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150 kg/ha - HEEFMTRERER 50 mm/h - HREWEECSEECSBREZ L8 L REE
EWE o FHEEST 30 min ZRENERF @ FTSZSMERAMUSITEIK B ZRE - 21 - BN
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RET  AREGRRRAFEZSREMBEYES RN RERE - 2§t EC HFE
R R HERRES 075 dS/m ELRA - BEEAERS CRARSHEE DG - EIEM
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FEHTSVR (swine sludge) RRE/KREERE TR T MMUBHEREKME TERYE - KHTE
BEFCZRERK  FAUBEMEELEESTIER  BRTHEE FENFIR IR REFRESE
W EE  RAFAREEERE T EE SRR RNE  EERERERAE - BRIEERE
B TBEKI5Y8 (municipal sludge) & 5HEECREIANGEE  BOREDAE - BURRUEHIERE
FE - HIERREFTEELE S ER  WRELAEIFEEABRRIER LA - HELRET
REEREE - ZRELBEIEYR > MERERBIBRREER  AAGBRIHIZRR (Gray,
1989) -

FEBREA ARG BRI QTR CEREE S 5 R IRk I IHAERER - B
BT HIRKE S RYERRERBEAREEN - AIREGRZEEIIESE M EZE SR
TREREZ SRR Z HE (355 > 2000) - F It BRABOKERE EER - AEaKESR
Rk RS - (EMBRENERER SR — K55 (FE > 2000) - REEFRFEIEARE

(1) FTEbtRERETREABRRSEE 1085 5% -
(2) TBIEREREGTEARTEHEER -
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VAR RKBERS B ERER LE > REEYREIES  FTERREBENRS BE A
(F0F > 2000) « AR BRI BEEENGERS - Al S KEK D BB EERERIEH - - K
BEREKDZERRLER  HHRNOE —SRN - S BRE TSRS E A I FE S
(non-point source pollution) Ti5YKEE » BEEEES I -

R/ N R B - DUEERNESSERER AR - D AR E 2L SR
SR SRR A - AR B RS RS R R S R ke s B » b
RUEBEFRFEAR  EFEEERNEES RS BFEE -
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1. 5k

FHBARRIIOEER - BRRGREFRERIIEETER - HEGEREA S SENE=
BAGEHIREHEAMAE SR - WA REEREEREE - KBRS RIR SR A% &
RIRPRRIMEE RS 68.596 % o EBRZMLIE 1 iR - WS REEARKESE  EARES
B0k 4.86 & 5.15% ~ BEER 2.12 dS/m ~ C/N &k 12.5 & pH {Hk 7.37 «

O. SRR ‘

/N SRR R o ML e Y T 2 T X 5 35 VR SR B B M 5 o B2 o M/ NI R R R A
(1.5X1.5 m*) B¥RA Veejet 80150 J@SE=\iEHE (Spraying Systems Co., 1991) « 335 & HEFIE
YRR BRAEEN SRR 19 passes/min - Bfth 3 m BB BB RIBEES) 41 N/m? (6 psi) - [
MW R (B 1 RE 2) BEARBEFERHT (Meyer and McCune, 1958; Meyer and
Harmor, 1979 ) - AGERFTER A EMIETEHEE) 90° 251G » VETEE = i v) pa e R s 28 2
E 0 PGSBS WEERENER » EMEE] 0 mm/h £ 150 mm/h REREZETRE » S
B9 2 SFERR 93%  ATARTEZ LA YRR « Wl R ER T ER/NEE
FEE (B RER > 1996)

®1. FEEGRZMHL

Table 1. Selected composition of swine sludge

Constituents Concentration

Moisture, % 68.5
Total Kjeldahl nitrogen (TKN), % 4.86
Total phosphorus (TP), % ‘ 5.16
Cu, mg/kg 328

Zn, mg/kg 1,893

Electric conductivity, dS/m 3 2.12
C/N 125
pH ’ 7.37

. A+
FHBRFIA 12 BR58E148 (1.0X0.5%X0.8 m*) (Hubbard et al, 1989) » HAEERE
Bt TEXEEEREE RAELIHEESBRAREERIRINES - +HEEEEST A
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A8 WL BN A AR (60 mesh/in) LIFIBR/KEE - ML T AFERKEBIRAKZ
§3/4” HiZkD » DIUKERBIRZKA - MM I EDER L » KEEEE - WA IR
SEE B AR - SRR A8 B R AR SRR A SR B i

HHZ T ERRETHREZEGFESRBMRBERER 0~15 cn 2R+ - ELEAEWHE
LWL EHORRYEIRL (BhKD 9% WK 279% RRDRL 6496 ) FTARIHIBERIRRE K
iR § 2 mm ZERE o WERRER 5%

L HABFRARFEXERE (Veejet [E 2. Veejet 80150 J& P IERATEH N

80150 ) FrTEH & EN ( from & ( from Spraying Systems
Spraying Systems Co., 1991) ° Co., 1991) -

Fig. 1. Simulating rainfall generated by Fig. 2. Distribution of raindrop generated
flat type Veejet 80150 nozzle (from by flat type Veejet 80150 nozzle
Spraying Systems Co., USA, 1991). (from Spraying Systems Co., USA,

1991).

Iv. HEget

A e R - S FRE A (Control) ~ EAEMH (Light) ~ AL (Medium) K E
FERE (Heavy) : &BREAERCIEIEES A% 0~ 50 ~ 100 & 150 kg/ha - FEHEFRAR LIEAE
RRFBEYIEIEF MR E R TR R MEINE 400 kg/ha/yr TiE (EEEEME > 1996) - &
BREIRGEWENIUR  FREEREE—R - AERARHEHER 100 kg/ha - FHEBFETE
AT ISR 100150 kg/ha FAHEAEIUFRERRE - JREIR 0 ~ 50 ~ 100 & 150 kg/ha FOfE (#IFE
2) M—FANR - ST AERERDRZAZMAESF% 0 200 - 400 K 600 kg - fEi/H
REEEGRE —EETERERN - RN AXRERTE I AERRERENT » EERRERR
B (rainfall intensity ) % 50 mm/hr » HLRERSRE CEFEHIESRIER 1.25 SHE—X (K
KeFE > 1988) 5 FERFZERF (rainfall duration) BAREAZEFRE 30 min E1EERN @ EREE 5 min
WEETRE - FIREASTE SRR ESSRCELE > & 5 min EHRKRE—X - BXRZ
HIE RN EEMRRAR LT A RRE  BSREEBNEZ A ERBRE (11X 1)
Runoff o

ainfall

BRAKERNAREREZREESHE » SITRERAKEFZ TKN » NHyN » NO;-N ~ TP R
EC » Eo#7 7 59#k=EE Standard Methods 5% 18 ff (APHA, AWWA and WPCF, 1992) Ff
Mz ik -

Runoff percentage=
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®2 FRHERBEIENGHE

‘Table 2. Amount of swine sludge applied in this experiment

Amount of application

Constituents
Total nitrogen Total phosphorus
: kg/ha
Control 0 0
Low 50 53
Medium 100 106
High 150 160

V. ikEZFHE

MREZAERFEREE (mn) BREREBAHIAEE (L/ha)  BRHZREEE
(L/ha) REGEFIRE (kg/L) > FEZHNASAESFEESRES ZESTREAE (kg/ha) - 75
EEREDRAEDRZAERHEREHEIZESROWMER (kg/ha)  WEHBHEESZ
TikE (kg/ha) BFIEZZRUEBAEIGER (ke/ha)  FEATEZREERI 100% @ Bk
KEDR -

VI. BRI

FriS S| &R SEMIBE » FIF SAS E##8 (SAS Institute Inc., 1988) » —MRHRMEBR
(general linear model, GLM ) {E# G547 BHBEEZZE » AIFIFAEE RSB Hik
(Duncan’s multiple range test) HLEE R TFRRIERREZ =M -

FER AT

I.&RE:

EEAENT EENEREEE SRR 3 B « ARBAINES REEE B ERTR
B 50 mm/h T EAEZYE 30 min ZiEH - Kt > HEHE 30 min AZBHE « BRTESE
ERHERICBAE - BERWEZIFYRENER 25.910.29 mm (0F£ 3) - BREFKEERZ
REFREMEEE CER - FHERMER 5.83 mm  PEERE SR 22.2% (A1F3) -

#®3. ARIEZENE  SREREHRESE

Table 3. Rainfall, runoff and runoff percentage for the experiment

Treatment Rainfall Runoff Runoff percentage
mm %

Control 26.3 5.66 21.5

Low 26.6 5.20 19.5

Medium 25.9 5.52 21.3

High 26.2 6.94 26.5
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0. BHRPREGRBESRE

EFKPHRESRC IR SRETINE 4 -

B AR ER RS 0k - REEHE 10 cm BRR - BRSO MERESRRAE
M FE S Ve P e AR E LI R -

EE T M AR ES R R RERF » Ei kB REIMEEREE S REAEm M -
0 : TKN ~ NHy-N » TP » DP » COD J EC - ZJi/kiZ TKN JRERERHEB RS - HaRSH
HigiMEEE 2% TP - DP -~ COD K& EC ZIBE » SRR i AEHH B s R A R TR
(% 4); BRECBUEE YR HEREEERERKTE - REEZERKERE (#HF -
2000) -

FRBHEREN  EEERESREEHEKENEE SR EENHRERACRE © SI8EHE
FEIRCERE ERMHREBRIBERE (F5 > 2000) © fLAIMREE Gray (1989) ZHqm - HLE
ZI5VR 0 EHRAERE B REHR > C/N EEHE - Jit - FERREHEETERLER > DRLEEYS
FZ SR WERRE A, - LASLHERR © (EEEAR - MRE S SR A e 2 Bkt - XA
BEREDRE - BB ETRERN - SRRV RSN - R R
W EHHSURS RS C B ER  BERRCHETRR(LIER « BSURTE R Atk
BEME - FEEAZ AR TR RREHE - RESZZRCD B RR L R/INE
RIS » LIS B AT RE RS TRAT & BB TEAIR - AR R TR - FIAL
BRI - RN MBS RIEAWE LY - R GRABRMETRE
A DR EERE  BUBEYERACSENHERER - HUREREEZHEIEERERTH -

F4 MAREGRNBEESEHIRESREZE
Table 4. The nutrient concentration of surface runoff from the pangolagrass plots received

swine sludge

Treatment  TKN® NH,-N NO,-N TP DP COD EC pH
mg/L dS/m

Control 12.6° 3.36° 0.82* 0.30° 0.20° 33.7° 0.32° 8.89*

Low 15.6% 4.53% 0.89 * 0.46° 0.34° 35.0° 0.35° 8.89%

Medium 17.7% 5.51° 0.83°* 0.81° 0.63* 51.7° 0.36° 8.72°

High . - 22.5° 7.85% 0.85* 1.12* 0.68* 50.9* 0.38* 8.94*

$TKN : total Kjeldahl nitrogen ; TP : total phosphorus ; DP : dissolved reactive phosphorus ; COD :
chemical oxygen demand ; EC : electric conductivity.
e Values followed by different letters in each column were significantly different at P<5% level.

. ZFNBEHFREFRRSZTREAE

FREBRSESREREERAMAZTRARIINRE 5 BEHMEESEINE 6 - ZRNE
i FEEFRES ZIBLEEGHAEYHEE N R (R 5 KR 6) -

BT EER ESEEAREANEEEH SN EEERE - AEAERS CIRER LI
KEDREEEE S DM (A% 55 % 6) - Fla0 : TKN 7F 1.56 kg/ha LT NH;-N 7£ 0.54
kg/ha LT ; NOs-N £ 0.06 kg/ha AT 5 TP 7£ 0.05 kg/ha DUF ; DP 7£ 0.05 kg/ha AT R
COD 7£ 3.53 kg/ha DAF (4% 5) - FEEEN T - HEEMRERESERLRRELRRE
0.75 = 1.00 cm B (Ashraf and Borah, 1992) o FESEHEITETEH > FEBRECERER T8
Hrhad - Kk - BAES B HIRER e -
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Table 5. Constituents loss of swine sludge by runoff under simulated rainfall

Treatment TKN? NH;-N NO;-N TP DP COD
kg/ha

Control 0.71° 0.19° 0.05 0.02° 0.01° 1.91°

Low 0.81°° 0.24" 0.05 0.02° 0.02° 1.82°

Medium 0.98* 0.30° 0.05 0.03° 0.03* 2.85%

High 1.56 * 0.54* 0.06 0.05% 0.05* 3.53%

¥ Same as in Table 4.

®6. MARESREREEZESHBSRIZHETSE
Table 6. Percent of total nitrogen and total phosphorus loss of applied swine sludge by

runoff under simulated rainfall

Treatment Total Kjeldahl nitrogen Total phosphorus
%
Low 0.20 0
Medium 0.27 0.01
High 0.56 0.01
&

AR ZERTCESBRE  RESRREMAEERERERE - ERSCRERES
HEEEZ D - ARBRC RIS RREERICE— EIETRERN » 35RO BIRT
BRSEAR > ABFE 50 mm/h FEEZRARERER 30 min 2 FHKEIEME - ARERES - /£
HIRER L SR EREEESRESRAE e  TRaRERIENERENS — 2598
IERVERSCETTHENE - LR T DI IS AT RERS6E LK /B RMGER &R & T A4 T
il EERA SR B AR S A K . EEEEGRE - EPNREN SR E
R - MIEERAKEZ HEEERE - IRF A SRS ERIE R 5 R N I8 - S
BT EE - IS LRSS BB IR -

B

AR BESTHRREZEY 89 Bl —1.4—4%—01 (1) %5 - EBEML - REHIRT&TE
RRXZEGSEARMEHICERRES/ME - SBR/ME - BIE/ MERMWE L b
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Abstract

A small-scale rainfall simulator with a 50 mm/h of rainfall intensity and a 30 min of
rainfall duration as runoff initiated was used to evaluate the quality of runoff from
pangolagrass plots receiving swine sludge. The complete random design with four treatments
and three replications was employed. The treatments consisted of control, light, medium and
heavy treatment. The application rates of swine sludge nitrogen were 0, 50, 100 and 150
kg/ha, respectively. Flow composite runoff samples from each treatment were analyzed for
the concentrations of total Kjeldahl nitrogen (TKN), ammonia nitrogen (NHg-N), nitrate
nitrogen (NO;-N), total phosphorus (TP), dissolved reactive phosphorus (DP) and electric
conductivity (EC). - The results showed that the concentrations of constituents in runoff were
higher in the sludge-treated plots than those in the control plots, but amounts of
constituents lost from the pangolagrass plots in runoff for the sludge-treated plots was less

than 1% of the amounts of application.

Key words : Swine sludge, Pangolagrass (Digiteria decumbens Stent), Runoff quality,

Simulating rainfall.
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