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Chemical and Isotopic Characteristics of Groundwater in the
Yongding River Groundwater System of Beijing Plain

ZHAI Yuan-zheng" ?, WANG Jin-sheng?, TENG Yan-guo"?, ZUO Rui"?

1) College of Water Sciences, Beijing Normal University, Beijing 100875;
2) Engineering Research Center for Groundwater Pollution Control and Remediation, Ministry of Education, Beijing
100875

Abstract: The Yongding River groundwater system in Beijing plain is located in western Beijing. Precipitation
samples of a hydrological year in Beijing plain were collected, and D and 'O components of these samples were
analyzed. A set of groundwater samples in the Yongding River groundwater system were also collected during the
arid season, and components of eight ions, D and 80, concentrations of Sr, and ratios of %’Sr/*Sr of these samples
were analyzed. On such a basis, some conclusions have been reached: the hydrochemical types of groundwater in
the study area are comparatively simple; the groundwater in the study area is derived mainly from infiltration of
local precipitation, and is affected by different degrees of evaporation during the process; Sr and Ca elements in
groundwater share a similar hydrogeochemical process; values and variation range of *’Sr/**Sr ratios are small,
which implies that Sr element in groundwater comes from carbonate rock. The results obtained by the authors will
provide a practical basis for further understanding the groundwater system of the study area and the water sources.
Key words: groundwater system; hydrogeochemistry; aqueous chemistry; isotope; strontium
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Fig. 1 Location of the study area and distribution of
sampling sites
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Table 1 Statistic information of tested items of groundwater samples (the unit of each item has been explained before)

TDS K Na" Ca* Mg* HCO;~ cr
24~2304 0.01~6.44 4.16~375.00 19.6~187.00 0.50~158.00 12.20~518.70 4.30~340.00
739 1.43 82.33 78.36 42.24 357.82 79.12
NO5 ol D 5%0 Sr** 7Sr/%Sr
0.05~128.00 1.40~833.30 —88~-47 -11.9~-5.0 0.359~0.907 0.708696~0.711004
19.23 114.94 —67.83 9.0 0.66 0.709675
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Table 2 Correlation coefficients of TDS and concentrations of ions of groundwater samples

TDS K* Na* Ca** Mg* HCO;~ Ccr SO NOs~

TDS 1

K* 0.051 1

Na* 0.739 0.005 1

Ca** 0.458 0.244 0.061 1

Mg** 0.903 0.013 0.627 0.345 1
HCOy 0.405 0.010 0.163 0.228 0.402 1

cr 0.838 0.156 0.640 0.493 0.688 0.115 1

SO,* 0.773 0.022 0.815 0.167 0.750 0.075 0.738 1

NOy’ 0.162 0.359 0.004 0.659 0.076 0.025 0.288 0.024 1




104

Ca** Mg’ HCO;
, , Mg2+ SO42_
TDS ( N,
TDS 9%
, Ca2+
Mg2+ Mg2+ N 2+
Mg**  Na* TDS
; HCO;~ , SO/~ (I
, TDS
K+
NOy , TDS
(2
22 & 80

SD=6.9313"%0+3.927(%0, R*=0.849, n=27)(

2) 3D 15%0~—T75%0
~38.4%o, 5 ; o0"%0
—2.3%0~—10.4%0 , —5.1%o,
4.5
oD 50
, (D)
( ;@2
( 2)0)
( 2)x4)
. ; )
—20 [l € lE]
20 . mean value of precipitation
30 - o HiF K HI{f mean value
40 - of groundwater .
g . R K -
$-50F groundwater
i
& 60 T
70 w1814
_ 5 490 159
-80 - i) _REE
-90 < 1 1 1 1
-12 -10 -8 -6 -4
3" Oyguon! %o

B2 Tk 6D 50 Bz EBXFR
Fig. 2 Relationship between 8D and 6°0 in groundwater

., (D
)

87gr/883r

2.3 [Ca*] [Sr*]

Sr s Sr

(Janina et al., 2007)

Sr ,
s Sr
Y7Sr/*Sr
(Shand et al., 2009),

(Shand et al., 2009)
2.3.1 [Ca*]/[Sr*]

Sr

, 87sr/%6Sr

Ca 19.6~187.0 mg/L
, 9 , 78.36 mg/L,
Ca ,
Sr , Sr
Sr S
- (Shand, 2009) Sr
0.359~0.907 mg/L ,
2.5 0.66 mg/L,
Sr (0.023 mg/L) ,
Sr s
- Sr
, Ca, Sr
, ¢ 3
, Sr Ca
Ca Sr - ,
2.3.2 [Sr¥]  %'sr/®sr
*7Sr/*Sr
Sr

>

(Janina et al., 2007)
878r/%0Sr
0.711004),

>

(0.708696~



105

0.7115 o “sr/*sr 1240
0.7110 | 4 Ca a 7200 5
— Sr~Ca BB
& 07105 q160 Z
= 0. 7100 120 =
= 0.7095 180 3
0. 7090 da0 “

0. 7085 1 L AL ! 1 0

0. 35 0. 45 0.55 0.65 0.75 0.85 0.95
Srif¢ BE/ (mg/L)

3 KA SrikES ¥Sr/Sr tLEF Ca iRE Z 8
BIXFR
Fig.3 Relations of concentrations of Sr to ¥Sr/%Sr and
concentrations of Ca

7Sr/%Sr (0.708~0.709)
7Sr/%Sr (0.716~0.720)
s 87Sr/86Sr
( ) ,
3 4
(D ,
Ca2+ Mg2+
Mg®" Na" | HCO;
,S0,.~  CI’
2
(3)
St 7Sr/%Sr , S
Ca** , Sr
Ca s
- 87Sr/%Sr
s Sr
2% k-
s . 2008.
[M]. : 1 35-46.
. 2009. [EB/OL]. [2010-08-18]
http://www.bjwater.gov.cn/tabid/207/ Default.aspx.
s , w7, R . 2003.
(1. , 24(6):
497-504.

s 5 s 5 s > s

. 2008.
(1. , 28(2): 388-394.
, . , , , , . 2008.
(1. , 29(6): 735-739.
, , , , , . 2007.
1. ,
28(6): 550-554.
, , . 2008.
. ,29(2): 161-166.
, , , EDMUNDS W M. 2007.
[J]. ,
22(9): 922-930.
. 2007.
[J]. ,26(1): 1-21.
, s s . 2010.
[1]. ,21(1): 127-136.
, , . 1999.
(1. , 20(4): 357-362.
. , , . 2009.
1. ,30(2): 235-242.
, 5 , , , . 2008.
[J1. —
,33(1): 137-144.
. , . 2002.
7. ,23(5): 477-482.
, . 2006.
(. , 27(4): 341-348.
. . 2007. 5'*0 [7.
, 18(6): 864-870.
.2001. M.
0 1-281.
R s , SALAMA R. 2006.
(. , 17(1): 20-28.
References:

BOUCHAOU L, MICHELOT J L, VENGOSH A, HSISSOU Y,
QURTOBI M, GAYE C B, BULLEN T D, ZUPPI G M. 2008.
Application of multiple isotopic and geochemical tracers for
investigation of recharge, salinization, and residence time of
water in the Souss—Massaaquifer, southwest of Morocco[J].
Journal of Hydrology, 352: 267-287.

CHEN J Y, TANG C Y, SAKURA S. 2004. Spatial geochemical and
isotopic characteristics associated with groundwater flow in
the North China Plain[J]. Hydrological Processes, 18(16):
3133-3146.

CHEN Jian-sheng, FAN Zhe-chao, WANG Ji-yang, GU Wei-zu,
ZHAO Xia. 2003. Isotope Methods for Studying the Replen-
ishment of the Lakes and Downstream Groundwater in the
Badain Jaran Desert[J]. Acta Geoscientica Sinica, 24(6):
497-504(in Chinese with English abstract).



106

DU Hu-lin, XIAO Hong-lang, ZHENG Wei, ZHOU Hong-wei, SUN
Shu-peng, GAO Qian-zhao, QIU Yong-zhi, XU Bo, WANG
Xiang-yu. 2008. Chemical Characteristics of Surface Water
and Groundwater in South of Tarim Desert Oilfield[J]. Journal
Of Desert Research, 28(2): 388-394(in Chinese with English
abstract).

EDMUNDS W M. 2009. Geochemistry’s vital contribution to solv-
ing water resource problems[J]. Applied Geochemistry, 24:
1058-1073.

Geological Mineral Authority of Beijing, Unit of Hydrogeology,
Engineering Geology Of Beijing. 2008. Groundwater of Bei-
jing[M]. Beijing: China Land Press: 35-46(in Chinese).

GUO Yong-hai, WANG Ju, XIAO Feng, WANG Zhi-ming, LIU
Shu-fen, SU Rui, ZONG Zi-hua. 2008. Groundwater Isotope
Characteristics of the Pre-selected Site of a High Level Ra-

dioactive Waste Repository in the Beishan Area, Gansu Prov-

ince and Their Implications[J]. Acta Geoscientica Sinica, 29(6):

735-739(in Chinese with English abstract).

HUANG Guan-xing, SUN Ji-chao, QI Ji-xiang, ZANG Yi-zhong,
CHEN Jing-sheng, JING Ji-hong. 2007. The Relationship be-
tween Groundwater Isotopic Composition and Climate Change
in Ordos[J]. Acta Geoscientica Sinica, 28(6): 550-554(in Chi-
nese with English abstract).

IAN C, TAMIE W, BEN P. 2007. Controls on *’Sr/**Sr ratios of
groundwater in silicate-dominated aquifers: SE Murray Basin,
Australia[J]. Chemical Geology, 246: 107-123.

JANINA S K, BENT T H, SOMKID B. 2007. *’Sr/*Sr ratio: a
natural tracer to monitor groundwater flow paths during artifi-
cial recharge in the Bangkok area, Thailand[J]. Hydrogeology
Journal, 15: 745-758.

LIU Feng, LI Yan-he, LIN Jian. 2008. Hydrogen and Oxygen Iso-
tope Study of Groundwater in the Yongding River Drainage of
Beijing and Its Environmental Significance[J]. Acta Geoscien-
tica Sinica, 29(2): 161-166(in Chinese with English abstract).

MA Jin-zhu, HUANG Tian-ming, DING Zhen-yu, EDMUNDS W
M. 2007. Environmental Isotopes as the Indicators of the
Groundwater Recharge in the South Badain Jaran Desert[J].
Advances in Earth Science, 22(9): 922-930(in Chinese with
English abstract).

MATTHIAS R, JOHN A W, DARREN A B. 2009. Strontium iso-

topes as tracers to delineate aquifer interactions and the influ-

ence of rainfall in the basalt plains of southeastern Australia[J].

Journal of Hydrology, 367: 188-199.

SHAND P, DARBYSHIRE P F, LOVE A J, EDMUNDS W M. 2009.

Sr isotopes in natural waters: Applications to source charac-
terization and water-rock interaction in contrasting land-
scapes[J]. Applied Chemistry, 24: 574-586.

SONG Xian-fang, LI Fa-dong, YU Jing-jie, TANG Chang-yuan, YANG

Cong, LIU Xiang-chao, YASUO S, AKIHIKO K. 2007. Charac-
teristics of groundwater cycle using deuterium, oxygen-18 and
hydrochemistry in Chaobai River Basin[J]. Geographical Research,
26(1): 1-21(in Chinese with English abstract).

TANG C Y, CHEN J Y, SHEN Y J. 2003. Long term effect of
wastewater irrigation on nitrate in groundwater in the North
China Plain[J]. IAHS Pub, 285: 34-40.

TENG Yan-guo, ZUO Rui, WANG Jin-sheng, LIN Xue-yu. 2010.
Progress in geochemistry of regional groundwater evolution[J].
Advances in Water Science, 21(1): 127-136(in Chinese with
English abstract).

Water Authority Of Beijing City. 2009. Bulletin of Water resources
of Beijing[EB/OL]. [2010-05-18] http://www.bjwater.gov.cn/
tabid/207/ Default.aspx(in Chinese).

XU Bu-tai, ZHANG Qiu-fang, ZHOU Shu-gen. 1999. Isotopic
Geochemistry of Geothermal Water in Wuyi Basin, Zhejiang
Province[J]. Acta Geoscientica Sinica, 20(4): 357-362(in Chi-
nese with English abstract).

YANG Li-zhi, ZHANG Guang-hui, LIU Zhong-ye, LIU Chun-hua.
2009. Isotope Age of Groundwater in Lubei Plain and an
Evaluation of Its Renewable Capacity[J]. Acta Geoscientica
Sinica, 30(2): 235-242(in Chinese with English abstract).

YE Ping, JIN Qin-sheng, ZHOU Ai-guo, LIU Cun-fu, CAI
He-sheng, GAN Yi-qun. 2008. Formation Mechanism of Sr
Isotopes in Groundwater of Hebei Plain[J]. Earth Science:
Journal of China University of Geosciences, 33(1): 137-144(in
Chinese with English abstract).

YE Si-yuan, SUN Ji-chao, JIANG Chun-yong. 2002. Current Situa-
tion and Advances in Hydrogeochemical Researches[J]. Acta
Geoscientica Sinica, 23(5): 477-482(in Chinese with English
abstract).

ZHANG Guang-hui, CHEN Zong-yu, NIE Zhen-long, LIU Shao-yu,
ZHANG Cui-yun, SHEN Jian-mei, WANG Jin-zhe, CHENG
Xu-xue, ZHANG He-sheng. 2006. Isotopic Characteristics of
Groundwater and Its Response to Paleoclimatic Variation in
Heihe River Basin[J]. Acta Geoscientica Sinica, 27(4):
341-348(in Chinese with English abstract).

ZHANG Guang-xin, DENG Wei, HE Yan, SALAMA R. 2006. Hy-
drochemical characteristics and evolution laws of groundwater
in Songnen Plain, Northeast China[J]. Advances in Water Sci-
ence, 17(1): 20-28(in Chinese with English abstract).

ZHANG Ying-hua, WU Yan-qging. 2007. Variation of 3'*0 in water
in Heihe river basin[J]. Advances in Water Science, 18(6):
864-870(in Chinese with English abstract).

ZHANG Zong-hu, SHEN Zhao-li, XUE Yu-qun, REN Fu-hong, SHI
De-hong, YIN Zheng-zhou, ZHONG Zuo-shen, SUN Xing-he.
2001. The evolution of groundwater in North China Plain[M].
Beijing: Geological Publishing House: 1-281(in Chinese).



