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ABSTRACT

From 2021 to 2023, the water quality of agricultural groundwater in Gangwon State was investigated. pH, EC,
total nitrogen (T-N), total phosphorus (T-P), NOs-N, Cl, Na, Mg, K, and Ca were measured in April and July
every year and analyzed by land use type, season, and year. pH, EC, and T-P showed little differences
regardless of the type of land use and season. Total nitrogen was low in paddy fields compared with the other
land use type and showed greater value in July than in April, and tended to increase from 2021 to 2023. The
concentrations of Cl, Na, Mg, K, and Ca in groundwater were highest in the greenhouse fields and were
slightly greater in July than in April, but there was no clear pattern by year. Groundwater pH exceeded the
water quality standard by 10 - 20% in paddy fields, and NO;-N concentrations in groundwater exceeded by 20
- 40% in upland fields and by 10-20% in greenhouse fields. The results obtained in the study implying that
agricultural groundwater in Gangwon State was generally suitable for agricultural purpose.
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Ratio (%) of exceeded water quality standard of agricultural groundwater in Gangwon State,
Korea.

pH NOs-N Cl
(%) (%) (%)
Year
Paddy  Upland E;:Z Paddy Upland E;:Z Paddy Upland ﬁ;:z
2021 10.0 0.0 0.0 0.0 200 100 0.0 0.0 0.0
2022 20.0 0.0 0.0 0.0 400 200 0.0 0.0 0.0
2023 10.0 0.0 0.0 0.0 300 150 0.0 0.0 0.0
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Introduction
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Materials and Methods
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Table 1. Location of sampling site.

Land use Location '
Street address City
Balsan-ri, Sinbuk-eup Chuncheon-si
Hwangdun-ri, Sillim-myeon Wonju-si
Paddy . .
(n=5) Dongdeok-ri, Yeongok-myeon Gangneung-si
Geomyul-ri, Hongcheon-eup Hongcheon-gun
Hakjo-ri, Yanggu-eup Yanggu-gun
Gamjeong-ri, Dong-myeon Chuncheon-si
Hwajeon-dong Taebaek-si
Elp ia;)d Wadong-ri, Hongcheon-eup Hongcheon-gun
Jaesan-ri, Yongpyeong-myeon Pyeongchang-gun
Gwangdeok-ri, Sanae-myeon Hwacheon-gun
Sancheon-ri, Sinbuk-eup Chuncheon-si
Geondeung-ri, Munmak-eup Wonju-si
Mangsang-dong Donghae-si
Daepo-dong Sokcho-si
e .
(n=10) Yuchi-ri, Nam-myeon Hongcheon-gun
Sinil-ri, Jucheon-myeon Yeongwol-gun
Bangnim-ri, Bangnim-myeon Pyeongchang-gun
Wasu-ri, Seo-myeon Cheorwon-gun
Samil-ri, Sanae-myeon Hwacheon-gun

7] (QuAAtro39 AutoAnalyzer, SEAL Analytical, France)Z S5t} NOs-N2t Cl-2 IC (940 professional IC,
Metrohm, Switzerland)E ©]-85}] 451 TE. Na, Mg, K, Ca2 5 H-8< 4 £4 o2 9 A5 (NAS, 2006)°]
510 ICP (Integra 600, GBC SCIENTIFIC EQUIPMENT, Australia)E ¢80t =753ttt SPSS statistics
(ver. 12, USA)E ol-&sto] SAREAS ZIaslTh

Results and Discussion
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Table 2. Chemical properties of agriculture groundwater in Gangwon State according to land use type.

Land use oH EC . NO3-I:I T-N»l T-P»l cl ) Ca ) K ) Mg_1 Na )
(dSm’) (mgL’) (mgL”) (mgL’) (mgL’) (mgL’) (mgL’) (mgL’) (mgL")
Min. 59 0.20 0.1 0.2 0.00 8.1 19.8 0.5 2.5 45
Paddy ~ Max. 7.7 0.52 9.1 9.9 003  113.1 414 5.5 12.0 38.0
(n=30) Mean 6.5 0.26 4.7 53 0.01 22.9 28.6 1.8 52 14.5
SE! 0.1 0.01 0.5 0.6 0.00 3.7 1.2 0.2 0.4 1.4
Min. 6.3 0.12 1.1 1.3 0.00 1.8 10.2 0.2 2.6 1.4
Upland Max. 7.7 0.49 332 35.8 0.03 335 67.7 7.7 16.9 16.4
(n=30) Mean 6.9 0.34 12.8 14.4 0.01 10.1 43.9 2.0 93 8.5
SE 0.1 0.02 1.9 2.1 0.00 1.8 33 0.3 0.9 0.9
Min. 6.0 0.07 0.0 0.0 0.00 6.7 5.6 0.6 1.0 2.5
hG;Z:: Max. 8.0 0.75 60.8 61.8 007 1232 118.1 72 27.8 46.6
(n—60) Mean 6.9 0.38 10.0 10.9 0.01 32.4 45.7 2.7 8.8 14.1
SE 0.1 0.03 13 1.4 0.00 4.1 3.7 0.2 0.8 1.4

'SE, standard error.

ST T-P2 E4] o8- Gl 43101 0.01 mg L' = il W2 s 2 ZARBO M Jang etal. (2011)2 °1& F
7173 Qlo] A&t @ o) sohA Bkl S2t=7] wliZelet shAFIet. Cl, Ca, K2 AVAENZ| oA 7P =8ES
™ o= A1 Ujof| A ZH2-& FoF4 © & AJHf| (Lee et al., 2012)5F1 Az APAHEERS 1=0]7] Q5] H|2E TrlsHA ARE
(Lee etal., 2023)5k2! = -2t 54 B/l 7191 A 0 & ettt Mg 'oflA], Na2 =ollA 7F =2 4=
A5 Bl ot AdA R 2 2 2o 7} gISIE

A7 +3 g A U8 Aekro] AEE 4 A2 Table 33 2. 247191 493} <7190
749] Wt pHE 6.82 FUFCE ECE=49 033 dSm™, 7€ 0.35 dS m™' 2 0.02 dS m™ 715121} Ayers and
Westcot (1985)+= EC 5&710.7 dS m™ o[otH 220l Jafo] glrtal Harsteiet. T-P= Aol 4dgleo] 0.01
mg L' 2 o 2 5215 Bk T-N, NOs-N, Cl, Ca, K, Mg, Na & 735-2 49 H ot 790l A2 5ok A

Table 3. Chemical properties of agriculture groundwater in Gangwon State in April and July.

Land use o EC . NOg-I_\ll T-N_1 T-P_1 Cl } Ca . K . Mg_1 Na .
(dSm’) (mgL”) (mgL’) (mgL”) (mgL’) (mgL’) (mgL") (mgL’) (mgL’)
Min. 5.9 0.07 0.0 0.0 0.00 22 5.6 0.5 1.0 1.8
April  Max. 7.8 0.73 332 33.6 0.06 107.5  118.1 6.2 27.8 44.1
(n=60) Mean 6.8 0.33 8.7 9.5 0.01 24.0 40.1 1.9 7.7 12.6
SE! 0.1 0.02 1.1 0.2 0.00 3.3 3.1 0.2 0.7 1.1
Min. 5.9 0.14 0.0 0.1 0.00 1.8 12.9 0.2 2.6 1.4
July Max. 8.0 0.75 60.7 61.8 0.07 1232 118.1 7.7 27.8 46.6
(n=60) Mean 6.8 0.35 10.1 11.2 0.01 24.8 41.9 2.7 8.4 13.1
SE 0.1 0.02 1.3 1.4 0.00 3.6 3.0 0.2 0.7 12

'SE, standard error.
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HA}. o]= 2000135 200413712] &] AVAR)A] 2|51 NOs-N =74 dH T 79 = 1090l =30the 2
¥} (Kim et al., 2008)2} AR ks HSth EC= Mg, Na 52] ol =2 o] AJHEAIE Helvk= 2}
(Kim et al., 2005; Kim et al., 2008) 2 0| F0] & wjj Qfo]2 5 F7}2 Q5] EC 371t 7 0 &2 A7 | o]= -5

7] B ARE-O] STt WhE o s ST
A= 4 P2 Table 49 Lk, Ao Jagle] pH T-P= HISRE 215 BT K-22021'9 2.89 mg L
A 2022 1.9 mg L2 2F 1 mg L' A& 7443212023 2.09 mg L' 2 AZ 71519t EC, NOs-N, T-N,
Ca Mg, Na2 1ll\d Z75k= FAIE Kol 283t Bl& ARgo] Hasirhal A7k

Table 4. Chemical properties of agriculture groundwater in Gangwon State from 2021 to 2023.

Year ol Ec_1 NO;-I:I T-N_1 T-P_1 Cl } Ca . K . Mg_1 Na .
(dSm’) (mgL’) (mgl’) (mgL’) (mgL’) (mgL’) (mgL’) (mglL’) (mgL")
Min. 5.9 0.12 0.0 0.0 0.00 2.0 10.2 0.6 2.6 1.8
2021 Max. 8.0 0.72 252 30.1 0.07 98.8 1119 72 24.1 425
(n=40) Mean 6.8 0.33 8.2 9.7 0.01 222 39.7 2.9 74 11.9
SE! 0.1 0.02 1.1 1.3 0.00 3.9 34 0.3 0.7 1.3
Min. 5.9 0.07 0.0 0.1 0.00 22 5.6 0.2 1.3 1.4
2022 Max. 8.0 0.73 324 33.6 0.05 1157 1165 6.5 27.8 443
(n=40) Mean 6.8 0.34 9.8 10.7 0.01 27.4 412 2.0 8.4 12.9
SE 0.1 0.03 1.4 1.5 0.00 4.8 3.7 0.2 0.8 1.5
Min. 5.9 0.08 0.0 0.1 0.00 1.8 5.6 0.5 1.0 1.9
2023 Max. 7.9 0.75 60.7 61.8 0.07 1232  118.1 7.7 26.1 46.6
(n=40) Mean 6.8 0.35 10.1 10.7 0.01 23.6 42.0 2.1 8.4 13.6
SE 0.1 0.03 1.9 2.0 0.00 3.9 4.1 0.3 0.9 1.5

'SE, standard error.

e SEI|IE =g AFEA Y Aok9] 202135 2023 @712 87| 23082 Table 59 2t =9
pH+ 10 - 20%9] a5 H3Arh 23 213 5 9 2142 vl pH 5.9= 7155291 pH 6.0 ©[5ke] 2] & H et &
T APl = B 7122 o] =215 Bof 59840 A6ttt NOs-N2| 739 =of|4] 7]22] (20 mg L' ©]
ShE 2Rt 2192 QIATH 220 - 40%, AVEAEIR= 10 - 20% F =] Ziba-s Bt vid 5d7t 2]<
712215 235710l i 2| el ohgh Helrh as Ao A7t Clie Akt A Hof Adatglo] k.
(250 mg L' oJ5h) W] $215 Hof 5824 Aoteiaich

Table 5. Ratio (%) of exceeded water quality standard of agricultural groundwater for irrigation.

oH NOyN Cl
(%) (%) (%)
Year Paddy Upland Green Paddy Upland Green Paddy Upland Green
(n=10) (n=10) ouse (h=10) (=10 Pouse (=10) (n=10) Pouse
(n=20) (n = 20) (n=20)
2021 10.0 0.0 0.0 0.0 20.0 10.0 0.0 0.0 0.0
2022 20.0 0.0 0.0 0.0 40.0 20.0 0.0 0.0 0.0

2023 10.0 0.0 0.0 0.0 30.0 15.0 0.0 0.0 0.0
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Conclusions
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