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Impact of Groundwater Flow on Arsenic Transport:
A Field Observation and Simulation in Datong Basin
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Abstract: Groundwater flow patterns often play an important role in controlling groundwater hydrogeochemical characteristics.
To better understanding of hydrological influences on arsenic transport in groundwater of Datong basin, a transient three di-
mensional groundwater flow model of riparian zone was conducted based on the monitoring data of Shanyin field site. The mod-
el indicates that irrigation diminishes the groundwater depth and horizontal groundwater flow velocities and further accelerates
the groundwater flux among different formations. Vertical water exchanges occur frequently among silt layers (L1, L2, L3,
L4), clayl layer (15) and sandl layer (1.6), while among clay2 layer (L.7), sand2 layer (1.8), clay3 layer (1.9) and sand3 lay-
er (1.10), the horizontal groundwater exchanges dominates. The model also presents a possible phenomenon that the vertical
infiltration of irrigation water and precipitation from ground surface toward aquifer induces a downward movement of arsenic of
vadoze zone sediments, and frequent groundwater exchange greatly promotes the horizontal migration of arsenic in aquifers.
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Fig. 1 (a) Plan view of the SY field site and the experimental wells; (b) Hydrogeologic cross section across Sanggan river;

() Hydrogeologic cross section paralle Sanggan river
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Fig. 2 (a) Contour map of water level observed in May 2011; (b) Temporal change of water level at well 1-2, well 2-2, well

3-2, well 4-2 and well 5-2, respectively
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Table 1 Hydraulic properties of aquifers used in model simulations
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As concentrations are shown as shaded counters, and

values in parentheses indicate range of intervals
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PO« 3 ) S i n] 2 AN 3t R KA AR5 1) A
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I RS B0 T 285 P i A A i R s fef iR L VE A 1
KA R B R A A T S B s A JE A R BT
ICHITET DA 17~24 m {5 Bl B i HEE X, i T
KA B R R (I 7). AR b T 7K A ) 1 2
([ 6a), A] KE A% L1 ~12,L2~L3,L3~14,
LA~L5 . L5~16 £ J2 Z [B] fift (i) 3 [0 3¢ #e &, © A
L1~12,1.2~13,L3~14. 14~1L5.L5~L16 Mk
TE [ A e B 4y B Ky 0. 18 m?®/d. 0. 072 7 m®/d,
0.022 69 m*/d.0. 000 34 m*/d. 0. 000 565 m®/d.,
L1~16 & )25 Ak, R KRk BE 43900 R 2 g/ Ly
4 pg/L.5 pg/L.6 pg/L. 10 pg/L, B UL AT Al 3
L1~12.1.2~13.L3~14,1L4~1L5,L5~L6 fifl {5
R [ 4 38 4t 331 240, 360 0 mg/d. 0. 290 8 mg/
d.0.113 5 mg/d.0. 002 0 mg/d.0. 005 6 mg/d. [a]FH
TGS L6 ~ 110 4% J2 Z [ A () 7K -3¢ 4 . E A
X=17. 5 m b, H T KK P ¥ L4 | KA
6. 54 m*/d(Jy 48 [a) &+, L6 L7, L8, L9, L10
fifl fh) e B 4y B o 17 pg/L. 20 pg/L. 50 pg/L,
120 pg/1.\135 pg/L, g1 A2 s 16, 1.7, 1.8, L9,
L10 fft (1) 7K ~F =2 # & 43 5] o4 1110 2 mg/d,
130. 8 mg/d. 327 mg/d. 784.9 mg/d. 883 mg/d;
X=57.5 m &b, M T KK P L4 | KA
10. 3 m® /d(J7 [m) 4 m] Z& 90, L6, L7, 1.8, 1.9, 10
ffl 1k B2 43 il Sl 25 pe/L 30 pg/L. 70 pg/L.
105 /1,120 pg/L, fy A2 16, L7, 1.8, L9,
L10 fifi iRy 7K - 52 #1553 5]y 257. 5 mg/ d. 309 mg/
d.721 mg/d.1 081. 6 mg/d.1 390. 6 mg/d. 5 4p. 1R
R g DX ) v B AT AL A A T RV A
() e B . R A YR I Xl s 7K 9 K 38
HBKRME M8, 98 m® /d, il ity Fe KW BE Sl 190 pg/ L, H
WA BT M E L£ENWRKEN
1706. 2 mg/d. fifi = [m] 52 46 5 FH 7K V- 1] 58 1 119 3
P E L RS DL RS R K ) o] BB RS
GINERELEES

4 &g

s i el S L B S e R S s o T
(8 = AEAR AR M T AR Y L 2201 1 MR K R %
FEHL R K AT RS 4 B2 AL KP4 A Y
HAERAE R T HEBEVE FIAEBIF S X 1% B 2 6. i 10
AAAE 3 T KR (] 2, 2b) FH7K 4R 7K 3 8 s
ANCEELS) o 1ty HL InGgE 1 AN [R) 1 2 22 18] 14 3 [7)
KA. T K A R A R R L1~

L2.L2~L3,L3~L4 . L4~L5.L5~L6 Z [Al th & A7
FEH 2 AR K RS 1 L6~1.10 Z [A] A7k
- RZ g Ry T T[] 5S4 AT A2 B AR S KA i
AH L, 30 7] 38 3 i /N AR ISR RN T — 3
i R S RIS RA K T I 7K M M 6 T B A B St
A (LD B 2 (L2, L3, L4o) Fokt + 1(L5), 3
AT K)Z (L6, M KA S5 o 328 8748 LK T 1) 37 [7]
HEME X XA R IE A2 B T e R K RS
(14—~ T BEATL A « 4 I /K R0 R AR K MM i) T Al
HABZEKZME R, HE3h T iR a0t
TR rh AR 0T m] T S A% DR I TS AT e T 4
TNz E 4 Bk K25 (RIE ALK L K3
i i AL R K AEAKE 5 ) B AR K =
SN T L 5 K2 R KR RS R M T LR
17~24 m i [Bl PN, 5E 3 HEHE X, 3R K A 5 i
.
AR T A Yy b sk A2 e Ak, 1R /K i
TS FEXTRAE - T 7K iR B et 5 A
FH. BT A2 . 3 K2 IR T E AR IR 52 1%
A2 AR B T AR A M KRB - DT R AR
PRI RS BRA L 2 MRV A 1) 401 Rl 0 JBE BE T 1 7K i
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RO

References

Benner, S. G. , Polizzotto, M. L., Kocar, B. D. , et al. , 2008.
Groundwater Flow in an Arsenic-Contaminated Aquifer,
Mekong Delta, Cambodia. Applied Geochemistry,23(11) ;
3072—3087. doi: 10. 1016/j. apgeoche. 2008. 06. 013

Berg, M. , Stengel, C. , Trang, P. T. K. , et al. , 2007. Magni-
tude of Arsenic Pollution in the Mekong and Red River
Deltas-Cambodia and Vietnam. Science of the Total
Environment ,372(2—3) :413—425. doi: 10. 1016/j. sci-
totenv. 2006. 09. 010

Charlet, L. ,Polya,D. A. ,2006. Arsenic in Shallow, Reducing
Groundwaters in Southern Asia: An Environmental
Health Disaster. Elements,2(2):91—96. doi: 10. 2113/
gselements, 2. 2. 91

Dong.S. G. , Tang.Z. H. ,Liu,B. W. ,2008. Numerical Simu-
lation for the Groundwater in Datong Basin and Evalua-
tion of the Optimization of Water Resources. Geotechni-
cal Investigation & Surveying s 3: 30 — 35(in Chinese
with English abstract).

Guo,H. M. ,Wang, Y. X. , Shpeizer.G. M. ,et al. ,2003. Nat-
ural Occurrence of Arsenic in Shallow Groundwater,

Shanyin, Datong Basin, China. Journal of Environmen-



5 43 A AEE N KR SR IT RS IR 885

tal Science and Health Part A-Toxic/Hazardous Sub-
stances & Environmental Engineering, 38 (11).
2565—2580. doi: 10. 1081/ESE—120024447

Guo, H. M. ,Wang, Y. X. ,2005. Geochemical Characteristics
of Shallow Groundwater in Datong Basin, Northwestern
China. Journal of Geochemical Exploration, 87 (3):
109—120. doi: 10. 1016/j. gexplo. 2005. 08. 002

Fetter,C. W. ,1994. Applied Hydrogeology (Third Edition).
Merrill Pubishing Company, University of Wisconsin,
Oshkosh, 75—385.

Harvey, C. F., Ashfaque, K. N., Yu, W., et al,, 2006.
Groundwater Dynamics and Arsenic Contamination in
Bangladesh. Chemical Geology ,228(1—3):112— 136.
doi: 10. 1016/j. chemgeo. 2005. 11. 025

Islam, F. S. , Gault, A. G. , Boothman, C. , et al. , 2004. Role
of Metal-Reducing Bacteria in Arsenic Release from
Bengal Delta Sediments. Nature, 430 (6995) .68 — 71.
doi: 10. 1038/nature02638

Klump,S. ,Kipfer,R. ,Cirpka, O. A. ,et al. ,2006. Groundw-
ater Dynamics and Arsenic Mobilization in Bangladesh
Assessed Using Noble Gases and Tritium. Environ-
mental Science Technology ,40(1); 243—250. doi: 10.
1021/es051284w

Li,J. ,Wang,Z. H. ,Cheng,X. T. ,et al. ,2005. Investigation
of the Epidemiology of Endemic Arsenism in Ying
County of Shanxi Province and the Content Relationship
between Water Fluoride and Water Arsenic in Aquatic
Environment. Chinese Journal of FEndemiology, 24
(2):183—185(in Chinese with English abstract).

McArthur, J. M. , Banerjee, D. M. , Hudson-Edwards, K. A. ,
et al. ,2004. Natural Organic Matter in Sedimentary Ba-
sins and Its Relation to Arsenic in Anoxic Ground Wa-
ter: The Example of West Bengal and Its Worldwide
Implications. Applied Geochemistry, 19 (8). 1253 —
1293. doi: 10. 1016/j. apgeochem. 2004. 02. 001

McDonald, M. G. . Harbaugh, A. W. . 1988. A Modular
Three-Dimensional Finite-Difference Groundwater Flow
Model. US Geological Survey Technology Water-Re-
sources Investigation.

Nakaya,S. , Natsume, H. , Masuda, H. , et al. 2011. Effect of
Groundwater Flow on Forming Arsenic Contaminated
Groundwater in Sonargon, Bangladesh. Journal of Hy-
drology ,409 (3 — 4). 724 — 736. doi: 10. 1016/].
jhydrol. 2011. 09, 006

Nickson, R. T. s McArthur, J. M. , Burgess, W. G. , et al. ,
1998. Arsenic Poisoning of Bangladesh Groundwater.
Nature,395(6700) ; 338. doi: 10. 1038/26387

Nickson, R. T. , McArthur, J. M. , Ravenscroft, P. , et al. , 2000.

Mechanism of Arsenic Release to Groundwater, Bangladesh
and West Bangal. Applied Geochemistry,15(4) . 403 —
413. doi: 10. 1016/S0833—2927(99)00086 —4

Pei, Y. H. , Liang, S. X. , Ning, L. Y. , 2005. A Discussion of
the Enrichment and Formation of Arsenic in Groundwa-
ter in Datong Basin. Hydrogeology and Engineering
Geology »4: 65—69(in Chinese with English abstract).

Postma,D. ,Larsen, F. , Hue,N. T. M. , et al. ,2007. Arsenic
in Groundwater of the Red River Flood Plain, Vietnam:
Controlling Geochemical Processes and Reactive Trans-
port Modeling. Geochemical et Cosmochimica Acta , 71
(21): 5054—5071. doi: 10. 1016/j. gca. 2007. 08. 020

Smedley, P. L. , Kinniburgh, D. G. , 2002. A Review of the
Source, Behavior and Distribution of Arsenic in Natural
Waters. Applied Geochemistry,17(5); 517 —568. doi:
10. 1016/S0083—2927(02)00018—5

Smedley, P. L. ,Zhang,M. , Zhang,G. , et al. ,2003. Mobliza-
tion of Arsenic and Other Trace Elements in Fluvio-
lacustrine Aquifers of The Huhhot Basin, Inner Mongo-
lia. Applied Geochemistry,18(9): 1453—77. doi: 10.
1016/S0883—2927(03)00062—3

Smith, A. H. , Lingas, E. Q. . Rahamn, M. ,2000. Contamina-
tion of Drinking-Water by Arsenic in Bangladesh: A
Public Health Emergency. Bull of the World Health
Organization ,78(9): 1093 —1103. doi: 10. 1590/S00
42—96862000000900005

Stute, M. ,Zheng, Y. . Schlosser, P. , et al. ,2007. Hydrologi-
cal Control of As Concentrations in Bangladesh Ground-
water. Water Resources Research ,43(9). doi: 10. 1029/
2005WR004499

Thangarajan, M. , Linn, F. , Bakaya, U. V., et al. , 1999.
Modeling an Inland Delta Aquifer System to Evolve
Pre-Development Management Schemes: A Case Study
Upper Thamalakane River Valley, Botswana, Southern
Africa. Environ. Geol. ,38(4),285—295. doi: 10. 1007/
s002540050426

Ven Geen, A. ,Zheng, Y. ,Stute, M. , et al. ,2003. Comments
on “Arsenic mobility and Groundwater Extraction in
Bangladesh” ([ ). Science,300(5619): 584 —584c. doi:
10. 1126/science. 1081057

Wang, Y. X. , Ge, M. S. , 2000. Hydrogeochemistry of Medi-
cal Mineral Water in the East Asian Continental Rift,
Take Shanxi and the Begall Valley as an Example. Chi-
na Environmental Science Press.Beijing (in Chinese).

Wang, Y. X. , Shvartsev,S. L. ,Su,C. L. , 2009. Genesis of Arse-
nic/Fluoride-Enriched Soda Water: A Case Study at Da-
tong, Northern China. Applied Geochemistry, 24 (4) .
641—649. doi; 10. 1016/j. apgeochem. 208. 12. 015



886 Mo Bk} [ R A2 %38 &

Xie,X. J. s Wang, Y. X. . Su,C. L. ,et al. ,2008. Arsenic Mo- BOKBEIRAUAHC BIET. TR B)%E.3.30—35.
bilization in Shallow Aquifers of Datong Basin: Hydro- AR, FOERE R R 45,2005, 1L P4 H 7 P A B A
chemical and Mineralogical Evidences. Joural of Geo- TR AAERE. TEM TR E. 24 (2),
chemical Exploration, 98 (3). 107 — 115. doi: 10. 183—185.

1016/j. gexplo. 2008. 01. 002 SRR, TG, 2005, KR F M T K AP Y B 4R

FUHE SRR /K SCHl 5T T A it . 4. 65— 69.
FHHT B+ T« B DKL 2000, RIE KR RERAT BT 87K K

B o 3T 5 3 ST ek SCHLER A2 BIE 58— LAl o4 A0 DU /R 848 & A 1. b
R B BAE X1 E1 2 45, 2008, Fe ] 4 HuH 7K B (B A 401 APPSR AT

K K K K K K K K K X X X X K K K K K K KX KX X K K K K K KK KX X X K K K KX X K KX X X X X X

( 4% 858)
Yang, Y. F. . Yao, J. , Van Dijke, M. L J. , 2010a. Effect of Bt Fr 32 5 % Sk
Reservoir Rock Wettability on Microcosmic Distribu- Z=AE B R gk B R, 2000, 55, BENTREOK A ASUE
tion of Residual Oil after Gas Displacement. Acta Pe- BT, RIR LML, 20(3) :62—66.
trolei Sinica ,31(3): 467—470 (in Chinese with Eng- Kk %, Wk, Van Dijke, M. 1. J. , 2010a. 038 7543 1 514 %
lish abstracy). IR A IOV 53 A1 15 IR AL A AR 31(3)
Yang. Y. F. ., Yao, J. . Wang, C. C., 2010b. Oil-Gas-Water 467—470.
Three-Phase Flow Simulation in Water-Wet Reser- Mk K BEEE, T REE, 2010b. K I8 T i S K = AE B AR
voir. Journal of China University of Petroleum (E- . P EAA TR (A RBFE D 5 34(1) . 79—83.

dition of Natural Science),34(1): 79—83 (in Chi-

nese with English abstract).



