ZHRMFRIEE, J. Anhui Agric. Sci. 2018,46(35) :80-86,145

WMEERE ALt RESREFERERRRE TN

\ s s
AR, K™ (g Jeopanios e, 196085 TR0 L4 314000)

WE [AOMRS RRFET A LR TR T RAMBARIEN . [ k] AR S K 2 A BEFT B4 500 m P LA HFF AR,
A BT T oy ST Ry IR A 38 3 AR FEAL(0~30 em) 24 Cd b, Cr As.Zn,Cu,Co.Ni Hg 9 # T4 49 4F , 5 £ /A
Yo BARIG RO Ao T 3 40 77 IR AT, [ 45 R 12 ABRSL B 505 R AR L, B 2 P 9 4 4 4 (Cd,
CoNi Hg) & F &3 £ FAAGH L, 3 He Ao Cd 75T 48 k4B 4 d AR AL A2 F @ KA B9 ZALAE T 10, A 36
Haf % KR E TR, T G £ 4 A ok Rk 52 A CE TR B RS 0b Cd g 2 T4 2§35 - £75 % ,Co Ni £ F A5
et P L5 % Ph Cr As Zn Cu 9 B35 3 3 L&y 9 75 A2 BL IR K HUR 69 o 2 , £ A0 40 A7 LR 2.9tk — 69 AL
Aotk s BT R BEE KA, Cd As Ni 3 % B4 LA BOB RIS & R 2 48 TTHE 438 I A48 € 4 48 8 ORI, 5 B LR
KB, (S EAE AN S T RIIRBLR B 6 TR,

KR TR R R RGN RS S

hE SRS X53 XERFRIZAS A XEHFS 0517-6611(2018)35-0080-07

Heavy Metal Pollution and Health Risk Assessment of Soil around a Leather Factory in Tongxiang
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Abstract
Tongxiang. [ Method | Taking the soil within 500 m of two leather factories in Tongxiang as the research object,the Cd, Pb, Cr, As, Zn, Cu, Co,

( Laboratory of Soil Remediation Engineering, Zhejiang University, Tongji University, Jiaxing, Zhejiang
[ Objective | The research aimed to analyze the heavy metal pollution and health risk assessment of soil around a leather factory in

Ni, Hg of nine kinds of element content in soil samples at different horizontal distances and depths (0-30 cm) in the wind direction of the south-
east wind in the spring were measured,and the pollution status of heavy metals were evaluated by the land accumulation index method and the
health risk assessment method. [ Result ] The two study area pollution condition similar to that of four kinds of heavy metals in surface soil (Cd,
Co, Ni, Hg) higher than that of Jiaxing soil background value, the Hg and Cd two kinds of heavy metal elements in common beyond the stand-
ard, but had no obvious plane concentration distribution rules to follow, intense human activities on the area of heavy metal interference, and the
wind had a little effects on distribution of heavy metals; In the soil around the two tanneries, Cd and Hg were polluted seriously — seriously, Co
and Ni were pollution—free — moderately polluted, Pb, Cr, As, Zn and Cu were pollution—free, and the pollution degree of each metal did not
decrease with the increase of soil depth, and there was no regularity in the vertical distribution. Health risk assessment showed that in the study
area, although the carcinogenic risks of Cd, As and Ni were all within the acceptable range, they all had potential carcinogenic risks, and the
prevention and control of the source should be paid attention to. [ Conclusion] The research provides the basis for the early warning of soil envi-
ronmental quality in Tongxiang City.
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Fig.1 Sample point distribution
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Table 2 Exposure evaluation parameters

éff q IRyy/m’/d IR, /m*/d  EF//d/a  ED//la  SA//fem®/d AF//mg/em® ABS//% PEF//m’/kg BW//kg AT//d
JL2 Children 200 7.5 350 6 1600 0.07 0. 001 1.36x10° 15.9 i 70x365 .,
A Adult 100 15.0 350 30 5 000 0.20 0. 001 1.36x10° 55.9  JEEUE 20365
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Table 3 Toxicity parameters of heavy metals
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Heavy metals mg/ (kg-d) mg/ (kg-d) mg/ (kg-d) (kg-d)/mg

cd 1x107 1x107° 1x107° 3.8x107"

As 3x107* 8.6x107° 1.23x107™ 1.5x10°

Ni 2x1072 2.06x1072 5.4x107 8.4x107"
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Table 4 Heavy metal content in surface soil (0~10 cm) of No. 1 leather factory

BT 3 EAVA Ik =L
48 Ko P R RH T i Kty
Heavy Detection Mean value Vérfable Over standard standard value of Jiaxing
metal range//mg/ kg mg/kg coefficient /% rate//% multiple City//me/ ke
Cd 2.51~9.97 5.058 42 100 16. 86 0. 065
Pb 4.53~7.63 5.712 16 0 0 24.0
Cr 17.22~38.05 23.548 24 0 0 54.5
As 0.96~4.70 2.716 48 0 0 10.2
Zn 22.21~33.24 26.992 12 0 0 74.9
Cu 6.01~12.96 9.423 24 0 0 21.0
Co 20.24~54.52 23.289 86 20 0 14. 65
Ni 6.45~31.70 22.845 39 0 0 27.6
Hg 0.64~3.54 1.539 71 80 5.13 0. 069
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Table 5 Heavy metal content in surface soil (0~10 cm) of No. 2 leather factory
MZ A WIG YRy, =), Skl -N=N
(2 FoWiI T TR e I i S
Heavy Detection Mean value Variable Over standard ‘;i;]g;afger inue icf ngrdiliz
metal range//mg/ kg mg/kg coefficient//% rate//% multiple City //me/ ke &
Cd 1.21~10.00 4. 353 66 90 14. 51 0. 065
Pb 3.78~9.60 6.855 27 0 0 24.0
Cr 11.50~36. 83 23.552 27 0 0 54.5
As 1.12~4.37 2.522 37 0 0 10.2
Zn 20. 10~36. 38 30. 198 18 0 0 74.9
Cu 7.42~14.62 10. 651 22 0 0 21.0
Co 0.52~73.52 28. 454 77 30 0 14. 65
Ni 12.46~31. 88 20. 657 47 0 0 27.6
Hg 0.56~2.47 1.074 77 80 3.58 0. 069
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Fig.2 Heavy metal content in soil surface at different points in
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Fig.3 Heavy metal content in soil surface at different points in
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Table 6 Classification of land accumulation index of heavy metal pollution in soil around No. 1 leather factory

F4IE Hb AR BAEA ] Each sample proportion//%
Heavy Land accum- 0% 14% 24 34 449% 5 4% 6 %%
metal ulation index(L,, ) Level 0 Level 1 Level 2 Level 3 Level 4 Level 5 Level 6
Cd 8.83 0 0 0 3.3 0 33.3 63.4
Pb 0.67 100 0 0 0 0 0 0
Cr 1.47 100 0 0 0 0 0 0
As 0.82 100 0 0 0 0 0 0
Zn 1.59 100 0 0 0 0 0 0
Cu 1.72 100 0 0 0 0 0 0
Co 2.84 66.8 26.6 6.6 0 0 0 0
Ni 2.64 93.4 6.6 0 0 0 0 0
Hg 6.97 13.3 6.6 6.6 6.6 40.0 20.0 6.9
x7 REZ ALt ESEERSEMRTIERSR
Table 7 Classification of land accumulation index of heavy metal pollution in soil around No. 2 leather factory
Fo R i B EL BAEA L] Each sample proportion//%
Heavy Land accum- 04 19 2 9% 39 445 54 6 %%
metal ulation index(Igeo) Level 0 Level 1 Level 2 Level 3 Level 4 Level 5 Level 6
Cd 8.88 13.3 0 0 0 6.6 6.6 73.5
Pb 0.92 100 0 0 0 0 0 0
Cr 1.59 100 0 0 0 0 0 0
As 0.96 100 0 0 0 0 0 0
Zn 1.37 100 0 0 0 0 0 0
Cu 2.01 96.7 3.3 0 0 0 0 0
Co 3.43 40 46.7 13.3 0 0 0 0
Ni 2.67 93.4 3.3 3.3 0 0 0 0
Hg 7.10 16. 6 3.3 3.3 16. 6 26.6 26.6 7.0
M (0~10 cm ™ 10~20 cm ™ 20~ 30 cm
6 a 6 b
o} 3
g ¢ g 4
W= o=
=2 22
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o B o B
23 0 2§ 0
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Cd Pb Cr  As In  Cu Co Ni lg
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Cd Pb Cr As Zn Cu Co Ni Hg
T4, Heavy metal

Fig.4 Vertical distribution of soil heavy metal land accumulation index in No.1 (a) and No. 2 (b) of leather factory



46 #% 35 s

(RS & YR E/ER & oy Sk X i Sy 85

MR 6~T FE 4 W LA, B3 —) Jii e 4 s b
BRI, MREI/NHEF S Cd Hg,Co Ni Cu.Zn Cr,
As Pb, R RIS &R 1, WREVNIT A Cd,
Hg.Co . Ni Cu.Cr.Zn As . Pb, Cd fFr—) By BRI RS
8. 83, Hg Wy fims (A 6. 97; & TR EERG N, Cd 1Y & &
BUTREA, T Heg A RIHAEATRLE 72 0~ 10 em Ak, Co £77E
BTG Y NI WAAAERR Ay A TS I, MR B S R u R L 22
BURBCT A/ NT 0, BRAF RIS YK, B & B2
A1) LA B R T A s A 5 X3k P, Hy 1 b SR AR T8 5K
AR, 13. 3% 4T IET5 Y 7K -, 66. 9% 1) -y i B35 Y
FIW BTG YKo Cd 72 ) iy M EAFE Kot o 8. 88, Hyg
W (ER 7. 105 BE T IEER B I, 28 o 4 s ¥ Yo ™ o
FREEPILENNR s #E 0~ 10,20 ~30 cm &b Co fAAEREETT Y4, Ni
TEERR A s e Ts g, o & V5 e e 9N ) A R B
TERHE, BN TR 4 s Hh RAR S SO I TE 0 LUR A0 F
TeIG YKo W 0L, BT )8 3 LT AR AR EE Y Cd
Hg {RA 155 R IER 7 Co Ni {57%,

RS A AT, SR IR B S T R S — T AR
SR T WSS S R T BRI, TR EI T )
R B TR W I B A6 TR R I L AN —

AIAHDCHEAE . Cd il Hg 78 B8 T ) s 3L BE 135 m)
WEINRE 4B S ERSESiE, 2 hESEAERZ T
T BEN SR, H K284 R IR)Z (20~30 cm)
Qb B, R, B XS 4 B R 2 R B iR, &0
FEOERY O FheE 4 ) rh , BEEUL A5 YL 8 42 8 Cd \As ,Co Ni,
Hg 47 AR XU A o
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Table 8 Daily exposure of heavy metal carcinogenesis in No. 1 leather factory mg/ (kg-d)
T JE I EDIgy EDI EDL EDI,,
Heawy Classification J# Children WA Adult  JL# Children HUA Adult  JL# Children BCA Adult  JL# Children  BLA Adult
cd [SON 2.85x107"  1.88x107° 5.76x107° 1.73x1077 1.03x107° 1.71x107 1.03x107 1.73%107
B/ L.71x107" 3.59x107"°  3.47x107"° 1.04x107* 0.62x107° 1.03x107° 6.2x1077 1.04x107°
-1 1.26x107"°  7.57x107"  2.58x107° 7.7x107® 4.56x107° 7.57x10°° 4.56x107° 7.65%107°
As TN 1.30x107"° 1.4x107 4.28x107° 1.29x1077 7.64x107° 1.26x107° 7.64x107° 1.27x107°
2/ 1.91x107""  1.27x107"  3.87x107"° 1.16x107* 0.69x10°° 1.16x10°° 0.69x10°° 1.17x10°¢
-1 7.68x107" 5.1x107"° 1.56x107° 4.69x107* 2.77%107° 4.69x10° 2.77%107¢ 4.73%x10°
Co K 1.11x107° 1.03x107 3.15x107* 9.48x1077 4.03x107° 9.32x107° 4.03x107° 9.42x107°
B/ 0 0 0 0 0 0 0 0
S 4.49x107°  2.97x10”° 9.11x107° 2.74%1077 1.62x107° 2.69x107° 1.62x107° 2.71x107°
Ni =k 9.28x107" 1.07x107® 3.27x107* 7.24%1077 5.83x107° 9.68x107° 5.83%107° 9.75%107°
/N 2.79x107"° 1.22x107° 3.73x107° 1.12x1077 6.64x107° 1.68x107° 6.64x107° 1.69x107°
S8 7.35x107°  4.87x10”° 1.49x107® 4.48x1077 2.65%107° 4.41x107° 2.65%107° 4.45x107°
Hg ok 1.18x107"°  7.84x107"°  2.39x10”° 6.15x107* 3.64x107° 4.41x10°° 3.64x107° 4.47x10°°
£/ 0 0 0 0 0 0 0 0
F 3.69x107"  2.45x107"°  7.49x107°  2.25x107® 1.33x10°° 2.21x10°° 1.33x10°° 2.23x10°°
RI FE1IEELENEHRREE
Table 9 Daily exposure of heavy metal carcinogenesis in No. 2 leather factory mg/ (kg-d)
iy pes EDI gy, EDIy EDI EDI
Heavy Classification J|# Children M A Adult  JL# Children WA Adult  JL# Children BCA Adult  JL# Children  BLA Adult
Cd [SON 2.29x107"° 1.61x107° 4.92x107° 1.48x1077 8.77x107° 1.45x107° 8.77x107° 1.46x107
BN 0 0 0 0 0 0 0 0
S 1.31x107"°  1.61x107"°  2.65x107° 7.99x1078 4.73x107° 7.85%x107° 4.73x107° 7.93x107°
As R 1.41x107°  2.43x10”° 7.43%107° 2.23x1077 1.32x107° 2.19x107° 1.32x107° 2.21x107°
2/ 2.76x107"  1.83x107"  5.61x107"° 1.68x107* 0.99x10°° 1.66x107 0.99x107¢ 1.68x107°
-1 8.51x107"  5.64x107"° 1.72x107° 5.19x107* 3.08x107° 5.11x10°° 3.08x107° 5.16x10™°
Co K 2.09x107° 1.38x107® 4.24x107* 1.27x107¢ 7.57x107° 1.25%107* 7.57x107° 1.26x107™*
B/ 0 0 0 0 0 0 0 0
- 6.79x107"  4.50x107° 1.37x107* 4.14x1077 2.45x107° 4.07x107° 2.45%107° 4.11x107°
Ni TN 2.53x107° 1.68x107 2.18x107* 1.54x107° 9.15x107° 6.85x107° 9.15%107° 7.00x107°
£/ 0 0 0 0 0 0 0 0
S8 7.52x107"°  4.99x107° 1.53x107* 4.59x1077 2.72x107° 4.52x107° 2.72x107° 4.57x107°
Hg ok 21.4x107"°  9.60x107°  2.94x107° 8.84x107® 5.23x107° 8.68x107° 5.23x107° 8.77x107°
£ 0 0 0 0 0 0 0 0
S 4.05x107"" 2.69x107"°  8.23x107"°  2.47x107® 1.47x10°° 2.44x10°° 1.47x10°° 2.46x10°°
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Table 10 Risk assessment index of heavy metal carcinogenesis in No. 1 leather factory

T4 Riskypyy Risk ¢ Risk g5 (Risk)
Heavy metal JL# Children A Adult JL# Children JRA Adult JL#E Children JRA Adult JLE Children A Adult
Cd 4.78x107" 2.88x107"° 9.80x107" 2.93x107* 1.73%x107° 2.88x107° 1.73x107° 2.91x107°
As 1.15x107" 7.65%107"° 2.34x107° 7.04x107 4.16x10° 7.04x107° 4.16x107° 7.10x107°
Ni 6.17x107"° 4.09x10~° 1.25x107* 3.76x1077 2.23x107° 3.70x107° 2.23x107° 3.74x107°
Fx11 RE[ELEBEXEIENISE
Table 11 Risk assessment index of heavy metal carcinogenesis in No. 2 leather factory
T4 Riskygy Risk ¢ Risk gy (Risk)
Heavy metal JL# Children A Adult JL# Children A\ Adult JL# Children i A\ Adult JL# Children A Adult
Cd 4.98x107" 4.12x107" 1.01x107° 3.04x107° 1.80x107° 2.98x107° 1.80x107° 3.01x107°
As 1.28x107" 8.46x107"° 2.58%107° 7.78%107° 4.62x107° 7.66x107° 4.62x107° 7.74%107°
Ni 6.32x107"° 4.19x10”° 1.28x10~° 3.86x1077 2.28x107° 3.80x107° 2.28x107° 3.84x107°
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Table 5 Control effect of potion on Casmara patrona
21 d1 %% Number of larvae /3 &3 Damage rate//% TR
— eEE Briain b DA pam oy T
Potion Concentration Before After Before After Decresae control
prevention prevention prevention prevention rate//% effect //%
and control and control and control and control
BT 1:50 269 178 39.28 24.33 33.83 38.06 dD
Bacillus thuringiensis 1:100 333 246 37.16 31.01 26.13 16.55 dD
1:200 411 337 41.33 36.43 18.00 11.86 dD
TR 1:300 293 29 43.91 5.37 90. 10 90. 05 aA
Sendebao 1:500 384 87 29.28 7.21 77.34 78.79 bB
1:1 000 336 101 37.66 12.18 69. 94 70.31 bB
X5} & Control 417 474 — — — — ek

TE: [FFUAR NG TR 7R 22 57 35 (P<0. 05) s AR RS PR R 22 5 B35 (P<0. 01)

Note : Different lowercase letters mean significant differences at 0. 05 level ; different capital letters mean extremely significant differences at 0. 01 level
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