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8'N-NO; and 3"0-NO; Tracing of Nitrate Sources in Beijing Urban Rivers
ZHAO Qing-liang', MA Hui-ya'”, REN Yu-fen’*, WANG Xiao-ke’, PENG Jian-feng', HE Cheng-wu’>, WU
Jun-liang®, LIU Meng-zhen', YAN Miao-miao’

(1. College of Environment and Planning, Henan University, Kaifeng 475004, China;2. State Key Laboratory of Urban and Regional
Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China; 3. College of
Environment and Tourism Resources, Capital Normal University , Beijing 100048 , China)

Abstract: In order to quantitatively identify sources of nitrate pollution in Beijing urban area and provide effective guidance for relevant
departments to control the pollution of Beijing rivers, 8"N-NO; and 8'"0-NO; isotope tracing method was used to analyze the
composition of nitrogen and oxygen stable isotopes from nitrate in Beijing urban river. Besides, stable isotope mixing model was adopted
to track nitrogen sources of nitrate in Beijing urban rivers and the contribution rates of respective pollution sources were evaluated. The
results showed that ;D NO, -N pollution was the main inorganic nitrogen pollution in Beijing rivers and pollution of downstream was
more serious than that of upstream. @38"N-NO; in Beijing urban surface rivers was in range of 6. 26%o-24. 94%o, while 3'°0-NO;
ranged —0. 41%o- 11. 74%0; 3"N-NO, increased from upstream to downstream along the flow of the surface water. 3 The nitrate
pollution composition of Beijing rivers could be gained from the stable isotope mixing model. The average contribution rates of manure
and sewage, soil nitrate and atmospheric deposition were 61.2% , 31. 5% and 7.3% , respectively.

Key words:isotope tracing; 3"”N-NO; ; 8"0-NO; ; nitrate pollution; stable isotope mixing model; contribution rate
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Fig. 1 Distribution of the sampling sites
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(NO; -N) Jiz £ e J32 ) 7 it FH 25 4h 430 OG22 (GB
3838-2002) , Z & ( NH,' -N ) #e J& ) 72 i i 49 FC 37
IPCCEEE: (GB 7479-1987) . TEAREY /4T J7 12 Fi 4
BEULSCHR[15].
1.3.2  fffRER A E RS RN ZE A HT

B R & 0 S R [R) A7 28 1 i Ak 3 )y 9 AR
Chang %511 Silva 257 32 A B S 70 g 58 e ik
AT Tk, R OQF £mAR. B 000
~2000 mLAESIEE 0. 45 wm BYUERE FH— U PEE
fal . WENEAS | 4 ¢ BIES 180 A IR IRAE. SR )5 G
FHEWAE S DL 8. 33 ~ 16. 67 mL-min ~' 25 47 1Y 3 E
IR AR I SRS T B 4. Ll v LA st
Je AN BEAETE 4 °C BT DUORAF A B[R] 175 AS 52 i) 52
UER. QUERLALFE. 13 mol-L™" HCI 15 mL 435
YOO} B AR R 3 AR BE A E AT VR AL . B)Ag, 0
HRORIYEE. 6.5 ¢ 24 Ag, O, W pH {H
ZAETF 6 ~6.5 Z[E]. FH0.45 wm A3E I 8 5 2
KPRy B4 20 mL A2 Ay, — O N Fa
[FE AN, B Ah— 132 mL 1 mol-L~" Y BaCl, &
WRF UUUE 58 42 J5 2o U8 38 8 BH 25 F AR, I 1 ¢
Ag,O BEFEG g, & 10 mL N 2 mg B9 7% 1
IR b 8 o IR J5 L g, 13 B R 80
R R AR S A BR S 06 3 P 78 65 7 N B A T,
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W 75 B2 B A S IR BRI H 0 58 K.
1.3.3 FRUERMRIRGHAR

H T NO; BRI P AR e IR 8 (8°N-
NO; F18"0-NO; ) M fE, IR A2 2 ) 4 2 T A A
RYTPIRR A HUBE B 3 Al AU UEAT L R R
RIRA BRI AN AT Fios.

3
8N = D> f x 8"N, (1)
i=1

B 37 %
3

80 = > f x8"0, (2)

2.0 =1 (3)

A,i=1,2,3 FORMBRERRIE, 8N FE bl 1Y Al
MR Eh SRR E TR R A (%) , O IR il A PR 2
SERRE R BB (%o) 5 f; 3 ARV A IR TR (B
(%).

2 HR5ITR

2.1 bR XT3 AU S YRR T

JE R X T K B AR AE AN % 1 B, il 7K pH
EYEFAE 7. 50 ~7.98 Z[A], B85 it:. bl 4
TG A3 U A SRR N TN T R TR
JK V ZEFRUENE (GB 3838-2002) , 25 [A] 40 A W A7 7E 22
S E(P<0.01).

F1 AEFEHRAKERBFM (mean £S.E. ) (n=6)

Table 1  Characteristics of the water of Beijing urban rivers (mean +S. E. ) (n=6)

frE R R TR pH TN/mg-L"! NO; -N/mg-L~!  NH; -N/mg-L~! DO/mg-L "
B 7.98 +0.21 2.85+1.38 1.94+1.18 0.15+0. 11 8.09 +1.26

K ) KEH 7.86 £0.35 3.12£1.29 2.06 +1. 00 0.41 +0. 56 7.86 +1.24
LY 7.76 +0. 36 3.37 +1.05 2.00 0. 77 0.13 £0.99 7.79 £1.71

PEET 7.80 0. 51 4.36 +1.34 2.84+0.89 1.37 £1.04 6.92+2. 14

S (R AR 7.50 +£0.22 15.88 9. 84 6.91 +1.63 9.34 £2.32 3.79 +1.61
HRR 7.57 £0.23 18. 38 +8. 00 9.63 £3.26 7.30 +£5. 61 4.66 +2.08

A6 53 DT AT K TS Y LU R ER 15 Y 2,6
ASRAE R BRARME TS0, HAt 5 A RAF AR 3222
FEAEIE I NNO, -N. JEHINO, -N | NH," -NJii ¥
FEASAL VG 3 0 A 1.94 ~9.63 mg-L~' #10.15 ~
9.34 mg-L™". 5 TN —F£,NO; -N, NH, -NJf f i
FENMWAFERRZES, R, 5B RS
NO; -NJF VR B BUERAE ) 2. 43 ~4.96 5, &
R FUERFE A 220 K, R E T 5.32 ~
71. 85 1%.

L 089 9 ) - b ) FH 28 782 el g b, 57 13T
P S R [ B/ e 2 5 A R N B8 S A NS S T
SR/, B T E A0 X TS YR
. SRAES TN, NOJ -N., NH, -N 5 v J 28 Ak 156 1
3 BT S A R U e TS K HEATTIR. R
e & PR 2T 1A RS V5 K AR B, H b B
AETETEK 100 J5 12, vk R 24 18 ER AR SR UL
K AT K B2t T AN B S A R R AL B
LB FILE i GH K B HGE AR 25, AR (BT RE
NH," -NJF K FENO, -Nf& A g5 /Kb B ) HE

IKBIRFAE' | Z SR WK 4 NH, -N i T ke s
FEIINO, -N, R AH L AR A 1T R AFE 1, 2R KB R A A
NH, -NJF R T NO, -NJ B R T .

JE TR K % i 48 (DO it i vk P S (B
FilJ& 3.79 ~8.09 mg-L~" A5 42 FEI K DO
Jo R e BE AR D AR 8 T T RS A% DO o
(3.79 ~4.66 mg-L™") ik T L JiF RAE £1(6.92 ~
8.09 mg-L™"). J[if DO fe/ME H BLAE (8 ] RAE
R BR T AR BT A4S RAE S DO BT v B A 3 )
TR AR, 28 T i AE sh i el AR T TR AR S 2
Vi) A e AR 7K T 5235 1) S i Y 3 98 2%
] P A SR 2 R Rl B 2 D, 1 AR TR
FE Y DO T Ik B A 1K
2.2 JEEUHEIX TS N-NO, F18"50-NO; HIE T
2.2.1 T R RO AR AE AU

Ay BT I B Y 2 B R S5 R R
RO, S N-NO,; F18"0-NO; (I A8, Ml
Xt o HE FR R TS e Mok IR s e 22 Y Ak R
fiffb it FE | S Ak ok R 5 | Y 5318 A R £ 1%,
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—12%0 ~ =29%0. —40%0 ~ — 5% > Hirh [ fili ik,
YEFASZ i fe . T3 RS AR AR Y 03 B et
PR R A R, )3 2R i R
FRER AR — A~ F BRI A R 58 WA R R
WA 58 ) SRS AR T

—IAHR, DO B /N T 2 mg- L7 B A4
R RCEARAE P52 ARG IX R BE A DO 5 5
PREETE 2 mg- L AL, R IE AL R0 i A G S A
BH S 104 SR Ak A, T LA TR) A7 28 12 0 s TR 6 ok
TR AT,
2.2.2 JEEHEIX WS N-NO, F18"0-NO; {H5#r

i T Z R EH , RS N-NO, #l
3"0-NO; 7778 W] & 22 02550 KRR UL K )
8"N-NO; HIE(E A - 10%0 ~9%0; T IEAHLA P L
WAEVEFS "N-NO; HFEMEAE N 4%0 ~ 9%o; HAANIE
AR RESFEG ALY & BE A KA N,

HATE A, 8 N-NO;  —4%0 ~4%0; FEfF K A=
15K TR R BRI R e EHE MR,
8"N-NO; HEfEAE HN 8%0 ~ 25%c. K HHY 0, Y
8"0-NO; FHB{H K 23. 5%0; & WALIES 0-NO; 4%
TR 5 KAH 0, 2L, — N 17%0 ~25%0; ZHHAL
Y& 52 i /4 8°0-NO, R E A — M b F - 5%0 ~
15%e; TR R UTIESS0-NO, 45 AF 1 748 1k 7 B #5¢
I, M 23%0 ~ 75%o.

JERTIRIX AT 7 8 N-NO; 1B Y ¥ il 2 6. 26%0 ~
24. 94%0,8"0-NO; W FIHE 2 - 0. 41%0 ~ 11. 74%0
(F2), M40 T A DA MFENE S A 16 15 Ky
TEEFE I (B 2) . X 500 e, A%
A K K AZ A TG TS KB M e k. R W T 1 P 1
18 N-NO; B 5 i 25 F - S5 (#0418 1 2= A T AN
FRR, R L BT X S N-NO, {HA X 22 5,
T B A

£2 AEEHRAFRSN-NO; F15'%0-NO; &
Table 2 The §8N-NO; and §'%0-NO; values of Beijing urban rivers

R o 2 4, SRR 3 2 p g 0 T I + SD/%o
L B 6.26 9.59 7.56 10. 17 7.73 8.10 8.24 +1.30
KB 6.33 10. 08 9.24 7.20 6.52 10.24 8.27 £1.64
_ ke 6.39 10. 62 9. 62 10.93 7.97 8.22 8.96 £1.59
31N-NO; /%o N
PHEI] 8.42 9.56 11.50 10.32 10. 31 11.23 10.22 £1.03
IR 11.24 19. 86 9.96 13.95 17.05 22.16 15.70 +4. 41
AR 17.58 24.94 13.20 15.79 18.73 18.25 18.08 £3.58
M 7.38 -0.41 11.71 6.72 11.74 9.68 7.80 £4. 15
KHEF 2.98 6.27 8.93 8.24 6. 60 8. 83 6.98 +2. 06
8 _ Y 5.81 4.69 6.00 6. 69 10. 64 9.80 7.27 £2.18
3'%0-NO; /%o .
’ PHE] 7.42 6.94 6.25 8. 86 7.25 11. 00 7.95 +1.57
AR 7.42 5.65 8. 65 6. 14 6. 09 —n 6.79 £1.10
HRB 6.33 6.34 4.18 8.73 10. 25 9.10 7.49 +2.06
1) R AR A
FORFEM 4 HIOSON-NO; RS F3 J1(£2), DM,

PRUAANRAE 3, 4 F B K AR 3 A0 B 0 F Al A
5 6 fup BB S B R R AU Y 8N -
NO; fH/NT HHEA WA (8 & AT 5 K, IR ek
AMZEZ G, KAV R ST T30 6 H WS “N-
NO; fH/hTF 4 A (K 3). 6, 8 H3"N-NO; {4
PRUEZE N 1.95 ~3.04, R H s 28K, H
4.46 ~6.63, Uil 6, 8 J B T FEF A5, ] Uik Ui
K KM T g i — B RE T KRR
TC 8t 2 52 M b 3 30 DI A R B e 1) R 3R
Z—.

PRIt At 388 DXV i i 7R i >k 1540 26 4031 oy LA
FEAH KAV TS KR A ML | IR 2 KA

2.3 AU DT A R AR R I TTRR R
PEREZFENEAIAE TR 15K . A PLA . R
HREIRER R A AR E R RIR A B 1Y 3 A EIR, %
PLE 3 PR ASN-NO, {HA18"0-NO; fHAt A
BI(K3).
#3 AeEEXARAKEREASEERMCERERE/ %0
Table 3 The 8"N-NO; and 8'80-NO; mixing model of

rivers in urban Beijing/ %o

LM FOILMAETETR () BIEAPLR(SL) RRTIRECS)
31N-NO; 15. 98031 0.611 0. 1014
3'%0-NO; 4.7 1.4 51.7
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