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Table 1. Soil properties before experiment

Treatment” Sand Silt Clay Texture OM* N P K Cu Zn EC pH
% % mgkg —  dS/m

L 34 43 23 L 1.50 0.12 612 908 283 509 093 7095

SiL 34 51 15 SiL 142 0.10 346 77.5 171 234 069 7.71

SL62 62 23 15 S.L 145 0.12 290 730 065 1.00 0.80 5.76

SL74 74 13 13 S.L 0.76 009 19.6 577 196 518 053 7.59

"L: Loamy soil; SiL: Silt loamy soil; SL62: Sandy loam soil with 62% of sand; SL74: Sandy loam soil with
74% of sand.

& Organic matter.

B L PR LA - i 2. G 2 -
Fig. 1. Percolation water collector from Fig. 2. Overview of experimental site.
the bottom of lysimeter.
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Table 2. Composition of treated swine wastewater for land application
Sampling date ™ NH3;-N NO;-N TP DP COD Zn Cu pH EC

mg/L dS/m
2002/09/16 107 95.1 134 340 273 124 093 0.75 790  1.81

2002/10/24 102 64.8 255 344 288 168 0.53 0.25 7.71 1.76
2002/12/25 240 214 19.2 419  36.5 204 0.73  0.50 812  3.09

Mean 150 125 19.4 39.1 34.9 165 0.73  0.50 7.91 2.22

YTN : Total Nitrogen ; TP: Total phosphorus; DP: Dissolved phosphorus; COD: Chemical oxygen demand;
EC: Electrical conductivity.

%o 3. BB PR R RS

Table 3. Date and depth of application of treated wastewater and flushing water

Type O.f Application  Application Total Total Chemical
application d . demand Zn Cu
ate depth nitrogen  phosphorus
water oxygen
mm kg/ha
Treated wastewater
2002/09/20 31.0 333 10.3 38.4 0.29 0.23
2002/09/27 31.0 333 10.3 38.4 0.29 0.23
2002/10/02 31.0 333 10.3 38.4 0.29 0.23
Subtotal 93.0 100 30.8 115.2 0.87 0.69
Treated wastewater
2002/10/25 25.9 25.1 8.69 52.8 0.14 0.06
2002/10/28 259 25.1 8.69 52.8 0.14 0.06
2002/11/01 25.9 25.1 8.69 52.8 0.14 0.06
2002/11/04 259 25.1 8.69 52.8 0.14 0.06
Subtotal 103.6 100.4 34.7 211.2 0.56 0.24
Treated wastewater
2002/12/27 11.2 25.0 4.61 22.8 0.08 0.06
2002/12/30 11.2 25.0 4.61 22.8 0.08 0.06
2003/01/03 11.2 25.0 4.61 22.8 0.08 0.06
2003/01/06 11.2 25.0 4.61 22.8 0.08 0.06
Subtotal 44.8 100 18.4 91.2 0.32 0.22
Flushing water
2003/02/19 13.5 1.04 0.11 1.13 & -
2003/02/20 26.9 2.08 0.22 2.27 - -
2003/02/21 26.9 2.08 0.22 2.27 - -
2003/02/22 13.5 1.04 0.11 1.13 - -
2003/02/23 13.5 1.04 0.11 1.13 - -
2003/02/24 13.5 1.04 0.11 1.13 - -
Subtotal 107.8 8.32 0.88 9.06 - -
Total 349.2 308 84.8 426.6 1.75 1.15

& Undetectable.
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Table 4. Composition of flushing water

Constituent Concentration
Total nitrogen, mg/L 4.63
NH;-N, mg/L 1.37
NO;-N, mg/L 2.53
Total phosphorus, mg/L 0.49
Dissolved phosphorus, mg/L 0.06
Chemical oxygen demand, mg/L 8.40
Electrical conductivity, dS/m 0.36

pH 7.56

V. ¥R 5T

Bt 2] 3Is BT 0 FJF] SAS é%EﬁﬁFE‘ (SAS Institute Inc, 1988) » — JE5ELEEI=Y (general linear
model, GLM) >j i, 5747 » &5 | B V= B E'HﬂJF'Jgfﬂ'{ 71 M %7k (Duncan's multiple range
test) Tk PERRI] L A I o
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(S 2 mg/L (Y 5) » o=V TRUPEE NH, =N B2 S BBy RLAR [ AR PRy pe g o
TERtRR IR > BRIBIE NOS-N ViR 55 P @B R U B A REE 10 mg/L o 4 GRS
Fps: N 3l kAl e R S ﬁgﬁ}ﬁl » El I'ZE’[E"QP, 2.19 mg/L’T P = VERE L 0.72 = 0.86 mg/L N2
(E! 4 78+ 18R RN NOy-N VIR IS < 10 mg/L (Y[ 5) - NO5® -Nf_F" pLERY [ F"?J > T BLAE
VORIV T 3 PR AR 9t - T fiidisls ~ RERTES RS AV B Y BLUE NOS-N
JERPTN 0 B~ APIETEY PR A R RS Y 4 1 Fk poEIN VAE i el VR -
FRER YA BEI L SRR TR SR SR e e TR NOS-N
B T BEEEC 7 10 mg/L VARYE IF“’FL[*‘fl"ﬂ»tﬁYt;@%%'*ﬁbﬁhﬁ“ﬂﬂ%‘Ié{’ RNy o AT
ST SR AR i RFRE T T i TR fIEETT W@?Eﬁi o BT T B
% EEAH o ) fﬁﬁ*fﬁﬁ‘\@?’dfi*ﬁ g SRR NOs-N Iﬂiiﬁﬁ{\@?ﬁﬂv e R e
BropAEP s NOy™-N V*H“J} 5 (ST VR - BRI NP R e SR AR
g [ (PR SR N VRS T3l NOS™N V38 7 7 &y 10 mg/L o B9F % 1P
> Powell et al. (1999) 7y {2 FFEy -+ bl 2 15 5 s » 1 B PUSET o NI #9300 i {4
Ao (R AR TR Y, 5 O ST 1 JESE S Hubbard and Sheridan (1989) iﬁf HI?"‘T S“TFJI'
FSTUELD B S LYV 0 4 NOCN YR B BV S 82 O
EL TG %l&/@iﬁf—?n’ﬁb?lﬁbﬁﬁ [/F £l (F9E% 1,270 mm/yr) ; Steele and McCalister (1991) %F i
nfﬁﬁlﬁ g H [SEE R (poultry litter) &V 9l » 297 < I NOy-N ViR T 155 <3 mg/L » P55
ST P - S T R PP FLE ) VR T kbt
5 VAR ER] - R l%*d"ﬂ < NO3-N V% - £ F &A@Eﬁfﬁi#ﬁvf ORI Y SR A R
NO3-N VR 15 <10 mg/L » [PFEg ) 20 g NOs-N [ i3irdh sy i o<+
A VPRI AR FHR i o JiE SRS (SRR TP DP ViR
ISR AT [ LSRR [ T - 4 SRRl B HERY S TP DP T 15R% Fﬁ’;? 39.1 ¥ 34.9
mg/L (I3 2) > = HISEEEIREET TP (1.0 mg/ L) » DP (0.05 mg/ L) % i B (= Vi b
(USEPA, 1986) - £t J‘q\'"lp_ﬂ%ﬁu* » -+ NI [= SL74 55V DP AR EL 0.34 mg/L It - iE Fﬁﬂ”ﬁ:f
(347 0.20 mg/L (Y[1 5) o F=F 4 BEEF P S0F SV ifpe 0 o PR RN s ek o 2B
& [\ifﬁf\cg (Breeuwsma et al., 1995) o [N, T #HEV-BE= 4 SR B 2HEV T B3R PRRD
P}HEI B ’_“g—»j“?E‘Hl N E?Jbﬁg;&l » T 1;:4’?7 F’F’E‘[&§| , [Elvjdg&' AT [~ o T 4 (1> P @;ﬁﬁ%
s IR EG HoPO, ! 22 HPO,™ g (RS H"‘F PRI 1 S s gt
Flf[’ﬂ?‘/ﬁ‘yt"sf Ji'r[‘fl:‘v%j} o @{E'”EJ B SorE o [E' pH [El T ;J@T = f ;@P&?s[ /%F‘ L —LJI#?J@T‘
TR K LY PG - ST Y AL Fe - Ca TR P AU i L
A< U = F[f[ﬂ o T 4 ﬁaj?éffzf[l » H,PO, 22 HPO, 2 V1% :le‘%{uj (%> "DHT 0.05 mg/L (Lemunyon et al.,
1999) « AR 83> HIRETERIBIAA ~ [RERGET Bl P TRTES BOAF P E IR e P AT
PR AP o (HgPa i ot o BEINR Rk PO e AR 0 (R
A0k fy e PR E S A o T g B PR BRI o BRETIRRERR 2 Py
ety P %E*J:ri*‘ﬂ 1 ST ISR L A IR -
G LTHU?'I SRRk SIS RIES: I ANE -t ﬁ g7 J[H*LJ U (Sims and Wolf, 1994) - HEJR P
Tﬁﬁl}%%ﬁj%ﬁj B (R B PRSP ARGE T R %Ef ' P "Aﬂjﬂ‘%g&ﬁ‘@i
[“1fE7HR (Sharpley and Menzel, 1987) -
e ] BT COD il > PR Rl BRI o R LR e SL76 B > B
IRd7fs COD I3 R i B Pl > P fe bt SRET VAP S0 [ i3RI D 4T COD IR
b o VST YT COD 9IS 1T 165 mg/L (11 2) » RIS - B2 L SR~ SL76 Rl

COD M % 55 90.5 & 65 mg/L » H &g & A7 15974 20 mg/L (Y[1 5) o + #IBNd-SF1 Zn VA > T4
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B L2 SLT6 RER) o HER S ALY B TR (U0 5) 4 I Cu VIRE - pH % EC i
PR T 4 SR R B B (U0 5) o ST D AR 2 R
*’%4@ﬁﬁ$wcmwg$mHBEC%ﬂﬁﬁEWW%%Oﬁhﬁﬁ#@EWEc@ﬁow

= 1.04dS/m V[ Eflits <2 dS/m (Y% 5) o 4 BT 4 EEFIH IR D EC il B H
@‘*F [{Pmua@ o -+ @JE:LFQE{:’% 7 fi IE[ <2 dS/m Eﬁ J@qﬁ“ﬂ 3:‘J‘F)?EJ [/[Ll}fPH‘éi;%ﬂr’ ; % w4 dS/m > [T

jﬁ[ [ﬂ[ﬁ]ﬁ@[il"eﬁj 9t %:Jﬁﬁi&/%&ﬁl"eﬁjiw 7{::&&5 4 FE 4 -V EC > B BT G [’EEkaFfi[i
s> v ERR IOm’ R 9 IS 1 RIRLY R R 308 kg/ha ‘f N P
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Table 5. Chemical composition of percolation water

Treatment @~ TN' NH3-N NOy-N TP DP COD Zn Cu pH EC

mg/L dS/m
L 479  1.82° 0.86° 1.28°  0.55% 90.5* 5.16*  0.03* 7.91*  1.04°
SiL 4.65° 171  0.82° 0.88°  0.19° 17.8° 264  0.06° 7.79°  0.83%

SL64 6.25° 138" 2.19% 1.03*  0.17° 16.9° 3.10° 0.08* 7.81* 0.84°
SL74 512 1.79%  0.72° 1.63*  0.34° 65.0°  4.02®° 0.03% 734  1.04°
"L Loamy soil; SiL: Silt loamy soil; SL62: Sandy loam soil with 62% of sand; SL74: Sandy loam soil with

74% of sand.
YTN : Total Nitrogen : TP: Total phosphorus; DP: Dissolved phosphorus; COD: Chemical oxygen demand;

EC: Electrical conductivity.

¢ Values followed by different letters in each column were significantly different at P < 5% level.

I P2l PR T IR P

FiCE A SRR SRR R PR BORE VIS (I 6) - 4 SRk 1 BB R
R VRO, o B Sl (SRS TSR R R BT PR o phigke 6 B o YA
+ 87 TN~ NH-N » TP 2 DP U ES{fi3 ] 5 0.04 § NOy-N [ SIL A =i 5 0.11 9F - 21 55
¥.0.04 3 COD % LA SL74 5V E{ifi £, 0.5 % 0.39 91 - JE[@??”W%E"O 11 [P0 ERAR RS
BTl o ff COD H7p 5 Fﬁ1 g EC P 037 - 0.47 V] > PRI+ SR - ARER
KBS BC [ 2 BRI EE TN 2 TP VA B (% -

# 6. BRSSO R Y TR

Table 6. The ratio (C; / C,) of constituents for loss concentration (C;) to applied concentration (C,)

Treatment ™'  NH;:N  NOy-N TP DP COD EC
C/C,
L 0.03 0.01 0.04 0.03 0.02 0.55 0.46
SiL 0.03 0.01 0.04 0.02 0.01 0.11 0.37
SL64 0.04 0.01 0.11 0.03 0.00 0.10 0.37
SL74 0.03 0.01 0.04 0.04 0.01 0.39 0.47

"L Loamy soil; SiL: Silt loamy soil; SL62: Sandy loam soil with 62% sand content; SL74: Sandy loam
soil with 74% sand content.



128 FHEAERAS T [[l F SRARGATET SR BB B3

§TN . Total Nitrogen; TP: Total phosphorus; DP: Dissolved phosphorus; COD: Chemical oxygen demand;
EC : Electrical conductivity.

- BRSO LY T

F 8 B 1 BB B (U 7) 38T PR VR OTED (1% 4) > H BRI T EIRER T T
STEE BRI R B RRH D F S TR 0% E'[J%ﬁnrlﬁt%mﬁ%t (JPF 4) - fli 8
A T SRR el NP PRGED - A BV M ARl e o T L
PARLE T Vgl R B ) S 4 LA SIL A9 - ﬁéﬂf‘ﬁ”% THE 0% -+ ERi%
Jibls COD VAFHR BN 180 L RIR b gl 0 2 B0 ST AR o BB it (Upk 7)’ i COD
PAF 13 BT (G 8) o [H 4 BRI Zn VR KR > SORIIAEET (1.75 kg/ha) Eh ) o R
BRF1Y Zn Bkl o Cu M hgilaiE! £ 1.15 kg/ha > 978+ BRGTERSIN- )V Cu it ﬁﬁﬁ”r N
ZE A T) -

?“ 7. “f-‘ﬁe‘:(% J\Y:T“L T %71

Table 7. Mean mass loss of treated swine wastewater from percolation water

Treatment# TN§ TP COD /n Cu
kg/ha
L 5.74° 1.57° 90.7° 4.91° 0.05°
SiL 0.46° 0.09° 1.94° 0.25¢ 0.00°
SL62 5.99° 0.96 18.8° 2.82° 0.07°
SL76 1.21° 0.41% 15.7° 1.03¢ 0.00°

L: Loamy soil; SiL : Silt loamy soil; SL62: Sandy loam soil with 62% sand content; SL74: Sandy loam
soil with 74% sand content.

§TNI Total Nitrogen; TP : Total phosphorus; DP: Dissolved phosphorus; COD: Chemical oxygen demand.

IR 253 BEHRGE BV T 153

Table 8. Mean percent loss of applied wastewater constituents

Treatment# TN§ TP COD Zn Cu
% of applied
L & 0.81 19.1 281 4.35
SiL ) ; - 14.3 0
SL62 - 0.09 2.28 161 6.09
SL76 - - 1.56 58.9 0

"L Loamy soil; SiL: Silt loamy soil; SL62: Sandy loam soil with 62% sand content; SL74: Sandy loam
soil with 74% sand content.

TN : Total Nitrogen; TP: Total phosphorus; DP: Dissolved phosphorus; COD: Chemical oxygen demand.

& The mean value was less than 0%.
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Percolation water quality in pangolagrass plots
from different solls receiving treated swine
wastewater”
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Abstract

The purpose of this study was to investigate the effects of treated swine wastewaster on percolation
water quality from pangolagrass plots using different soils. Four soil textures and three replications with
complete random design was used. The treated wastewater with a 308 kg/ha nitrogen load rate was applied
to pangolagrass plots from September 2002 to February 2003 during the dry season in Southern Taiwan.
Using tap water to leach the soil nutrients, percolation water was collected from a 1 m soil depth in the
middle of February. The results showed that the nitrate nitrogen concentrations from percolation water in
four soil types was less than 10 mg/L; dissolved phosphorus less than 0.60 mg/L; electrical conductivity
less than 1.05 dS/m. The percentages of mean total nitogen and total phosphorus loss for treated swine
wastewater from percolation water was less than 1%. The results from this study suggests that treated
swine wastewater application to pangalagrass pastures with split irrigation can reduce the potential surface
and groundwater pollution. However, the long-term effects of groundwater quality for the soil receiving

treated swine wastewater needs to be monitored.

Key words : Swine, Wastewater, Percolation, Quality, Pollution, Soil.

(1) Contribution No. 1213 from Livestock Research Institute, Council of Agriculture, Executive Yuan.
R.O.C.

(2) Animal Industry Division, COA-LRI, Hsinhua, Tainan, 712, Taiwan, R.O.C.

(3) Livestock Management Division, COA-LRI, Hsinhua, Tainan, 712, Taiwan, R.O.C.

(4) Industrial Safety, Environmental Control and Chemical Analysis Center, Taiwan Sugar Research
Institute, Tainan 701, Taiwan, ROC.

(5) Dept. and Graduate Institute of Environmental Engineering and Management, Chaoyang University
of Technology, Taichung County 413, Taiwan, ROC

(6) Department of Agricultural Chemistry, National Taiwan University, Taipei 106, Taiwan, ROC

(7) Corresponding author.



	COD

