2014 4 3 J ok ¥ i Mar. 2014
35 % 5 2 W: 248-254 Acta Geoscientica Sinica Vol.35 No.2: 248-254

www.cagsbulletin.com  www.ith RS 38 .com

.

E T IsoSource HyAE MR ZE it T TR BR 4
RIBEEEMR

Bom, BXH, X228, T &
o [ R B B m IS M R AF ST B, A R IEES/ T T A IR R ATE S IR E A L E, AR 541004

W OE: TR, MEEIERARZAN)IZ R, MK RS ERER TS e H A5 IR o A SOk B ARIE IS MR T R
G RWEIEIX, AIFFE AT R K IBORE 8 A LA ROk AR R RIRIALR 4007, R IsoSource XS LAl R
KPR AT RE BETTEL, N E T DX R KA R O J5E PSR A T — AN ik S A5 SRR W], FEEH T I A R
T LA NO; N E, NOy WRIEASLTE 2.67~17.99 mg/L, I N 6.3 mg/L, BFFT X PAY IR ER K J5 A = Fl,
G IE | S AE SIS KR A MR, H B R A IE O 23%~78%, BhIFEME 55K
6%~58%, TIEAHLAN 6%~38%. Wi FKGEN i, fHEFIZhHIEqE 595K 09 b @l %k 4 1 B 281k,
e E R AR UM, i E e filie R, s 3ed 595K el /), BE g i AR 52
KA AERME; MR AERERRIE; IsoSource; & i H

hESEE: P597.2; X523 MERFREARS: A doi: 10.3975/cagsb.2014.02.18

A Quantitative Study of the Sources of Nitrate of Zhaidi
Underground River in Guilin Based on IsoSource

LU Li, LI Wen-l1, PEI Jian—guo*, WANG Zhe

Institute of Karst Geology, Chinese Academy of Geological Sciences,
Karst Dynamics Laboratory of Ministry of Land and Resources & Guangxi, Guilin, Guangxi 541004

Abstract: In recent years, with the extensive use of chemical fertilizers and pesticides, nitrate contamination in
groundwater has become more and more serious with each passing day. Choosing the Zhaidi underground River
of Guilin as a study area, the authors analyzed the nitrogen and oxygen isotopes and investigated hydrochemistry
for groundwater. This study can provide a new method for quantitative study of groundwater sources of nitrate in
the karst area. IsoSource software was used to calculate the sources of nitrate quantitatively. The results show that
the nitrate is dominated by NOj~, the NO;~ concentrations are in the range of 2.67~17.99 mg/L, 6.3 mg/L on
average. The sources of nitrate in the study area are animal waste and sewage, fertilizer, and soil organic nitrogen,
with fertilizer, animal waste and sewage, and soil organic matter possessing 23%~78%, 6%~58%, and 6%~38%
respectively. In the direction of groundwater flow, the proportions of fertilizer and animal waste and sewage vary
significantly, closely related to the distance from the residential area. The longer the distance, the larger the
proportion of the fertilizer, and the smaller the proportion of the animal waste and sewage.
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ITEEAE, BEEARNE A 2509 iz 8, R K
RS ERER TS U H 25 IR, HME St A 2 1R MO AR
HI R (EARTE,1997; & ESE, 2001, {F485455,
2001; 25T 4AE, 2005, KA A5, 2007; JEHAE,
2014), TEVER ALK, BT HAR R . T
TSR R, WEERER TS ey nT LI s VE KR . R
T S LR AN R S, ™ R 2 A A K
g R MR AR A R R T YR IR IR B T
MSERER T Yy . fRY L T K e e ai s . HavHE
A7 22 2R U], 2R HAR SR U b T 7K rp B fiF R
ok, FHEAAH N [FEAEH AR (Wilson et al.,
1990; McMahon et al., 1996; Jlii4%, 2008), {HAF#
RZHE, WG YR oON (A E RS . Y
RAVE RS R A IR K i85 . BIL ERTZ R o°N
1 5"°0 AHGE A I 5 T e e HTs YR IR (2 AL 5,
2006; JAREE, 2007; XIHSE, 2009; BH/NGEE, 2009;
FFAEE, 2010; FEHEE, 2012), SR E N AN TR
RHE AR IR ER RIS AT T RE W TR, (HE
B T ST B B, BRI AS [ i R ok U5 1)
SN Fl 6'°0 2 B3 A B R A T3 VE VR o B0 Hh 2
H kT T E ST (Deutsch et al., 2006), {HAYFR T
AR, AR K, B, ASCH A
IsoSource A4 X A AR J% JC H T T il R 6 ke YR iR A 7
ERITE, NAVE X HT AR R Eh ok U5 e BT
PE—ANFr 2k, RISk P4 g b T AT (R e
PEERAE o

FECHL R I T AEARTT R, PR IX 31 km,
AL 32 km?, MR ) 2R G040 T B 7 1 A
BIARE, KNKRE L4 NE—SW ENWZE, B
AR R T e gt 48 I 4 A S5 (D) . hiR AL
SAFHAN A (Dox) . PRBSEIER LA E . Ao
F(Dat). FIREG AR KIS IK A (Dod) . IR
SR K A e RE A (Dsb) . B IR AL Go R MR AL K
H. ABFKAEDe). FREFEENHIKE (D).
FIREGH A AIE . AR (Dse) . Fled
£S5 L= S T )= D2 N W 5 o = R IS R E Y D=y
(Dsl). bFRASE HAs LA KA IS FTle 5 (Daw) . B
ARG HIKE . FIRBKAECy) . T AKS
JEFEH VU | MUE KA (Cil) . S R(Q), T i
RGAR . PAEBNRRKIL R, ALE T 43 K08, R
ISR 1 TR R HE I 3 B RGP DA DA b b R
NE, RIRERTZ A, RENERELF®RE, H
N KR RS AT ARZ, HR KRR 2%
HEMEFN 2 RGP AR L o R RT 28 K/ N 4,
W VE KR L T I TS R A B RS AT S K
G, N AKNICF RS, EFEIRE T b g

HEME (B 1), BFFEIX R KK A28 % B4 40 L Ca™
HCO; ~H ¥, Mg*', SO,* . CI'. Na', K''RzZ., #%
FRYIRTA, HoKAZERLL HCOs-Ca B E,
/N 300 mg/L, J& TR LK.

1 AEMRE S

1.1 RERIEE

MR A 5T X P9 i 0] 45 T8 KoK S A A B i, 1k
¥ G006. G011, G015, G016, G026, G027, G029,
G030. G032. G037. G047. G054. G070, GO71
BURE S, BURE S PRI B LA 1, 2012 4F 6 A X
WFFE XA TS Ye DR 2, [R) X B o 2R 4 T 260 4T
PLFEIKEE . AR . A R AR AN AR KRR R 5
1.2 BEFEAERTAE

FH 600 mL /55 % B 2R 25 SRIBUKAE 1R, %%
B AL EM N0y . NOy . NH, Mk,
10 L /55 %5 B 3R £ 0 S BHm B AR 7 2K FE, K RE
BIsewiiin i, B WREGE 0 S E A TR R A
ah AR B, AR5 % A SR R A =0 5 R A T
iR 1M NO; . NO, . NH, 5zt 0 fy r [ b i )2~
Bt A b BRI 9 T 52 A

AR FE R FH B B8 - 38 # B Mg 125 % R 2R A T
AL BE (b= 45, 2001; JA % E 45, 2003). H
0.45 wm ZET IR B I8 48 % [R] v 2K RE AT 1 g,
FoK P R BRI 24 T, AR R K 3 8 R A K R S A
A BB RE 00 A2 40 W B ke O 4 AR
10 mL/min, ] 15 mL 9 3 mol/L R, 43 5 YO
JEWZ BB NOs BYBEE T 50 mL Bk 304 VER
TR B AR BCFE Y AR b, R Tk R R A
1 g Ag,0, BILINA 6 g, BRI i HE, (R
AW pH ETE 5.5~6 Z [0, 1 0.45 pm TR R iR
Bl AgClUTVE, JEIRMICERTE 50 mL 1Y L (4,
SRG FH 25 B /K bk 2o D8 A 1 U8 TR TR B #)
40 mL, A TIE 6N F1 60, H5H 45 i 145 43 1)
PAEW A 30 mL (IR FDH R, XFF oUN pgiE, H
X I — R AT VR T4, 135] AgNO; [ {4 R]
w60 M RE, TR — 0 IR P T
PG, BRbial Z2 B, (R SRakoRE o i v i 1
A PR E R 20% LA 18 SO F KT 10 mg/L
B, 7 SR IBCRH IOE 118 7 0 U 9 s e P 1) A LA
A BRI (I EREE, 2005), JEHD i Ag,0 #EfT
HaFn, Pt pH N 6,

Ve i T R 3 S R TR R B T ok LA AR R
N, Fll CO, FIF 6N F1 60 B4k, SRmmE Lt
SARTEE A7 2 BTG A (MAT253) 58 B, H
&R 0.1%0.
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Fig. 1 Hydrogeological map of the study area
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2 IsoSource 3k {4 K ¥t

HH IsoSource #AFZ N HITEWM . HEAK
Ay S5 ST (RIPIAE, 2009; AMRAE, 2012; 25
SAF, 2012), FIFHUF KRS R Eh R IEAT ST i JE &
K. IsoSource #H LA Z IR LM TR A B (BT & T H
BORY) Ry Bt FH A0 5304 b 2 5 ke 5T b R 7K
TSR AR V5 Y 1 TR o LR BB b 7K 5 5 2 i
PR R S IR (R B =Fh ke D) P & . AR R BUE
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SR G BRI ) 25 22 SRR 240, IR %
RO EAT B KR FOR R IR BT & 5 43 L A 55
A & (Phillips et al., 2002, 2005), A[&) S5 ff A 7] g
B E 43 A (Fh 100%) 4% K X353 (Phillips et
al., 2003):

za/a\%z%:(

(Nm/0+®—D]_KHM/D+@—DH
(100/)!(s —1)!

Ao i IR BR s NTHIRER R

X — AR AT LA 56 g Al ok Y 0 TE BTk A B AT
ATRRALG, UAFRIER A . A AR INECEAE
SRR iR ARG R A 22N T 0.1%0,
AN J2 AT BE A fF o
3 ZR5E
3.1 #R

MERZE R 1 Fin. WE 1 JLIEH, 28K
R NH, R NO, e BE KA TR 2 F,
UL ZE IS R A RR AR L NOy M E, 5
NH," Al NO, #H 3¢ # /h . NOy ¥ & 48 1k 1
2.67~17.99 mg/L, “F¥MEH 6.3 mg/L, HfH X
BAE ARG X A AL, X 5 b XA b1 A,
Pl AETE TS Y R T E A G, WEHL N K By T,
NO; ¥ i b g 2 7 A 34 3 67N il 60
B3 51N 4.79%0~15.65%0 11 9.25%0~19.36%0, 6'°N {EL
FEILFR AN F 0 X /N, i 7E R X 5N (AR,
Xt 60, Br G071 fi4h, 6"50 (AR LAY 3 /N

HARE 1 f NOy M Ak B = K bR i
(>20 mg/L), {HATEL/K 5 NOy W& 5 = ek 5 4%
T, AR TR I MR TR AR K A B, LR A X
L —JOKAbRiE, JRilis%] 85.00 mg/L, KU
XF NOs R FEAT 434, B 175 G438 YK

s—1

3.2 it

ANFEPRIE I NOs HAT AR A AR 2 i
FFHIE(SN, 6'°0), H Fi 25075 R FH i BUA R R 51
NO; VG YRR, AT . KEMFFTIR S A
BkF I, RIF NOs SRIEH Y 6N {E 1 60 fHA 4n
THLE: REEAVLAT MR RR R PN {Eh
4%0~9%0(FBAREE, 2007), TCHLALAE = A= () filf R £k
OV N A F—4%0~4%e (R HKAE, 2003), FEMH a5 2E0E 1Y
T5KIEN 9%0~20%CEFIF S, 2010), & LR
SN H K —2%0~4%o0 o /N [ BR R A Wit Hp (4 A ) 57 2%
PR R 2ZESR, RWEF RV R ER 1
00 (I BN 20%0~70%0(JE XUMESE, 2011), fLAEH
AR ER ) 0'°0 (H—MAE 22%0 + 3%, TR YTl
FAEFIE T NOs 1 60 {1l H—10%0~10%0., 5 UL
IS A R R R TR A0 N . O [R5 ML BB A AF A i 4
2 FIios o

HE—M DR, Wbtk EHEEH,
FETEAR Z 52 R R R AL IR &, i B il Ak A
D)2 B 2 S R R R 22— o OR AR F & NO, /K TS
Jerpgd LA RO, AR 3R K i NOs MR B
kb, 0PN AN, PR T RS R R R R R K (1)
GRALA, PR, TR B AE AR AR F 2 B 5 i R Ak Vs e
5 ny F LR

JKAE A 6N ORI NO; Ve B 6 R W ET 3 s, A
K3 A LIEH, KE 0N EZ#HHN, NOy W
B WA B 2 BEAR S Ty, A OG22, [AIET AR
K 2 Al RAE Y, 0°N/OO HLEAZET 2:1, L,
KPR T AT AR, RS X e s R D & AR
AEACVE R, A, TR Z R 25 SR AT, T AL
1E.

ME 2 AT LIEH, FE 14 DKEEIHER S S

F1 ERMTRAENLLER

Table 1 Analytical results of water samples from the Zhaidi underground river
KA HURE 8 6" N/%o 5%0/%o NH,"/(mg/L) NO;7/(mg/L) NO,/(mg/L)
G006 XS 3 8.24 19.36 <0.02 3.56 0.003
GOl11 3y 10.02 18.72 0.04 6.70 <0.002
GO15 (k= 5.28 16.79 0.03 16.99 0.660
G016 k= 4.79 16.29 <0.02 8.62 0.004
G026 e 11.75 16.14 0.03 12.67 <0.002
G027 EEY 10.21 15.02 <0.02 14.65 0.640
G029 EEE 15.65 19.30 <0.02 14.55 0.004
G030 KAEE 13.85 15.23 0.03 12.91 0.003
G032 R 10.56 18.76 0.03 6.07 <0.002
G037 Wi 7K 5 14.52 16.50 <0.02 7.95 <0.002
G047 FEIK 8.98 18.20 <0.02 8.25 <0.002
G054 H 4.97 19.25 <0.02 2.67 0.005
G070 RA 4.58 18.01 <0.02 5.62 0.018
G071 TLEM & 8.44 9.25 <0.02 17.99 0.008
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Fig. 2 Ranges of 6'°N and 6'%0 values of nitrate from
different sources
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AR AT, TERFGE X AL ER () . (AR 58) F
R HEB(EO)BA A, ZBTERR 23%~78%, T
{4 49.43%, 11 LA 28 1515 K R I R 32 01 X 45,
M4 FR 3 A 7E 5 T JE(G026) 2K 21 JE(G030) B, 7%
FEIEFE R 6%~58%, “F-XIE N 34.36%, TIHEAPLA
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Table 2 Quantitative results of the sources of nitrate contamination in the study area
K5 3" N/%o 6"%0/%o TRAE/% W HEAE5T5K/% THEE WA/ %
G006 8.24 19.36 52 39 9
GO11 10.02 18.72 41 45 14
G015 5.28 16.79 56 6 38
G016 4.79 16.29 66 26
G026 11.75 16.14 43 51 6
G027 10.21 15.02 33 35 32
G029 15.65 19.30 41 51 8
G030 13.85 15.23 32 58 10
G032 10.56 18.76 55 33 12
G037 14.52 16.50 36 52 12
G047 8.98 18.20 61 32 7
G054 4.97 19.25 78 11 11
G070 4.58 18.01 75 10 15
G071 11.38 14.45 23 50 27
FHE 9.63 17.29 49.43 34.36 15.38
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