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Development of Guidelines for Animal Waste Land Application to
Minimize Water Quality Impacts

A
Hong, Seong Gu

Abstract

Land application of manure compost is considered one of the widely-used animal waste management
practices. Many livestock farms adopt composting for their animal waste disposal and apply the compost to
crop fields. While standard rates have been established based on researches with respect to land application
of manure compost recently, there have been few discussions on water quality impact of the application.
Water quality impact should be taken into account in land applications of manure compost. In this study,
management practices were proposed based on the investigation of water quality of leachate from manure
compost under rainfall simulation, field studies, and monitoring runoff water quality from farm fields after
land application of animal waste. The concentrations of major water quality parameters of the leachate were
significantly high, whereas those of runoff from soils after tillage for soil incorporation, were not affected
by the application based on a series of experiments. Runoff water from farm fields after land application
also showed high concentrations of pollutants. Appropriate management practices should be employed to
minimize pollutant loading from manure applied fields. Proposed major management practices include 1)
application of recommended amounts, 2) proper tillage for complete soil and manure incorporation, 3) field
management to prevent excessive soil erosion, 4) complete diversion of inflow into the field from outside,
5) implementation of vegetative buffer strips near boundaries, and 6) prevention of direct discharge of runoff
water from fields into streams.

Keywords : Manure compost, Soil incorporation, Management practices, Rainfall simulation
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2Hslof sttt FAEne FAEYL nEAdo) o oM SYE FAHEES LEste] HiE
FEA7b of1, SFAkETielA EE Ex FE Fusted ¢ Qe WokE EAsty glon
2 Hpol] gt FALATAE AFs] Hetk o9} ##Ao] spHFA ) e FAMhE AT
o] shubEA AgHE Zojoh weh AN o] 8= gich
Zoll digh Ao} FAlel A FAA] DA AUl SARE ] ARtz F
AATAE AAZCE st ol digt i@ ta T EHushiclo] AtjRos 3, AL

of ArHofob @t ALY e L v AE HEAL 5 Slvks YA Sl ol B-E
Aol gk A7 Mgl T3] FHHUT s 04?9} dgzgo] diafx)7] AAsIATHCho et

g FA G et ILEV} vju]3k A9 213} , 1996; Cho et al., 1997; Song 1998). A
e T8 xS e 55E ek §}>}X§% AR EHS AWE AT Yg
A0)7) wjF-olt}, Hoe FAERY 44 AlgFe tiste] A7}
s e AA HEAR Fulzt A & AlgEglom olelgl At Aile wX|$ed
A= oM 2 BN FE2Re HE A s 7xAaE 3849 4 Qivky dekEch
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718 4 Qe AoR (A IHKim et al, 2ol tjste Shin 5(1999), Kim $(1997)°]
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Fig. 1 Distribution of cumulative numbers of fields
with manure piles and soil incorporation
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A 85%% A8k 9llow YA 156%E =0 BErt E A% 298AY TRt tha oAy
ok, =R A 65%7F FAbsItY oF 1 Balgre AZgaro] F7le Fslth FAEd
km o2 Azlel gixsten, 53] Hibsrtel (SS) 3 3etAAA: QT H(COD) & A& ATt
BlE QA w49 By FEAE FAE A A ugt s5rh WA QoA 548 Hl d, F
07 o5 RS YWY AlgHo] nj¢ =  A(TP) I, A AANO;-N)G A$ ARl
otk &, BAY AYE FATIAY AMETE 2 sk 1 Age] Tl 4otttk NOs-
8 Ao BAE T 82 ¢ T A N9 A$ 79F8 & WEHe 325 F 557

ZREn gAY $A09 e FA A Zlete BEAL Rk AAEAz at
s Y AYE 7)EeR 1 YEEE 39 2 g2 HE5o £4 FEHgY AAE g
2 Wro] BHa5ih askdo] A9 8% 2 Hong® Kim(2000) el A708 vt Q1o
3 m oo 9xe A ¥ FASE 3 m 9 ATFS AV Fok AR e
Aol ANAY ol gl A F 1 99 A FERERS RGO TUhet AeAE Tl
9o ge Aoz RIS oo A9 1 w}aw NO;-NE ALst v g d&o] iz F7}
A7 @AY AX) % Zo® Yt $A dQich. R W AR 2P nE HES
o] Gudyg FEALFL A7), EFE, EY Z g8 2wl W= Table 1o Yehd u}ﬂ
59 $5FHE 2AR e HE AFE Aty B4EAY) FEE 116 mmh A ¢
07 9ud g A$FE 3uAR TR kg EEAE 10~57.5 mg/LE Uehd dbd, 6
A A R AgFo] G vt 27%, T4 kg FEoME 38~138mg/LE  F7ISISiTH
o) 48%, ®E& ALI} 25%7 JERsith ggwF TKN %A 116 mm/h Z71elA 6 kg ZEAJAE
g AgE0] B2 wAE YR ARE 55 E H1%EE7b 100 mg/Lol e ®M 3 kg LES 3
Al 2ogA $RE Algske 49Uk 1A Bvlate] 48 o) oF =itk NOs—-N&| A

ST fARE AEE Bgoy AAETE 41

2. 2955t ZHIM mm/hQ) 9ol FH 2]zt et

ot ool HET TESY L 224 254 5 QUS| 559 B2t
AGAEA W2 L AEFA AT 5o ojg® FE Jhe, A48 A vE

Table 1 Concentrations of leachate for rainfall and animal waste amount conditions

Rainfall 116 mm/h 41 mm/h
Animal waste 3 ke 6 kg 3 kg 6 kg
SS(g/L) 1.0~5.75(7.2%) 38~13.8(14.4%) 1.9~9.2(13%) 6.8~24.4(45.6%)
COD(mg/L) 72~599(475%) 571~1369(612*) 105~1158(2079%) 411~2070(1201%)
NO3;~N(rg/L) 1.97~7.64(275%) 3.01~9.03(28.6) 6.46~9.95(25.7%) 1.28~10.8(36.7%)
TKN(mg/L) 1.29~235(23.6%) 1.15~106.9(20.4%) 536~47.1(22.7%) 712~102.1(52.8%)
TP(mg/L) 8.92~36.18(40.0*) 17.83~50.08(79.7*) 11.9~35.7(33.0% 16.17~41.9(47.5%)

*: Concentrations of leachate collected after an hour rainfall simulation
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Table 2 Comparison of leachate quality for different
animal waste

Cattle Dairy Hog

COD(mg/L) | 410~1,050 | 830~2.735 [4,260~13,155
SS(g/L) 44~82 160~244 176~494
TN(mg/L) 116~168 106~164 305~459
TP(mg/L) 32~48 28~45 69~86
Hog Aol 7Pk FHe 1FE] U EA)
she 9o vla 29 ulge] ArHoR ¥
CHTable 2). A%l o]gd HE& ¥R AL
Y SR g3 2R AAE HE 2 3
250 GEN FEe B AR Qe dsjel v
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176~494 mg/LE 78 =301, +-%20] 160~244
mg/L, 281 §9-50] 44~82 mg/Le o7 1}
o=
O A

ehdth A delrl 238 e
3

& 157 g/L, H-$8E 119 g/lola, FA} A4
A s E o4 F FRED FEE E 1,660
meg/L, ¥F 1,270 mg/L, 181
mg/L FFolth (KASIT, 1990). & Ado]A of
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=38 4 F Atk A sl okdE
TEMIZFE A9E As HEF7 S A
H}

=2

0

O
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100~160 mg/LoI3 oy #=5-2] 73 oF 2v) 4
=2 300~450 mg/l FFOR et =%
29 TKN §%5F 9% 6 gL, 5% 4.7
g/l, B% 9.8 g/ 3024 (KAIST, 1990), &
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Table 3 Surface runoff concentrations after tillage
by different rainfall, slope, and animal waste
application rates

Rainfall Slope Application| COD TKN TP
infensity rate (me/L) | (mg/L) | (mg/L)
Blank 170~31.0[0.09~0.15063~0.77
10% Low 280~85410.09~07710.60~0.70
Medium | 289~4701.67~6.17 | 0.80~2.00
5 High 40~59.8 10.09~017{050~1.10
mm/h Blank 9.0~30.0 10.09~067|0.78~6.24
0% Low 30.0~168410.13~0.66]0.71~2.11
Medium | 9.0~245 | 2.67~700|0.74~466
High 463~1058]0.11~048 | 0.80~1.82
Blank 283~8451017~029(083~157
0% Low 170~31.8(0.05~0.15(052~1.10
Medium | 235~42.410.30~0.33 | 1.00~2.05
100 High 235~76510.05~011{0.49~094
mm/h Blank 120~453(017~03311.09~151
209 Low 26.6~129.01 0.05~0.12| 0.47~0.99
Medium |255~41.4)020~042 | 1.26~2.20
High 35~508 | 0.06~011{081~1.65

Blank : none, Low : 400kg/10a,
Medium : 800kg/10a, High : 1200kg/10a
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Table 4 Farm field descriptions and results of sam-
pling and water quality analyses

Field | Area | Application | No, of K R
Id | (ha) |rate*(ke/10a) |samples D | NON ) POCP

FL | 12 4000 5 |778~1915|581~1198| 178~27
F2 | 0§ 3,000 3 |235~3068|0.96~187 |116~125
F3 | 07 4000 1 7220 3l 0%

F4 | 06 6,000 0
.

. approximate values,

ZAE FAEREY §E9 F COD v5E F

T Aol vd) wou, Yol A T TE
A Ao wEl =2 e JERSith 53] &
g o AIRS w49 A didd] 22 s5E
e Q7] Wizl olof djgt #ejuete] 7
sojop & Aolt}. g, FEE UF Algshe A
* AEA FEF] dAe] ZATE #d 4 9l
Atk ol FEEMIZ} Zte B4y Wk opz)
EYY 23 & ARENE Ags) giow
Bt 53] Fyhda el 9e ko Hilo]
L3 3

BEANE B DS FRAEEY, A5,
7910 Ae Bl Ui 20| $ALA5Y
o Pstol s 5 Qg AVlFoRE BAH
Q7] o] FRE BAZ 240 42 F
¢ olFe] B} £RE A Ao olFoAE
& 5 gtk FA9 A Yol ANE A
SHuce 2o ALE 9% BHoT FRS
A0 Agsi A%l ATk FATE Fue]
JAF FAN ARG A§] o} B
§257) G A 15 9940 45
9 JhsAol ek XEAYE o Fg opd
e BN s $& FEY 9@BAol
FEBS & # Ak 53 B A5 4
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EHE e A A 2982 st 9 wXY AFZoRREH 45157} dE Aele
] ob S spdpdel A FFE wE  FEY Ao oARNIRS FTUMIIE A
T Ao, FEE wA Bdsks AZIQl A& F 2% ARFCEFHY fdgrol digt A
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Table 5 Major problems in land application of ani-
mal waste to crop fields

Classification Problems to be focu;ed on
in land application
o » Most application 1s made before
?;ﬂgatlon mid—May. but some are even during
the rainy season
* Inappropriate fransportation increases
Transporta- loading frpm road and paved area
tion of « Inappropriate management of
manure temppra;y storage of manure compost
» Application is made on livestock
farmers’ own fields
* Over-applications of manure compost
in some farm fields
Application | * Residual solids of manure on soil
rate surface after tillage
« Large-size manure piles on field near
stream
Field * Steep slope Qf farm fields
conditions * Excessive soil erosion o
» No management practices in fields
« No or bare channels to divert inflows
from upstream area
Runoff * No buffer area for reducing
controls pollutants in runoff from fields
* Direct discharge of runoff from fields
through grassed waterways
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Table 6 Management practices for reducing pollutant
loading with respect to animal waste appli-

cation
Classification Management practices
Application » Application should be made during
timing the period of no or less rainfall
+ Appropriate transportation to
Transportation gzzent losses to road and paved
of manure » Management of temporary sforage
fo prevent leachate loading
+ Application of recommended
amount of manure compost
+ Application after proper composting
Application process to prevent manure
rate consolidation
* Enough and proper tillage to
minimize residual manure solids on
soil surface
» Reducing surface slope of fields
Field » Adopting erosion control practices
conditions » Buffer area in field boundaries for
reducing pollutant loading into
streams
* Prevention of surface water flow
into fields
« Adopting management practices for
Runoff reducing runoff amount
controls + Appropriate management of runoff
water on fields
* Prevention of direct discharge of
field runoff into streams
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SEAE Heol ﬂtﬂﬁ} F3& AR FTES) ¥ 5 A&k $AE Agse F9A frET
S8 A FRENE Agsks Zo] deasith E AR £4E A, ogd FEoERHY HE

AL 78 FAME AR %?91 frgol g Fhde vAA Fehd ALY FElA
Tkl Bk Aol ARt n, fEre Adste AR T fESF A g A e &
E39 ok Frkete] Rafgol FrketAl "Ark. FHES ARANEHF M AL F FEF T
et AP Qe wACME B AE e9ed R *l%%, A, 71 A T
A FUH fARE BTN w8lske Aol B o ol 2 A7t qldleH, FEHEIE Azls)
L3}, "J?riOﬂ*H FEF7E FEE A A 2 thxTel BlsiM FRE Aolrh ISiTh

= $35E 58 AAAY BAstojolr gt i FA 2R §E25 FES FEAE A
A el HAEE §E257F FEU TR SRe HE Hu COD7F 300 mg/L, NO3—-N& 100
Z A s A8 Fasklhy, 2954 4% me/l, POy—PE 2.0 mg/l °¥o®E L}E}MJ%
g AAT Qe ¢530S vtee AR 193 EFAE FACME COD 700 mg/l, NOs—N
ofgl Aoty FREMIE FA sk FAol 3 mg/L, PO4—P= 20 mg/L. oJAto& Vel
AN MEEE LAEARS AR % #euel 2AR w4 BF ALEE AEAEE 98 vud
& AEA), SHEenh Al sAxd, a8a ket & AESRT iglon, A Fol g
FEF #Y TOE vro] Table 6ollAsgl 2o ZFo] FFo] EQF mHd wFHol Qo] Wil
QoFst £ glc} 52 FEE Yed JoR dddch
2 ATFE BaA dokd AR deere
V. 2% o ZHE A, FE8h A, $X21, a8 G F
& #Y) ToE Vo A £ %tk &iF
Fh el w4 844 A=A wWET B HE FAZ Wk BN FE0] B F
e TAEE Fefsly] sk, A8 Aol of fFAEE Aol FQ FAFLREA o] 8t
ujgt 2AL FRPEZANN AES FAXAL A d7F e " Algse A vk 3, A
5 FEFY FARAL T8 AR HE o] B Aeole Aol EF F13)
F FAZRAE Q. sASY A% 2 dAARAL £F0] Hu EY HUSd kEFHe gl HAig)
Adsl FAAERE wEor edEdME EEah= Zlo] dasitt 58 F53Ade AA
taE BARS delsly, olF AT £ Qe A go} Snlrl w2 Bk A ALY Fojr
s B AYsisict By @ ko] FHel| wEH| ulio] AA3) g
AR Ao dist 2AMEY, R ks H| gty ol Algsfoof gt}
gt drjeRdolt oM el fAolg)el= BAPE Sl wAeA e B S #HAgE 4
FAAEA HE JFedE A Eokth oFF NE B FHo] E9jHojok dhn], AFZOZHE
el R E] TS e QU EA TEF7F AR FYHA 4EE $I5RE 52
TE Uds] =ou, ARl o]FolAE A ek Aol Q7HETh wAolA HAE {E4
717MA 9 FkE Bl @A pako] Ho] R B 7F s rEY e R AR FYHA dRE
A A AT A gk YAl oA sk glo] FaskH, A TRl Hawe] A4
R B2y 38 X9l fAHE 28 E AXsh= Ao) vigdsi
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