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Identification of Pollutants Sources of Water Supply using Nitrogen
(015N) and Oxygen (6180) Stable Isotope Ratio in Nitrate
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In this study, according to determination of nitrogen (8'*N) and oxygen (8'%0) from nitrate (NO;) in water
for 2 years, 2016-2017, Gunwi, Korea, the origin of pollutants in supply water could be found. The sampling
sites are including 6 points, Donggok, Yonga, Janggok1 and 2, reservoir of dam and Ingak temple around Gunwi
Dam, Korea. The water samples were determined NO,-N using Ton Chromatography and Nitrogen (3'°N) and
Oxygen (5'30) stable isotope ratio in nitrate and isotope ratio mass spectrometry, respectively. The standard
deviation of determined standard materials is less than 0.2%o for 8N, and 0.2%o for 8'80yqyow in Water.
The origin of the supply water pollution was analyzed through the correlation between the values of 8N and
3130 in nitrate. The values indicated that these sources were originated sewage and livestock manure in the
Dam. The dominant contribution of water pollutants was calculated about 50% from Donggok location in this
study. In addition, the location of Yonga where has the small inflow rate also constantly contributed to the Dam.

Key words: Nitrogen (5'°N), Oxygen (8'%0), Water pollution sources, Stable isotope ratio, Water supply
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Fig. 1. Location and sampling sites of the study watershed. Upstream(A, B, C and D), water reservoir(E) and downstream(F).
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Table 1. 315N and 8180 of NO3- in water samples
81 N(%o)
Site Mar.16  Jun.16  July.16 Aug.16 Oct.16 Jan.17 Mar.17 Jun.17 Aug.l7 Oct.17 Avr.
A 5.1 8.1 8.6 12.1 7.6 6.5 8.0 6.2 10.0 8.0
B 15.1 44 5.0 2.8 35 3.0 17.2 7.3 6.7 7.2
C 32 142 44 4.0 24 35 -7.0 1.3 6.3 3.6
D 7.9 2.8 2.8 1.5 1.8 0.3 0.7 1.4 2.4
E 5.7 53 74 7.5 52 6.1 5.5 6.4 5.8 6.0 6.1
F 7.1 7.4 6.3 7.7 5.7 6.7 59 6.4 5.6 6.9 6.6
3'%0(%o)
Site Mar.16  Jun.16  July.16 Aug.16 Oct.16 Jan.17 Mar.17 Jun.17 Aug.17 Oct.17 Avr.
A 2.00 1.55 2.76 4.84 —-0.25 -2.30 -5.40 2.10 3.73 1.00
B 22.70 447 8.62 0.63 -3.65 1.15 4.00 3.17 241 4.83
C 0.60 21.05 1.97 0.00 -2.40 3.60 5.65 0.43 1.20 3.57
D 13.70 437 2.77 225 4.10 -2.65 4.14 4.48 4.15
E 4.00 6.65 6.10 6.60 1.05 -1.30 -0.20 5.30 7.00 4.71 3.99
F 4.50 4.90 2.56 6.11 1.80 -1.75 —-0.40 5.00 3.25 4.60 3.06
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2. Plot of the 8'°N and 630 values of NO; in study watershed. Some of values of B and C site that showed significant

differences in the others of them. (Atmospheric Nitrogen¥, Nitrate fertilizer””, Synthetic nitrogen fertilizer”, Soil

organic nitrate’”?”), Human and animal manures®)



1)1\1-}\19/]

=909 49 o) x]xu FNSF SU0E B Eo
A12] ) Ol Ao} 9 S1Ee febe
Aol PP WE Ao vehdrh (Fig 2). SR

99 FHY end-membersS TRl H|wWsHA] &%
7] w2 & AG3st ARE A7) M= BT
A AT g 7ALE J*EPF»]“D} BAA# CA
5 Sqk el o3k 9=
LAY FES WA IS
73%’— 2016 62 §'5N(15.1%0)3
20179 692] §1N(17.2%0)y “a;}ﬂl =& e v
Eifo] BAIRS A olM e edEde] 9F
£ wky Q= o= Algdr) ¥ C/‘<]X4—8— 201613
6901 §N(14.2%0)°] =& S YERIAIRE 20174
620l §N(-7.0%0)°] 22 e Yehlle Aoz &
Fal B o, CAHS A J3 sehse] o
S A R Sl A= u‘h‘ﬁ_t}. 2t o—q
e QU7 AP 91AI8HA]

sh sk Al 2 7‘T1 A7) ool 2%‘% fr

Aol thgt 217k Horm e DA 7ot 2
TN e LA 60 WS 7Fsd= wl
A & glok wEb 20179 62 CAHC] §PNgke]

Frdo] B g DAF 6'5N7 Ho} 22 212 A
A3 DRAE] A2 o];@o]._y_ AR o 2 A7t we

CARlel sleI g 719 ool =S Aoletal
F== Aok

Broadbent et al.(1980)y2 7Z2kx] E%ke] §PNZk(0.65
£2.6%0) BIZAZA] E4e] §NGH(2.73 £3.4%0)S H
) siglom oo} Hlwsle] #AE B w) £ A7
9] §5NZh(mode: 3.5 ~7.3%0; mean: 5.7%o)S H|73
AR BEF f71EoA e A4 wke] W9 WE v
EREE AAREA] EY f71E2] F3Fo]l A8
Jl AeE AsdET (Fig 3). DA WA B
Heel AR Bl Helddl T3 E ] EAlEY
ol R e HE 18T o A EF] |
ol o 7Pk Zo® dAdkEr

URFO]Z(NH, PIA AAtel (N0 )O= Akslkd o
Ao EH0004 freiE 2k 42 vl &
o ol A= 7] T AHR(0,)0lA frefe Ak A}
17leF Agtsle] datoloz sbslwEm Fikgdel §1%0
e Aol o] AE wjo] =34 thr]e] S wt

G3TH 12D Wassenaar(1995)= §'%0%ke] tf 2 AAakd
719 SRR A A HRe] JFE Y

A2 (PNRF 2 (8%0) P EAYaHE o1 8et A

149

3
1{9):
2
o
B¢

Uncultivated soil

N
e s e e

Cultivated sc

-10

A 8 c [>] [ F
8180
25 4
= L J 1
204 Nitrate fertilizer |
15
Nitrificatio

10 4

‘| i - lIl
0

-5
-10

A 8 < [} 3 F

g. 3. Box plot of the §°N and §'0 values of NO;" in the
study watershed. Box plots illustrate the 25th, 50th
and 75th percentile; the whiskers indicate the 10th
and 90th percentile; and the circles represent data
outliers. (Cultivated soil and Uncultivated soil*>,
Nitrate fertilizer and nitrification'")

Fi

i

o] o] 719s sk 2 FAAYE Al
ST B Axx9el o]l A9 §'%07 BR
I CAFe S ke AlLleta iy Fakst g4
wf; Vel (Fig 3). BSE CAIRe] S0 gho] it
v o] el VERTtiEhE 22} 15.1%00 14.2%0%
‘%E‘ﬂ/h: NgHS 2T u) o7 X1-e] §%o= §st
Mg, B 47185 TSl e mgee A4t
8 319e) GFoz Bk BAGIA T
o} AN Ee §ogle] Uehie Ae
A Yehhs S g (evaporation) F= S5 HHAME
(respiratory fractionation)el] 2|3t ZAx}2 F=4
3"Ne} §'%09] dEARNE EXE FXV‘&% A
M3} BAHY] AS Edbste] W= Ao UERG
t} (Fig. 4). B9} FAIF<] §PNg} 5%0gke] g
st BAMe] Jedz} /g Ak Ash B 9
Aololl Esh FARe] elo] 91xalel AxEel
BARS) el Eele] eht AL malh AX
g BAReE f98E 4] B 5Nst 50gt
o) sk BRI PR3} ksl dEEg A%
) dao] A AgATT BIE 5 2w, BAAe

= e

O
O

>

=z



150 A% - 74 -

25
20
15

10 3 site L1

§%0

3
oF

-10 T T T T T 1
-10 5 [ 5 10 15 20

Fig. 4. Correlation of 8'°N and §'%0 values of NO;" in this
study watershed.

7% 201637 20179 69l YERE S5 kS A9
slaze= E9F FRIFe Wakel fALHA e 2oz
BRI & 3t AR ) FEsles Aoz
2zl

e

3.2. ASUT WAEON2 42(60) QS

250

200

— £
8 £
z s 150 3
o ‘w
-3
0 A 100
5 50
-10
Marl6 Junl6 July16 Auglé Octl6 Janl? Marl? Junl? Augl? Oetl7
—e—0G —e—VYA 61 G2 —@—KWD —o—IGS =@ = Raifill
25 1 300
A s
1 " 250
A ]
R
15 (B
1] ) 200
) N
g ) 150 3
@ 54 £
(-4
100
0
-5 1 50
- -
~~ N\ Lo i
.
10 4 ]
Mar.16 Junl6é July.16 Aug.l6 Oct16 Janl7 Mar.l7 Junl7 Aug.l? Octl7
——0DG —e—YA J6L JG2 =—@=KWD =—0=—IGS =@ =Rainfall

Fig. 5. Correlation of 5N and §'30 values of NO; and
rainfall for 2016-2017.

oE - HAel - 4

¥

o b
Ir
)
I

t} (Fig. 5). EY XW7IA o2& t7]e] dis

i Hadel JulE EAs Y, Fakde] 79 el
A 2 7 W wwel vE AFe 71k 7
A eI A A9 dRe A A

E}. 2016 693 20175 6% BXVEMW Hehe =
o AL HEAA 7 20168 62 CR-OA YEk
= =2 5PNz 28] 20179 69 C2F DA A
Yehhs W §UNgEe Bl Skl 003%14
sl E7]9 2 Hd9e] FFo] A VERt Zle=E 3
SEA T 2016354 20179 7€ B 7S¢k A 7t
ode] g Aol YepA ¢k o7l AHe] §N
o} §Bogke oW 543 gom s AT B
AFATE o= A9l oall 54 Edo Fikdol iy
FOo R FYE= AR Holm Fhe-Fo] B A7
67 A3el §UNeF §"ogkel WelE EY A7IEY
§°Ne} s'%0zke] M= UElsith

s, eivEtelr S8E 739 AAkdel §Ne
31807 217} —1.5%0 ~ 0.2%02} 49.3%0 ~ 54.8%0= B3
7] w2 A kel Wb AeelA fEe A
ol 7Igar ®r)E oHTh 2y e Qs
Eol: 07]‘3 =1} _Q_Odgelo] 11)\}030] _Q_ ng z]r 7(]
el el g F dom A= Qlal &=
7t ARoZ fEE AL BEY f71E 7199 2
Aoz et 201645 2017d 62 B, C 18]

DANA Yehbe 54421 59194 3ol 93
Ol EZV*OW A 1 HER A ?ét 2L 201633} 2017

A7 'IHTOH l"“’ﬂ*ﬂ B, C :lﬂb_ DA o] JF
o] UehtA] g2 2oz A=) vk BEY f7
E o] %= BARAY CAAHC] A= ¢l 7] ] <]
YA o eH=HEol e FEe] e

ZAoll FFE LT eke A5AQ] EXR S ﬂﬂi
Wt FEE AAAATE SAEA] B Y

_4

=
9 BAES CAR9 o298 BNe



)
of¥
il
d
O
i

PIAL] LN} H2(G00) FIFAULIE o188 4] 099 2 151

Table 2. The pollutant contribution rate of the study watershed estimated based on the isotope mixing model.

%Np

Site 2016 Mar. June July Aug. Oct. 2017 Jan. Mar. June Aug. Oct. Avr.
A 27.0 0 0 0 0 5.6 0 - 9.5 0 4.7
B - 0 385 29.1 63.0 52.4 61.1 0 0 2.1 27.3
C 57.1 0 37.9 - 452 70.6 53.2 100 86.7 7.9 51.0
D - 0 63.1 - 63.5 84.1 80.2 100 97.5 85.4 71.7
E 17.5 23.8 0 0 249 11.1 20.6 6.3 16.5 12.3 13.3
F 0 0 8.7 0 17.5 2.4 14.3 6.3 19.0 0 6.8

%N,

Site 2016 Mar. June July Aug. Oct. 2017 Jan. Mar. June Aug. Oct. Avr.
A 73.0 100 100.0 100 100 94.4 100 - 90.5 100 95.3
B - 100 61.5 70.9 37.0 47.6 38.9 100 100 97.9 72.7
C 429 100 62.1 - 54.8 29.4 46.8 0 13.3 92.1 49.0
D - 100 36.9 - 36.5 15.9 19.8 0 2.5 14.6 28.3
E 82.5 76.2 100 100 75.1 88.9 79.4 93.7 83.5 87.7 86.7
F 100 100 91.3 100 82.5 97.6 85.7 93.7 81.0 100 93.2
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