 1 ~2 a HE
Ji.2~3 a HERO R A8 A HER)Z QR 30—50 cm)
RAFEM 31,
1.3 KEHERHRE

DA ) — Bl 1 8 ME 1 8 s S 0 SR R A i 4R
A s FEFEHES 50300 m 5 [ N, AR 5 8 4 HE 3
Hi AR L v VAR K B A IE K ) AE I W KR
Iia) 7E 35 THT DA L 28 R AR YR 43 1 HE 3 1 TR HE K ARl e
K S M BUK A7 VR A SR E T IR B i A
50—100,100—200, 200—300 m i [l N B Hi: 37 78 1
HEZK A g K K vE b ARUK Y RE S R 9 A4S, TR
Aef ok B IR A B HE 1) 500 m LIAN CRZ B A B HEY
SR AR Tl b 3 G K SR X IR FE 500—700, 700—
900,900—1 100 m3E Bl N 73 Bl R4 T KF, RED
JKAEMS [0 5256 %8 FH 0. 45 pom I8 B8 3 98 J5 A T UK 46
#=H .
1.4 TEHERNXE

DA Ta] — Wl 8 ME 3 R s 2 00 SRR R 4 e B R
A 5 AE I HE S 50—400 m 3 BBl Y L AR 38 18 40 Fh A 5
RGBS KRS e 5875 Y 7 B (3 ) PR B i Ay
B Y3 50—100, 100—200, 200—300, 300—400 m)
PEAT IR AE R T W 4 MR A R R T g
TR oK b | 55 38 b KoK RS B 3R )2+ HER A R AL
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1.5 E£REAENNERHE
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2002) XK BEEATE A IR e . IR AR A E i
PL HNO,-HF-HCIO, 8 & 43 i 1% 18 fif B & - B Fr
T I S A R R . KRR KRR P Cu, Zn,
Cr,Pb,Cd il Cr R F S G 45 B 3% 1% (ICP-
MS) 53 #1 » As s Hg SR R T2 Y6615 5 (ASE) 407 .

2 450

2.1 BAEHBESEIBHAREESHERN
AR 1] U, A ] HE e a] Y 8% A b CdL Hg
Bk 4. 04~9.32,1.42~2. 07 mg/kg, & F B
IURCE SO SE RS 1o = oy SR iR LR TR R vy

%\

S EEs#saE D Cd. U T Z N EE B L TEY
SYARRAEANTR . AR IR O Cd.Hg, As (5
053k 0. 175~0. 304,0. 103~0. 271 £1 0. 003 2~
0.006 4 mg/ L, 5 5t 43 ) & 4 FH 7K 5 A o — 28
KB RRAELY 34, 0~59. 8 £%.3. 2~6. 4 fif 1. 1~4. 4 f%;
i CusZn,Pb,Cr 19 & & 4354 0. 183~0. 325,
0.739~0.962,0. 280 ~0. 806,0. 416 ~0. 784 mg/L;
X T 4 JE U R I S i KT B A A R R K B AR
HERRAE . WA CAERE T EEOR . HAR TP AE 5—8 [,
P A T R Y A A R A D E A R DA
Yy Rk 38 ik A8 0 S B i K HE 7 HE K B 2K
B YL, R LA E BB HE K
Cd,Hg,Pb,As [ & & 43 il S 4 B WK BT — 25 5
HEOKAE) K BT BRAE /Y 13. 8 ~26. 2 ff%.24. 0~35. 0
f 1.5~1. 9 A5 A 1. 4~1. 8 4%, [HITM . K IR AT XF
WA T R 7 77 A A T A ) R U v A 2 W 0 v
4 JE A8 1Y 22 5L B B b R AR AL L AR 1 i
TR HE 7 HE AR 35 2 8l A URE S e ) R
T X S R K BRIV R 5K
Cd,Hg.Pb,As % 5 4 J& T 2 1AW B, i B 2
SR HE 37 JR i 0 AR AR PR AR o i

1 BABRERURTIZEESRESENTK mg/L
W B AR Cu & & Zn & Pb & Cr & & Cd &t As & Hg &=

— A N HE R T 29. 25 357.78 54.01 61. 24 9.32 19. 32 2.07
HETL 1~2 a Wi 41 7 18.92 241,99 36. 81 52.25 5.37 12.15 1.74
T 2~3 a BEA B 13.76 181. 64 27. 85 32.95 4.04 9.06 1.42
BT HE O A R W 0.325 0.962 0. 806 0. 784 0. 304 0.271 0. 006 4
1~2 a s A B BT 0.292 0. 845 0. 542 0.625 0.282 0.195 0.004 9
2~3 a i A BRI 0.183 0. 739 0. 280 0.416 0.175 0.103 0.003 2
50—100 m Ab i 3778 S HEK 0.135 0.421 0.165 0.075 0.131 0.091 0.003 5
100—200 m b HEFH I EHEZK - 0,091 0.334 0.192 0.082 0.104 0.068 0.002 4
200—300 m AbMEIZIHEHEK  0.024 0.220 0.148 0. 060 0. 069 0.075 0.002 8
A FH T W 7K 5 b 1 G AED <1.0 <2.0 <0.1 <0.1 <0. 005 <0.05 <0. 001
A F T K SAR TE CRAE) <0.1
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HAE 6.12~7. 01, /K M iR B 11y B0 A [ B2 B 0 184
WA T M JR i W 2 b YA 7K B R BB K Cu, Zn (R
FEJLEE 45 R 0. 069~0. 098 mg/L A1 0. 039~0. 156
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~0.077,0. 056 ~0.076,0. 001 2~0. 002 1 mg/L,
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Yy R i K AR B 4 T o 1t IR R 0BG s S e A R
S A1 wh v oK AR L HE 3 8 i W 2R el vy K Cu, Zn,
Pb,Cr B9 & w4 3 in 7 4. 07,0. 41,4, 42,4, 83
f& .M Cd, As, Hg (7 ¥k B2 43 i $2& 5 1 11, 80,
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WRES L b SO AR R D AR e AT A
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, "EBTE/(mg L7
K AT e 7 B B pH {8 cu - = o cd e He
500~700 m 7. 80 0.014 0. 045 0.012 0. 004 0. 004 0.019 0.000 1
Hi: 37 41 il wh 700~900 m 7.68 0.015 0.063 0.014 0.006 0. 005 0.022 0. 000 2
7K G BED 900~1 100 m 7.94 0.013 0.091 0.011 0.007 0. 006 0. 044 0.000 4
SE 41 7.81 0.014 0. 066 0.012 0. 006 0. 005 0.028 0. 000 2
50~100 m 6.12 0.072 0. 049 0. 052 0. 024 0. 050 0. 056 0.002 1
37 A i 100~200 m 7.01 0. 069 0. 094 0. 057 0. 047 0. 064 0. 064 0.001 7
[ELRUINIIPI 200~300 m 6.17 0.073 0.137 0. 085 0.035 0.077 0. 070 0.001 9
S 45 (4 6.43 0.071 0. 093 0. 065 0.035 0. 064 0. 062 0.001 9
50~100 m 6.25 0.095 0.039 0. 049 0.046 0.039 0. 065 0.001 2
37 JE 100~200 m 6.90 0. 087 0.081 0.075 0. 009 0. 054 0.076 0.001 1
H b BUK 200~300 m 6.72 0.098 0.156 0. 090 0.014 0.071 0.072 0.001 4
SE 41 6.62 0.093 0. 092 0.071 0.023 0.056 0.071 0.001 2
b 2R K B T I S b 1 6~9 <1.0 <1.0 <0. 05 <0.05  <0.005 <0.05 <0.000 1
R AK AL BT & V S bRt 6~9 <1.0 <2.0 <0.1 <0.1 <0.01 <0.1 <0. 001
e MEW K FARfE—2OKME)  5.5~8.5 <1.0 <2.0 <0.1 <0.1  <0.005 <0.05 <0. 001
R MPEBK AR HE (B E)  5.5~8.5 <0.1

DLl 35 7K 20 5 T & A 1 (GB3838-2002) ) Mz K
FH S 7K 5 A 7 (GB5084-92) X Bl A7 8 J8 341 1) b
KRBT AT VPN . fEBE A B HEG Bl 50—300 m
10 [P L HE 3 B 00 W 2R v e K e b FRUOK ) Cu, Zn,
Pb, Cr & /Ko M 2 38 7K 2085 I3 it b o V 280K
JoT B A FE 8 TBE K 5T A o — S BR{E (K /) 5 {3 Cd, Hg
(18 5 5 7K T e o il 3R K B 05 I o v o V2 KO Bl A
P 748 T 7K 3 b v — RS BRAE R A o Hee B2 0 ) 2 4k |
TR K BT s 1 — S K BT BRAE Y 7. 8 ~16. 4 5. 1. 1~
2. 145% . BEAh, As 1 & K OF 8 a4 A IR K R B
HE— S IR ORAED » Houk B 4 FH 8 I8 /K 5 s o — 28
IKBTRRAE Y 1. 1~ 1. 5 £ . ABAR T A 8 88 7K Joi A o
TRIRAE CRAE) o DR AT M G AR s g
Mo R KR 48 E 2R Cd, k2 He As, XU
4 )8 U R WA AL 1 W I 2 A KA B B R R
2.3 BiAEHZRAAMNIEESESETURE

5 3 R

M 3 BIA AT EE AT LA L 85 A T e R L+
BIEELSE RN RIS THGIIE AR L E
SJEICE M & RKF. Cd, As, Hg 9 7 &4 9 5k
1.76~8.65,25.4~45.8,1.24~3.10 mg/kg;Pb,Cr
RV 2 23 ) 2 20. 04~75. 92,156, 4~315. 9 mg/kg;
Cu.Zn [ ¥ BE 43 3 & 16, 22~75. 45,195, 1~314. 5
mg/ kg, SWEAEHES SN E AR A L B AR HE
Y R 08 s Cd, As, Hg #9829 B2 29 531 3 n
T 2.01~6.04 f%.0. 81~1. 25 {5 H1 1. 48~2. 04 f%;
1M Cu,Zn, Pb, Cr B~V 4k B 73 Bl 2 &5 1 0. 89~2. 52

££.0.37~0. 44 £%.1.03~1. 75 f%H1 0. 24 ~0. 70 £%.
AT DL A M 3 i) 20 G e AR R R ) Ml R K A
ARME, B £ Cd EA4 R 2, Kk E
Hg, Bk JE Cu, Pb, As; T -8 Zn, Cr 19 B2 &K
NG T PA AT R iR W AR T R R AR AL T B
A S R (035 e e I+ b %L Cd. Cu, Zn.,
Pb b X SRR XA G L E AR
(P S 1150 N [ B = M = RS SR 7 R e el D 9
TR ESITSH.

A X B RIRE A AT A KL AR 1R
pH AR 7. 58~8. 01 ; {H 8 A1 F M 37 J] i 5 Hh . K #
T8 pH {E 4> 91k 6. 25~7. 60 F1 6. 85~7.57, LU
(A 48 20 5% B i R O bt 3 TS Y RURS A B
(GB15618-2018) (i 47) ) X B 41 % HE it 37 J& 1 #F
TIEE LR G BEAK T EATIE RN, & 2l
AL WO B E oK R SR 3 Cd A
3 5 3 A FH b = 3 Y XURS: 0 8 (B A 4. 87 ~9. 43
% .8.83~19. 13 £, i /K AF + v Cd 1y & 1t M 3 4
by 35 G JXUBS: 75 VE AR A4 3. 83~ 13. 42 4% 5 T HL K HF
bR HERK R - h Cd ) & & i & F b 1 3
75 G XURS 48 #5{8 (3 mg/kg) . WA B HES L £ oK
Hb R S M - e Hg A7 3 & 5 1 4 2o 4k F b 1
A8 77 Y XU 97 6 1R L (R KRS £ b Hg (9 3 &8 3 Ak
My A B2 V5 Y XURS: T B (B A0 2. 08 ~4. 17 1%, WA e
Y JH 30 FOK M gk e b As 198 5 03 il R H M
- 95 g XU 075 R (B A 0. 85~ 1. 07 £%.0. 92~1. 53
i MK FE T As B 3 5 2 AR FH 1 A 338 35 e XU i 6
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B 0. 95~1. 62 1%, LA, B A HE 37 8 3 K |l
B b Zn B 1 3 SR A FH M - 1S g RS i % 1 19
0.82~1.20 f%.0.85~1. 26 1%, M AKFE - Zn &
SRR M A 5T Y KOS TR (E Y 0. 78 ~ 1. 1945,
AR B A B HE 3 8 10 K b L R b B K R A
o Cu.Pb 19 & 5 #B K i 4k 1 b+ 338 5 g XU i
HE1H .

PAEE GO T R WY BB e S e
M Zn, As,Cu,Pb,Cd, Hg SF & JH LR, HA LR
fRAG A4 S 10096 Horh Cd - 24 35 4 8 5 4 8 5
=R Cu Ml Zn H 5 — Gbr i ol bR 19 AR
BT R RO R ARG AL . D B I R
AR FEIE CdyAs, Zn T3 36 XU 17K A 42 0] 32 22
& Cd. As. Hg. Zn 175 3L KUK

®3 BOBHSEALHMBIESEAIENTN

+ iy Fi EEBILESTE/(mg- L7H
ﬁiﬁw REER  pHME Cu Zn Pb Cr Cd As Heg
500~600 m  7.82 7.21 158. 8 18.98 134.0 0. 89 20. 4 0.39
» 600~700 m  8.01 16. 45 212.9 16.51 182.7 0.47 16.5 0.91
ﬁﬁ:’f 700~800 m  7.58 22. 30 190. 1 23. 60 161. 4 0.92 10.7 0. 90
800~900 m  7.75 11.67 187. 4 17.48 153. 3 0.81 16.0 0. 87
A 7.79 14. 41 187.3 19. 14 157. 8 0.77 15.9 0.77
50~100 m 6.76 44. 61 277. 1 55. 60 190. 5 3.13 32.0 2.37
100~200 m  6.25 34.01 298. 8 75.92 204. 2 2. 14 29. 4 2.16
EkH  200~300m  7.52 22.16 245. 0 26. 16 185.9 1.76 25. 4 1.24
300~400 m  7.44 28. 10 206. 1 20. 04 156. 4 2.25 28.5 1.86
- E 6.99 32.22 256. 8 44. 43 184.2 2.32 28. 8 1.91
50~100 m 6.37 33. 87 314.5 66.51 202. 8 4.37 45. 8 2.20
100~200 m  6.93 36. 45 282.8 37. 85 184. 2 6.04 38.1 1.91
FIEM  200~300m  7.38 16. 22 271.6 21.71 191. 8 2.95 27.5 2.16
300~400 m  7.60 22.16 212.9 29.43 196. 0 3.47 31. 4 1.79
A 7.07 27.17 270. 4 38.87 193.7 4.21 35.7 2.02
50~100 m 6.85 75. 45 296. 0 55. 60 279.0 6.78 40.5 3.10
100~200 m  7.39 72.48 297. 8 58.53 301.5 8.65 31.3 2.17
KFEME  200~300m  7.57 29. 25 195.1 54,00 245. 6 2. 90 23.7 2.23
300~400 m  7.14 25.47 257.1 42.72 232.1 3.35 28.9 1.85
S 45 (8 7.24 50. 66 261.5 52,71 264.5 5.42 31.1 2.34
38 V5 G R 7 1B (K D 100 250 140 300 0.6 25 0.6
35 Y R 0 1R (LAt 100 250 120 200 0.3 30 2.4
VG Y K S S pH H N 6.5~7.5 700 1000 3.0 120 4.0

T RPESEITR & AL me/ ke 18 T5 Yo XURS 6 2 (4 L 8 72 04 o « b 8 3R 85 BT bk — o JT) 3t = B8 95 e XU 48 4% b #E (GB15618-2018)

CGRAT) ) R A

5 KWl 0 5 ME S A I W 100 R ok AR R B ik i 1
T A SRAR G ARl vV K HE 37 HE AKOE 2 A i
A1 R SO v 0 TR 4 B B LR IE AR T B A
KW ARG, Cd, Hg, Pb, As % E &8 T E 1
IR R, S Y U ARG 0. AR
Y 830 R4 4 BoK RS £ 48 & i K OF 58 1R AR 4k
AH . 37 Mk 37 BE B8 04 52 W) VR b 3 3 K 9 O 1), B A HE
Yl B (0 1 . - 8 T 4 JE S Y KURR B A 0 D 5 7
AF WY 300 m JEHE N, FAE - 8UKFE b Cd, Hg,
As & i BE A A3 T R R BRI E P b, it
Ab BENE TS D XA A 22, H 2, R A
BN BB BRAZ SN LIEG Y A F g E

42 J A M X B b R ) TR AR R RN A AL DL B
WA 3 37 ) M AR U S8 i3 UK HE S HE K e
A J2 45 1 B M - 9 R < i s Ul 0 E AT AR L
T 6B K M B - 4 v A FHHETE BE 0 L B A 3 O 5
LI i £ R A 3 S A 4 T e oK R E AR
JE AR B A L DR A M 7 S A B M R
JE 5 B A R AR . 38 o X B A R i AT A
A K B s KR o3 i S L - SRR RS b Cd 1Y 35
A A Pt 9 e XU A A A R TR R T R
35 Tt ek — A P M b 995 e XU RS A b v ) o I 2K A
M P M BRI R 2 SR RO (b AR R A L IR A
B AR T A R G 5 L b B A R R 3 M AR U
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B K HE K Y A AT B X B R R RN T
KA o R LA ek 18] R T AL 45 4 i 2D K RS AR B0OK
P TR R D Wl B SR D B M B TR S B A
RO AR 3K T 1 A A (AR TR AT

3 5w

(1) KRB RN X B A 7 He 3 ™ A 09 12 il /e &
WMBEEHE# AT ESBIRM FE A, A
BRI AR RIS e e R OK R R AR R R
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