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Using Nitrogen and Oxygen Isotopes to Identify the Sources and
Transformations of Nitrate in Groundwater: a Case Study of

Groundwater in Nantou Agriculture Region, Taiwan
Tsung-Ren Peng*?

Abstract
This report integrated the concentration, and nitrogen and oxygen isotope compositions of
groundwater’s NOj3™ in agricultural and urban regions of Ming-Jian, Nantou to illustrate the situation
of NOs pollution and the NOs sources and transformation. The results indicate that nearly 54 % of
NOj;™ determinations exceeded the criterion of drinking water, especially in agricultural region. The
polluted groundwater mainly source NOj3™ from soil nitrogen and chemical fertilizer. The results also
indicate the denitrification/assimilation that will reduce the NOs™ concentration is ambiguous in

groundwater of agricultural region, but the assimilation is significant in urban groundwater.

Keywords: NO5 pollution, nitrogen and oxygen isotopes, groundwater, Nantou.
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HTET

- RS RIS *ﬁhfjﬁy E&’;' RS N o IEZ S R b o L A (5
A BLT E PR SO L S50 + BB
RY = Rl Sk B AEREE H RN 10 [f[ (Lai, 1999) LRI [ A2 - E%iiﬁaxp}%gz}?“ iR
Bl o RESSCRTRENIEE AR 10 (E Ey- E HE W“'?gx it RV TRl B
TS I TRUE A IER USRS A PR AR A T R - R
(NOs) E5f31 > 8] e NOy' (>50 mg L) fiofs gt patl il T gty (o ik
Jft| » Cyanosis, blue-tinged blood) » =5 | FEEEBEy ~ JHFIy  F [+ ZFEE S VS (Comly,
1945; Feast et al., 1998) o [H[=> f‘[ﬁﬁ'*ﬁ ﬁ‘FTM‘W& U 2 (NOs-N) e[ A
10 mg L™ FSIPRER (NOy) 4% ] 4% 45~50 mg L™ (Oakes, 1991) «

A A R KD ] SIS IAEER 5 I[P o pIB
%7 (2008a ; 2008b) AT FL ¢$&F,i+ﬂ AT BBl T RER 1 T B SRR
BV YHSEE o RN E BB T R (o RS ELAT R S [N B TR (P

VIR IR S B SR (PR o B R  h f 7%3/7%@’?%\@[[%‘@ 73

(Water Resources Agency, 2001) » 5~ “<f[ 119 NO3 ¥ 7 2001 @%ﬁ [ = GHAR | TS
f:& °

P [T TRE NOs™e | 7 [Fil Y 2 Al B S B A ( (3"N~5"%0) > [RIFA R NOs VAR
A f 1;”@,@!%1@@_& : FTJ%B%’@ AFIET S NOSTR ey A ERS Y (Cey et
al..1999; Kendall and Caldwell, 1998; Silva et al., 2000; Wassenaar, 1995) « [N > 4% Bifs
PR BhEm b st P - NOWRA IV S » 1) B0 ERIEY ™ 0 NOsTE RS 5 i-

P BE A NS e 3 A A8 IS o1 NOS P e Ve -
(R o

R4
By o

IR BT Y W (agricultural region) M55 (urban region) = B (I
Do BB S AT L SRR SIERE (MG FER (M2) S5 (M53) -
FRL (M)t (M) HER (Mj6)~ BRI (MJ7) 377 |13 F AL S5 2 7 78 me200 m
BL B AR R % SRR o SSHEY  RBR ESE (MS) - )
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(Mj9) ~ F7-1 (Mj10) » #7502 (ML) ~ 53 (M{12) 575 | 12370 o] 4] e
30m-120m = 191 SRBEEMII3 ERES Y (M12) AL VTR -
NOs WRE 51T
Oy VI RLI 2 9f 4 57 5k 5k & 53k (NIEA.W419.51A, Environmental Analysis
Laboratory 2006) Jf[|<t - FiEH= “ngnT‘«LFI‘/E&&T‘«L T 5 50 mL ~HEEp 1 mL py IN HCIL
ik s STV R 220 nm = 275 nm N o IR ST FHEIREEN S, FJ?T—?@%
TRV AE RIS > TR NOs-N B -
NOs™ & ~ & fl i At 75 53
T NOs™ V H U E - ;%[HJ N SER SR L @l%ﬁf;ﬁlrﬁdl’%ﬁ (Chang et al., 1999;
Silva et al., 2000; Fan, 2005; Zhan, 2003) - FETF (o Fﬁ}iﬂ@ (s *E&Eﬁ} (Bio-Rad AG®
1-X8) I'J @ #% 2V-HIY NOs™ ffli "] 3N HCLIRpe iy I il - RN AgoO % 2
AgNOﬂF’*,fﬁ AgNOﬂﬁ‘ﬂsz fep BaClzk’ff[likE‘m, JABRE ST 2 ﬂ@ﬂiﬁéﬁ%ﬁﬁﬁ AgNO;
Bk e
AgNOsBFH 5T 857 57 » — 57V AgNOs B F|JF |7+ 2255475 (element analyzer) }-{—J AgNO;
oA Y Ny F12E 7 o ff ez i ' (isotope ratio mass spectrometer, IRMS) [ £l kn[ﬂ eSS
B9 o b= 53 AgNOsBIF EIRET (U Z 07 A5 10 mg T BUBA - i DA IR N )
TP T - IR T ,1;‘.*& 8S0°C Utk I~ Tk & COp S fi » AL ) AT
FrIF= COp 3 PSR [T Shall b
ﬁ%%@ﬂéu&') 31N W 810 feAAG R b~ S| AT o AT S0
0= [ (Rsampte—Rsta.) / Rgra. ] X1000 (D
U 8 R 3PN Y 8'°0 0 Reample (Y AARE 1 PN/UN ES 1P0/1°0 Efifl 0 Ryq [ AATE
el NN 101100 B o B P RSP B e A 5T
FF[ 7[5 Finnigan DELTA plus © & [f] & Sat o5 53 A = PNty b e e e A N

BTG - B VG SIRALO -

NO3 &
FHE (227 (2008a) S5 ATEE > B3 Wk - NOs IR T H4fifi il £ 43.9~225 mg L™

164



ij%n{ ﬁ’]“{)ﬂquﬂ/ & (2008)

(I 2a) - Tl 11 mg L 3 Bl gk (M3) VLR T IS 225+93mg L (&
BT 202~237 mg L) ek (AR (Mj7) > T ESffiEE 43.9 £ 2.1 mg L (J 4 #9li £G 40.8~47.0
mg L) o R BEY ™ I NOs YR 2= TEHfAR " - TP - BBV (MG7) 297 1 NOs iR

IS RESF AR TR (2005 F 5 FL VIl (47 mg L) B - RL Ty 2 S

A IBPEREN AT~ TR B 3 P 3 Y NOS R RO EE R
T o AR B EY T I NOIRA PU ] s Be (f1 22) > 2B < NOSIRAE 24 7
FUE[ BT /*é‘ﬂﬁ@[ BT (M5) #2005 F 2 F[~5 E] R 6 F| ) NOs A 5T 1£% 126, 125, 139
mg L o §i7 $4fif 162 +23.6 mg L 3 (% -

IS TS 2 i NOsPOj R T 15l il £ 6.02~63.9 mg L (q%*[' 2b) > 7 #4154 27.2 mg L™
HEEL (M9) SR Bl - 1 IS E 63.9 + 4.7 mg L (#5fE T 54.8-68.7 mg L) »
= TGEERE I TRYE < BRI o T 2004 5 6 F]Z 2005 £ 9 BV OTATHAM o 8GR
AT 54%[UET T e V NOS TG I E G i [ AR
NO3 V& ~ & [fil A

PB4 (2008b) 55 PR » BRI  AH1 NOy'V 87N i #fal £ 3.7~8.5 %o ([ 3)
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By < NOyV 8N i £ 3.1~11.0 %o > ['[ipIFL (Mj13) LR ET > T 15(ifi ] 9.8+0.4 %o 3 &
S Mj12) SR IS 9.122.0 %0 » BT (MOS) FLRHEE > T ESET 4.3+1.6 %0 o Fr-1
(Mj10) =R TAvErad-2 (Mj11) [ 07 g s ST [IEL 4.540.8 %0 » 4.9+1.8 %o -
FREEIE o B P A SON LRI (12 5] 3 F]) SRR (6 51 9 F)
RV Al BISH G o (EIBS R B  o 51N Y= i IS T R

EE IR A S NOy 8"%0 [@::-? 8N @;I/N [P 4 e BLER ST A NOY
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B~ Yy *ﬂfﬁ“zf“%* °

165



BRI RIS ]tﬁfﬂw £ (2008)

=

FFIJ

-

NO; Y5 R U B = 55

HE7=N (2008a) HEZRL E IR B s NOSIRE 1 ISl 1 STaslss 7 ig (' 5) -
[ NOs R VB <557 7 Fh [T i3 R e b~ O NOSIR 1] F ) B V(4
VAR o )[R PSR RS VST o IRy 0 T NOy SR 50 mg L= 100 mg L™ ]V B
SR A E T ) (R S) -

FHER S B > RSB E A [ DS BB s 1 IR O B P T Rt 35
LFIRYET o FLobe 7R TR B B9l PR RTROpORET 1 2 S IR PVt > B o B
ﬁflﬁﬁﬁ i‘fﬂf«Lﬁkﬂ o fRI[F=» fﬁ%guﬁ 2P, S «F‘%%'}f&ﬂijj\ %= Fi ”J‘%‘?‘féiﬁ’?} NO;E®E -

F o BBEOFSTERAR (W 5) o L BN R o R AR RS VBT
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AR NOSTRAE LS (1 5) -

by lgh B~ [ R R & Tk Ik E'}’f&@? R S oy o e S o e S s MR O
Q:ﬁ}ﬁlﬁzﬁi‘“ PR AR (] ENTBiess™ o o flip - | Jii&r,fﬁ‘? E&pjf > Frad-1 (Mj10) #5458
HEVEL M A GRS > B T SRR ol F IR Y B HATR PV EET ??ﬂ
%305 S Ak ok (F',ﬁ’ F\LEU}?HE%"’JJ‘JBJ\E?%@PEH&W'J??{ CYPIVETR]) o BAITSHA
i BP0 2 B s e
FJ“E‘ A B9 A NOsWRS V2 aypeig A, 1 IR 2 15 il A (75l (coefficient of

variation, CV:%XIOO%) #?‘F’ﬁ 0 fl[ (Mj12) ~ P3L (Mj13) 9% > J\Ifk[nfth e I

T NOSYEE ISl CV i 20%0 ) @? NOs WG V= AR (= 1 PHER > Hidpdy ™ o
Y NOSTE RREV AR o [l - AR J 54 YebFEElEn T A<l NOSTRE I EEhEEK

AR ERARYE S R BN o ”ﬁ“ BICR [ A=ERAREE (1 2) » [N Fhde £
Pl 7 B A2 NOs 1o 3e [?Fwdat FELEE (B4 (2% > 2008a) -
NOs V' f= 1

(S N1 i S P SNl (B4 (-5 2004) » AL R PN {53 )

AUTHAELT > JIHFREF D 81N T H i £5-0.8+0.7 %o - 7@%&& SN T 4 £5-0.8+0.3 %o 5 [ijh
PO PR SON T ESIE 17.550.3 %o » IR 8PN BRI ¥ AT
(Kendall and Caldwell, 1998) - &[5 (= 1V &P 1{2P 2 Bkgei mfr HHER (= 2RR0R] £
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T B 8N A RER 32 V) BTl L= (' 3) (525> 20080) -
LB A (Mj1I~M7) B 8N il iy 3.7 = 8.5 %0 = oI5 Ty (B e 4 SRR
B » (IS RBEAITE | O EIErP R PR S 9 8PN i -

Bl PN s (Mj8~M;j13) > 1 8N fifi &l £ 3.1 = 11.0 %o (il 3) 5 7 | IR RO
5 B ST T BT 2 S B o 8N #fE £ 3.1 = 7.4 %o
ELJ5 ) R L (g B e ] o «f P (Mj12) IR (Mj13) [ 8PN
{3 AU HIED 6.3 % 11 %0%% 9.4 % 102 %o I 3 U E=SHi - S5l 4 NOy
R SRR PRE AR (R (RS S EREPTREREES LRI
= I E PP RREVRRYAY

BT o NOs™ e~ & fl 0 Sk 59 00 2 & ) A i (| 4 R E5
2008b) - *Sﬁ CiFs o NOs™ B4 % i ~ [~ SP IRl P PRIE A 1 18 [ 2 0
PR (Mj12) PRI (Mj13) el NOS =R EREPRER (= =913 2 7R -

J‘Hl NOg Vg8 [~ =

BT 7= NOS Vi b 238 il O Skl 55 i o S 1 (=2 TR0 < S NOS™ V™ g =5 il
e E R N RN TS ‘@E&' JEFI A (Rayleigh equation) J’?ﬁi’ﬁ'”ﬂ&‘
[~ > iy NOy V= 5PN ]’@;Ifréﬁf%,l‘ J *iﬁféﬁf&.’@k‘%w (Kendall and Caldwell, 1998;
Mariotti et al., 1988) :

"N = 3"N; +&InNOs )

TSN BRI BRI AT NOSEE 80N ST AT t FRLY NOSRg 2 Sl ot
FAUA © e IUEE (7Y (enrichment factor) » 3] NOs ™V 8 [ {5 [55 55 G2 il & S 5 2+ [l 2k 03
(] > S g~ S NOSTIY 8N fifielriih -

Y R NOS a2 I S BRI (R R (R NOs Y g
PILRLPAEAII NOSTHOTFI (™ H5 NOy OB (B35 a5 « Fil') » A NOs ™ [Rn g w5 ] o
57 (TR G T A InNOy S 81N WV R i (Kendall and Caldwell, 1998;
Mariotti et al., 1988) « 31 % [l {* [ [ > Py (B gy NG 7 2 RS > 5 1Sl NO
8 (I I ¢RI > FRERAY NOy (7P & PN ffli# 8"°N {ifif#£1 (Shear and DeBruyn, 1986) ©
LR EL NOy RERLRUS No U3l » b B Poy (BLF P IR (YN) 2 NOy Ty o 21
B2 SUN FEY N B (E NOSHUERE (% [ fReRy NOsL i 8PN
(Knowles, 1982) « [HIF=» [l {2242 (BRI #5539 = NOsYRE - 2 fiiRER. Y NOy 2/ il
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VEUN - B [ CRENL] > H @) F Y e HIE R

g4 (257 (2008b) 53 ATEA. » L {ER Y™ < PN = lnN03';VEj$Jl'ﬁ":?“ £ ([ 6a) :

§'°N=1.3 InNOy - 0.4 > R*=0.29 (3)

()1 e kR =il > 2 E ['“*”r‘E'FTJ (r=0.54) o PNIF= o Bl {ER B9 <22 F 20 ] [~ B 2 )
(a7

ﬁ‘ééﬁq%, s hEE Y A 3N = lnNo3';V%§J|';¥,:“ % ([l 6b) :

8N =-1.9InNO; + 11.9 » R*=0.46 4)

e BET S SRR PR (r=-0.68) B P S [ L (0
E‘%,%a? gy TR NOSIRME [ X[y UN FlABET « P [Fl (2o i =] ﬁffﬁﬁiﬁ (S NOsHR

» TE AR ER NOsPY 87N fIAFET « KRR A= SRR [ (R
P4 PufERF -

— AR T R PR RS pH i 6.2 = 10.2 5 Eh #:-200~665 mv ;iR &Y

@71 0~50°C ; DO A 7| 47 2 mg L' (Thomasson et al., 1991) - ]’@F%}‘E}E;i e (=1 DO E

.V FEmEL 2 mg L' (Gillham and Cherry, 1978; Karr et al., 2001; Thomasson et al., 1991) » %
3@—]5‘_ BB 29 - DO YA 85l 7 3.5~7.3 mg L™ (q{‘qﬂ 7)» iw/\ﬂtﬁﬁﬁx—y{‘«ﬁ’” j“l?ﬁ‘ (Mengis et
al. 1999) - AU 7, » B58EL 247 1<V DO L%  [RIIFL (MJ13) FELSSH (T 191K 1.420.5 mg
L' R ﬁffifﬂ < DO ig@ﬁJ\M 2mg L AT 2.9~7.0mg L o [l 7 S P p b
9t > EEREYN A5 4 B R 2 fEE'JEIfJ%ﬁﬁ'J‘ o =9 » Kendall and Caldwell (1998) ?F'[H'[ Il
Py gt R EA] > H e i) (I -40 % -5 %o Fukada et al. (2003, 2004) 5l Vi
2 ["EE'JEﬁ & [li7~41-13.6 %o || Selier (2005) ?F[L Engeasa=a]l Eﬂj & fifiE%-5.7 %o [RHIF= I (4)

V& T K19 % » SRS N A2 E 3 4 B VAR -

Mo 2 T (2 1B B PR NOY LI N R N, » % 2 5 e 81N it e » H
TRERFY NOy f L& PN [@E D 8PN fifl) ; T PRI U NOSTH 19 O TR » S 81 i
rla;n[ SaTr e P REREY NO; ™ & Fﬁgﬁ,% %0 (Aravena and Robertson, 1998; Béttcher et al.,
1990;  Mariotti et al., 1988; Smith et al., 1991) « NI 552 2 (5 @ [ & e~ Sl Sk 7
FERY 0 IR - 55 8PN 0=13 ~ 2.1 IR (Devito et al., 2000; Fukada et al., 2003,
2004; Mariotti et al., 1982; Mengis et al., 1999) ; [ -’ EHL%&I‘%F%J[’%“F?]EI%T **J‘Hlﬂ?\,
35 R A (ER] (Cey etal., 1999; Mosier and Schimel, 1993; Wassenaar, 1995)°F"JFI lq?ﬂ‘ 8 ¥ (#
2375 2008b) - BHEABLY I NOy V&~ Sl o Al b 12 1 EIU,?&E[‘QEEJ%[}T’: (8"0=0.92 x
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i’?‘}?ﬁiﬁﬁﬂj\ f< J‘"@T’ﬁw ° F ES 7J‘<j ﬁlﬁ?% 39 1 241-253 -
B4 Figp e R~ AT 2008b o TS &I A NOS Y I~ ¢ ¢

ﬁﬁy 9 :305-325 -

Aravena, R. and W.D. Robertson. 1998. Use of multiple isotope tracers to evaluate denitrification in
ground water: study of nitrate from a large-flux septic system plume. Ground Water 36:
975-982.

Bottcher, J., O. Strebel, S. Voerkelius, and H.L. Schmidt. 1990. Using isotope fractionation of
nitrate-nitrogen and nitrate-oxygen for evaluation of microbial denitrification in a sandy
aquifer. J. Hydrol. 114: 413-252.

Cey, E.E., D.L. Rudolph, R. Aravena, and G. Parkin. 1999. Role of the riparian zone in controlling

the distribution and fate of agricultural nitrogen near a small stream in southern Ontario. J.

169



RH¥? JE%WFJ#’ET 1 FFN £ (2008)

Contam. Hydrol. 37: 45-67.

Chang, C.C.Y., J. Langston, M. Riggs, D.H. Campbell, S.R. Silva, and C. Kendall. 1999. A method
fir nitrate collection for 8'°N and 3'*O analysis from waters with low nitrate concentration.
Can. J. Fish. Aquat. Sci. 56: 1856-1864.

Comly, H.H. 1945. Cyanosis in infants caused by nitrates in well water. J. Am. Med. Assoc. 129:
112-116.

Devito, K.J., D. Fitzgerald, A.R. Hill, and R. Aravena. 2000. Nitrate dynamics in relation to
lithology and hydrologic flow path in a river riparian zone. J. Environ. Qual. 29: 1075-1084.

Environmental Analysis Laboratory. 2006. Standard Method for the Examination of Water.
Environmental Analysis Laboratory, EPA, Executive Yuan, R.O.C.(In Chinese)

Fan, C.H. 2005. Hydrochemical and isotopic (8'°N and §'*0 in nitrate) studies of waters in Li-Shan
agricultural area. Department of Soil and Environmental Sciences National Chung-Hsing
University. Master thesis, Taichung. 142 pp.(In Chinese with English abstract)

Feast, N.A., K.M. Hiscock, P.F. Dennis, and J.N. Andrews. 1998. Nitrogen isotope hydrochemistry
and denitrification within the Chalk aquifer system of north Norfolk, UK. J. Hydrol. 211:
233-252.

Fukada, T., K.M. Hiscock, and P.F. Dennis. 2004. A dual-isotope approach to the nitrogen
hydrochemistry of an urban aquifer. Appl. Geochem. 19: 709-719.

Fukada, T., K.M. Hiscock, P.F. Dennis, and T. Grischek. 2003. A dual isotope approach to identify
denitrification in groundwater at a river-bank infiltration site. Water Res. 37: 3070-3078.

Gillham, R.W. and J.A. Cherry. 1978. Field evidence of denitrification in shallow groundwater flow
system. Water Pollut. Res. Can. 13: 53-71.

Karr, J.D., W.J. Showers, J.W. Gilliam, and A.S. Andres. 2001. Tracing nitrate transport and
environment impact from intensive swine farming using delta N-15. J. Environ. Qual. 30:
1163-1175.

Kendall, C. and E.A. Caldwell. 1998. Isotope Tracers in Catchment Hydrology. Amsterdam:
Elservier, Amsterdam. 839 pp.

Knowles, R. 1982. Denitrification. Microbiol. Rev. 46: 43-70.

Kohl, D.H. and G. Shearer. 1980. Isotopic fractionation associated with symbiotic N, fixation and
uptake of NO;™ by plants. Plant Physiol. 66: 51-56.

Lai, W.L. 1999. The rotation system of low-temperature vegetables and green manure in Li-Shan

area. Monthly Agriculture Information of Taichung District 3:3.(In Chinese)

170



RH¥? JE%WFJ#’ET 1 FFN £ (2008)

Mariotti, A., A. Landreau, and B. Simon. 1988. "N isotope biogeochemistry and natural
denitrification process in groundwater: Application to the chalk aquifer of northern Frances.
Geochim. Cosmochim. Acta. 52: 1869-1878.

Mariotti, A., J.C. Germon, and A. Leclerc. 1982. Nitrogen isotope fractionation associated with the
NO;-N,O step of denitrification in soils. Can. J. Soil Sci. 62: 227-241.

Mengis, M., S.L. Schiff, M. Harris, M.C. English, R. Aravena, R.J. Elgood, and A. MacLean. 1999.
Multiple geochemical and isotope approaches for assessing ground water NOs3™ elimination in a
riparian zone. Ground Water 6: 448-457.

Mosier, A.R. and D.S. Schimel. 1993. Nitrification and denitrification. p.181-208. in: Nitrogen
Isotope Techniques.(Knowels R. and T. H. Blackburn eds.) Academic Press, San Diego.

Oakes, D. 1991. Nitrate in water. p.33-58. in: Nitrate and Nitrite in Food and Water. (Hill, M. J., ed)
Ellis Horwood.

Seiler, R.L. 2005. Combined use of '°N and "0 of nitrate and 'B to evaluate nitrate contamination
in groundwater. Appl. Geochem. 20: 1626-1636.

Shear, J.A. and E.R. DeBruyn. 1986. Photoplankton productivity responses to direct addition of
sulfuric and nitric acids to the waters of a double-basin lake. Water, Air, Soil Pollu. 30:
695-702.

Silva, S.R., C. Kendall, D.H. Wilkison, A.C. Ziegler, C.C.Y. Chang, and R.J. Avanzino. 2000. A
new method for collection of nitrate from fresh water and the analysis of nitrogen and oxygen
isotope ratios. J. Hydrol. 228: 22-36.

Smith, R.L., B.L.. Howes, and J.H. Duff. 1991. Denitrification in nitrate-contaminated groundwater:
occurrence in steep vertical geochemical gradients. Geochim. Cosmochim. Acta. 55:
1815-1825.

Thomasson, A.J., J. Bouma, and H. Leith. 1991. Soil and Groundwater Research Report. II. Nitrate
in Soils. EUR13501 Office for Official Publication of the Eurpean Communities, Luxembourg.
544 pp.

Wassenaar, L.I. 1995. Evaluation of the origin and fate of nitrate in the Abbotsford Aquifer using
the isotopes of '’N and '*O in NOs™. Appl. Geochem. 10: 391-405.

Water Resources Agency, Ministry of Economic Affairs. 2001. Groundwater quality by the Taiwan
groundwater monitoring network. (3/5). Water Resources Agency, Ministry of Economic
Aftairs. 69.(In Chinese)

Zhan, W.J. 2003. Characteristic studies of hydrochemical and nitrogen isotope of surface water in

171



RH¥? JE%WFJ#’ET 1 FFN £ (2008)

Nantou area. Department of Soil and Environmental Sciences National Chung-Hsing

University, Master thesis, Taichung. 96 pp.(In Chinese with English abstract)

172



s & %fﬁ%’%%ﬁ]‘ g‘fﬁﬁﬂf £ (2008)

Y =
® REEHRIHF \‘(\Q[ X
O HUAE AL v .
A\ KU E B AR R H |

== W F K 2

B L R BT O ﬁ%f’,?ﬁﬁil G 1832 57(2008a) ©
Fig. 1. Map showing the topography of Ming-Jian area and the localities of sampling wells of this

study.
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Fig. 2. Monthly variation of NO;™ concentration in respective groundwaters.
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Fig. 6. The relation between InNO;” and 8'°N of water NOs in this study.
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Fig. 7. Boxplot of the DO concentration of groundwaters during the studied period.
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Fig. 8. Plot showing the relation between InNOs™ and 8'°N of groundwater NO;3” in urban region.
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