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Nitrate Contamination of Confined Groundwaters: Application of Nitrogen,
Oxygen, and Hydrogen Isotopes
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The origin of nitrate in confined groundwater was studied using oxygen (8180), hydrogen (D),
and nitrogen (815N) stable isotopes, along with chemical data of NO3-N. We analyzed groundwaters
from more than sixty manufactories producing natural mineral waters around the country During
the period of 1998-2001, an average value of nitrate was fairly low (095 mg/l), however,
groundwaters from six sites showed more than 2 mg/l of nitrate. The stable isctope data of the
groundwaters are -83~-11 % 080, -60~-75 % 08D, which lies in an average range of the
groundwaters. The nitrogen isotope data with -11.8~-51% 815N suggest that manure, organic
nitrate, and fertilizers can not be the origin of nitrate in the goundwaters.
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Table 1. Average concentrations of NO3-N in natural mineral waters in Korea during the period of
1998-2001.

sampling period concentration (mg/1) sampling number
1998. 2. 16. - 7. 23. 0.86 A
1999. 1. 11. - 6. 17. 0.98 61
1999. 6. 2. - 10. 28 1.20 55
2000. 2. 10. - 6. 14. 0.82 59
2000. 7. 5. - 11. 3. 0.90 61
2001. 2. 7. - 5. 10. 0.95 59
2001. 8. 1. - 10. 15. 0.97 58

Table 2. Sampling information and UTM coordinates of groundwaters for the present study.

UrM UTM well  casing depth

sample X (Y)  depth(m) (m) Geology Remarks

20151 433970 4185402  109.8 5.7 Precambrian gneiss Bangnae-ri, Hongcheon-gun, Gangwon
20571 321492 3989272 487 17.3 Daebo granite Seongnam-ri, Iksan city, Jeonbuk

20361 376063 4064383 % 13 Daebo granite Chojeong-ri, Cheongwon—-gun, Chungbuk
20041 353151 4176269 200 481 Precambrian gneiss Ipseok-ri, Namyangju-gun, Gyeonggi
20071 345028 4194723 140 40 Daebo granite Yeongok-ri, Pocheon—gun, Gyeonggi

20241 315427 4072390 no data no data Precambrian gneiss Eupnae-ri, Ahsan city, Chungnam
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Table 3. Physicochemical

s 4E A

&) O
7‘]5\_%“7;—

properties of groundwaters (unit: mg/l.

sample K Na Ca Mg SiO2 F Cl 804 NO3- HCO3 EC pH Temp. water type ha  sampling
N % (mm/cm) e rdness  date
20151 230 462 1280 1.86 1020 024 48 1320 433 305 1582 725 165 93-07-08
226 400 1190 181 89 011 535 11.80 537 153 735 756 66 Ca-Na-HCO3-504 371 99-03-17
- - - - - 006 - - 839 122 1363 630 186 99-08-26
195 234 634 109 78 004 300 758 300 153 1178 771 103 Ca-HCO3-S04 203 00-04-20
- - - - - 007 - - 6.68 137 1360 760 110 00-11-01
241 292 877 166 815 017 434 977 268 122 06 733 103 01-04-25
- - - - - 042 899 1835 929 153 1330 707 150 01-09-26
20571 060 1250 1120 136 2970 026 7.16 648 368 793 1300 608 1b4 93-03-10
057 1170 1070 126 2420 022 597 544 347 397 1128 624 143 Ca-Na~-HCO3 319 99-04-13
- - - - - 027 - - 452 458 129.1 626 158 99-09-29
060 1280 1130 145 2950 024 761 687 499 397 1562 704 155 Ca-Na-HCO3 342 00-04-11
- - - - - 0271 - - 501 366 1640 627 156 00-08-29
058 1330 1190 155 3050 029 733 783 491 427 1380 683 163 01-05-02
- - - - - 052 564 514 217 458 94.3 631 170 01-09-12
20361 090 1030 1990 395 3080 035 505 1330 169 976 1450 626 144 9_-03-18
092 1020 2000 3.81 3420 032 552 1470 232 732 1846 609 145 Ca-Na-HCO3 666 99-03-12
- - - - - 026 - - 921 702 1614 659 144 9-10-20
083 940 17.70 343 31.80 030 426 1250 167 717 1586 705 144 Ca-Na-HCO3 5383  00-04-07
- - - - - 029 - - 216 625 18.0 627 142 00-08-22
080 894 1540 300 2280 039 363 1044 184 641 153.0 6656 137 01-02-09
- - - - - 047 374 1042 134 702 1546 675 143 01-08-16
20041 1.04 442 758 124 1540 008 227 638 203 427 78.7 6.85 - 98-07-10
101 421 631 107 1710 011 243 477 264 214 704 649 124 Ca-Na-HCO3 201 99-01-12
- - - - - 014 - - 224 397 925 6.84 130 99-08-31
097 427 700 098 1700 008 248 624 261 214 71.2 686 125 Ca-Na-HCO3-SO4 215 00-03-03
- - - - - 007 - - 205 229 0.0 650 142 00-10-25
093 424 667 104 1240 037 274 520 304 214 80.3 6.77 122 01-03-23
- - - - - 104 297 825 211 275 83.4 566 126 01-08-17
20071 101 58 1420 171 1370 011 383 1130 211 488 1245 712 - 98-07-10
071 569 1210 129 1450 027 459 671 225 473 1235 706 117 Ca-Na-HCO3 353 99-01-14
- - - - - 016 - - 1.78  42.7 1046 695 169 99-09-03
075 571 1360 133 1580 014 541 657 225 366 1082 738 122 Ca-Na-HCO3 394  00-03-03
- - - - - 012 - - 228 412 1090 6.9 150 00-11-02
075 624 1320 144 1430 021 497 666 240 427 1106 718 115 01-04-22
- - - - - 019 328 801 206 427 99.3 594 157 01-08-28
20241 1.37 1150 21.30 428 2950 0.16 746 548 181 1040 2470 753 164 93-06-30
142 1300 2550 553 29.70 037 876 944 279 1007 1863 671 146 Ca-Na-Mg-HCO3 864 99-05-13
- - - - - 015 - - 286 1068 2180 6383 160 99-10-15
1.38 1390 2440 453 3310 018 729 925 000 732 2160 69 136 Ca-Na-HCO3 795 00-02-16
1.31 1350 2600 510 2460 031 832 903 255 976 2380 681 149 01-03-21
- - - - - 016 869 1270 230 1342 2490 641 149 01-08-14

* mg/l as CaCO3
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Table 4. Average of NO3-N concentrations and nitrogen isotope values of groundwaters and

surface water in studied sites.

Average NO3-N

sample water type NO3-N(mg/1) d 15N % concentration (mg/1)
2001. 11. 2001, 11. during the period of
1998 - 2001

20151 surface water — -104 —
groundwater 2.68 -86 5.68
20571 groundwater 491 -11.8 411
20241 groundwater 2.55 =72 2.05
20041 groundwater 3.04 -51 249

Table 5. Oxygen stable isotopes of groundwaters

during the period of 1999~2001.
8180%0 oD %o
samplme
1999 2000 2001 [1999 2000 2001
20151 | -104 -111 -114|-70 -74 -82
20071 -84 -85 -821-71 -59 -H7
20361 -91 -90 -62 61
20041 -103 -104 -67 75
20071 -95 -99 -69 69
20241 | 86 -60
A< 10mg/1E 23ebxl: G, Hedge
A Fde wHIed HeAFD o A9
A Aol EAZL ol Aow Ak
ZH, AAA L0 BEHARE AR 201519
257mg/l, A& 20571 1.06mg/l, A& 203612
281mg/l, A& 200412 037mg/l, A& 20071

020mg/l, 28] AlZ 202412 1.07mg/lejwt. o]
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o] thated 1999dRE 3d <k wd 134 UA
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Yok N ;S Abol 2] 8180 e Aol
Nz 203618 ALshn, axBd [AG A9
o kA2 JebATH(Table 6, Table 7). °f¥
g 949} A ES 7 6180 Aol el BAL A
2 e P s dFs F2 sioh st
A| W Aelzk wg A2 HPAE A
=49 Astpete] fEld A7 I As
A A g} 284 9(1999)e) whaw, 7070 HeA
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Hen AEel U USPES 2R Aol

300m olWeld, o 200m =g ZE A5
47} A B Aem dhepdeh wd, FA43el

AolAl Alx: dhEE 50m Welx, dRE 10
0~200melct. A stpgel Almut AlelAo] A=
of W w49 o] HlAME FF AT
7} o3k AlA et
EHAEQR A0 FatX EA
A2F 9949 34 542 Clark and Fritz
(1997), Hoefs(1997), Kendall and Aravena(2000)
Zo)) 93l AARNCE FARA v ok AGA
A AsolAE UL 14ANZ 16N F F57/7)
2z, A43EEe AspE +5(NO3)
-3(NHA) 2.2 & W E k=3 7] el &
=94 ¢ Wl v I 97 F A
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Table 6. Hydrogen and oxygen stable isotopes
of surface waters sampled around production
wells during the period of 1999~2001.

8180 %o 8D %o
1999 2000 2001|1999 2000 2001

20151 | -104 -111 -114| -70 -7 -82

sample

20571

20361 | -106 57 -71 48

20041 -10.0 -10.8 -67 -80
20071 -96 —-69
202414 -10.1 -98| -1 -7

A7 A, Ak, $AFAUE S

piA

Table 7. Differences of oxygen stable isotopes
of between  groundwater and surface waler

during the period of 1999~2001.
8180gw~6180sw %o
Site (groundwater—-surface water)
1999 2000 2001
Geongook 0.03 0.01 0.04
Jeongsan
Ilhwa 1.50 3.30
Sansoo 0.30 0.40
Pocheon 0.11
Haksan 153

note! gw = grounwater;, sw = surface water

Zre wolm, dy] F 15N &2 0.3663%
ojt}. AdolA] 15N Frxi %E Z7]shsd,
H7)19) A4S 2FEABIGNAIRr = %)= oin
ato] o}z o] -3l

( 15N/14N )SAMPLE
815N(%y) = { [ - 17 ) x 1000

( 15N/14N HAIR
A4g I3 AQEAe] 815N 2 -20~+30

Welg = A4l Esl(Heaton et al, 1983;
Kendall and Aravena, 2000). dntHoz )79
NO3¢h NH42] 815N k2 -15~+15%2 #& 7}
AW, 74 A4 Freko] vol 2t2 7} WA 4
t}. Heaton(1986)2 7+$-2] 815N7F 7P &
ol AAA W2 B s v gle dubge
2 WEE AMEstE N99 A)8H9] 815NZ2
+2~+6%2 A AAu|aro o} AAE 0~
+10%2A T8l v You(Bohlke, 2002), 7}&
2ol AHLEFIENE  +10~+25%H ¢ o] HFogg
et al, 1998). =& W25 AME-3A] o+ Eokf
714 BE2) A 515NE +2~+6Y(Kreitler and
Jones, 1975; Heaton, 1986; Fogg et al, 1998)¢]
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& g o]So) AArGoz HelHe] me} 2 Clark and Fritz (1997).
A BIE REN SN gasel g 0 e 09900 dom, Gomy
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=217 = 2 = = e e -
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