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Distributed Migration Model of Heavy Metals in Watershed

WANG Shengwei JI Hao WANG Miao LOU Tianlong ZHANG Chang
(College of Computer Science and Engineering, Northwest Normal University, Lanzhou 730070, China)

Abstract: In order to realize the estimation of soil heavy metal migration in large-scale watersheds, the
remote sensing information extraction technology plays an important role in such problems. A small and
medium-sized watershed (the Daxia river basin) in Northwest China was sampled and investigated. By
analyzing the soil and water samples of the Daxia river basin and its tributaries, the contents and
distribution characteristics of heavy metals—As, Cd, Cr, Cu and Pb were determined. The contents of
five heavy metals were ranked in descending order as the follows: Cr, As, Cu, Pb and Cd. According to
the fractal characteristics of river network in river basins, a distributed migration model was put forward to
estimate the heavy metal migration in the Daxia river basin. The fractal dimension of the Daxia river basin
and its tributaries were extracted and corrected by using grid method and GIS technology. The fractal
dimension of the water system was 1. 016 3, which was less than 1. 6, and determined the geomorphology
of the Daxia river basin in its infancy. The similarities of the watershed was modeled and verified. And
based on the similarities between the fractal dimension and the runoff data, the sub-basin runoff volume
was further studied to estimate the distributed heavy metal migration, which was verified by comparing the
estimated amounts of the SCS — CN model. The migration estimation results in heavy metals—As, Cd,
Cr, Cu and Pb in the Daxia river basin were 0. 671 0 t/a, 0.209 9 t/a, 6.281 6 t/a, 1.746 5 t/a and
1.837 7 t/a, respectively.
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Fig. 1 Digital elevation model of Daxia river
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Fig.2 Regional division of sub-basins of Daxia river basin
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Fig.4 Land use type map
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Tab.2 Value of C, under different land use types
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Tab.3 Characteristic comparison of similar basins
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Tab.4 BCR extraction results of water soluble content

state and water dissolution rate
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Tab.5 Descriptive statistical analysis of heavy

metal content
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NS ATLUEW,S fiESB TR T &=
MR FN/IMER Hy : Cr  As .Cu Pb [ Cd,
2.3 HHEEENERELER

o {1 X 17 A9 2 DX 3 A T 9 A, R DA K
X301 A A 9 e 25, AR SCHE AreGIS 10. 4 X iZ K
R IS 000 1 {8, I %% % St 8] AT 22
LA | A% 2 AT, 7R H AR OC KON (IE B
) B A 10 ~500 A TA Ay 10 415k (E , 73 5
AN TR 33K B Xt I 1 Bt A T, A 0 A B
Xt SR A5 0 B (R O Bk AT R M LA R LA
FEl InN(a) = - 1.016 3lna + 14. 331, & & B
R* =0.999 8 8l £ J5 B 2 B A4 8D Sy 3 3849 43
HEAA, R Z W sy 4 1,016 3, /N T
1.6, ] 5 R BT i $o b 45 Ak F &0 48 0, B B O
WK REBEANT Sy, M R e 8 R 4 BT
BT AT A A

55 BT 3 R L B AR LA 9 AN K, LA 4
FEAR 5 R B 45 F T 00 4 B A 3, HLR SRR AE $
B A58 S AH I, 9T SR A5 A B0 30 480 40 4 16 5 4% 00 =
w6 fim.

XFIX 9 AR S Y U — T o3 A R0 AR i ek 2k
PELG AR B G e an & 6 Froi .

1 P 6 AT, R AR O J o A A R AR LS
FEl.y=-83x10"x+6.1x10°, e i€ RH R =



512 39 EXAR G WS SR 0 B BRI 337
x6 HEURBLSEENERE
Tab.6 Similar basin fractal dimension and runoff
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Tab.8 Watershed similarity
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Tab.9 Heavy metal migration estimated based on

SCS — CN model t/a
BRI HE/ILR

24 R As Cd Cr Cu Pb
4=  0.0328 0.0124 0.3812 0.0715 0.0823
B 0.1152 0.0220 0.3818 0.1404 0.200 1
H#mo 0.067 8 0.0132 0.3144 0.102 6 0.1111
A1 0.1335 0.047 0 1.7779 0.3938 0.3775
Him  0.0564 0.023 4 0.9717 0.2382 0.2049
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&)@zt , As .Cd Cr Cu Pb 5 FiEE &)@ 1Y) D8
4 0.6710.,0.2099 6.2816.1.746 5 .1.837 7 t/a,
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Tab.10 Heavy metal migration based on distributed

model estimation t/a
ER HHEILER

2R As Cd Cr Cu Pb
A4~ 0.0389 0.0147 0.4528 0.0849 0.0977
ZF 0.0730 0.0140 0.2418 0.0889 0.1267
Hyw 0.1393 0.0270 0.645 4 0.2106 0.228 1
A1 0.0907 0.0320 1.207 5 0.2675 0.2563
Hinm  0.1043 0.0433 1.7979 0.440 8 0.379 1
W 0.1517 0.049 6 1.149 4 0.4278 0.504 9
It 0.073 1 0.0293 0.786 8 0.226 0 0.2449
&1 0.6710 0.209 9 6.2816 1.746 5 1.8377

XF R 9 10 AT LA Y, B 23 A8 (4G 00 A% R
a0 A R R SR ICAY B  J as B8 i R SCS —
CN BRI SR B B4 J s 7% i 4 RS AR — 20, B
A X 45 as B B R AR G 5 B

3 Hit

(1) Cu,Pb JC & M 520 F % & & 43 7 A
20.25.,15. 37 mg/kg, 53 MK T H 4 Cu Pb & & #Y
W5 5 (E 22. 517, 9 mg/kg, UL WX I FR T R A
bR, As, Cr, Cd JC & W 920 F ¥ & & 2 5 K
20.43 94.48 1.43 mg/kg, 5+ W& F H 4 As.Cr,
Cd 25 i b 5 75 5 11.7 .69.3.0. 110 6 mg/kg, 135 1]
X 3 0 R AR R I AE AR AN R AR B 1 1 sk SR

(2) 2R JFH A% 32 Xt R B2 o] 9 4R B H: - 9 3k b £ 7
ST, HOK R4 R 1. 016 3 AR H5 AH AL I 48k 7K SC
i R A R RN AR O B di T OA 0 A M AR R 2 )
OES R SENE /Sl i1 N s N - R ) R 18 - A DR B
it Xof R BT e 4 K 5 R B TR L B A B 9 A
T AR UM AT T L E .

(3) 5T SCS — CN Fi 4y A iz B8 W AP AL 7Y (1) £l
TRLZE I AR — 2, A BR B R o A 38 B B AL A
BEL RS R, B8 A L, U H X T
TR 3 SRR AT SR T ELA S o g FH T 5% o

& % x Wt
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