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ABSTRACT: We investigated the groundwater qualities of wells around carcass burial areas, which had been
constructed between 2011 and 2015. We evaluated the statistical distribution and temporal trends of water quality
parameters, their relationships with precipitation, the types of groundwater compositions, and the correlation
between water qualities and land use. The results showed that nitrate-nitrogen had a statistically-significant positive
correlation with precipitation, suggesting that anthropogenic contaminants above the ground surface would
infiltrate into groundwater during precipitation. The groundwater at the study areas were mainly classified into
Ca-(CI+NOs3) and Ca-HCOj; types. When the nitrate-nitrogen contamination was closely examined in view of land
use, it was found to have a stronger correlation with precipitation in residential-agricultural areas than in forest
areas. Notably, the concentrations of nitrate-nitrogen, ammonium-nitrogen, and chloride showed no obvious trends
along the distance from burial areas to groundwater wells. All of the above results indicate that such environmental
variables as land use may have a more prevailing impact on the water qualities around carcass burial areas. This
study can be useful in designing the management plan and preparing environmental investigation manuals for the
groundwater contamination that is suspected to result from carcass burial.

Key words: carcass burial area, groundwater, well, nitrate-nitrogen, ammonium-nitrogen

(Hyunkoo Kim, Sunhwa Park, Jongyeon Hwang, Moonsu Kim, Hunje Jo and Sangho Jeon, National Institute
of Environmental Research, Incheon 22689, Republic of Korea; Kang-Kun Lee, School of Earth and Environmental
Sciences, Seoul National University, Seoul 08826, Republic of Korea; Sung-Wook Jeen, Dept. of Earth and
Environmental Sciences & The Earth and Environmental Science System Research Center, Chonbuk National
University, Jeonju 54896, Republic of Korea)

' Corresponding author: +82-63-270-3429, E-mail: sjeen@jbnu.ac.kr


https://crossmark.crossref.org/dialog/?doi=10.14770/jgsk.2017.53.3.433&domain=jgsk.or.kr&uri_scheme=http:&cm_version=v1.5

434

1. M

rhu

257 AEF A A} (avian influenza; Al) L A
o o g A=A o= 2010 TojlA 2011de] oF
4,8007]2, 2014'd 0] ok 2007] 4 0] 7}EujE 2] 7}
24 Ejo] 29 A5k 09 5 24 B4 Fefl it
27 SHEAL Sl o] 717bo]| A=oll 24 e
SHA| 7RSI ER 7 2= 7] w2l 15 248
&2 F dR= YA 270] 712 HgsHA &
= 7 Slon, 204 vl o] Yl 7Hs/d 0l
ek weEba] iER] =9 RSk o]- 3ol tigt
A &2 Q1 AL} A AR E F2 o] Das)
o Z]&2Q RUH P T3l 17 A S
ti=o] d a3k Agstolt.

o) Iff vEA] FHA|Y AL A ARE
HE ™, Choi et al. (2013)2 2011 18] +AIH
Ao A 7EER] F 19 WiEAIE e
2 ufEAe] atglel wet HE4e] EA4Jo] o|EA
Het=r 5 S22, EAPESE] s o
3o vkt I A3t A7) A =T (electrical con-
ductivity; EC), £&4k4(dissolved oxygen; DO),
HCOs', &7 (total organic carbon; TOC), T-N
T S0,* 9] FHgo] 27| Rt F7] Y& AR &
A vehts 2 gstgl e, pHe Aaske 3
g2 UehgS ZoFt Kang and An (2013)2
TA S WER| A EAYSt= K718 Aol A5t
T, B, 5P 5 AdolA e /7159
T} oA ThEAIE Bl At e, JEs
£ A AE oE 17189 AsS vshdoh=
AL WA} Pakr et al. (2013)2 Y& 24
e R C LEUECIE R NEYS
ER|o15 9 Hge ohER) Pel7} oloiA 1 gl
S R 4 QU Wk 2 84 4 9lrhe
2 ANSATE Cho (2014)% APHE 7128 THAIRH]
dfeos vjEe An A thEx) 4T A3
nlgs WA Qs WE4 ofH U HUsT
Som 2% $7ogo] WAste] Thoke unj24)
7 Aol ATHAR HRRel A
A Aol S 490 AYSH) ek
A3} ol Bt ol A & BAE A4
g2 & o e d AV EASThL st
Aot ESE Nam et al. (2015)2 A F T} A8k -5

A}

=

=13
=
o

el BHE 37H9] BhEAE o R sl 75
iAol St Eee) ABE 9T ART
of 912 @ 74 414& AT,

S Jol| A = wij =R o] &3k Aot L FAFS 1}
ofal7] 18} A7 % ZALE AN} v]Fe) ofo]
29} (Glanville, 1993, 2000)o|l A= AR Koff &
28 29280 g 5%, A5l A g
ol Tt AFE A8l MEA F S TS,
u]= dopd Yk (Ritter and Chirnside, 1995) | A]
£ 58 A8 B ol ofg Ao 41 FFL
ERI5}7] 3] ZARS AAISIYLE F= ME(UK
Environment Agency, 2001) *| 2] ofEx]oj| 4] 2002
W 8Y 8 HAL A1}, v EA 25 offi&o] Sl=
22 9] §E AT} A ek B U 8
27 EA} Eals Ao IS 9% 23
EWN=9] H3 s ZHAE(Enviros Aspinwall, 2001,
2003)+= 2001 5¢ ofF] Yol tigh Tlg o R =
UEIZE AAIg A Solch. ZA1AT} oF 3udo] A
2004dol= HE7t =R FA =L YU Yuan
et al. (2013)& A& TJER S tAko 2 FfE0jER] &
A 720] A A3l 4H0] OB AR wlAIE
A Asiglon, ERIA) Was WA, 5
= 59 AL stefel] $19] 2 hEAE o2 2
|7t BUE RS AASHTh $HE digtell A= 1997
| FAG o2 F 61447119 5ol A BA] oF 3857HF
7 AAEE NN T8 AR A iAol ik
(F 28585 o). T2 o]Fo] A71212) sl 42
ZAE FolA St 2ok, R, Adet
o, oA 4, AL A, oty o] A, &
Ato] 23} 28&31% E(total dissolved solid; TDS)
O} Z-2 AANAEY] FET} ulE o] % At Wt F
7Fehe #&351% th(Hseu and Chen, 2017).

A FHA Y Y Ao gt S e AHRE
A= A, Fohe] 34 wEAe ke A% 3
F(6m oJu) THSA A Mt Had =4 59
SE7h e Aoz BIEo] A4l ol o
A7 lem, JEa 719 B4 oF A&
T 9 A5t FEF 7FsAd ol AAE AH7E Sl =
Qo A= AHA| mi & Al 2ho]idBhA] b2 ERIZ] oA
SIS A E4L Aeleo] FHE MIAE A ol
skl om, iR 1 A|slol| A Aaof| o7 A|5t
T 2 7Fs/do] BarElo] A A B 93t X



Sl FFoll 3= FoL vwiER of] tiE A7 1H =
e} #ejrt dast Ao = A A= YAckRitter
and Chirnside, 1995). E3t AH| 2 o 2= 3174 3
EE gge] A7) DAL e AR, FiA
o= Tk BT Mol glol +A T Sl 7
548 AA517| % skETHEnviros Aspinwall, 2001,
2003).

upekx] ZFEaEA] ¥ sk =AM E 1t
oFsto] H=89] PAdE Rt A9 =7t
SFiEA =1 B9 Ast G E A2 Fol
A0l A YA W B A LAAE A3
gt A77F D astohar ZHEch 2 Ao 532
jER] = TG 9] A AL Aol g -FAEA]
I ufER] = JES 9F A B 5= T
sto] 7t EA] FH Asee | Bt 9 7S
TiEA]| S 2P RARRE nidsk=T] 7]of8k= Aotk
2 AoME 1S8R o A Ministry
of Environment, 2010)” of w2} 2011dH¥ 20154
7 2AE AENEAE oz dhEA] o
SIAI3HE Aol ol ¢ B el FAZAE AAel3
on), 2AHY S| A} PLakate] B, 4
1 g9 24 9 Bx) olgd 2AARS AN
o ol AAle] $AxA AR BAE SE B
A3 5 2R 29 Aekeed 24 A
of ehat Wk Al sk stk

2. Aty

2.1 ZAICHA 2Hd M

20109 RE g 2AE 7HEHEA =AY
of sl e FoF AR GA| = TS EA G &
742 A F (Ministry of Environment, 2010)" ]|
2} 2011 vf &%) 521 300 m o] Yo Y| 5H= A]5}
= o]-& TS AAste] ARSI 2011 AR
B = 2,5007 0]k, 2012 2ARRA g A
3 Aol MiEA 255 9] o]AA 2|7} 300 m o4l
Y T EAE QA FF 7ol R HE =
Aol Al Al st vHd, 2HA miEA] A o]
B3 ol gt Aot A AP AA A 2 2
e 372 A 2 A7gsHelTt 20129 2A
i/ B = 3,0007] 0t

2013 AR A B2 2012 SHEE7| o] 2ARRE

dol Aot & A 435

3,0007H 7 F AFAR Aol A 2AFSH= HiEA]
FHA G| AL FEZARE aLEste] A|LJst
g, o] d ghr g miEA| o A= s AR
& AlQdstsrt. ol 2ARY 288 B3l vh
= 20139 = RAFA BAL & 1,3407] 0]} 2014
Wofli= 2013 sF5t7]of] AR ¥ af A RpA]
A AL THFO R 5l V= EX| S 37
ZAFA] A (Ministry of Environment, 2013) o] w2}
ZAREE AR, 2015d o= 20149 316t
2AT 5 T AP0l w2 Qo] Fawt o)
22 3 AAATA 0)24) vhER 2} A 24
H ER] F ALAR A A v AR Bl ERE
S ZAPAE AT,

7 &34l 201619 2AFHAY 2 20109 E
£ 201190 24% 59 o wiEA] F 7HEEA]
o 3 ZAA| Z] (Ministry of Environment, 2015)’
of we} e HeE 7 et AR HHEE= iEA
9}, 2014 o]F 1 AY 2FRIASTFAR E 4
o dgo g 2AE 3 nnte] miEA] FHBES
o2 AAstelt. 20161d o 23] 9] REZ|2ALRES
3]9] 22} 2ALE S=85te] WiER] FHA| o o]- 817
1,1518-9] A|sl A 2A 2 G533k 2
TollAl= 2011 78 2016 A71R] & 1430 2A 2
7] 9 uk7] ZARS AA|EE 23,4227 A 29| thet A}
£ T 245t

22 ZAH Y EA gH

221 W EX] 9 o] $HA FF=A}

Aok AR A 2ARNE 27 9] Aol Hia]
mlelstaiet. A AR 71SHER] Q] =8 iES
T EFE EY 5 712 9% JEE A
Fom, ZARR A FH I e mER] 25 E
9] o]AA Y E "etsta TP Yx|(F4 L UTM
), B AL AR B AYRE V&
o2 Sgojrol Ay, FPL(AEE 5 ), ¥
AE(IEL 8= xF) 59 I =5 EFSIHS
o, I AlYE 5 277} gl A-ols FFHRAY
£ B3l o8] =t A= T2 ERIsH o
EA7 249 A FHL iR Aoy 5 &
Fo| sly] wiizo] wiER]of 25t JF o= =
AL B A 2 A ol AL AREl= B R 59

L o] Ak 8o YFe & 7ol =k




436 LT - 8pMat- 3

ot
o
re

N
Ho

ZhA A B o] YRSk WEA] 0] 9]
71EF2 A foll thelA = 2ARE AATSHT

2.2.2 AR 235 A RA}L

st AR A EFeEASE F=
e 7R Fa(HA)sHTE P
FABE 7| Z7HAYSIR] Y8 oFfakS X
of JF et e, 7] -GSl ot HES WA
Al A (P A E Hat) Aol ¥
(headspace)o] WAYsIR] P=F FoJ5te] A|2E A
stk A=A 3ot Hagste] tf7|eke] HE W 2
= wsto] Qi 240|255 (pH), A7 A==(EC),
T, §EAA(DO), At 9|(Eh), 3-8E1F
E(TDS) <] 570 &2 Hg3he gk dR 7SR 9l
712319t AlRe] 28 9 Hke WAkAE|(0~4C)
£ fAsH B Ao, LA=TF RS A
L2 qdiEe Alee HEE ERcte] 2, 24
Blpi=g

[*]

ofs
-_ —

1o
i\
o

off O i N
N

7

LS

-

223 2AXNE BA

W7 AL A| RO B SR T, FAMY
A2(NOs-N), FEUoHY A2(NHeN), F0l&
(CN)2] 47K F=olct. ¢ 47 FEL2 ARAFH Al &
AH S HARE 7|E02 S8 (AL 5
AE THE) R EFdt I HE=EFZHAIEY
F(2EU AT AT AARIE(ME
739 e A8t B4t A A,
dryjot Ak, P o] 22 7+ 7} o] 2 EntE ]
g, A/ 7 B, ol a2utEdeu 2
BAstg on, AE3HA= 2+ 7H0.1. 0.01, 0.4 mg/L
olc}. 2016 22} RAFS] B4 FHE-2 7| RAF 24
FE(FUF T, FA A, dryobd Ak, o
20]2)] K, Na, Ca, Mg, HCO5, PO,”-P, SO,
T-N, TOC®] 97} B5-g 37}t & 137) FEolut,
£ =R T 2 R 35 EQ AN A4,
Amyoby A4, Faol22] Atof At =3t
12} gk I Fo AT 53] siEX] Gl tigt A
AZLOIHA 71 i BH Q] 5& Aok L AEAS
iy Ao 27 DR FOTE FEE
5 A gEO|A|EL S8 o] A 4 dat
AE B BHEE |Ho| AAE FAF8H
ol&o] glo] Al<lstct.

~

B
ok
=
Rl
0x
fol
o
@
r
™
0 >
Ho

23 SHEN ¥ FERE 2R
HE FARAL Aol tieid ZARZIE, AL
Y=Y, IR A Fag) SdEL AL Batdk
EEZUA 59 7| EAF 24 QXA 71
AT 24 Aae A7TE, 5, A9E 289
3} A wshe o E835t3ith
TR ol ¥ = (Piper diagram)o] =233}
o A3lo] S met 47HX] RB o2 ERs)
Ak SAkE S 2 1914 24| FFOZNOs
7HAEE 7ol SlenE, B AFolA=Cl, SO,
2} 37 NOs = 37 aLfsto] & 2R3t 24
FH2 Fol2Z Nadk K7} A%k Na #%, Cad}
Mg7} ¢-AIgt Ca @ o2 BHFIP o, ol
HCO57} $-A3 HCOs 83} SO, Cl, NOso| $A]
A P o= BHSIGE o5 FF& st
A7l A= 2 735 Ca-(Cl+NO;), Ca-HCOs
Na-Cl, Na-HCO; % 4712 TE3}gict. dubs o
2 0 HEA] ghe ARASE Ca-HCO; FES H
olH, FHEFoI L3l 9 U] 2 Ed
o] G3FS o} Ca-(CI+NOs) 432 HolA Hr}
Ca-HCO; 73 9] ARAsH= A5k #5427t
2ol upt 2 &uf A e} W5t Na-HCOs
Fo= uAA Aot Na-Cl #32 F2 39| 9
S ot yehdt 3y ol2dt SAREE &
J2 ARl SR e 22 M YEht=
o2 Rt Rz o3 +ERF 0 AR
FE S0 tha th2A Uehd 7hsAgol At 2
TFoAAE g ARE dutstste] Frisk=t

f

o
s

re ofth

22 £3 51 592 Prlsgon], Sel 2 7at
P4 27000 2 Fol7h 91 202 7Hgeksnt.

Lo i

24 EX|0|&2 X5t +EE HREN
TSR 2 AT 4 FFRAL op e} =AM 9
AL HBAH], AR 5] ExJolgo) ogt ¢
Fe S 5 onE 2ARY A EX|0]
3 EARE Wl BASIIE AR FHA]
A9 Exo| AL TN FPE DBl EX|7)
BRz2 o]gatch EXMEA =L A wH| @
& 7P Whgdshy] Wigol A wH e £484 9
g uR e oY ol APy, HleF A=A ol ot
=AAE, B GRSl EA E-&EL Yok
EXE £ fBAd EXo1E 7 FRoR o

g

ot ¢



THENER| T B Aok 4 9 437

EREY, 57 20, AlEFe 400 FEo=
T3 =] et

2 AFoe FARAY(FEFAR G Y Al7kE- A
ZA9), FHA G, A=A Y, 2], A, YA L £
do g2 BREY e dEF FESZ o]&staen,
A FHO 2 EX|o|§at RAME IS vl
43t Aol A dFS Bk o] ff =
AR FA 02 B 100 m o] EX|o]§ A
AEst, 7Y 2 &S Hol= JES F8 EX
o] &0 = AXstATt.

3. o Ay

20118~20164 7] 2 ¥l7] ZAFATE o] L3}
of 171 A3l 4R, A7) A5 4053
wisl, Exo)8d $UUE ARSI Ea WAk
4 A2k Ww 2 A% o] s shEAek
o7 e)e FEwslE ARsic

31 AI7Ig Rists SRS P5armel 2y
20 3

o EA] FH X|3l o] G- o] A AR i)

ARNE B4 AET AT $EE 24 A7)
whe} B As) Waksheit. ol @lg Weks ujEX)
o] ggro] AR vrAE AL 4 AT, HEA )
SRS Mstel B 7le AR FHE UL
A0 AT A3k o] AHAKE)
o] T AL W A, AE 0dEH 5L
74 5ol o8 etz $E A5 Aol A, 7

600

Skt 8 HEETRE UHI WAL QS Ao
HAET) Lee et al. (2009)2 Ki et al. (2015)0] 5&
2| Hol A ZHeo] whet Aap) e dEAo] 85
ZFo| Zrlete Ao R Bughul glong B o
NNE 52 Aol G = AR JAEHE 7]
e} 84907 3 Zeakate] BAo) s AEst
(ad.

201149 BAATE A ud, Z4eko] Z7bsk=
6~790] AAA A2 =7t 3 Z7kehe, 7pek
o] ZHashe 7~9Yelle Aaty A B 2w 4 7
3= 7S Belt). o]¢} o] o] F7ksle
Aol A A BEE Z7FHs AFS Hole
Al71= 20124 79€9~99, 20139 8¥€~10%, 20144 5
«~89, 20154 5€~69, 8€~94, 2016 8&~9¥
o= geldt 4= Qltha 1).

ZeaFo] Z7Veke A Ao A Aao) b 2
7171 BQlEE A7) 79~99, 59~69 5 A,
gz ol glout thAZ 19 & 7397} A3
L A7|Eks TEAE 7KL 1% Agg] 712 e
250 mm= A A3} 250 mm oJAFel RAA] 7|9} 1
=7 kL A7|2 LES & 2z 2AA 0] 50702
olitel X718 253} ste] Zoate] TA S B
3lich. B4 A, 7o) 250 mm o]4el IS
AR A B=ok ZHgapo] oFe] ATUTAAE Ko
L Roz yehton, AuASRY 707002 F4
Aoz goju|g ATS BtY 2). o]& X
3lgre] AAbY Aavt EX|ol g0 Skl w2
AH] 2 FuALg 5 choret o2 HhstE <l
9120l A& L FEA So| 74 Sof| o8 A2 &

20

N
o
o

Precipitation (mm)

N
o
o

Precipitation
—e—Avg. Cong,..

mm)

(
T
1
1
1
1
1
1
1
1
1
1
1
I

e

0 ===
11/02 11/10 12/06 13/02 13/10

H
14/06 15/02 15/10 16/06

Time of investigation (YY/MM)

Fig. 1. Temporal trends of NO;-N (average concentration) vs. precipitation.
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Fig. 2. Relationship between NOs-N (average concentration) and precipitation: (a) for all groups and (b) for groups

either with precipitation of >250 mm or <250 mm.
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Table 1. Number of wells investigated between 2011 and 2016, classified in terms of main land use in the nearby

areas.

Yar MO e e ma Vend SO e Touw

2011 1,543 6,852 1,446 102 4 51 2 10,000
2012 804 4,281 815 63 2 35 6,000
2013 306 1,893 415 40 2 22 2 2,680
2014 195 1,526 268 35 12 2,036
2015 122 1,366 182 22 8 1,700
2016 78 686 145 59 38 1,006
Total 3,048 16,604 3,271 321 8 166 4 23,422

'Residential area: urbanized area within the agro-livestock area and dry area

2Agricultural area: farmland, ranch, fish farm, etc
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Fig. 6. Groundwater qualities of the investigated wells classified in terms of main land use in the nearby areas: (a)
NO:;-N, (b) NH4-N, and (c) chloride. The values indicated in the box plot represent 5% quantile, 25% quantile, median,
75% qauntile, and 95% quantile, respectively, while open circles represent the average values. Note that R, A, F,
G, WL, B, and WA represent residential area, agricultural area, forest area, glass land, wetland, barren ground, and

water area, respectively.
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