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Abstract: The spatial variation in nitrate-nitrogen ( NO, -N) concentrations in surface water of ten sampling sites in the Beijing urban
ecosystem from Kunminghu Lake to Tonghui River were assessed using monitoring data from 2009 to 2010. Nitrogen sources were
examined using a hydro-chemical method. The results showed that the average nitrate-N concentrations of surface water in the Beijing
urban ecosystem ranged from 0. 7-7. 6 mg*L.™" with concentrations at all sites affected by human activities to a varying degree. The
nitrate-N concentrations in the Dongbianmen and Tonghui River located in the southeastern of Beijing ranged from 7. 07. 6 mg*L. ™" and
were significantly higher than those in the upper reaches( P <0.01) . For all sampling sites the chloride concentrations fell between
14.8-86.0 mgeL~". The chloride concentrations at the furthest downstream sites in the Dongbianmen and Tonghui River ranged from
81.5-85.0 mg*L™" and were 2.3-5.8 times higher than those in the upper reaches. This indicates that the surface water in
Dongbianmen and Tonghui River is clearly affected by human activities and that there are outfalls or pollutant sources near these two
sampling sites. Further the Cl” /Na® SO  /Ca>* ratios showed that the majority of nitrate-N came from a single source. The
information given by the nitrate-N concentrations combined with the NO; -N/Cl ™ ratio implied that sewage effluent including industrial
waste water leakage from solid waste disposal and domestic wastewater mainly controlled nitrate distribution in the Beijing urban
surface water. The results from this study suggest that surface water management should focus on downstream sites located in the
southeastern region of Beijing such as the Dongbianmen and Tonghui River in the future.
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Fig. 1 Location of the surface water sampling sites
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Table 1 Hydro-chemical compositions of Beijing urban ecosystem surface water
pH EC/pS*cm ™! Cl~ /mg-L~! S0;~ /mgeL™! NO; N/mgeL"!
8.0 +0.04( ) 469 +18( a) 14.8 +1.09( a) 71.3 +6.18( a) 1.8 0. 13( a)
7.7 +0.04( a) 548 +20( a) 20.7 +1.27(b) 78.3 +4.19( b) 3.0 +0.22(h)
7.6 £0.03( a) 588 +19( b) 24.4 +1.47(b) 82.3 £5.09(b) 3.4 +0.25(b)
7.6 +0.03( a) 593 +21( b) 25.5+1.56(b) 81.6 £3.75(b) 3.3 +0.29(b)
7.7 +0.03( a) 592 +22( b) 25.7 +1.39(b) 77.1 +3.64( a) 3.0 £0.26(b)
7.8 £0.04( b) 577 £21( b) 28.8 +1.74(b) 81.4 £5.64(h) 2.5£0.23(b)
8.1+0.07(c) 541 £16( a) 28.1+1.31(b) 84.5 £5.54(b) 2.0 £0.20( a)
8.3 +0.06( ¢ 562 +24( a) 36.2 +1.23(c) 99.1 +5.95( c) 0.7 £0.11( a)
8.0 +0.09( c) 931 +45( c) 81.5 +5.27(d) 92.5 +4.22(c) 7.6 £1.49( ¢)
7.8 £0.10( b) 943 +45( ¢) 86.0 =5.54( d) 99.2 +4.88( ) 7.0 £0.88( ¢)
1) (P <0.05)
2.2 NO; N Cl™ /Na* 1.08 +0.06
NO; N . Cl™ /Na* 1.42 £0.06
. . NO, N cl/
. Na* 2(b)
. N . . SO; ™ /Ca" 10
. . S0, /Ca®” 1:1~2:1
NO; N (r=0.490 P <0.01)
) SO;~ 10
2 Cl"/Na* SO; /Ca’* SO2-
2( a) Cl~/Na*
1:1 (r= CuS0,* . Cl1~/
0.928 P<0.01). Na® SO; /Ca’"
Cl- ) 2
NaCl. 10 Cl”/Na* S0; /
Cl™/Na® (P <0.01) Ca’" 10



2572

33
180 250
(a) CI” (b) SO4*
160 | .
140 . L s
120 = - -
-:-jul} 100 . ’ :_,:7; Tﬁn |
£ . E
5 80f - .
“ 2 100
60 |
o RBUTM o K&K
40 L o EH < K
- e o dprigfimn 50 |
20 b i - B
; “HMENT e JEAGH =
1 1 1 I 1 1 Lo 1 1
0 0 20 40 60 80 100 120 140 v 0 50 100 150
Na'/mg-L™! Ca**/mg-L7!
2 SO}~ /Ca**  Cl™/Na*
Fig. 2 Relationship between SO2~ and Ca*>* Na* and Cl~ concentration of the surface water in Beijing urban ecosystem
NO; N . NO; N
Cl- Wakida "
Q- . NO; N
NO; N/Cl- NO; N
25 26
NO; N/CI- NO; N
27 ~29
3 NO; N/C1~ NO; N
30
NO; N/Cl- :
NO; N. ClI- ( NN )
NO; N Cl- :
NO; N 2
(P<0.01). cl- 3
o RW# o K
CEBE xS B (1)2009 ~2010
25 &g o P y=02058x-9.1986 _ o -t
HiE - E R =05282 NOy N 0.7~7.6 mg-L
ol KB e W .
¥ | FRMETTRIENON, CIHIEM: / _ _
D | EAAUNOS N, CIA%H ° NO;7 N NO; N
Z 15t "~ - - a
Z * y=0.0455x+3,1014 (P <0.01) €I, S0,” . EC
=} 2 =
Z R =0.0819
5 (2) Cl"/Na® SO /Ca®*
. ) , NO; N
0 50 100 150 _ _
Cl'/mg.L™ NO, N/Cl
3 NO; N/CI~ NOy N
Fig. 3 Relationship between NO; N and Cl~ concentration NO3_ N

of the surface water in Beijing urban ecosystem



2573

10

11

12

14

15

16

17

18

19

Galloway ] N Aber ] D Erisman J] W et al. The nitrogen
cascade J . Bioscience 2003 53(4): 341-356.

Fennesy M S Cronk J K. The effectiveness and restoration
potential of riparian ecotones for the management of nonpoint

Critical Reviews in

1997 27(4): 285-

source pollution vparticularly nitrate J .
Environmental Science and Technology
317.

Nolan B T Hitt K J. Vulnerability of shallow groundwater and

drinking-water wells to nitrate in the United States ]

Environmental Science and Technology 2006 40(24): 7834-
7840.
GB 3838-2002. S .
J.
2006 19(4): 17-19.
6
I 2008 29( 10):
2729-2735.
J. 2001 7(4):
385-390.
. 2004 ~2009
J. 2011 32(10):
2827-2833.
I 2008 20(3): 357-363.
PPI J.
2010 31(11): 2619-2626.
1980 ~ 2003
J. 2010 31(7): 1483-1491.
Wakida F T Lerner D N. Non-agricultural sources of
groundwater nitrate. a review and case study J Water
Research 2005 39(1): 3-16.
J. 2010 29(7): 1403-1408.
J.
2003 20(3): 158-160.
J. 2009 22(4): 37-
40.
J. 2001 38(4): 540-546.
D .
2007.
J. 2004 23(3): 63-67.

BuH M Meng W Zhang Y. Nitrogen pollution and source

20

21

22

23

24

25

26

27

28

29

31

identification in the Haicheng River basin in Northeast China
J . Science of the Total Environment 2011 409( 18) : 3394-
3402.

Petitta M Fracchiolla D Aravena R et al. Application of
isotopic and geochemical tools for the evaluation of nitrogen
cycling in an agricultural basin the Fucino Plain Central Italy
J . Journal of Hydrology 2009 372(1-4): 124-135.

Katz B Copeland R Greenhalgh T et al. Using multiple
chemical indicators to assess sources of nitrate and age of
groundwater in a karstic spring basin J . Environmental &
Engineering Geoscience 2005 11(4): 333-346.

Andrade A T A S S Stigter T Y. Multi-method assessment of
nitrate and pesticide contamination in shallow alluvial
groundwater as a function of hydrogeological setting and land use
J . Agricultural Water Management 2009 96 ( 12): 1751-
1765.

Muller D K Helsel D R. Nutrients in the nations water-too much
of a good thing? R .
Program Circular 1996. 1136.

Panno SV Hackley K C Hwang H H et al. Determination of

USGS National Water-Quality Assessment

the sources of nitrate contamination in karst springs using isotopic
and chemical indicators J . Chemical Geology 2001 179( 1-
4) 1 113-128.

Widory D Kloppmann W Chery L et al. Nitrate in
groundwater: An isotopic multi-racer approach J . Journal of
Contaminant Hydrology 2004 72(1-4): 165-188.

Widory D Petelet-Giraud E  Négrel P et al. Tracking the
sources of nitrate in groundwater using coupled nitrogen and boron
isotopes: A synthesis J . Environmental Science & Technology

2005 39(2): 539-548.

Lee KS Bong YS Lee D et al. Tracing the sources of nitrate
in the Han River watershed in Korea using 8" N-NO; and 8"
O-NO; values J .

395(2-3) : 117-124.

LiSL LiuCQ LiJ etal. Assessment of the sources of nitrate

Science of the Total Environment 2008

in the Changjiang River China using a nitrogen and oxygen

isotopic approach J . Environmental Science & Technology
2010 44(5): 1573-1578.

Katza B G Chelette A R Pratt T R. Use of chemical and
isolopic tracers to assess nitrate contamination and ground-water
age Woodville Karst Plain USA J .
2004 289(1-4): 36-61.

Xie Y X Xiong Z Q Xing G X et al. Assessment of nitrogen

Journal of Hydrology

pollutant sources in surface waters of Taihu Lake region J .
Journal of Environmental Science 2007 17(2): 200-208.

Kojima K Murakami M Yoshimizu C et al. Evaluation of
surface runoff and road dust as sources of nitrogen using nitrate
84(11): 1716-

isotopic composition J . Chemosphere 2011

1722.



