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Nitrate Contamination of Alluvial Groundwaters in the Keum River
Watershed Area: Source and Behaviors of Nitrate, and Suggestion to
Secure Water Supply
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Alluviums in the Keum River watershed cover an areal extent of 3,029 km® and contain about
8.1 billion tons of groundwater. However, the waters are severely polluted by nitrate, possibly due
to the application of nitrogen fertilizer (>250 N kg/ha) on agricultural land. This paper aims to
elucidate the pollution status and behaviors of nitrate in alluvial groundwaters in the Keum River
watershed area, based on regional hydrogeochemical study. Most of the collected samples (n = 186)
are polluted by nitrate (average = 42.2 mg/L, maximum = 295 mg/L). About 29% of the samples
have the nitrate concentrations exceeding Korean Drinking Water Standard (44 mg/L NQOs).

The distribution of nitrate concentrations in the study area is largely dependant on geochemical
environments of alluvial aquifers. In particular, the decrease of redox potential of alluvial
groundwaters showed a good correlation with the decreases of nitrate, iron, and manganese
concentrations. Thus, the change of redox state in alluvial aquifers, likely reflecting their
sedimentary environments, controls both the behavior and fate of nitrogen compounds and their
natural attenuation (denitrification) in aquifers. A carbon-rich, silty layer within alluvium strata
forms a reducing condition and possesses a buffering capacity on nitrate pollution.

Key Words : Keum River watershed, alluvial groundwaters, hydrogeochemistry, nitrate pollution,
denitrification and natural attenuation, agricultural activities, fertilizer
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Fig. 1. Location of the study areas in Keum River
watershed.
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Fig. 2. Diagrams showing the status of the production and use of fertilizers in Korea (Source:
MOAF, 2001). (A) Annual production of varicus fertilizers in 2000; (B) Calculated annual
production rate of nitrogen, phosphate, and potash as the forms of various fertilizers; and (C)
Annual application rates of N-fertilizers in 1994 to 2000; (D) Calculated amount of the use of

N-fertilizers in 2000.
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Table 1. Summary of the characteristics of study areas in the Keum River watershed
No.  Study  Sampling Well depth Groundwater Crop Aquifer Number ~ Average Range of
area time (m) level pattern’ material of  NOy contents NOy contents
(m) samples  (mg/L) (mg/L)
1 Booyeo® 92001 123-160  10-91  vegetable, fruit, rice sand, silt, gravel 8 12 02-58
2 Booyeo® 901 74-B4  31-72  vegetable, fruit, rice sand, silt, gravel 31 68 0124
3 Booyeo 6/2002 vegetable, fruit, rice 3l 74 12269
4 Cheonan’ 10/2001 rice, vegetable  gravel, sand, st 19 20 1071
5 Cheonan 42002 rice, vegetable 2 6 05—30
6 Cheongwon! 92001 47-415 12126  vegetable, rice, fruit 11 2 0163
7 Cheongwon  10/2001 vegetable, rice, fruit  sand, silt, gravel 18 3 30—123
8 Cheongwon  7/2002 vegetable, rice, fruit % £ 12127
9 Susan® 102000 25-321 1047 rice, vegetable gravel, sand 16 4 07—-2%
11 Nonsan' 9/2001 rice 2 14 %252
12 Cheong-Ju* 972001 rice 4 8 02—19
® Jeongdong & Jawang-Ri, Booyeo-Eup, * Kunsoo-Ri, Booyeo-Eup,
¢ Pungse-Ri, Pungse-Myeon, * Osong-Ri, Kangwoi-Myeon
* Eungpyeong-Ri, Haemi-Eup, © Gaecheok-Ri, Seongdong-Myeon, ¢ Jibuk-dong, Sangdang-Ku
" In the order of decreasing proportion
Sl A Az AEHE HEE & B[O E EA d=H3 JTHMOAF, 2001). gH, =
oldqld, o] F & 1507 B ool vdEF Al AzZF AEEE A4 vEe AdY FoFE
Z2HE Bt g5 2vEHI Uy A4t & B, 9 5PEFo] &3 397 79 Ao
He vEs di, A4 7 el &= of F3Fe 70%7F FAHEZ  JrHFig. 2D). whet
E-3] & (complexed fertilizer)®} £ 4 (urea), ¥ A, F98Fol e FHE EX A9 A3
¢Hammonium sulphate), #4712 (potassium Fol AAY o@e Ygogr ARY Aoz 4
sulphate), &4 ¢18](fused phosphate) $9¢] 3 gt
gl g, & ik 50% ol el Ax A
Boz o]%o|x UTHFig. 2 A and B). @, AlZ A 2 2o dh
T @i HEe] ¥¥FE HP 166 N kg/ha
o2 A= (MOAF, 2001), o1& |32 A4t 2 d7E §lste] 2000 993 20024 6€0l
4 4ol FARXEL e AFYE Ik AX Zzk g7 A9 $A3F Asry FERTIE
Zof gHE ofolti(Sunkel, 1979; Hippe, 1984; FALE FYATE I R AAE gL
Ringe et al, 1992; Wein-garten et al, 1995). 90 3<% Astse] /A JbsAol adX 37 A
Al o]& I AAA vse FEFE 409 o e 34 g3 5498 dixdg + s A
oo oj2&=ul(Fig. 2C), o1& vld Y A4kl o2 #okd F 67 AG(Fo, Mk, Y, HF
AH|E= 2 vgE(I500 B) & Fg odlg 48 =4 A4 AY; Fig Dolth 2t A7 A E
(N, P, K9 <@ &) 95 3#sH oF 50% ZF 1649 3% Aste ARE AFsAL 4
ool dFete Folth B3], 84 ©Yo) £F A9 FHF B4, 592F B4, ¥4 3%
g 9% A9l A $2& Auae o 2] % A% AEY TR 5 Table 19 Feisle]
E daA s 43 99T 250 N kghaz U0 AFH O 342 AX2REY A=)
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Fig. 3. Distribution of nitrate concentrations in
alluvial groundwaters from the Keum River
watershed area.
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a1 _‘N

743 As n#

Summary of nitrate concentrations as (NOs-N) in alluvial groundwaters from the Keum

Area Proportions exceeding Korean water quality standards
Drinking water (10 ppm) Irrigation groundwater (20 ppm)
Booyeo 2/68 (45% ) 1962 ( 31% )
Cheonan 2/40 ( 5% ) -
Cheongwon 1554 (28%) 5/54 ( 9%)
Seosan 5/18 ( 28% ) 5/18 (17%)
Total (N=180) 52/180 ( 29% ) 27/180 ( 15% )
TE|X|FEE 7 2 AaA vge dFe, w13 FAdY v=
w4 49 4% A 4 8L At b ¥& AEL #<¢Hammonium  sulphate)o]
7] 3l mloln tholojaWe =AISYtHEg. 4). 7 (potassium  sulphate) B89 QL v
Astre 4 3L Ca-HCO: FIZRE Fote Aoz AdHE
Ca-SOs-CI(NQ3) fr@el| o|27]7}A] wj- vheFs}
A ®Esith. £3], Fo ol x4 ZAo] ol A|ZFA HiSH st
Ca-Mg9l B%=7F & JeolA & Wiyt ¢4 U3 #ANA 2001 F T 2002 $-7]9
FE AeE F B Algdd dstd Add v =
A o] AIZHH Wzt AFEFE nE3tAcHFig. 5. 3870
A‘}A AN 7 5 ANEE AYstae FHE FANd
AAA TEE 20029 AHAZ] Foll T4 Agg o
LN/ ERidch 2001-2002d8 7RG S A8E
A‘A’AVAVA Aw e, 2001d 997 109ele 49 @l A
W VAVAVAY S o s SRA, 00y 683 THAE S
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Fig. 4. Ig.i;:rs diagram showin;m;he general A, 20020 7] S Adas sE Fohe
hydrochemistry of alluvial groundwaters from the A @ 2R #del 9ee ¢ Aok
Keum River watershed area. =, 297 SokshE AR(EDA S48 2dE
, A(FE H3)REEHe] A §"o| F71517]
ghogol2e £4E CINOy)-S0: He2 M2k wioz Azbgc). o)} o] Bxslorie =
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Fig. 5. (A). Monthly precipitation(mm) in the Cheongju area; (B and C). Temporal variations of nitrate
concentrations in alluvial groundwater samples from the Booyeo arealin B) and Cheongwon area(in C).
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Fig. 6. Distribution of measured Eh values(mV)
of alluvial groundwaters from the Keum River
watershed area. An Ag/AgCl electrode was used
for measurements.
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Fig. 8. Diagrams showing the concentration variations of some chemical species in relation
to nitrification/denitrification reactions.
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