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ABSTRACT

We investigated 52 livestock farming complexes in Gyeong-Gi and Incheon provinces based on low, medium,
and high livestock density and groundwater quality. The objective of this study was to evaluate a relationship
between nitrate N concentration in groundwater and animal factors, such as livestock density and animal species.
2,200 groundwater samples for 3 years from 2012 to 2014 at Gyeong-Gi and Incheon provinces were collected
and analyzed for pH, EC, DO, ORP, temperature, major anions and cations, such as NOs-N, HCO5', POy, SO4Z,
CI, NH4-N, K, Na", Ca**, Mg®", T-N, and TOC. Average concentration of total N for generated load density
was 23,973 g day™' km™ for cattle, 51,551 g day™ km™ for pig, and 52,100 g day™' km™ for poultry. For animal
feeding species, average ratio for generated load over discharge load was 16.1% for cattle, 7.8% for pig, and
7.1% for poultry. Therefore, cattle feeding region is highly vulnerable for water pollution compared to pig and
poultry feeding areas. The concentrations of chloride, nitrate, and total N in the groundwater samples were
higher at high animal farming regions than other regions. The average concentration of nitrate, and chloride in
groundwater samples was 5.0 mg L™, 16.6 mg L' for low livestock density, 6.9 mg L™, 17.7 mg L™ for medium
livestock density and 7.6 mg L™, 22.7 mg L' for high livestock density and total nitrogen (T-N) was 7.7 mg
L™ for low livestock density, 9.4 mg L™ for medium livestock density, 10.7 mg L™ for high livestock density.
In conclusion, based on this research, for managing groundwater quality near livestock farming regions,
Ca-(CIHNOs) group from the Piper diagram is more efficient than using 19 factors for water quality standard.
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Introduction
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B =9t} (Jeon et al., 2011; Ki et al., 2013; Kim et al., 2008; Kim and Woo, 2003; NIER, 2016; Park, 2014; Woo
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2.1~3.0 mg L5012 A]514=0] HAHg A4 5%1=8.27~8.75 mg L0 2 A[54=0] Wt AL A w57}
2350 Aatd A s ok oF 287 FE =81 (Kim et al., 2005).
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al., 1998; Jeon et al., 2011; Kim et al., 2015; Koh et al., 2010).
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Table 1. Distribution of pollution sources of monitoring agro-livestock farming areas.

Administrative area Livestock - Area
Cattle Deer Poultry Pig
head km? ------

Anseong 9,990 0 53,000 2,213 97.1
Ganghwa 2,709 0 61 1,920 194

Gwangju 46 5 5,130 0 28

Gapyeong - Pocheon 214 0 30,000 0 32
Gimpo 21 0 315,000 15,000 38.2
Hwaseong 622 0 0 17,000 169.8
Namyangju 105 5 7,101 0 823
Pyeongtaek 26 0 50,000 0 152.4
Yongin (Cheoin-gu) 30 3 22 1,150 149.9
Yeoju 295 0 490,000 0 136.1
Yangpyeong 1,219 0 29,000 0 1344
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Table 2. Livestock excretions including waste water and waste solid per domesticated farm animals.

Cattle .
Dairy Native Deer Dog Horse Pig Poultry
g head™ day™
Total 556 528 10 18 259 109 5.2
BOD  Wastewater 117 67 3 4 30 32 0.0
Waste-Solid 439 461 7 14 229 77 5.2
Total 161.8 116.8 5.8 8.4 77.6 27.7 1.1
T-N Wastewater 63.5 40.0 4.2 5.4 26.7 14.9 0.0
Waste- Solid 98.3 76.8 1.6 3.0 50.9 12.8 1.1
Total 56.7 36.1 0.9 1.6 24.0 12.2 0.4
T-P Wastewater 10.7 35 0.2 0.3 2.3 33 0.0
Waste-Solid 46.0 32.6 0.7 1.3 21.7 8.9 0.4

AEE AR5 (kg day”) = (HUSPRBALTN YT — DRBTARY + A AT

o
+ SIEpAIeHE R ET) « 3 uhE) (Eq.2)
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Results and Discussion
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Fig. 1. Location of the study areas, (a) Average contamination of generated load for total nitrate, (b) Classification of
generated load density.
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H B2 S SRS A AV} A AR A Bt 42,193 kg day !, 9= 187~459,725 kg day™!, A AR
o 347 72,082 kg day ™', Hh=14~183,332 kg day™, 7Ha AFSA1S Bt 16,892 kg day ™', H9R=9~44,755 kg day™
o, TR sk T H-&-2 4 80.4%, T4 54.2%, 712 51.1%2 EX] SR 92| S A8l 2]
oA D53l =R U EXFHS-2 A5 ARSShe A 9o] 7P 4l HiR]9t 72 AR A9 vt <
O 2 SRIFQ) o= tiftil= 7152 AMsohe S4Fs7 P HEARSEEl tiste] fgtelu o]f 5o i o2
71E Aol Wl At S4Fs 7ol e A A e 82 71 S & Aatshs 50 A 02 H7ES A
She 7 4 w7 EE T A 7ol AR {715 9] oA elHleo] 2 At 1015t AtE Tk

Ilof—’.*—% Y S5 +F HE A A5E dVde = AR 20159 Aok d S 921 6,900
| 2-8AI5krollA 13.0%, Hl-8-A[5krollA] 7.4% % 8 H = -2 8.8%, T8
6.3%, & %%5 1% 235 7 © 2 B 7% It (NIER, 2016). 77| - 21 #]22] 2,20071] X]ﬁ}TA]fl— |rHa
28 8147Y, 548 907H, 41,1707}, ‘528 12671 o|H, ZF S’ 7|E2 9 2 2-8 31671 (38.8%), Bl
& 7370 (5.3%) &= ZRIE]o] 7] 9 12 FAAA] 9] J-82[6l 7k go] =9 3-8A5l 715 20k
Hoh e wA =9k} Zaby 9 2 2@t Zo b 19371 (23.7%), AAM A4 15471 (18.9%) Al =7} 7154
_;_J—q.s].o:l 7 H]_‘:ng_}: 687H (4_9%) A]§7]- xu]-/H 11/\ 7]_,_1] = }_J,]_o]. U:] 2 2007H /K]EQ] 70/4—/(-1115:&
450 2 Al A EHE-10 mg L9 550] 1,6817H, 10~20 mg L™ 2] L= 40471, 20~40 mg L' 2] H <]
ol 1057, 40 mg L& Z3toh= Al 57 10702 B4 E|o] BtV AR 5 23.6%2] Al=7t2-8402] Aabdd s
587 = 2oke A 08 et
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LR Ik (Fig. 3). 5270 A|9& A= 72t 2t @ 5t il R 219 2429 5 1770 219 (70.8%)°], &
AE5HE WA 1370 A1 5570 A1 (38.5%), A HA 1529 5571 A1 (33.3%) 114 Ca-(CIHNOs)-FH .= LE}
L} @ ¢l 5t 11 iy 299] AJslapollA] {1914 FREo R QIgh @
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F7H AP RSt A A 5 Na-Cl 738 2% 25 2[Ho] gle Ao &2 et ARV 2| - victet
AR ZARA] o] toliA &= 2|92 0 2 4 F= o] ke B8 & 4 e A 9o] &S gRlskail.
7Aool HiEE ¢ Qe T8 LEEAEE YUYW Ha, AV 4, daol Fol /LA, Aol
Holl tigt YA E = Aol 2 UEF o2 5ol QLo on] x| o= FE47t =7 vehte stst
= A2 A2 it o] =8 e HEE® YERITH (Hyeon, 2011). ol252] Habs =g HH YoM A4
LA, % 1A o140.010mg L, 0.005 mg L, 0.003 mg L' © 2 BAEQ] 0 WFEF 0] 22 7171145 mg
L', 14.1mgL", 17.4mg L, Z40]28265mg L, 269 mg L, 248 mg L' 02, ZHFo| L2 A, Z 71 17kl A]
25mg L, 19mg L, 23 mg L' 02, ot IHlEolR25.0mg L', 6.8 mg L, 6.1 mg L' .2 2 LYElSITEH (Fig. 4).
THAO) IR SFES 2 WA o] Bt 7.7 mg L, T AR Bt 9.4 mg L, 1 WHYA S Bt 10.7
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WA 127 mg L', T EHAY 134 mg L' 02 BALEQIcE 58 9ol 2h= (K, Ca*', Mg”")-2 A Hs1Y
Lof| mhE Axbgdo] Tk 2] ghghot gHitol 22 A efRt 3ol (Cl, NOy) g8 4 -2 W7 =2 A1
o

5 Gatgto] ot -reldel dae & 4 Atk
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NSEZ0| U2 23 S8 T8 AR 2% (& 52, 7FER)ol uhe 24 o8 B Aek: 53 Faks o)

olmtolo| 1l o 2 ShAF At (Fig. 5) B F5E Aok 44 Ao A Ca-(CI+NO;) 18 Ca-HCO5- 5]
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SOl WAL Lot 4-0F |25 ARSShe 2190 B 4 33219 5 1771 A9 (51.5%)°], =21 1070 219 Z-7
7N A< (70 0%)0] Ca-(CIHNO3)-3F 0 2 7} AR A 2] A2 77] 2 27 A< (28.6%)°l1A] Ca-(CI+NO;)-5-3
O] A5l R Tk

7\]5P—/F°ﬂ% ThRE ol (Na', K', Mg™', Ca®") 20| (CI', SO,”, NOy, HCO;™)°] ZEH=|o] gli=d] o]=]gt
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Fig. 5. Piper diagram based on cattle, poultry, and pig feeding areas
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et 9, Aatol 22 skt 2 o] FollA 71915k, ol 22 ti715e] oAt f7 1= 9] &afel
A e 4= ATk (Park et al., 2015).
QAP 5 Aol o] k5 AR At ot U o] A4 Pibs s A ARSA] 904 0.006 mg L,
2] AReA] el A1 0.003 mg L, 7}1 AR HoflA] 0.014 mg L = A= e} 29 2 E ARsshe AT
7FaRE AROhRE 2199 R U obg HA Fhe st A Uehar Lot T s e vt o toh Fik g ol ofgh A5
291 FeFo 2 Fitlsly| of Pk
Bt HEFOl22 A5 A= A1 9ollA] 17.1 mg L, 2] ARSAIOlA] 13.6 mg L, 7Fa/ ARSA <olA
141 mg L, Bt 2ol 4275 mg L, F1A] 22,5 mg L, 7155 24.2 mg L'0]| oW Bt A AAhe= 4
73mg L, 5% 6.5 mg L™, 7k 5.4 mg L 0] 3k, Jﬁ%EMJ ZFARS A 9 B4 AT 410,04 mg L, FA]
9.08 mg L', 7k 8.35 mg L' 2 B =[N, Wt FA40]L9] 49 4209 mg L, HA 19.6 mg L', 75 20.4
mg L' 02 Yepylth 7} ol 259 £4 47 et yod HAE ARt YER, 2, ZHE, vivlwol2at @4
A4, 4ol ol 2, %—2‘»__1 FEoA = AE 7Eck= A9 Bt L7t 7MY =0t A8 ARSShe A1 Hi A

S48 ATTAT} -2 Sl & 4 9191 (Fig. 6).

ﬂllﬂl

J

O

Conclusions

EALFOR Q18 77] - A A0 A5 S AERE wletaly] Slslel, o ARSI ] e Defate] &
ArkA] 527) 2] 0] 2|10t ZAEBTL ZAVHAT, A2 BT ufet A, 5, 1 3 4
Fo 2 BRI, % 1,100 B Aste] 2012, 2013, 2014950 2A - 5hib] @ 23] Alskeo] 28L

ZA S A9 o] TSR = AU ARS 2|20 Bt 371 g day” km?, SEA ARS 2| 2] Bt 3,724 ¢
day' km?, 70 AR 2] 9& Bt 67,390 g day ' km2 O 2 TLEE|Q 01 © ARSI EX|SHIH SRS 2]
UK AR 2] W 2,148 kg day!, DA ARSA|S B 15,271 kg day”, THH ARA]Gol|A] Bt 91,352 kg
day ' © & SRRlx]o] MRS L7} =2 2ok EX| 2 2HlE = L AR W S ERIoHTE S5
It A AR S Hot 42,193 kg day !, FHA] ARSA|S B4t 72,082 kg day !, 7 ARSA]
o 3Bt 16,892 kg day ™!, o]=, WAYH-olgof| gt EX| et ool Hl%—% 80.4%, HA] 54.2%, 7FE 51.1% 2 E
A SHARGIES A5 AR Sh= A Aol 55| wehovt EXRTHE-2 A5 ARt A1 Yol 7P w11 Hj2|¢}
FSohs 2|92 vl o 2 BRI YT 20&?«6}‘?—;@%‘%‘% Aol B4 wtolmttolo| 5o
570 A9, A GHE A9 1270 5 370
Por %‘?—rEM 2%‘% ‘3:1@57} =2 2|9 USE Ca-(CIHNO;) EAL Q] 2|5} Hl-go] &=
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