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Effect of Low Concentration Liquid Manure application on Soil Water and
Groundwater Quality in Bio-Circulation Experimental Forest

Fool - ARG - {7 HAE 4T Fag
Hong, Eun Mi - Choi, Jin-Yong - Yoo, Seung-Hwan - Nam, Won Ho - Yeo, Jin Kie - Choi, In Gyu

ABSTRACT

Manure recycling as fertilizer is one of solutions for the environmental problem related with livestock manure treatment as well
as the ocean dumping ban act prohibiting manure disposal to the ocean. For the manure disposal, forest area can be a candidate
place because the area has a wide range of applicable sites. However, the manure application to the forest has a possibility of
causing environmental impacts including water quality problems due to nutrient loading. Therefore it is necessary to investigate water
quality impact from manure disposal to the forestry plantation. In this study, ground and soil water quality had been monitored in
the bio-circulation experimental forest where low concentration liquid manure (LCLM) was applied. Soil and groundwater samples
were collected and analyzed weekly from April to October in 2008 and 2009. The mean and variation of NO;-N concentration in
soil water of LCLM treatment places showed higher concentration than the reference places declining during growing season. In the
case of groundwater from monitoring well in the downstream of disposal site, the NOs-N concentration was 3.59 mg/L in 2008 and
3.26 mg/L in 2009 in average showing higher concentration than the reference well although the concentration was not exceed the
national drinking water standard. To investigate the source of nitrate, 8"’N isotope analysis was also implemented. Its result showed
that the LCLM application could be the nitrate source requiring further long-term monitoring soil and water quality.
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Table 1 Soil textures of two different study areas; LCLM
and Control

Sl LCLM Control
01
depth Sand | Silt | Clay Soil Sand | Silt | Clay Soil
(%) (%) (%) | Texture | (%) (%) (%) | Texture
Ocm | 681 | 207 | 112 | ¥ | 605 | 233 | 162 | S
loam loam
Wem | 658 | 229 | 112 | PV | 6aa | 238 | 117 | BV
loam loam
WOem | 784 | 124 | 92 | VY | 718 | 135 | 16 |
loam loam
60cm | 796 | 94 | 101 | Y | 613 | 200 | 187 |
loam loam

Table 2 Monthly average precipitation and temperature
(2008 ~ 2009)

Months
Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov.

Items

2008 | 42.2| 92.7 |198.4 |540.8 |217.2 |101.9 | 35.6 | 18.5
2009 | 45.0(102.4 |118.8 |766.0 |207.1 | 56.3 | 64.5 | 68.2
30 yr Avg.| 74.1| 94.7136.6 |338.5 |289.4 |141.5 | 54.7 | 48.8

Precipitation
(mm)

2008 | 13.3| 17.6| 21.7| 25.7| 255 22.3| 16.0| 74
2009 | 12.0] 183 | 221| 242| 25.7] 21.6 | 15.7| 6.9
30yrAvg| 114 169 | 214 | 247 | 253 | 20.5| 13.7| 6.3

Temperature
("0
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2 Atolre A Algo] w2 Eokp 9 X5k
QA7NAE st BAs] flsto] Fig. 13 o] ek
] A2 (LCLM)SF F+A42+ (Contro)E F-2AIA 53}
gom, 2008E 64 11Y ~ 11¥ 59, 2009¢ 4¥ 30 ~
109 7974w Aetoin] Aeltel FAetollA Zkz)
Eq 9 AJsleE AMEstaL 24yt

Table 3 Chemical composition of low concentration liquid
manure fertilizer
pH | T-N (%) |T-P (mg/L)| Na (mg/L)| Mg (mg/L)| K (mg/L) | Ca (mg/L)
8.27 0.07 66.81 200.73 4.51 918.37 4571

—— contour

[Jstudy area

Fig. 1 Location map of experimental site and sampling
locations
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(b) groundwater

Fig. 2 Monitoring points of soil water and groundwater
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Table 4 Components of water quality analysis and Korean water quality standards
Pollutants Heavy metals (mg./L) Other analysis item (mg./L)
- Cd A CN H Pb o
pH NOs-N s £ T-N, NH/-N, T-P
) (mg/L) (RW, AW)
5.8~8.5RW) <20 (RW) B
6.0~ 8.5 (AW™) <20 (AW) <0.01 <0.05 ND ND <0.1 <0.05

'RW: Residential Water
“AW: Agricultural Water
"ND: Not Detectable concentration

Aol MZat Aslet AR} B3 A7 (BAAAF 135
degree)®] HFAISlr=H, 2|5k 9

ELm, A3k 5% 54
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Ogt FRRIAE wesr| ffsto] w9 BAS FHEeR
AL, 11 AuE 7sselth
2008deli= 407K, 20099eli= 397 & 797H¢] Alske ME
e Ao, Agle A EAAE Asker 7R}
Hlwstgich Aol EAE 9 e} Fojee] X
[ 87152 Table 49} 2t} Aok 4 42 A&
okl FAHIEREE7171do) QlE[ste] S RolA ILARE 4=
Ao AFAAIE 7120l Wl pH pH meter (Orion 550A), T-
NS chlzl/2s AF5247] (Kjeltee auto 1035/1038 System,
Tecator AB, Sweden)E ©]83F 2Hd FF-ZEH (A,
T12]al NOs-N-2Z oA =zntE1efju] Jog FA5I9r}.
B3, Aot LYo E AAsh= i =l FabdE
9] 71¥& Wls] flste] AEgiehn s ekE-57]7]
9] oFAA =9 YA AZEA7] (IsoPrime-EA, Micromass,
UK)E olg3lo] A4 94 6°N)E 2439t 2a

of
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FolUanls ASRuold SeE 4 Gl WA Wao] ©
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et al., 2005), APgRHS 4] (1), (2)¢} At

R mole — Rstand:
615N: [ sample stdnddrd] % 1000 (1)
Rstandard
15N
R= iy .

UutA o Z o] guj= 9P| w2 A5l F AAhFHHEA
o] M= F 29o] SR A -3 ~ +5 %o, B}
|29} Fhnrh ERPE A9 +5 ~ +8 %o, wiwdl A9 +8
~ +20 %o°|t} (Choi, 2005).

20081} 20099 AFEH] Algo] 2 A FTEHH] A
ToF FA ol 4] EQRre] AAA A B Avk= o3yt
2t Table b= AsTdH] AHetel FAjetoA s
H] Al 5o AXgAAel Hot A} 4 9 FiES

Table 5 Mean, standard deviation, minimum and maximum NOs-N concentrations in soil water

Control (0cm) | Control @0em) | LCIM@Oem | LCLM (80 cm)
Treatments
(mg/L)
July 6 mean 0.75 0.66 0.70 0.69
2008 mean + SD 0.21 + 0.34 0.14 £ 0.26 0.10 £ 0.30 0.71 £ 1.69
July 11~ Oct. 2
min, ~ max. ND ~ 0.93 ND ~ 0.75 ND ~ 1.06 ND ~ 5.67
mean £ SD 0.48 £ 0.53 0.56 £ 0.68 2.20 & 345 2.73 £ 2.85
Apr. 30~ May 29
2000 min, ~ max. ND ~ 1.24 027 ~ 1.95 0.27 ~ 8.28 0.27 ~ 5.58
mean  SD 0.17 £ 0.25 0.26 = 0.51 0.15 £ 0.17 0.45 £ 1.11
May 30~ Sep. 10
min. ~ max. ND ~ 0.87 ND ~ 1.90 ND ~ 0.53 ND ~ 5.09

*SD : standard deviation
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Fig. 8 The NOs—N concentration results of soil water

UERH Ao =24, 2008 AsEHH] A8 d FAHE A= A
M Aol FA e R oF 0.7 mg/LE HISSGI.
2008 HHIALG 717E FRte] AAME A Fre Ak
H) A2t 80 cm EFOlA B 0.71 mg/LE 7Fg =9kom,
AR EHstE A YT AR Fig. 3(a)9)
20089 FAMdAA BUER] AaoAE & = %ol AsE
M A 40 cm EFO WAMIAAE FAR AL vkt
7= fmo] ElshA Aske 7 ~ 8¥ole AY HEEA
okorom, wajw FAjE|tet vissA deRt fefgt zjolg
Ho|z] o¥itt.

Fig. 3(b)= ou] A& 2210l 200979 AELoiH] Al-gof
e Eokeo] AibdAA B4 Adtoltt. Woo (1997)= A
oA 9] ZAAGALY T AZo| {£o] AUO TN Eok|A
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9] Zikplalgo] AR e A5siH, 59o] 6 ~ 8¢
H|glo] =7 Jehdtn Bustgon Gundersen (1998)=
AL T 7RE 27A20le Bt W B, 8ol

 T57b oRttal Buskgity B o] 20099 Al
H A& Aol 49 309 ~ 5¢ 29¢Y 3 & ot Bk my

Bl 2yl FAeAt 9 At BE A e e85
Pun AbdEae] w7 #A yeht Woo (1997)2F
Gundersen (1998)¢] @tAxel Hl=tt AHRE UERfSIth
SEAUE Asm=dH] AHE]te] 40 cm EFOAE Bt 2.20

<)

mg/L, 80 cm EZOIAE Bt 2.73 mg/LZ AL =
7F FA ARt =4 el 2008 dHjAE] ek Ui
ko Zlog gty dujA g toa 59 14¢Y o] A
i Fevt A HAstgiet, ol 5E F& ol ¢
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&0l Ago] glsf Hoo 59 11Y ~ 20¢ 1027+ 100 mm
opFel Tt HsHoR WG weh dF AiMdELTt
49 (leaching) 5|7 Eo= wetETY,

2009 HH] Al 717F Fte] AV ALY Fe FAY
T 40 cm EZoAE= Ht 0.15 mg/L, 80 cm EZolAE= 0.26
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A Bt R 200990l 2008 R EEoL, 2008d0]
20099t HAMAA F B 9 FHoigho] =7 VR
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cheket aelof oste] ke g 4= Qltkh Table 2014 HU]
B 77 st e BAe 2 A 692 20084, 74
2 20090] 7raFo] WRHARE, Table 6ollA] Hi= uje} ko]
A 7t 9 59940 Ztozh uHlsigltt. diid 2|99
1 AA00] QoA 2008Wx} 20099 21 FF 2 Ao
b §9S Aos augley, waba FAbY Hao] wsie
o] T LAY g3k S AoR AlrEh
Gwak et al., (2009)0l TEH Hpo] .53HofA] A FtolH]
Algoll whet Qoo Ha gfRko] Frkstglon], Wahito
W3, A5 G954 =] F7kehl AdAEE 3718t
ot wEbA gl AASHHA AV AL ARkl F7Fs)
I o]& <lste] 20099 ESkre] AAdA Aol wsiEo] 2008
Y Boh Z4siae Aoz wrhEd) siAul E3hEel A2
S EE5V] §Pelae A4 BYEH Y SRS 54
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Table 6 Daily precipitation intensity and number of
precipitation event over 80 mm/day

year |Apr.|May. | Jun. | Jul. | Aug. |Sep. | Oct. | Nov.
Daily precipitation intensity |2008| 3.8 | 11.6[16.5{33.8/15.5|11.3| 5.9 | 3.1
(mm/day) 2009(6.419.319.91(426/17.3|80 (9.2 23

Number of precipitation  [2008] O 1 2|4 ! 11010
event over 80 mm 2009 0| 1 |1 [5]3]0]0]|0
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Fig. 4= A8l pH, T-N&| 2844 3] Hof, Foigt 2
2|47 yehd Aojtk pHE 20084 du] Alg- A Agke
Ao A= 6.45, SERollA= 6412 HSSIGITh ] Al &
pH (Fig. 4(a))= 2008 A5l AAfolAle B+ 6.72, 3+
o= et 6.62, 20099 A5t Aol Bt 6.83, kol
A= Bt 6.8824 Aol sHRETE ARRollA o A UE
Wit} Au] Al Aol H]sto] dulE Algstel] wet pHi A
ohF WE moRAE S Helou, pH 98 A%
el 6.0 ~ 8.5 E A8 A7ERI 55 ~ 8.500 Wk
A0 2 YeRith T-N (Fig. 4(b)2 2008 Hu] Alg 7 #]
sk Aol 3.94 me/L, dHRoli= 5.37 mg/LE A3t
ShRolAe] FETb T w9hom, dH] Alg & FA] Aslg &)
FolA 2008W Bt 5.07 mg/L, 20099 3.36 mg/LE AT
(20089 2.49 mg/L, 2009¢ 1.95 mg/L)XEt} =qton] Hx}
= Firk

E3h Cd, As 59 54 #3 24 Al 20099 69 11

100

HUP EDW
9.0

National drinking water standard

|

8.0

7.0

6.0

50 A

pH

40 -

30 A

20 A

10 A

00 +

2008 2009
(a) pH
10.0
mUP mDW
9.0 +
80 !
70 4
= 60 ¢
B
E 50 |
=
= 40 -
30 1
20 4
1.0 -+
00 4
2008 2009
(b) T-N

Fig. 4 The pH and T-N concentrations in groundwater
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A3k solAl Phel 002 mg/l, AEW SO, S84 o mw ok ik B egitlo] EAL AbdEeke)
W 584 48712 01 mel ofke AEwelon), Unl g mopel Wagepist he] tésin Aol Bl
A EARARAL Ak 4R U sRold mE 2ad oEE 2L WEY 49 ALEILEAOR 247 ©
of 34 5271 WESI SO ek, AL TG 4 ek B ATAAS A= Ol Bl

Fig. 5= 90F B4% 52 fuohs oddomn A5k odelo] FAshL EAS AFER 4o ustel B
o9 ofRE WUSH 24 $U/IE F Shiel MALS] o WAlge] oFehe 29 WEASKEE AEH shlel A
U Agolch. oy l%— A ALY SRS Ak & Folddu] BA0R AMHAL 09U B AT A
Aol 306 mulL2 4% 212 mall. 5k ek o A 02wk

T 20084 A8l /ll-Eoﬂ}\—]L Bt 1.97 mg/L, skl
3.69 mg/LZ shFollA AR =7 Yelgoer, 20094
AA| A3l BHFOllA Bt 3.57 mg/LEA ARRolAe] HArg
AL BtEE 1.72 mg/L Hrb &=ttt skAgh 20089 H
20009 AR BE FEL Zhasielon] A5
"0}3}2 B g A7 10 me/l B w98
21 20 mg/L Heh WA yeht 7)) ik

2009%_01] 2008WHCE AR A Het w7} 7adt °]1°T
= 64 o]% 7&—}%‘%}* ol U}‘ikuoﬂE =79l 59 A
SEEE dol 20083 HTt 5011:

l‘ll‘

22 pul E'_—‘—
| oz AEA|L E" AAE BYEE 7I7ke]
gol 38 2|&A0] RUEHD 3 7 JE 2 ARS 31

25t Feh4l EEOI Zgast oz giect

H|& Hlo]oBlgo| 4] AL Frrt £A7]E] Tk
5171 aFgon, A|skr oAl Aol vlste] AAAAS
A7) =oton AT FHo}h E3L o2d A2)eR
et A|etre] MEHo] A5k shRollA 1 ~ 3 mE Algke
A Bt 37 YRy 28k ahRollAl el Qe A5y
g&Fo] vl WSyt whebA on] Alg & UR oHH|7t
Atz A5E 7S viAE 4= §lo] vlo] @58k of| 4 2]
A A0 @AY BI8]7] $fato] AAAAS] Frv) =
A A7]of tiste] FEA A4S AAISHLE Choi (2005)

o

JQ

70 1
=mUP mDW

6.0

50 +

4.0

NO,-N (mg/L)

3.0 +

20 -

1.0 -+

0.0 +
2008 2009

Fig, 5 Mean and standard deviation of NOs—N concentration
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Hio] @=3F 9] Aok AFRAIG9] A9 20099 7€ 39 Al

Elg Al7] R Ak EokoflA Belst 4 gl
A FHealel] gk +0.1 ~ +0.2 % #hE LERHR
o} SRR F9YA B4 A} sk skl A9 2008
£ Ah THYAHTE +8 ~ +20 %o Abo] FLOEH HH|<]
gre wke Aoz wrtElch 200992 79 20080l vk
o] SPauF WA Yepton, 793 99 Avk= +5 ~
+8 %o Ato] gro= sfshH| ROl Byl SokE 799 M W

u GW(up)
= GW(dw)
a4 L
=
o0
E
Z
g
z
1
0 - .
2008.08.27 2008.09.03 2008.09.10 2009.07.03 2009.08.19 2009.09.17
a) NOs—N
25 - |
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