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Abstract: This paper is the result of the water resources and environmental geological survey engineering.

[Objective|Nitrate contamination of groundwater is becoming more and more serious resulting from intensive human
activities.[Methods] Hydrochemistry and stable nitrogen and oxygen isotopes were used to trace the nitrate sources and
transformation groundwaters in the Zhaotong basin, China. As well as, the origin of nitrate in the spring and well waters was
quantitatively analyzed by SIAR model.[Results] The results showed that: (1) The water quality of boreholes is good, while
approximately 19% of the spring samples are not drinkable due to nitrate exceed the drinking water standard, and 13% of the well
samples are unsuited to irrigation due to the high nitrate concentrations; (2) The ranges of S'SNM)}in spring and well waters were
2.4%0—18%o (mean of 7.9%.) and —4.5%0—39.7%o (mean of 17.3%.), respectively, and the values of 8O, ranged from —8.8% to
39.3%o (mean of 2.5%o), and from —16.4%o to 26.7%o0 (mean of 0%.) , respectively. Based on the hydrochemical data and stable
isotopic compositions, nitrification was the dominant process in the study area; (3) Nitrate in spring and well waters were mainly
from manure & sewage, soil nitrogen, and ammonium nitrogen fertilizer. The STAR model showed that the contributions of manure &
sewage, soil nitrogen, and ammonium nitrogen fertilizer to spring were 48%, 28% and 24%, respectively, and to well water were
87%, 6% and 7%, respectively.[Conclusions] Manure & sewage end—member accounted for 89% and 72% in the groundwaters from
residential and agricultural areas, respectively, while it only accounted for 27% in the groundwater from forestry land, indicating that

the more strongly affected by human activities, the more serious nitrate contamination of groundwater.

Key words: nitrogen and oxygen isotopes; nitrate; groundwater; hydrochemistry; sources identification; transformation;
hydrogeological survey engineering; Zhaotong basin; Yunnan Province

Highlights: Hydrogeochemistry and double—isotopes of nitrate were employed to identify the NO;™ sources and transformation in
groundwaters in the Zhaotong basin. Manure & sewage, soil organic nitrogen, and nitrogen fertilizer are the major NO; ™ sources, and
nitrification is the primary nitrogen transformation process.
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IR B NO, SRR H FA AR A RURALER (65N, ) L,
BEAE 7R B NOs R PRI 67Ny & — 7 1 i T B¢
(Hosono et al., 2013) . {H K& H1 ) NO, Sk IH B AT
ZHAL RN A RUVRRAE , SRS A M ek b2 ok 78,
E AL AN S AR E 2520 NOs™ By 4k, [Rl 5 | A
AL Z A0  YGhn T WIEERE . UL, R 2
FAF AU 6Ny K78 R NOy 77 75 A ¥E (Hosono et
al., 2013) . fREL AN R (60, ) 5 0"N ML &
ATLA—E R EORAMA— 6Ny, T BAER EE NOs R
PRI FAE A I (Grimmeisen et al., 2017) . fEfbid

1 5 5

SRR (NOy ) 15 Y O BN — A [ Bk A= A 38
BRI, i i NOy MUK AE AR RS, b1
AT HEXT AR 5175 3 (Peterson et al., 2001 ; BE#55,
2016) . AR R NOy 23 UK R B SRk L iE 2%
B KUK AR AR, B 2 BOKAE S e T (B
HHHE4E ,2006; Zhang et al., 2018) ; = BE NO, 145
A5 BE , ™ G B AR (R
2006) . P, NOs 15 7K T b 14 31 Y5 R s Ak o 73
AR K S Hb 5 T A 5 R 2 ] 5 0 1 — AN 175

(AA45,2020)
TRV — T NO, I IRARRT 28 5 .

FE2r FENO, WRBEHIIN, 6N Fl 6O, [N, Forfr
8" Oy [/ N FE M T Ji FEl PR 855 1) O (HL,O 11 0,)
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AR5 R RIAL 2R AN AL~ AT I 10 7 b T K AR R R U B ok BRI ) 50 411

(Xue et al., 2009; Boshers et al., 2019; Lin et al.,
2019) ; S35 & P HHR B NH, 1Y 0N B30, {15857
TE U NOs™ H1 65N, [ELH I s R i A /R 3 20 T
K NOs H& B FRAIR, 0"Ny, i 60, fH [F] B 3 1 (Lin
etal, 2019; 445, 2020) . KL, 6°N,, 5 60, Fl
NO, Wk EEARZE &) 1z 32 FH T UM W LT i
T 7K H NOs 2K 5 (Yue et al., 2013 ; Clague et
al., 2015; 4% 75745, 2018; Zheng et al., 2019 ; % %
4%,2019; Hu et al., 2019; B 45, 2020; M 7K 3 4
2020; Boumaiza et al., 2020) . E4K 6Ny, 5 0”0y, I
NO, HHE5 G 7] LA ROR K A5 H NO, sk R, 15
X Z K R NOs™ #i A i JC % i b (Zhang et al.,
2020), SIAR BRI JEH T GE A7 AE 0 [F)407 28 5318
YA Py sk A2z il B Ak 2 Fh NOs R I EE
4 (Parnell et al., 2010) . A T B HIRE HEHI K IR
B NOy IR, HOk 8 22 1) 2% 5 A8 R R AU A 2
(N—O) Fl SIAR # #1 f¥ 3L aify |, 5 /K k2% (TN-Cl
) AR AT AL Z (U 6*'S,, F16"B) 5L
TR W 25 T BOR 45 6 SR il A K IR 855 v NOs™ 1Y R 5
FIHE AL 33 72 (Seiler, 2005; Zhang et al., 2014; Zhu et
al., 2019; Zheng et al., 2019; Li et al., 2020) , Jf-H 15
T IHARCR .

ARSI b % ] i b XA RIS 42, R
XA 2 (N—-O) Fl SIAR #5#1 , 3f-45 5 7K A% (Na”
Cl \NO; NH. FINO, ) Al + b A FHZE AL SR 5
KHNO, RIEMF L . T2 (DA IFIFIE X
H R K FR R TS YL BUIR 5 (2) BB S e S AL Y A
Wy MR Ak S ok B 5 (3) s MR AIE U R K
NO; KU o 58 R BT DLAIZ X 384 I B AR b &
& MR KA TE Y BIE SOK SRR IR I —E S %
A

2 WS XL

WA A T2 B A ARG, DA D KBl 2 XL
S F . AFRIRBAC, B EHI, TRMZ5
WY, @FICFRI 220 d 247, AR AR 11.6°C, fie ik
H 7 AR 19.8°C, f® A 1 AR 2°C. Z4FFH
P & 735 mm, ZHEPFE

F5E X Hh Ak 25 5 g D P AL, Hb 34V i AR AR
SR IS 8 2R A, A R e R Y e SR A . A
DAL A 4k vt o 3 B e E i ik R, A D

e [F I I WA F . H)Z B BRI e 4
Z(D) AHRFC) “E&RP) =ZBR(T) KPR
(D HIER—HIER(N)FEEUR(Q) (K 1a) . FHiE
PARP I e 3 O Z s A Bt ®,
TR A VE LA 1b, BFFEIX HRK R il K &
HBAL B VPTTIR ZR T, 322 S N I T AR S ]
FIRIET, R AR, I 2 o] LA ik
O L DX LAZRIBUK GRBR— LB O 3, 3 /K
B, il BRI S R R B 5 LRI 5
Mo AR B K SCHB X, SR s i e, in
FEAHN, ASEAE R BRI R HBE ; L[] Bl 2 45
HuIX, FEO ALK, 3T KRR, 5 TR, il
VEJy A FHHERE EAH B RSl KK I

FHOR TEA B DFFE X T Kb AR
HEME DX I3 A, — e Za i S M L 737K 3 XAy i T
IKANER X, BRPBCHATT  HR /KA IR X, LR 2 7
Hh P T DRI A A1 32 i O 3B T 7K R A R i
DX 57 I 2R LB PR K LB A 11 A2 1t AR Bt AT O o
RRY i 73 A1 A2 1, T KO ) 15 M 27K 2Rt 1]
FEAR—2 . WFFEIXALAR o) 52 508 Ay 3t off 3 2
ML E K R I TR 8 o 22 18], SR ) 2R
JEAGBIAR Rt (] 1a) o JXARERAE— 7 1 3 2%
b KR oA T AR B TA R B SR KRR
a5, W ERARIE A IO R 1 5% IR
Ko FERIS A2 T WA 3 2 18] 1) g 7Y
Ji s gl , T g s R A ulHR i , B ns i sr
(AR ORI K BB, Frp SRR R 5 1Y
R & K BB AN e i & K BB (18] 1a) o BB
b P b TR A ) DX R MR K AR I Y
2, UK 1amg AR B IR, — B iR K I 5, L
W JZ PN R KK AN REAH I

3 WIFEEARE Ik

3.1 HmEESMIRK

F 7 DX R SRIK R K KR EE S, BN IR
FAACHR (oK) | 35843 FH T IE0E 5 BT 2 1
JERF THAZMKHAGREZ/NF 10m),, EZ T
VR TR 77 SR el S L, T SR BB R SR KR AU 5 Al
FLIREE K T2 U R 7 25 22 (FLIR KT 100 m)
FHTAAT /NG 20K o AR H 1 R 7K R BEAR
- MR BRI SR K 87 SR 45 1F, T 202048 4 A 3t
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(kT F Jurassic
HHEF Neogene
SBF Triassic
&R Pemian
Ei3R Catoniferous

[ o |w®as Devorian

[ |sus swim £

[ @ ] s Borchote [[m f

oy v
|I| SR—JE{EH Spring—residential land

III S—#H Spring—farmland

II\ SR—HkHh Spring—forest land

i R 7K Fi A Inferred groundwater flow direction (]

l/ ] &fr)% Fault

f [ ] #mok Pore vaer
k¥R Groundwater flow direction _ g - T —

) R
[ W] ot Well-residential Tand j%‘d = J [ sk Karst vater

A i~
II, BRI Well-farmland = E/KXH Water—rich area
(b 0 1 2 3km
[ S T—
= /m
2750 5

B BB B B s B B B B W0 gy B Do

(&l 1 WFFE XK SCHb BT RAAE FIRAE S5 5 A
|— R 22— IR 3— R BUR s 4 A AR 5— I = 60— K s T— B b s 8—0Ua ; 9— Pk 10—Jf 05 11 - 7P Bl
+ 52— a Bt 1352
Fig. 1 Sampling sites location and hydrogeological map of the study area
1-Limestone; 2—Bioclastic limestone; 3—Argillaceous limestone; 4—Chert nodule limestone; S—Dolomite; 6—Basalt; 7—Siltstone; 8—Shale; 9—

Glutenite; 10—Clay; 11—Sandy clay; 12—Gravel clay; 13—Coal seam
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RAE T 77 R OKERA, . o, SRK(SWO01~SW16)
164>, FFHLIX 74, iR X 5 AN Fibk [X (/32 A2
T4 44 BRI (MI01~MI56) 56 4, BEHLIX 23 4,
JEAE X 33 4, Mo X 6 R4 A &l fL oK
(ZKO1~ZKO05)51> o RAf 534 WLIE 1a.,

I WTW3430 237 0 i 3th F /K /) pH, 4% B2 R
0.01, PHEFH 50 mL 3 4% SRR 5, It 4
4l HNO:; 2 pH <2, &+ H 500 mL & £ 4@ ¥Rk
RAEE L RIBRAL . 0Ny, A1 6"0y, JH 50 mL A (4 15 2 &
R ONEIRICRAE o L8 (0.45 um) J5 17K T Pk
BRI 3~4 IR 5 PR o 7K 4 °CYe sl

Na " FH HL B & 45 85 14 & 49 96 3% 42 (ICP-
AES, IRIS Intrepid II XSP)ill % , %5 B 4 0.005 mg/
L. NO; I Cl' JH & ¥ 3% (Dionex ICS—1100) ]
FE K454 0.05 mg/L F10.1 mg/L, NO, FINH,
FH T6 8 B R UL 43 Y BT %, 4 B 4391 R 0.002
mg/L F10.02 mg/L. LA AL IE TAEAE F AR 5T IR
TV Ml T U PR A M A I P SE B, 01N,
"0, JH S A A 4 T V5 DU A , A FH B4 4 v 0 T3 Ay
USGS34, brif i 22 53 B T 0.1%0 F1 0.5%0 (1545 0
55,2016) , H P EAOE B BEA ) AT 5 0] RRLL &k
JEREFE T
3.2 SIAR B ERFEMIEE

WK AR R NOs i A S AR 34, /T LA —
JCIR B 5 = TR A T P i 155 80 R £ 45 B A i
XK A4 1 NOs™ 1) 53 ik L 1] (Xue et al., 2009) . {H
Je , I PR A 25 3 NOs Y 67Ny, F160y,
L 1) Bof 28 728 S5 P R 2 i PR 3 1 19 TRD 467 28 931
BN, I HAE NOy Hi A KT 3 /B Toik R Al (Xue
et al., 2009; ¥ 55 42 45 , 2019) ., SIAR #5512 iy
Parnell et al.(2010) FF A& i) — & F R G i 84 fa
S [ B TR AR A LT 2k R 5 TR 40 A AN
XF BT R SR I8 AT, AR5 R DS i A e
AU B J5 4515 Y DTRR R 1) J5 3843 i . STAR
BT A R AN 2 R R D G AE A BT 7K 3R
HNOs R AR R T s G e 5
2019) . M A NN E(E SRR 2 K s Y
U5, SIAR £ AU AT R S 24 20 (1) (Xue et al., 2012;
Parnell et al., 2010) :

K
Xi= ZPk(Sjk + cjk) T & (1)
=

AEIPAE AR 28 K AL AT A 3 b b 7K A Rk SR U B X B () s i) 413
Sic ~ N (:u.ik:a)_izk)
ci~ Nie, 7o)
&ij ~ N(Oa0—2j)

Kb X BB AR PRI IE, i=1,2,3...
N,j=1,2,3...J; p RUR k B 5THk K, i STAR AR
BASH) ;s e 8 kTR E L =1,2,3.. K, Bl
WA YIMEN w, 71 220 o> IEZS 3 5 e e 5 )
RS2 2 AE VR & 1 53108 R 80, 3 B R S DA
Dy TT 25N ol WIIEZS 0 s 6 AR 22 AR A~
IR YRR R 1A &, IR 0, 722 M o,
4 LER50Hr
4.1 HTKERYFHE

7T X 5K BRI AL LAY pH P EI{E 53 5N
7.5.7.36 F17.98 Mttt (2 1), H R /KA Na' Fi Clo
A 28 100% , HF-B(E R IF > BhifL > SRK .
SRK T Na Fl CL 9 e R AE A Ji AR X SW04 ¢, 43
511k 38.54 mg/L 1 76.29 mg/L, i SWO04 [ i 4 %
% =1 TDS{E (762 mg/L) Fl i W BE Y NOs (120.7 mg/
L), o] G852 B A0 1 52 M 5 SR K o Na Fi C1iY)
e/ ME A THARHE T SW09,NOs ¥ )X 1.18 mg/L, 5%
A& /N, B Na 1 e RAEAL THF
Hi f) MI21, 43 531 SR 110.38 mg/L Al 159.22 mg/L,
NO; 1 TDS 43 %75 ik 177.2 mg/L F1 1542 mg/L, #fE
M=z 2] T NG hsem . AL Na F1 Cl iy i KAl
7E ZKO1, 435124 61.08 mg/L F169.68 mg/L, TDS
i KA 741 mg/L,{H TN B A 0.02 mg/L, % A%
IR . SRK RIS FLY TDS A 4
54 296 mg/L . 526 mg/L 1306 mg/L, R > £ fL
> 5K, LAY Na® . CI I TDS FH4ME % Rk T 52K,
B 5 ANELFL TN #4b F AL KACE A5 FLAZ K AR
JFEHSF T R o e 4 o (5 55, 2020) .

4.2 KRS HEFE

WF5E X IR K BRI FERFLH NO, iy Hh 2433l
5 100% . 100% F1 60% , NO, K 69% . 53% 1 20% ,
NH,"N 19% . 22%7F1 40% , NOs 145 H1 K f i , NH,'
e WTNFEHEE, RIF > 2K > 8ifl, 2 A2k
SO FEEE SR EL A . NO, AHh R /K Hh AU 877
FEIE 2, R IR K BRI B FLIT o5 U He 51435
99% . 99% 1 55% o SR K H NOs 1) d5e K AR S R A
XA SW12, BRI NOs I e KA R &7 F R A X
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Table 1 Hydrochemistry and isotopic compositions in groundwaters
B . Na' cr NOs NO» NH.’ TN NO;/TN  TDS 6N o, "0 no,
HURRKRE Yl pH ’ ’
/(mg/L) /(mg/L) /(mg/L) /(mg/L) /(mg/L) /(mg/L) 1% /(mg/L) /%o /%o
BAE 872 35.84 76.29 211 0.48 0.04 211.22 100 762 18 39.3
MY 642 0.24 0.28 1.18 Null Null 1.18 89 36 2.4 -8.8
RIK(n=16)
THE 75 5.78 11.9 35.7 0.07 0.01 35.78 99 296 7.9 2.5
for th 2 100% 100% 100% 69% 19%
B 818 11038 15922 198.32 1.5 3.24 198.32 100 1542 39.7 26.7
wME 5.67 131 1.36 0.33 Null Null 0.43 77 67 45 -16.4
RH:(n=56)
FHME 7.36 19.52 35.56 46.13 0.08 0.08 46.29 99 526 17.3 0
T H % 100% 100% 100% 53% 22%
WK 93 61.08 69.68 14.96 0.1 0.28 14.96 100 741 16.7 27
) w®AME - 7.52 1.35 0.23 Null Null Null 0.02 69 3.1 9.1
L (n=5) N
FHE 7.98 19.04 152 3.18 0.02 0.06 3.26 55 306 8.3 9.9
o H 100% 100% 60% 20% 40%

1 : TN =NO; +NO, + NH,"; Null F&/R Il FALZHAEMIFR .

IMJ47

SROK RN B NO, I AR TR AKOH K A i
(GB5749—-2006) FRAE R 4310 3 FT13 4>,
PR 19%H123%, B fLA AR (B 2a) . RIFHH
24 S5 NHLHTNO, 2B AR KA v FRAE, B A%
R A% , SRR AV LA RR (] 2b ) o

MR K IV 27K A 2R 20 43 s, i T A0l
FRH A Tl FH K 3 S AL B AT MR A SRR K . 33
JK R NOs I TV 21 R 7K b v il B 0 51l
J AT (E 2a) , AR FE N 6% F1 13%, &hifL A
AR RIHH NHSA 1A S H R K IV 2K AR
E(GB/T14848-2017) , AR FH 2%, JRAK FIEFLA
AR 2b) o H R 7K o NO, A i TV 2K A i
(Kl2¢),

MK HFE X NOs ARG H 5 1R bR oK A%
B SRR EEE YL 19% M) RIK NOs # it ik
FHAKBRAE, 13% B R IR 8 TV 2 /KA, i
RIS AR FE 5 ANRGFL I A B I AR T AR H K b o
BRAEAN TV 2t R /K bRife, KR LA, AL FLH NO,
(R AR, AN PR O DR
4.3 EMHIRFH T KAEER R KR
4.3.1 TN-Cl % i

157K ACHEFN A2/ Sh Wy HEI ) S50 e nitt A&
Kz H S B R K R TN Avsl CL vk B BT
Panno et al.(2006a) & H} TN—C1 J7 = BE % e i )
TP T AR 52 BTG shgm : (1) KCL 55

SALRE it FH 22 30t T KA 7 CHIR TN RRE 5 (2)
B Rt FH 2 S B0 KA K CL i TN HHE ;
(3)ZENE V57K Rty A 23 S 80 T /KA &5 CL s TN
FRAE 5 (4) ZRORIEIR AR, H N /K B Rk 1Y
Cl F1 TN, Panno et al.(2006b ) ¥ 5 ¥ X 1 F 7K TN
FRAEE7E 10 mg/L, Cl E7F 15 mg/L, %5 FF 5 ik B
i BR A (s s 5 A5 Gl . 2 TN e B i it 60
mg/L I, b 7K B 5 52 B2/ sh g HE 4 75 e
Zhang et al.(2014) 7 & [E H PG A 1 XS TN-Clik
5 9 F B 25 A UE S TN—CL T Pt U510 5
KRR 52 NG S5

F 5T X 3 80% [ SR K TR HF 22 1) T N3
FIFZI , ZA CLRIE AT Zo0ib, ads & /R
T B ZE IS K AR A TR (B 3) o A3 5  F R
AT U RE iy A, 48 7 B AR R B
FNERLZ AT N
4.3.2 9"Ny, 5 "0, ¥

KA NOS B R U5 F 5 AR AR TS KA,
WA RER IR T RA VIR R, S AIE R 4R
B A5 UM B A 2 IR L. WK NOs™ B (IR
"Ny I 6Oy FHIE , 25 T HABAR PRI . FEAL
157K HA 15 0Ny, MK 010 FFAE , B2 AUIE R {1
0Ny, K 60 FFAE , TR £ 4b T P & 2 [H]
(Hosono et al., 2013) o 4 6" N, {H K T 8%} 45 715
T Ak n] B T N5 K B9 5% i (Kendall,

PN
HE %
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H549% 2 AT AT « SRR 28 RK A2 T I8 i K AR 5 A T B R PRI 5 ) 415
250 34 IEERsEEeTEs T e a s
(? 1 ] 16 5 () NO, 15.77 mg. | WHFK
200 ° ®
) 32 -
12 *
R I 8§ | imomen_
o @ ® b 1 mg/L IRHIK
S 1.93 mg/L 8
2100 4 e . 88.57 mg/L | 30 ZEm e e - -2 s
g ‘ - 0.65 mg/L )
’ 50 - . 05 - 04 (©] Max
& ° ° l @ ) 75%
| ° ] 0 o 50%
o—‘l;l -n-x- 0.0 -|Om@® = ahifo -+ ~=l= 00 - g';' oan b
25%
Min
-50 T T T 0.5 T T T 0.4 T T T
SRK R Bt SRK Rt HhifL K R HAL

K2 K =R AR

Fig.2 The box diagram of "three nitrogen" concentrations in groundwaters

1998) . 7E TN-CIJ5iE AL |, 255 6°N,, 5 "0
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