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Development of a Groundwater Quality Sampling Method for
Livestock Excreta Survey
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Abstract

The groundwater quality through livestock excreta survey based on “Act of the management and use of livestock excreta” was
investigated by selecting sampling sites within 1 km of the farmland without considering hydrogeological units. However, these
sites can be affected by various pollution sources such as chemical fertilizers and livestock excretions. Additionally, the effects of
pollution sources on groundwater quality in the sites cannot be clearly distinguished from naturally occurring backgrounds. In this
study, a method was developed to select the sampling sites for groundwater quality through livestock excreta survey in order to
understand the effects of pollution sources especially livestock excreta. First, the concentrations of nitrate within the radius of 200
m, 300 m, 500 m and 750 m, respectively, from the farms regarded as pollution sources in hydrogeological units were compared
in 2016-2017. All the nitrate concentrations at 200 - 500 m from the farms exceeded a background concentration, 13.3 mg/L.
Those at 750 m and the background concentrations measured by the Ministry of Environment were comparable. Therefore, the
appropriate radius was suggested as 500 m for livestock excretions survey. In this study, the areas within 500 m from the farms
could be considered under the influence of livestock excretions, while those beyond 500 from the pollution sources as background
in hydrogeological units. The developed method was validated by applying it to the sites selected based on both administrative
divisions and watersheds for livestock excretion survey. The average densities for the developed method were 0.82 and 0.39
points/km2, respectively, which were considered as appropriate levels according to those of the European Environmental Agency.
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Fig. 1. Procedures of livestock excreta survey.
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Fig. 2. Diagram of the national and local groundwater monitoring networks in Korea.
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Fig. 3. Examples of segmentation of the sites for the livestock excreta survey: (a) administrative division (b) watershed.
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Fig. 4. Application of 200 m, 300 m, 500 m and 750 m buffers from the farm locations to the two sites for livestock excreta
survey.
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Table 1. The farm areas by livestock species according to ‘Act on the management and use of livestock excreta’

Farm area (m?)

Livestock
Under declaration Declaration Permission
Korean cattle 100 > 100 <, 900 > >900
Dairy 100 > 100 <, <900 > > 900
Swine 50 > 50 <, < 1,000 > > 1,000
Chicken 200 > 200 <, <3,000 > > 3,000
Duck 200 > 200 <, < 3,000 > > 3,000
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Fig. 5. Procedure for the developed method of groundwater sampling for livestock excreta survey based on administrative
divisions.
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Table 2. Application of the developed method of groundwater sampling for livestock excreta survey based on administrative
divisions

Segmentation of No. of points

administrative km? —BP TEcp Total points / km? BP points / km? LECP points / km?
A 8.35 1 1 0.24 0.12 0.12
B 2.14 1 - 0.47 0.47 -
C 3.50 1 1 0.57 0.29 0.29
D 6.06 1 - 0.17 0.17 -
E 3.59 1 1 0.56 0.28 0.28
F 0.46 1 1 4.31 2.16 2.16
G 0.12 - 1 8.39 - 8.39
H 4.55 2 1 0.66 0.44 0.22
1 0.35 - 1 2.89 - 2.89
J 0.93 1 1 2.16 1.08 1.08
K 5.83 2 - 0.34 0.34 -
L 2.54 1 1 0.79 0.39 0.39
M 2.76 1 2 1.09 0.36 0.72
N 2.40 2 2 1.66 0.83 0.83
(0] 5.33 2 2 0.75 0.38 0.38
P 6.50 2 1 0.46 0.31 0.15
Q 1.23 2 2 3.25 1.62 1.62
R 2.12 2 2 1.88 0.94 0.94
S 2.57 2 2 1.56 0.78 0.78
T 3.61 2 2 1.11 0.55 0.55
U 4.09 1 1 0.49 0.24 0.24
\% 1.88 1 1 1.06 0.53 0.53
w 1.60 1 1 1.25 0.62 0.62
X 332 2 1 0.90 0.60 0.30
Y 4.99 1 - 0.20 0.20 -
Z 3.93 1 - 0.25 0.25 -
AA 091 1 1 2.19 1.09 1.09
AB 1.61 1 1 1.24 0.62 0.62
AC 3.00 2 2 1.33 0.67 0.67
AD 1.08 1 1 1.86 0.93 0.93
AE 2.58 2 1 1.16 0.77 0.39
AF 2.65 1 - 0.38 0.38 -
AG 241 2 2 1.66 0.83 0.83
AH 1.73 1 1 1.15 0.58 0.58
Al 2.03 1 1 0.98 0.49 0.49
Al 1.51 1 - 0.66 0.66 -
Total 104.27 47 38 0.82 0.45 0.36

% BP is Background point, LECP is Livestock excretions concern point
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Table 3. Application of the developed method of groundwater sampling for livestock excreta survey based on watersheds

No. of points
Drainage basins km? Total points / km? BP or LECP points / km?
BP LECP
a 10.4 1 1 0.19 0.10
b 9.1 1 1 0.22 0.11
c 42 1 1 0.48 0.24
d 34 1 1 0.59 0.30
e 6.3 1 1 0.32 0.16
f 23 1 1 0.85 0.43
g 6.7 2 2 0.60 0.30
h 3.8 2 2 1.06 0.53
i 15.2 2 2 0.26 0.13
Total 61.4 12 12 0.39 0.20

2 BP is Background point, LECP is Livestock excretions concern point
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Table 4. Comparison of the densities of groundwater monitoring networks by Country

No. of points per Unit area

Country Purpose (wells/km?) reference
Backgound only 0.002
Pollution monitoring 0.001
MOLIT monitoring 0.004

Korea ml\grﬁgr{iﬁg 0.001 ME, 2017
Local pollutant monitoring 0.008
Local general monitoring 0.012
Total 0.028

India Groundwater Quality 0.005 Ray et al., 2010

Sweden 0.0004
Finland 0.0002
Denmark 0.0026

United Kingdom 0.004 )

Elggi;:)e;an Netherlands Gr(())u:l:};):;ter 0011 Jousma E;I;(; 6\Vlllems,
Belgium 0.016
Germany 0.0047
Hungary 0.0055
Spain 0.0022
Lesotho 0.0069
Mozambique 0.0001
Africa Namibia Groundwater 0.0008 IGRAC, 2013
Quality

South Africa 0.0023
Tanzania 0.0001
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Table 5. Comparison of the densities of the developed method with those of the existing sampling method for livestock excreta

survey
LES GW points Application of nevs./ meth.od for
Drainage Hydro geol.og.i cal Avea LES GW sampling p01r.1ts
basins characteristics (kmz) No. of Densit No. of points ]?ensﬁy ,
(HC) R . Y ) (points/km®)
points  (points/km’) - -
BP LECP Basic survey Intensive survey

Unconsolidated sediment 2.07 7 3.38 - 7 0.97 1.93
‘ Instrusive igneous rock 1.32 1 0.76 - 1 1.52 3.03
Unconsolidated sediment 2.99 2 0.67 - 2 0.67 1.34
b Instrusive igneous rock 9.45 6 0.63 - 6 0.21 0.42
Unconsolidated sediment 3.52 6 1.70 - 6 0.57 1.14
¢ Instrusive igneous rock 3.74 2 0.53 - 2 0.53 1.07
d Unconsolidated sediment 1.29 8 6.20 - 8 1.55 3.10
Instrusive igneous rock 0.97 - - - - 2.06 4.12
Unconsolidated sediment 1.58 4 2.53 - 4 1.27 2.53
¢ Instrusive igneous rock 4.56 1 0.22 - 1 0.44 0.88
Unconsolidated sediment 2.88 7 2.43 - 7 0.69 1.39
! Instrusive igneous rock 1.46 1 0.68 - 1 1.37 2.74
Unconsolidated sediment 437 3 0.69 - 3 0.46 0.92
g Instrusive igneous rock 451 5 1.11 - 5 0.44 0.89
Metamorphic rock 3.73 - - - - 0.54 1.07
. Unconsolidated sediment 4.09 6 1.47 - 6 0.49 0.98
' Instrusive igneous rock 5.10 2 0.39 - 2 0.39 0.78
. Unconsolidated sediment 7.34 7 0.95 - 7 0.27 0.54
! Instrusive igneous rock 8.35 1 0.12 - 1 0.24 0.48
Unconsolidated sediment 1.55 1 0.65 - 1 1.29 2.58
k Instrusive igneous rock 3.66 6 1.64 - 6 0.55 1.09
Metamorphic rock 1.36 - - - - 1.47 2.94
Total 79.89 76 0.95 0.55 1.10
Summary Min 0.97 1 0.12 0.21 0.42
Max 9.45 8 6.20 2.06 4.12

¥ LESis Livestock Excreta Survey, GW is Groundwater, BP is Background point, LECP is Livestock excretions concern point

S22 )9} 2R AT A AA WA rRo s
/\

7+ 0.55 7W/km* 2 1.10 7Wkm?e] HeE2 2AVSE

th 7122ANE T 79 71 AFo] 2k WeRTh
£ RATE EEAoA AlRISh= 27 5%(0.04 7H/km2)
HO} 22 2 ]E “41“ ZIOH At 4 A

Sk 3 AV - a4 QoL ek,

i
o

¥

N

o
&g
Mo

og 1o
of
o ol
[e)
K

e

HAENE 53
7) ol A4

i

lo

Xe)

o

w

o

g

32 7
et 4
=

A
o=

o L.

J

>~1

$ol= 7} A% AEnke
g woto] 7153

Zog ot

ode] 48X S 249

B o] uA4Tt o
Aol 2RO B2



i)

52 Y9S- - 73 - ey -
Tk 5= Qlofof gt = ek ohue} oA 4
A E Al d B4 welt o] &
f/do] thiiFgol wet A dee] | Aske +E =
AIE =8=]1 9l o1 (Lanz and Scheuer, 2001; You
and Kim, 2003; Maupin and Barber, 2005), 23S
FAlel aLefehal Qx| Sk Aolr). TiEeo] <]
gt Al ARARS Hoks B O Sl VSR
ElAL A @ o] R aejRhemM] XAEA
of| oJzt X5l B/ o=t THAPE AUl & &
Tl FAll 7191% Aol L HFF vHES Abdol
Sjolgo i 7] Sfgt A3k SAHATS Tt
o= Qs ARSI = qlom, SAlol T A
Adeds wiEede meRRlomH] ZiEEio] ot
Aol FaFE WA 2D = e Aoz 7]tk

4 2 E

Sh sl SAZAR Aeke 242 B9
SEoR Pesh glont, Filel ofat Aske 4
2 ZASHE AL 20164 7|02 1R 275674 )
Fol ¥ 2329 doll LBk 91X ke Agolck.
bt A AV RO WG 2ol
L ogfle) o] BeshA Yotom, SPUAIAE
1 Aol SRR R Slo] ek o] glo] 715
0] GaES Tlela] Slet 71 e AlezAlo] 2
Sp7lolis AL QIIEk 2 QATeAl s 7] o
3 Aok R WEs| sl Slslel 412 5
ol ol S ES slofal 4+ Ql Wi <)t
oejele] giao] oJ3) Lhebd 4= qlis 0e9e] AHS
Bl TR 4 Qs A A S ARSIk
98 BAJ0] O A3k ] FHFS F 4 U
FPUHE slelstick ol 1o LArY A G o]
g3}0], 212 T 200 m, 300 m, 500 m 12|31l 750
7ele] Eueke vlwskich. BUsHek v)32
AB 247} 500 m o] 91X/ AHY] ALY W
Bk N2 AR EAS HYom, Bk 4
S@RoRRE At Hold £5 st H3o|
L Ege noth A Ao WA A
12,0 mg/L ~ 13.3 mg/Le} v] i3t A7} mE 4o
ARSI 500 m A7 Zashe SO et

A

A

o

¢

.

N

it

do o W B

N
>.
S
I
4
o

o o
i}
_QO

3L
i)
r 1
kS
iz
=
S
%
Ay
ox
=)
off
H1
1o
_@i
)
=
flo
>
re
o

i)
ox
X
o
1o
N
1)4
o}
)
D)
i)
¢
%
i)
D)
re
ﬁ
1o
i)
r>~
o

Aol TZH AL i TE HeL} fARE
YERHIL Q1= 500 m A 2] o Ix|7t Ao ] &
dol] 2Jgt AR o & SRR = Qlokar ke
waba] 2 A oA aiEeAT e A HAHES T
3= 7120 2 500 mE A5k

2 AFE 33 A WS ol8ste] Ydele] 3
Troqu} Aflsgolo] 285t Aut 217k 8570k 2470 A%
o] A =|ick A WA tfju] x| 2ol gk D=E A
Absf) 2 YA Tejol A= oF 0.82 F/km* S HS
o, AE-gdol A= 039 FkmPoZ LEltt) o=
RN sk ABlrrd SY A el
0.028 7W/km’Hr} £3kow, EEAo|AM Alsk= 274
W21 0.04 7f/km® o] =X Bl o 2H gt A
o] x|5l 42 HS Bt AAs] mefd 4= L& A
o7 ek B3 g HoA 2gske Algkee 2
S v ik oflel @ ATIA] ZHe] HAY
5 o] 21 Qi W ol el Z]7<Rof| 2
h = s} ujoto]| Qo] S Bedt 4= Q= g = 7t
=3 Ao 7 7|dEck

2 Aol 8 FEAEERE S ERET
Z 87 =5 5 379k arestel7] il A= il s
S AHRARE el UHA] 57 AAER]of| thgt
SZAF LAY RJolr 2 JgF v tifgk 71 A
7} Basit Egt Aok -5 5432 fetsto] 25t
= S5 IRk et X A7 vkl high At 3=
7VeThH AJskas W) =2 2] As AR 5H, 34 5 4
A W A3l ol elgt =2 W3t 5 AA| AlA"oA
9] 71EE e S o] ool = S AeE 3
Hck

o &

B oo B3R REIRY Sy s

g

&
NIER-2018-03-03-003) 2.2 4=3) =] A5tk



e S RSN R R o R e = S e R e R 53

REFERENCES

Choung, S. W., Woo, N. C,, Lee, K. S., 2004, Temporal &
spatial variations of groundwater quality in Hanlim,
Jeju island, J. Geo. Soc. Korea, 40(4), 537-558.

International Groundwater Resources Assessment Centre
(IGRAC), 2013, Groundwater monitoring in the
SADC Region: Overview prepared for the stockholm
world water week 2013, IGRAC, Netherlands.

Jeon, S. R., Park, S, J., Kim, H. S., Jung, S. K., Lee, Y. U.,
Chung, J. 1., 2011, Hydrogeochemical characteristics
and estimation of nitrate contamination sources of
groundwater in the Sunchang area, Korea, J. Geo. Soc.
Korea, 47(2), 185-197.

Jousma, G., Willems, J. W., 1996, Groundwater
monitoring networks, Eur. Water Pollut. Contr., 6(5),
52-62.

Kim, C. S., Ryu, H. D, Chung, E. G., Kim, Y. S,, Lee, J.
K., 2018, A review of analytical procedures for the
simultaneous determination of medically important
veterinary antibiotics in environmental water: Sample
preparation, liquid chromatography, and mass
spectrometry, J. Environ. Manage., 217, 629-645.

Kim, D, W., Ryu, H. D., Lim, D. Y., Chung. E. G., Kim,
Y., 2017, Development of a nutrient budget model for
livestock excreta survey, J. Korean Soc. Water
Environ., 33(6), 767-779.

Kim, T. H., Chung, S. Y., 2011, Application of
multivariate statistical analysis for the evaluation of
groundwater contamination characteristics at the
Suyeong-gu of Busan City, Korea, J. Geo. Soc. Korea,
47(1), 45-58.

Kim, Y. T., Woo, N. C, Lee, K. S., Song, Y., 2005,
Seasonal variation of surface water quality in a
catchment contaminated by NO;-N, J. Soil &
Groundwater Env., 10(2), 20-27.

Kim, Y. T., Woo, N. C., 2003, Nitrate contamination of
shallow groundwater in an agricultural area having
intensive livestock facilities, J. Soil & Groundwater
Env., 8(1), 57-67.

Kolpin, D. W., 1997, Agricultural chemicals in ground
-water of the Midwetern United States: Relations to
land use, J. Environ. Qual., 26, 1025-1037.

K-Water, 2018, http://www.gims.go kr.

Lanz, K., Scheuer, S., 2001, European environmental

bureau (EEB) handbook on european union (EU)
water policy under the water framework directive, The
European Environmental Bureau, Brussels, 1-60.

Lee, B. S., Um, J. Y., Kim, Y. B., Woo, N. C., Nam, K.,
Lee, J. M., 2009, Effect of non-agricultural facilities
on water quality and contamination in rural area, J.
Soil & Groundwater Env., 14(2), 1-9.

Lee, I. G., Choi, S, H., 2012, Hydro-geochemical nature
and nitrates contamination characters of groundwater
in the Youngdong, Chungbuk province, Econ.
Environ. Geol., 45(1), 23-30.

Maupin, M. A., Barber, N. L., 2005, Estimated
withdrawals from principal aquifers in the United
States, U.S. geological survey circular 1279, U.S.
Department of the Interior, Virginia, USA.

McLay, C. D. A. Dregten, R., Sparling, G., Selvarajah, N.,
2001, Predicting groundwater nitrate concentrations in
a region of mixed agricultural land use: A comparison
of three approaches, Environ. Pollut., 115, 191-204.

Medison, R. J., Brunett, J. O., 1985, Overview of the
occurrence of nitrate in ground water of the Unite
States, U.S. Geo. Survey Water-supply Paper, 2275,
93-105.

Ministry of Environment (ME), 2013, Guideline for
environmental survey of livestock burial site, Ministry
of Environment.

Ministry of Environment (ME), 2016, White paper of
environment, 11-1480000-000586-10, Ministry of
Environment.

Ministry of Environment (ME), 2017, Installation of
groundwater measuring network and actual ground
-water quality pollutant measurement plan, Ministry of
Environment.

Ministry of Environment (ME), 2018, http://sgis.nier.go.kr.

Ministry of Environment (ME), Ministry of Education
(MOE), Ministry of Land, Infrastructure and Transport
(MOLIT), Ministry of National Defense(MND),
Ministry of Agriculture, Food and Rural Affairs
(MAFRA), Ministry of Culture, Sports and Tourism
(MCST), Ministry of Health and Welfare (MOHW),
Ministry of Interior and Safety (MOIS), Ministry of
Food and Drug Safety (MFDS), National Fire Agency
(NFA), 2014, Guideline for integrated work for water
quality conservation in groundwater, Ministry of
Environment.



54 44

-{o

m
jd.
i)
=3
o
ne

Ministry of Interior and Safety (MOIS), 2018, http://
data.go.kr.

Ministry of Land, Infrastructure and Transport (MOLIT),
2018, http://www.ngii.go.kr.

Moon, Y. R., Yoo, E. H., 2006, Comparative study for the
ground water management based on geological
condition, WO-06, Korea Environment Institute.

Mueller, D, K., Helsel, D. R., 1996, Nutrients in the
nation's water-too much of a good thing, U.S.
Geological Survey, Circular 1136, U.S. Department of
the Interior, Virginia, USA.

National Institute of Environmental Research (NIER),
2018, http://wems.nier.go.kr.

National Institute of Environmental Research (NIER),
2014, The study on the status of resource recuvery
system of livestock maure, NIER-RP2014-320,
Minitry of Environment.

National Institute of Environmental Research (NIER),
2015, Example field-study of rural non-point source
pollution caused by livestock excretions, NIER-
RP2015-367, Minitry of Environment.

Nixon, S. C., 1996, European freshwater monitoring
network design, Topic Rep. No. 1/1996, European
Environment Agency, Copenhagen, Denmark.

Park, H. R., Kim, M. K., Hong, S. P., 2015, Characteristics
of nitrate contamination of groundwater - Case study
of Ogcheon area, J. Envrion. Impact Assess., 24(1),
87-98.

Ray, A., Jain, S. K., Shekhar, S., Chandra, S. R.,

Srivastava, K. K., Sharma, V., Srivastava, S. K., 2010,
Ground water quality in shallow aquifers of India, 1st
ed., Central Ground Water Board, India, 1-117.

Ryu, H. D., Park, B. K., Chung, E. G., Ahn, K. H., Choi,
W.S., Kim, Y., and Rhew, D., 2015, Determination of
prior areas for livestock excreta pollutant survey, J.
Environ. Sci. Int., 24(8), 1085-1099.

Yang, J. H., Kim, H. K., Kim, M. S., Lee, M. K., Shin, I.
K., Park, S. H., Kim, H. S., Ju, B. K., Kim, D. S., Kim,
T. S., 2015, Evaluation of groundwater quality
deterioration using the hydrogeochemical characteristics
of shallow portable groundwater in an agricultural
area, J. Eng. Geol., 25(4), 533-545.

You, S. J., Kim, K. S., 2003, A Study on the characteristics
of groundwater quality in Busan, Rep. Busan Inst.
Health & Environ., 13(2), 90-136.

R = E e EE e TP

dwkim83@korea.kr

- B3, SelaAuetel golEakl Tl AT AL
nanumenv(@hanmail.net

- Mol FARAITA GAFFATY AL
backwi@korea.kr

- ALY, AT Y RASFATI AR
sunhyuk35@naver.com

- AEA, FelakAaretel okl ag
sds8488@korea.kr

- ol T FABHIA B AT 2
jkleenier@korea.kr

* AL AR frAFgAT T A

egchung@korea.kr



