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Abstract. The nitrogen and oxygen isotopic composition and hydrochemical characteristics of water were studied systematically to
determine the main sources of nitrate in Lake Caohai and its rivers, and the contributions of each source were quantitatively ana-
lyzed. The ratio of NO3/Cl™ to CI™ in the lake water showed that the lake was mainly affected by livestock manure and urban sew-
age in wet season, while the ratio in rivers and wells indicated that rivers were affected by agricultural activities and urban sewage.
The analysis of 8D-water and §'8 O-water showed that atmospheric precipitation was the main source of water in Lake Caohai and its
rivers, with a strong evaporation. The value of 8 N-NO3 and '8 0-NO3 in lake water were —5.56%o~ 11.30%0 and 0.02%o—
25.40%o respectively, which were more negative than the rivers and more positive than the wells. The results of SIAR model showed
that nitrate in Lake Caohai and its rivers mainly came from agricultural activities related to fertilizer, soil organic N and livestock
manure, and its contributions was more than 60%. The contribution rate of urban sewage was about 25%. The contribution of at-
mospheric precipitation was mainly reflected in the lake water.
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75%o, Tolb A BCEUIE 87N i1 8™ O i Bl 43 Bl K= 5%o ~ 5%0 il 17%0 ~25%0 ") W% [FI67 R Hrb A i 4 2, [
PSR F RS BRER A IR B AT R AR T £ 517 Elisante %50\ Y210 #0F /K NOS 32 R I T A2
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M7 T Assiniboine River fi§FRER AR, 45 5 8 /R S0ATLYS ZK FITTIT 0K 90 18 Bk R ] 13k 62% , 1719 R %) i TR
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SN BOE(26°47" ~26°52'N, 104°10" ~ 104°20"E ) 7 T 5 M 45 P A 10 2k 7° i [ i 4772 1 93 L EL Ok g
FE A, WK 2172~2234 m, X N DLBRRER 7540 A 3, W1 & KR FA i Hb 2 b S5 i s 2 e .
WS IR T K SRS A1) 2 g 0 TOUP , 7 36 BELBAT A FH S 30 3 0 T 3 ), 2 — A ML T80 g 2 I
RO , R SN A R I AR AKIIIE L I AE K T A 19.8 km®, IE# KA 2171.7 m,
BRTERE 6.2 km, it K KIR 5.0 m, SERKR R 1.5 m™ . B W 340 20 U008, 26 B I 8, 4R <
Ik 10.6°C s AE [ K B 950.9 mm , Hirf 8% £ Ff7E S— 10 7 5 32 MoK 197545 A8 AL S0, 03 2 K 1K 43 7T 3
2172.0 m, FiZK I 2171.2 m Kk S5 o K R T AKRNGS , SRS e, B 2 ARkt T TR
SRR B R , BT LR K 00 R A 3 5 8569 T B, 0 3 R 30 4 M 35 3l A A A e 24
FHR: H RS0 | B K A A 2SR A2 B R R
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(S1~S28) 1 6 [ 4 (R1~R6) , I % B 0 X4 3 AN FK 45 (W1~ W3) R K 4 (P1~P3) HEAT T RE
SR AE (T 1) . [ B SRR 03 FE 320 0 - 0 B R 25 38 AR . K AAIRLBEE (T) TAR4L(DO) (L 33
(EC) 1 pH J] YSI-6610 pro ZZ¥UK B /MW7 sE . /K BESE ATRSEVESH SR 2 b, 138 AL A
BFEAERE B AKE S AS T A R RS IS 2457 BV OARAT , 9T SR 1% 28 526 3 EAT R A FRAN A7 K

IR B B - 2 A 50 4 I £ 28 2 I A 7 v o 2 5t ok Al 2 0T 5 9T 3 5 M Bk A 2 ) 52 T 45 52 3
FSEIN. HIE T B T @A (1CS90 B ) I 52, FH s T+ FH HhL Jeoh 1 25 85 T 1k 2% B 635 ( VISA-MPX. #1) ]
S B IR H R 0.01 mg/L. KRS (NH,-N) ¥ 13 R FH 4 B 40 D66 8 1 5 (HJ 535—2009). 7k
{A 8D-water 5 8" O-water [l {3 25 41 B PR [R5 28 LA 1 ( MAT253) 052 , 43 BT 45 12 43 31 2K 0..5%0 1
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Fig.1 Distribution of the sampling sites in Lake Caohai
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2.1 Bk FRE

B F KK AR AE 20.0~22.5°C 22 [8], 4% a5 22 5 AN K5 AT 7K R 2K U X 84K, 3 BT 3 310 o 15.6 ~
22.0 F114.5~16.7°C (& 1) . #17K DO #e i B0k 1585 T 10 mg/L(8.12~17.7 mg/L) , T 7K FIFF /K ) DO ¥R FE 4331
k7 5.06~5.79 F1 1.42~4.50 mg/L. E£/KHIWI7K EC 7£ 0.185~0.504 mS/cm, A 7K (0.204 ~0.600 mS/cm ) FIH:7K
(0.339~1.22 mS/cm) W A i ; o R4 (RS (R6 Fll W3 2[5/ B0, i KR T , ik EC B = Ab Ak
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Fig.2 Water quality parameters of sampling sites in Lake Caohai
2.2 Bk IR L FRHE

2.2.1 B ACHRE FRE RO KK B B F K Bk B SR B HCOS > SOT > CI> NO; [y A5 b L.

[ S27 4, Bk NOSYRBETE 0.29~4.50 wmol/L, B E K T /K Y 6.60 ~507 wmol/L; H: 7Kk NO; ¥ J3 s A

XS VR TT K 114~ 632 wmol/L(F2 1) . 17K S27 4 NO; He B 5 2 25 T ALK &, LR & S27 s T

ARAT A 1, 20T 5 Bl B RAR K, B NOSHRE 3% 166 jumol/L. 1K R6 9 NOS YR I 1 T Hfly
1 B R MOR A2 FRAE

Tab.1 Hydrochemical characteristics of waters in Lake Caohai

HLRE T IPIN K JEK 7K
T/C 9.10+0.60 8.20+0.30 8.00+0.10 —
pH 9.09+0.58 8.20+0.31 7.97£0.12 —
DO/ (mg/L) 12.8+1.97 5.42+0.25 2.52+1.41 —
EC /(mS/cm) 0.29+0.10 0.45+0.21 0.77+0.36 —
NO3/ (mmol/L) 0.01+0.04 0.29+0.19 0.40+0.22 0.010
NH;-N/ ( wmol/L) 1.75+0.03 1.82+0.17 1.69+0.04 —
HCO3/ (mmol/L) 1.15+0.34 2.27+1.23 3.25+0.65 —
Cl~/ (mmol/L) 0.50+0.14 0.33+0.09 0.25+0.08 0.0120
S0/ (mmol/L) 0.56+0.34 0.95+0.66 1.76+1.33 0.02+0.01
K*/( mmol/L) 0.09+0.02 0.12+0.03 0.04+0.02 0.01+£0
Ca®/(mmol/L) 1.31+0.51 0.62+0.36 2.46+1.92 0.04+0.02
Na*/( mmol/L) 0.25+0.13 0.45+0.10 0.21+0.10 0.0120
Mg/ ( mmol/L) 0.40+0.18 0.4320.09 0.51+0.29 0.0120

RN ARKGN.
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ALK A5 A 3 R R A K A K T, SR B2 K AN, DRI NOS ¥R BERAIG, LK R4 2805 1Kk 5k
B, WK ERHE LR 1.72~1.78 wmol/L, Jl 7K 5 H: 7k 28 e B Y8 [ 43 9 A 1.65~1.99 Fi1 1.65 ~1.73
pmol/L; 4 Z /K IR S R i 25 R R B

FAKIHIZK CUVRBETE 0.28~0.95 mmol/ L, g A b FTRI7K 5K 5 Bk i C1 vk B A =4 0.01 mmol/ L.
JKAR T HCOS e BE 7 BA B8 7 b B ER A o, 91K L AT A AN 2K 43 531 PT 3% 0.75 ~2.60,1.10 ~ 4.60 #i1 2.60 ~ 3.90
mmol/L. BEFiH7K SO YR EER: S1~S4 B &5 4h (> 0.9 mmol/L) , HoAh 7K £ SOT ¥R BE#E 0.25~0.79 mmol/L
). Ik SO e B A A [l 15,22 458K, R1~ R3 Y SO e e fik ok 1.16 mmol/L, 1] R4~ R6 Y SO ¢ 5 55
9 0.36 mmol/L. Jf:7k SO HeEETE 0.23 ~3.48 mmol/L 2 [, FE7k SO e H 5 4 0.02 mmol/L. BRFHAK 4N, #E
MG ORI KT Ca® Na™ Mg> # B 43 BI7E 0.02~0.17 .0.31~1.88 .0.07~0.59 F1 0.13~0.69 mmol/L 2 [i].
2.2.2 KR NOS 5 CI Al % % F K IEHIK NOSFI

CI 5 e R A B, CI i, NOIEAYREAE ;S K g 4‘5'\ . - ik

CI W ATE R K P 5 NOSTRIE I E ST A . s NCOLA s
KAWEAKH NOTRI CI 335k [ T i kSR8, ok * Bk

ARG s T AWK K Sk, PR TRk 5k 5 [

SRR IR BT , R AR A AR o s W

Bk CI I NOS I T R LM E (| 3). 1T~ g e

CI A7 F2 A5 NOS/CI LT F Y S 5 4 °-°® L TKiAN
TR A SRR R A T R R R | .
NOSHBER NO/CI FLAFL 1 SRHEE I V57K CI VAR R R
NOL/CI™ B A . B /KA CI7 15 NOS/CI (56 & Cl/(mmol/L)

TR, RAB ST WK AR NOS/CU LB AT CL i iy, i S4EF B 3 ROIG/KIR NOS/CL LU{E Y Cl VR BE G R
SRR T A= 355 45 7K S TR A AL 5 B8 A = K 40, 8K Fig.3 The relationship between NO;/Cl”
EEZ LW TG0 53 R KRB B and Cl™ concentration of water in Lake Caohai
NOL/CI” LLAE AR AL CU A 19 43 AR, SR FE F 22 3k
M FRIRAFTE 7K A AL ] 5 .
2.3 BEig/kiESE R RAR

FK BB HF WK SD-water 15 5 5" O-water {8 28 1k 35 B L I, 43 51 K = 66.06%0 ~ — 22..0%0 F1 - 9.09%o0 ~
—1.62%0; 17K SD-water {55 8" O-water {H 3 FE 4 21 —73.12%0~ —31.18%0 F1 —10.23%0~ —3.55%0; H: 7K |43
SR =73.31%0~ =72.25%0 Fll —10.65%0~ —10.01%0( & 2) . HA 7K S1~S6 FiI S23 S27 K ke A A Rl 2 4 i
A HA 1 7K 5T A Al 970, 2 P TSR A5 I K B2 2% A PR /N ST R6 K R SR R 7 3 4 S At
YT AR s A L B R I, R RZET RO S H K 11, 32 W1 K52 0 40 S 35, DR1 okl G ) 437 25 2 5 Wk 32
. 25 LTI WK BRI RN T /KA b, 52 2% & VR RS2 .

R 2 B AR R SR (57 38 MV P 2R S IR 7 2R ZH

Tab.2 Hydrogen, oxygen isotopes of water and nitrogen, oxygen isotopes of nitrate of water in Lake Caohai

Bk PN Fk (5
dD-water -56.6%0+ 16.99%0 —52.9%0+21.7%0 —39.5%0+24.2%0 —56.5%0+5.89%0
52 0-water =7.64%0+2.90%0 =7.07%0+3.52%o —4.89%o+ 3.87%0 =7.56%0+ 1.10%o
3 N-NOj 7.64%0+4.60%o 0.860%0+4.85%o 10.2%0+5.64%o —-9.59%0+5.83%o
5'80-NO; 2.93%0+2.51%o 15.7%0+ 6.40%0 1.97%0+2.42%0 49.0%0+5.02%0

RIS 2, 7K SD-water {H 5 8" O-water {if AJ 7% 5 KUK K ORI, W2 ] A DGO R R O K
SRR KRR K S K TSR VR A% 7 2 2 AR Al R K 0 ) 24 4 A 355 6 % 2 1 2 A i R
[F 0 WO T b DX R AR K L AT — R 2 5 1 P 4 AT, 0 5 W 7 S0 48 T 07 38 2 I3 e 4
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Fig.4 Distribution of 8D-water and 8" O-water of water in Lake Caohai

2.4 HiGHERE RIFRER

2.4.1 Ei KR AAR MR 4R FAKWIEIMEBIK K RHEK 87 N-NOS {33 sh#5 K, 43 5113k ~5.56%0 ~
11.3%s0 ., 1.40%0~ 15.1%0F1 3.41%0 ~ 17.2%o, 7 7K 8" N-NO; & W £ = 17.0%0~ — 2.73%0 2 [i] ; B] UL, 78] 7K F1 7k
8" N-NO; A K T R 1E (8] 5) . 7K 25 S1.S4.S19 F1 S27 1 8" N-NO3 {8 ( 6.54%0~ 11.30%0 ) %5z HiAth 15
KA TE , I PR AT A T 2 30 T8 DX RIAT 114530, A2 38 11 75 7K R 3 14 52 i 5 K T 3. 7 8 O-NOS i
T, B P 7K (45.1%0~ 56.1%0 ) 5 A i EAD , 17K (0.02%0 ~ 25.40%0 ) F301 7K 5 K SR i 1 5 105 7K 5 7K
K22 FHIAE# /N, 43 B —0.876%0 ~ 7.13%0F1 0.150%0 ~ 5.40%0. WAL, B JE 31+ HE 8" N-NO; {f #1 5" 0-NO;
(B35 1.78%0~32.9%0F1 1.62%0~ 15.6%0; ALAT 8" N-NO; {E 1 8" 0-NO; B 4351 Jg—25.3%0 ~ 53.5%0F1 1.46%0 ~
23.8%o ; IAE TS 7K R B 26 Y 8" N-NOS 4351 4.83%0 ~ 8.60%0113.01%0~ 11.12%o0, 5" O-NO; {F 1] 43 51| i%
=0.876%0~ 5.32%07F1 9.37%0~31.2%b.
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Fig.5 Distribution of 8"°N-NO; and 8'*0-NO; of water in Lake Caohai
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Fig.6 Distribution of nitrate sources of water in Lake Caohai
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5'®0-NO;=2/3 3" 0-H,0 + 1/3 3" 0-0, (2)

B KA 8" O-water (B 7E—13.4%0~ — 1.62%0 2 [ (3 2) , KA1 8" 0-0, BB (H R 23.5%0, 254 /AR
(2) A 8" O-NOS IS (E H —1.10%0~ 6.76%0. H1 2 2 T 1, HOIFII K A K ) 8" 0-NO; B 5 A ) 555
FHEISAE (BR S1 AT S27) , TRl K B AR 7E B A 1 Bl N (R R6) 53X 3 WVATZK H 80 7 58 2 0% Al Ak A, T i
KSR MIA & A A . JHorf S1OR S27 [R5 YR A e , 3R B — B A ALVE T s R6 2 ok O Rl
WK RE B — 3, R AR A AR E .
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Fig.7 Contribution rate of nitrate sources in Lake Caohai
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