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Utilization of concentrated latex wastewater for land application

in oil palm plantation
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Abstract

Treatment of concentrated latex effluent by land treatment in o1l palm plantation was mvestigated,
The aims of this research were to study treatment and removal efficiency. Impacts of land treatment of
concentrated latex effluent on the characteristic of soil, runcff and yield of oil palm plantation were also
investigated. Slow-rate land treatment was conducted in oil palm plantation. Pretreated effluent was
imgated to the plantation at daily and weekly watering with different hydraulic loading rates 0.5, 1, 2 and
3 cm/week, respectively. Soil and runoff characteristics before, during and after the experiment were
investigated. Soil in palm oil plantation and runoff from plantation were collected to characterize their
physical and chemical properties. Experimental results showed that COD, TKN and SS became lower
after land treatment. Hydraulic loading rate at 0.5 cin/week and weekly watering resulted in the maximum
treatment efficiency which average COD, TKN and S8 removal efficiencies were found to be about 81.7,
74.1 and 80.0%, respectively. Experimental results show that pH and organic matter in soil was increased
after irrigation with concentrated latex effluent. pH in soil before watering were 3.64-5.89 and was
mcreased to be 4.43-5.92, No significance change of soil quality and runoff was observed. Production of
oil palm plantation irmigated with concentrated latex effluent was found to be in a range of 120.9-221.8
kg/rai/month which was higher from control unit and irrigated with well water unit with a production of

31.7 kg/rai/month and 112.7 kg/rai/month, respectively.
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pH - Electrometric Method
Temperature °c Electrometric Method
Conductivity mS/cm Electrometric Method
TDS mg/L Gravimetric Method
TS mg/L Gravimetric Method
SS mg/L Gravimetric Method
BOD, (Biochemical Oxygen Demand) mg/L Azide Modification Method
COD (Chemical Oxygen Demand) mg/L Closed Reflux Method
TKN mg/L Kjeldahl Method
NH,-N mg/L Kjeldahl Method
NO,-N mg/L Spectrophotometer Method
NO,-N mg/L Spectrophotometer Method
Org-N mg/L Kjeldahl Method
TP mg/L Stannous Chloride Method
Zn mg/L In house Method
s0,’ mg/L Gravimetric Method
Na meq/L ICP-OES
Ca meq/L ICP-OES
Mg megq/L ICP-OES
SAR - *

fiun: APHA, AWWA. and WEF, 2005

* SAR = Na/((Ca + Mg)/2)"”
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Tu W
femiwk) | (m)) , (wm'.d) | (ym'.d (gm'd) | (kgrald) | (kgraid)y | (kgirabd)
(m /d)
Dl 3 2,027 8.7 10.2 228 4.6 7.4 2.6 0.18
D2 2 1,871 54 6.9 15.3 3.1 5.0 1.8 0.12
>3 1 2,094 30 34 7.6 1.6 2.5 0.9 0.06
D4 0.5 2,068 1.5 1.7 3.9 0.8 13 0.5 0.03
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( USEPA, | 2510 - - 5-50 - 0.34-047 | 0.54-0.75 | 0.03-0.04 | 0.81-1.09
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franlsnanmau W MR
(fieAY (Soil Texture) - Hydrometer Method
pH - Electrometric Method
Conductivity mS/em Electrometric Method
Organic Matter gkg Walkley- Black Method
TN mgkg Kjeldahl Method
Available P mg/kg Bray 11 Method
Available K mg/ke Cold H,S0, Extract Method
Zn mg/kg DTPA Extract Method
Exchangeable K meq/100g Ammonium Acetate Extract Method
Exchangeable Ca meq/100g Ammonium Acetate Extract Method
Exchangeable Mg meqg/100g Ammonium Acetate Extract Method
Exchangeable Na meq/100g Ammonium Acetate Extract Method
ﬂ'ﬂm}ﬁl‘u 1508 ﬂt‘lj?itlu‘ﬂ? LyuIn (mole/kg) Ammonium Saturation Method
(Cation Exchange Capacity)
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(Base Saturation)
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pH - Electrometric Method
Temperature °‘C Electrometric Method
Conductivity mS/cm Electrometric Mcthod
TDS mg/L Gravimetric Method
TS mg/L Gravimetric Method
58 mg/L Gravimetric Method
BOD, (Biochemical Oxygen Demand) mg/L Azide modification Method
COD (Chemical Oxygen Demand) mg/L Closed Reflux Methed
TKN mg/L Kjeldahl Method
NH,-N mg/L Kjeldahl Method
NO,-N mg/L Spectrophotometer Method
NO,-N mg/L Spectrophotometer Method
Org-N mg/L Kjeldahl Method
TP (Total Phosphate) mg/L Stannous Chloride Method
Zn mg/L In house Method
so,” mg/L Gravimetric Method

#31: Standard Methods for the Examination of Water and Wastewater, APHA, AWWA &WEF, 21" ed., 2005
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Temperature ("C) 28 27 29 27 31 34 30 2942
Conductivity
8.92 2.70 1.68 [.94 2,95 2.54 9.02 4251 301
{mS/cm)
BOD,(mg/L) 2,385 99 49 185 75 175 76 432 % 799
COD (mg/L) 5,246 260 i14 267 247 1,259 552 1,135 + 1,716
TKN (mg/L} 1,137 406 32 70 210 42 1,036 419+ 440
NH;N (mg/L) 882 300 26 55 172 Il 917 3318+ 367
Org-N (mg/L) 255 106 6 15 38 31 119 g1t 82
NO,'N {mg/L) 2.73 0.0t 0.1 0.12 0.37 011 0.17 0.50 £ 0.92
NO,-N (mg/L) 2.53 3.76 213 0.014 0.05 0.05 0.35 1271 1.4]
TS (mg/L) 12,053 2,638 i,602 1,998 {38 1,873 5,190 3,642 + 3,781
88 (mg/L) 5,950 183 110 210 50 657 201 1,064 T 2,003
TDS {(mg/L) 2,308 3,078 1,820 2,197 226 943 4,421 2,]431‘ 1,271
TP (mg/L) 616.43 1.71 0.60 276.34 338.61 69.93 3.97 143,94 1 213.04
5042- (mg/L) 4212 1,866 947 THi 2,110 1,422 3,660 2,134 + 1,233
Zn (mg/L) 0.21 0.44 7.49 < Q.05 ND* 018 0.14 169+ 2.90
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1 » ¥ []
MINN 3.2 71 pH vosisidwazeennnszuviihtinuuaulunaazulag

wilaanaaes Range Y+SD.
itz 75-8.6 8.040.3
uilaa DI 70-83 7.840.3
ilaa D2 69-84 7.740.4
uilas D3 7.1-83 7.7403
wilna D4 72-85 7.820.3
uilaa wi 6.4-82 7.520.5
utlas w2 6283 7.4+0.6
utlas w3 6.1-86 7.40.6
utlas w4 6.1-84 7.6+0.5
u.ﬂaﬁﬂ:mﬂmmfma (13) 59-73 6.50.3
uﬂmmmmaﬂyma (p8n) 61-76 6.8+0.4
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mlamaass Range X+S.D.

viiadhszu 1,536 — 12,936 6,128£2,937

utlaq D1 107 — 4,861 1,669+1,257

uilas D2 200 - 3,694 1,462+1,068

wilas D3 120 - 4,618 1,551+1,194

uilas D4 120 - 5,541 1,383+1,022
mlas wi 80 - 2,416 920612

mlas w2 230 - 5,387 1,306+1,274

mlas w3 604,310 1,1891,132

uilas wa 200 — 3,540 1,031£846
lasnugusatinie af) 16 - 89 42419
m]mmw;mmfma (990) 11-154 47436

i 56,1 81 UL AUATY
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i 24, 810 AURTR
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A15149% 3.4 71 TKN vpsthisiidmazoannnszuuidsuuau luusazulas (118 me/L)

nilaanaass Range X+S.D.

A 756 — 1,820 1,096224

wilas D1 841232 5292260

wilaa D2 126 — 980 4964250

wlas D3 84 — 924 5144248

wilas D4 98— 1,176 538238

tlaa wi 56 — 924 3374238

ulas w2 56— 1,092 3684287

wilas w3 42 - 966 3544276
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ulaanaaas Range X+S.D.
S — 980 - 12,125 3,536+2,503
uilaa D1 72-3,200 1,032+856
mlas D2 16 - 3,380 967+829
uilas D3 85-2,814 967+743
uilas D4 302,586 9464613
ulaa wi 20 -3,030 5754659
mlas w2 173,686 8244906
uias w3 17-2,200 687+726
mlas w4 27-2,225 637599
uﬂmﬂwﬂmmi’ma G 4-520 564117
llﬂﬁﬂﬂ?ﬂﬂuiﬁﬁ’?ﬂi] (pBN) 2- 800 93+156
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158.1 | 2004 | 2385 | 1722 | 2805 | 2373 | 3656 | 832 | 1658

Gladumsniom)

=Y

nn: gondigationing fanianszi, 2554
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mnm‘sﬁﬂynjsz’E?*n%n1wmmﬂ1sﬁ1ﬁﬂﬁy1ﬁwmﬁaqﬂﬁwﬂuaﬂ‘saamﬁywma%u
Taeldmsthiruuaulumuhduniisi wohssmmhtanudursnsotitarhiwn s
neduliquamatuld Tasniaiiitia cop dwlngluusazulasnaaosssiilssdninm
Indifosiu udnifos wa 805 1fisn 107 miweek) fnlszdnsamtumstininafiaa Taod
UssAniamnisiinia cOD mBahifu 8174127 % daunisiinia TKN  luudazuilad
UsgAnEamlunsinfauandrstuoen’ll Jadas wa flsz@namlumaidediga Taod
Uszdnsommsthda TKN w80y 74.1 + 18.3 % uazlumsiinga sS sznuintlas W1 uas

=\

= =y =y (-] o =t s A s 4
wlas wa Dilszansnmlunstdialndifeady Fudas w1 031959 56.1 m'/week) 3

diziminmlumstidadige Teolidszdniamnsia ss mdomifiu 82.6 % 15.5 % uaaad

P
TN 3.7

a9 3.7 dszdnsmwaesszuunstivevuaulumazuilas

dszdnsmmmstdauudn (%)
wilaanaana S5m0 CoD TKN S8

X+8.D. X+S8.D. X+S8D.

DI 8.7 m’/d 69.6% 19.8 509+ 228 65.7% 25.8

D2 5.4m/d 724+ 248 540+ 226 662+ 28.1

D3 3.0m’/d 704+ 226 525+ 21.7 67.7+25.7

D4 1.5m'd 73.6+20.4 5024205 68.8+ 18.4

w1 56.1 m’Aweek 80.61 16.9 67.7F 246 826t 15.5
w2 48.4 m’/week 779+ 17.1 66.2+25.5 722+ 284
w3 24.6 m’fweek 78.9% 168 6721 24.8 77.5+ 23.8
- w4 10.7 m’/week 81.7% 127 74.14 183 80.0% 15.9
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3.4 wammsthinfimingay
o =4 o Y = o
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r 1 oo 1 Y] [ :‘ ny 1 o
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o 3‘ L= = o ¥ = ¥ . . ¥ A
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) ar ar o 3 ar Fo .
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~ o :? a ] 1 = ]
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oo o L . ]
BOD, /m”.d a1 USEPA. (2006) fmua 13 uan1 TKN Loading Rate = 3.0 g TKN/m”.d a1l
] ¥ P o : Y [l ] ] o
aganiunasinduiniudoiminosaglugis 1ugie 034 - 0.47 g TKN/m'd 39A150A8ATINS
: 4 [T TN o A o :‘ ar 9 ] :‘
smiaane 19iYSa luTasnumuizauduithauisiudesns 1nnisnanesnunssaii
¥ ]
#9luda57 10.7 m*/week (Hydraulic Loading Rate = 0.5 cm/week) Iamutvung aunoziiunnsaaiu
4 :) % 4 =) . ' . 3 o s o
11duindy 11l 991niin1 BOD, Loading Rate 1ta2#11 TKN Loading Ratelndfisanunaainfiimua
) e w ot 4 . a = !
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Bu 'l neraadaniwilszneui 3.5

73



A5 3.8 I stinianmuzay

Watering frequency
Parameter Design Criteria*
Daily Weekly
Hydraulic Loading Rate. cm/week <3 <3 25-10
BOD, Loading Rate, g BOD,/m".d <5 <5 5-50
COD Loading Rate, g COD/m’.d <14 <14 -
TKN Loading Rate, g TKN/m".d <25 <25 0.34-0.47
Expected Removal Efficiency, %
COD <71 <80 -
TKN <52 <69 -
SS <67 <78 B

*31 : US.EPA.. 2006 LAZNTUAUAIUMSINYAT

' ; ¥ 9
mwszaeuh 3.5 wansznunnmssainalugasigs
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1 Conductivity Tuatuosulainaans D1, D2, D3, D4, W1, W2, W3, w4, sa1i
¥ .
e uaz lusemiite ARty 275.4+4111.5, 341.8+106.4, 254.0+54.8, 200.1+85.5, 209.0+9.7,
315.6+49.4, 356.9+136.7, 294.4+56.6, 82.4+18.2 1AL77.4+14.3 uS/em MU IAY L UIIAT
a 1 ' ° | a o o o as
Conductivity Tuauspsmazuamaasuiumimair IWdhiveusuldveounasina lddmsunis
.?’ C‘i d' A Qlf QW 1 1 a =3 lﬁ'd L) T
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W ¥ ]
e uagTusainie TAunGy 6.84+3.13, 9.51+0.29, 6.72£2.100, 4.680.45, 6.44£1.36, 8.79+3.26,

o w & o Tt 3
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A19197 3.9 HAN SRS IZHANYNZAY

Wisdhnes Soil Texture pH* Conductivity (uS/em)* TN (g/kg)* Zn (mg/kg)*
D, SL 4.5£0.7 2754x111.5 6.8413.13 471243578
D, SCL 4.6x0.7 341.8+106.4 9.51+0.29 96.56+50.13
D, SCL 5.3+0.2 254.0454.8 6.7212,100 54.06+£18.37
D, SCL 5104 200.1485.5 4.68+0.45 8.99+2.43
W, SL 4.4£0.3 209.0£9.7 6.44+1.36 34.55¢25.24
W, SL 4903 315.6+49.4 8.79+3.26 96.57+49,94
W, sSL 5.740.3 356.9+136.7 14.004+3.93 45.68+6.30
w, SCL 5.740.1 294.4456.6 8.81+£1.92 33.27414.90
SGI‘IE'I‘LifJ SL 4504 82.4+£18.2 2.79+0.09 16.61£6.21
Nisminie SL 4.610.6 77.4+14.3 2.29+0.17 14.57+12.10

WN0IHA - SL AUTIUUUNII, SCL Ausumilsadunie

* X +85.D.

vInnIsATIsamdBuvseiagluAudeunisnaassfiudussnianmsnaneaniinig

¥ ¥ 3
¥ o a

FwiiannTseamuherstudussezna 4 feuw uasdundsniinaasuduszszina 9 fou
¥ 1
ypauaanaass D1, D2, D3, D4, Wi, W2, W3, W4, saiiue uaz lisasive wuh UYsua
funiviagluAuiinuiudnen 12,95, 11.99, 16.68, 20.20, 27.40, 25.85, 18.47, 19.95, 11.28 uax
14.54 ghkg (1.30, 1.20, 1.67, 2.02, 2.74, 2.59, 1.85, 2.00, 1.13 Uaz 1.45 %) ey 1y 20.66,
18.18, 25.04, 29.35, 29.99, 29.90, 30.93, 21.38, 13.48 un12.52 g/kg (2.07, 1.82, 2.50, 2.94, 3.00,
[ 3
299,3.09, 2.14, 1.35 uag 1.25 %) mudau uasmudilu 23.17, 25.86, 27.54, 30.54, 31.87, 31.23,
32.21, 30.90, 15.50 1182 13.52 g/kg (2.32, 2.59, 2.75, 3.05, 3.19, 3.12, 3.22, 3.09, 1.55 1a¥1.35 %)
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H Yt g Y A A 4 S et
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¥
Tastawiz Tulnsiou deaveda uazdmzdu smemsmariiiudszs Temifodelunis
WAt I
anwauavouuaiuanyiou lAvesdunsunisnaastuAusEHI1aNITNARDY
e v &4 g v -
tinsmeitnaenTsesnwhensduiuszozioa 4 ifou veanlamanes b1, D2, D3, W1, W2,
» 13 ] T ]
w4, 3110 uag liseainie wuh anududarveauafuan)aould Ta1n 35.07, 33.94, 79.80,
52.68, 68.08, 68.89, 38.16 UaY 34.04 % Lﬂu 68.20, 72.97, 110.84, 76.08, 81.23, 76.28, 48.81 uaz
61.85 % MUAAL UarAunAInnansuiiusLoziar 9 1deu 3iA1 108.47, 112.54, 127.16, 139.05,
48.25, 116.97, 118.24, 108.12, 46.18 ung83.37 % M3 AuTiA1NaUR M ge s wdaudsung
wiipAu laveans 11199910 ANNdYAIRInLdIz LIt sdad sz auTouaa losouuas
lll P ﬂ ~ a ¥ = & =y P ci P = J
una loopuiiilunsafigeduegluau esninwdnuan lessuiuanlaonidluaussiluumas
{ LS a = i i = ot
Wamemsidudse Tevddefrvarnna Wsinavesudnuaa Tesounuanadou 1§ luauied

HAADNITLAS AL TnUDINY

Aanuquaniumsn/isuunn lessuluAuneumsvaassvewamanes DI,
D2, D3, D4, W1, W2, W3, W4, s uaglisarinie e 3.65, 5.45, 5.89,6.3,3.36, 5.89, 6.73,
540 1Ay 4.56 meq/100g MUNIAL AusEniensmanesfiinisdamifiann sty
52021981 4 1@ou voaulaineaes D1, D2, D3, D4, W1, W2, W3, W4, saho uaglWsai o 3
1 5.88, 5.66, 6.46, 6.41, 4.85, 5.06, 6.71, 4.89, 3.79 11A% 3.46 meq/100g ANAAY UBLAUNGINTG
yaaouduszezIan 9 1o veulaanaaes DI, D2, D3, D4, W1, W2, W3, W4, saiinie waz'ly)
satine S 7.08, 6.54, 4.97, 4.61,4.85,7.13, 6.03, 6.65, 3.40 141834.21 meq/100g AIFIAY MU

Py o 9 =) .:1 9 - ] 0 =Y ] LY} 9t
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T oar a = = oo v ¥ o =t 1 g ¥V
sem MiNABATFBUAS ImAsuuannlasulinwinnii 15 % vazainmsihiidianieondt 0.4
¥ [
sem  doauniuduledn Sodic soils) AnvmzvosAulxAnAe avlanianioninili
] =Y o 2 A =4 + o 3 da ) [l
Wz TuRBNIsT Ry lnvesiy leann Imdoy (Na") Hldneanseaaunamsuninszale
a & ey v ﬂ Iy oy o4 1A P
Auiutiy msszuethuazmssemeimeaiiull1dern minnsazauveslndouiUSuanga

= ' ¢ o ow o g
szihuiusofy (lnyad Taniedin, 2546)

e 4 = ] ar & ] Aa
WoarefanillulszTomiluAudeunsnanosdudussniamsnaaesniings
S Tsanuthoduilurzoznm 4 Hou wvanamaass D1, D2, D4, W4, uaz lusaii
Vo i1 114.75, 93,78, 80.06, 120.75 Haz 49.66 mgkg A1uaIdY anwnuvwilu 138.21, 547.88,

208.12, 171.42 119299.48 mgke MUSIAY unzAumndansnaasauduszozinm 9 1heu vealas
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L ] 3
nARBa DI, D2, D3, D4, W1, W2, W3, W4 uaz hisatte Saweawesmivivanulasdans
YpAuIENINIINAABuilY 602.33, 1003.10, 221.93, 239.83, 143.24, 1060.03, 293.74, 558.33,
N v d s A Yo,
82.20 U82247.00 mgkg  M1sRNAUvDIraraSandiuls: Yol iesvnhunisiiinsaid)
=) @ 3 L] = A or Yo A 3 ¢='\ :3 = =4
Buadeanedaiamuasggs Fuilumsiminroadesaldtuiu saismsfninvesasdunid
= :‘."l o 1 ¥ =& [T Y 3 b7 a‘ = o o d«'l ]
lugunimanassadana TidSuavoadeialuaugevudie ilesandunioiagilionums
goverars usnvinszaatlassldeareTauddivudrarsfinainnisdosaarsdirioannisns
A o1 o a 4 [} = i a o a’ W e ot =
voseliunidoarefaifloglassssund unzfidvasly dwmsureadedafitiuilsz lomiludu
] Y 3 ¥
nauMsNABBINUANIEHIMINaaeshilmidlsihnannlssnuhesdwiuszozing 4 1fou
3
voautnananos D3, W1, W2, W3 uazsaiiiue U1 363.21, 235.91, 417.24, 455.58 Uaz114.36
mg/ke MudAY Imananily 153.8, 127.73, 233.17, 136.92 11a293.38 mg/kg MMUAIHY UDSAUNST
o ¥
nsnaassveatassminjelisoaresaanasnanlassaiovesauszninamsnaans i
A A 4 a o o q ¥ 2+ 2+ £
82.20 mgkg (H0a9MMunANIuYeI pH Tudundamnasos MdL ca” uaz Mg™ geiu
] ¥ ¥
WoaveSanazarnhlddleddgisersy ca™ uaz Mg™ nazgngadaegiuridunainiy
1 3 o [ 3 o
amilszneunazmeilddosas dsingmsaifidearesaazaini ldgniildanaznounazqade
P ' o ) ] o ¢
TuauiiGonimsnsaloanosa (phosphorus fixation) Fadunisvirldanuuilss lomives

Woaveiwanns

TnunaSouiduilse o luaudoumsnansefuiuszriams naaasiisingg
Zamiranin Tssnuiisetudluszuzna 4 dou vesulamanes D1, D2, D3, Wi, W2, W4,
wagsatiie S 93.6, 156.0, 167.7, 89.7, 269.1, 288.6, 105.3 UaL 58.5 mgkg AWAIAY A
TnunaBenvesdunainsneaoslunilaananass DI, D2, D3, D4, W1, W2, W3 1azw4 a1
YL TT CTNIR OISR R (PP NIRRTy R 8 741.00, 686.40, 686.40, 538.20,
429.00, 733.20, 725.40 11912799.50 mgrkg MUARY M13uALYes InumaFonfidhnlse TowdiAa
nAmssadaonennTsanmniesiy Lﬁmmn‘lmﬁﬁamaaiwmmfwna’fuﬁTmmmﬁiﬂuafj i

o = o (oY a ar = = o = ] @ A
Alumsinsigevis unau v TwanmFoundusz Tor ludunsunmsnaassnuiu

¥

¥y ¥ ¥
‘53'}‘1’J’Nﬂ'liﬂﬂﬁﬂ\1‘ﬁﬁﬂ’liﬂ’Jﬂﬁ’]‘ﬂﬂﬁﬂﬂi‘i\ﬂ']ﬂﬁ')ﬂ']Q%HE‘ﬂ'N‘izU$L'Jﬁ1 4 1fiou vosudasnaans D4

] [~/ o o ] =N [
uaz W4 dfanauilu 663.0 1ag 666.9 mgkg AWEIAY A1 lHUNTToNUDIAUTAIMITNARDI LU
3 ¥
wlananes semiwe was lismie IaTwmadovanaudy 101.40 1A262.40 mg/ke MUY

= ¥ a0 = ] L] =t d'
1MIHIIINYIN wilasnmaes D4 waz W4 CEC NﬂTﬂﬂﬁQ‘iNﬁﬂﬂﬂsl.ﬂﬂ'li‘wuﬂﬁl“h'ﬂﬂﬂlﬂu
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) A0

s J [ c;,z’ {
sz Tomilvounlnsnanse D4 uaz w4 fintaaasao Asiumsnauiiint CEC g9 Temanaz

b=} 3 4:: L] e oM (=% L1 . b 1
gades1gesiieiog laosssunaniodu i lugdvesils laonisssasain (leaching) Hound

3
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o 4 ° ! v oo 1
Audiiien CEC dudtoaninlesauuindis 1) gngatialasaoanssaan Tdunni
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1 = o o = Q o = '3 ) ' ' [
9‘”51\11"’1 3.10 HANIUATIHANEUSVDIAUTIUTLWITTIRNUYANTUYINVOIAUNDU ITHIN UDZHININITNANDY

Organic Matter Base CEC Available P Available K
winiines (g/kg) Saturation (%) (meq/100g) (mg/kg) (mg/kg)
POU | IXHIN |  Wad Aou | 3EHIN | wal Aou | sevae | was fou | sTwIe | wda flou | sewle | vda

D, 1295 | 2066 | 23.17 | 3507 | 6820 | 10847 | 3.65 5.88 7.08 | 11475 | 13821 | 60233 | 93.60 | 136.50 | 741.00
D, 1199 | 1818 | 2586 | 3394 | 7297 | 11254 | 545 5.66 6.54 93.78 | 547.88 | 1003.10 | 156.00 | 460.20 | 686.40
D, 1668 | 2504 | 2754 | 79.80 | 11084 | 127.16 | 5.89 6.46 497 | 36321 | 153.80 | 221.93 | 167.70 | 460.20 | 686.40
D, 2020 | 2935 | 3054 | 13286 | 5991 | 13905 | 6.30 6.41 4.61 80.06 | 208.12 | 239.83 | 663.00 | 202.80 | 53820
W, 27.40 | 2999 | 3187 | 5268 | 76.08 | 4825 3.36 4.85 485 | 23591 | 12773 | 14324 | 89.70 | 171.60 | 429.00
W, 2585 | 2990 © 3123 | 68.08 | 81.23 | 11697 | 5.89 5.06 7.13 | 417.24 | 233.17 | 1060.03 | 269.10 | 503.10 | 733.20
W, 1847 | 3093 | 3221 | 12927 | 6528 | 11824 | 6.73 6.71 6.03 | 45558 | 136.92 | 293.74 | 666.90 | 249.60 | 72540
W, 19.95 | 2138 | 3090 | 6889 | 7628 | 108.12 | 5.40 4.89 6.65 | 12075 | 17142 | 55833 | 288.60 | 464.10 | 799.50
soiinla 1128 | 1348 | 1550 | 3816 | 4881 | 46.18 4.56 3.79 340 | 11436 | 9338 | 8220 | 10530 | 113.10 | 101.40
Waeriwe | 1454 | 1252 | 13.52 | 3404 | 6185 | 8337 | 423 3.46 4.21 4966 | 99.48 | 24700 | 5850 | 78.00 | 6240

HHWIKE) - meg/kg = ppm LT cmol’kg = meg/100g
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5 a - & , . .
Weihwants asIEHeN Organic Matter, Base saturation, CEC, Available P ung

. a o, ar o ~ s = 9 o 9/
Available K Tua1319% 3.10 wnbsziiudunasitssdivanugauauyialvesaudw3izmi 1y

avunu Asaaslunsned 3.11 Tasmahwamsinsed lddoofumiiidsmualihegluseay
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au nazamanlflgaiyideduninzantiunawu q Glus deetiga, 2537) dimsums

ot o o 9 = a o [%
Wizdiusedunnugauauyssivesau lddonsnmsisailiunnuganauysalvesdu dwmaasly

A1519% 3.12 3.13 Uz 3.14

H o o L4 = o <3
ﬂ'l‘iNﬁ in mmmﬂszmummqﬂnﬂuyjm'vmﬂu (NI I9AY, 2523)

sedumwgen | . . | Aowdwiiveand | anuquanifaou o 4 TnumanFouiidiu
. BUNTHINY r s oaredaiiy .
duysal Auannfaould uan looou . sz Towd
- (g/kg) )52 ol (mg/ke)
WYBIAU (%) {cmolc/kg) (mg/kg)
1 <15 <35 <10 <10 <60
(AZUU) (1) 03] (1) (D (H
ihunan 15-35 35-75 10-20 10-25 60-90
(ATUUU) (2) (2) (2) 2 (2)
(1{] >35 >75 >20 >25 >90
(AzUU) (3) (3) (3) (3) (3)

o ar dT 4 ] v [ o o
wuomg : namsdsziulfinamidedl Weswazuuudrdnzuunsay feond) 7 usashszdugauauyseid

’ ' [ o q’: » J s oA ar
HnzunusEnIng 8-12 uaashszdugauanyseilunae tazaziuudd 13 1ulUfehAuiissAunnugay

auyysnige
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3 = o =3 T
FI'ITN;’I 3.12 Wﬁﬂ'li‘ﬂi8&1]13?]?11]@@1”?71]‘135@8%ﬂ\‘lﬂuﬂﬂuﬂ'l'i‘ﬂﬂaﬂ\'l

AITUBUA nItNg o 4 o 4 s
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(%) (cmole/kg) YOIAH
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W, 2 3 1 3 3 12 thunan
W, 2 2 ! 3 3 1 e
e 1 2 i 3 2 9 thunan
hisainde 1 1 I 3 3 9 lunaw
4 = a = ]
MINN 3.13 Nﬁﬂ']ﬁ"ljizlﬂuﬂ?'ﬁl‘ligﬂﬂﬁilﬂviﬂlﬂlﬂ@ﬁui:ﬁﬁ']'l\iﬂ1iﬂﬂﬁﬂﬂ
ANNBNAD ANg roavaiah o 4 szduAIY
e au 4 i TmmeFoui
- Bunining wonuah nanidaguunn iy . anu
windlmes 4w .| ihadsslewd | Az .
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A13199 3.15 HANTS BATIZHAN YU VDI

o ﬂsqmmwﬁ i founIMARs STHINMINARLY nlammane
(3/6/2553) {3/7/2553) (3/8/2553) (3/9/2553) (3/10/2553) (3/11/2553) (3/12/2553) (3/1/2554) (3/2/2554) (3/3/2554)
pH - 1.6 8.7 6.7 7.1 6.8 7.5 6.7 8.7 7.8 8.7
Temperature Ko 28 28 28 27 28 28 26 28 30 32
Conductivity uSicm 106 109 74 99 119 97 106 127 103 106
DS mg/L 280 116 146 3 10 15 10 5 51 24
TS mg/L 327 139 130 11 24 62 55 65 94 72
SS mg/L 90 12 5 10 4 2 [ 2 3 2
BOD, mg/L {1.40 6.00 1.20 3.05 4.00 2.57 4.33 2.67 3.67 0.75
COD mg/l 20 56 42 26 10 23 11 20 15 11
TKN mg/L 1.12 1.i2 0.84 1.12 224 3.36 1.12 0.56 0.56 0.56
NH,-N mg/L 0.28 0.42 0.28 0.24 0.21 0,28 0.24 0.21 0.28 0.28
NO,-N mg/L 0.007 0.003 0.003 0.002 0.001 0,006 0.006 0.009 0.004 0.004
NO,-N mg/L 0.008 0.001 0.011 0.01 0.012 0.014 0.024 0.007 0.003 0.079
Org-N mg/L 0.84 0.70 0.56 0.88 2.03 3.08 0.88 0.35 0.28 0.28
TP mg/L 0.20 0.33 0.28 0.35 0.50 0.82 0.80 0.25 0.17 0.93
SO:- mg/L 22.11 20.84 37.36 29.48 27.45 47.61 8,75 27.91 13.32 12.26
is| mg/L ND* ND* ND* ND* ND* ND* 0.01 <0.01 <0.01 <0.01

* ND = Non-Detectable = "lﬂj‘W‘U
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uilaq dunfeiit | dundeiz | wundedts funfefia | fuedeils | unfeite | fundeily | iuededts | dundeito i

(kg/lsniton)
D, 537.8 * 114.2 58.3 15.8 317 112.8 41.6 360.3 105.8
D, 795.2 * 250.8 102.2 218.5 107.2 36.8 46.8 463.3 175.1
D, 728.5 * 217.6 30.2 0.0 49.6 21.3 33.1 4394 113.0
D, 693.7 * 39.1 353 0.0 36.8 233 233 282.3 62.9
W, 651.4 * 394 8.4 0.0 0.0 113.7 313 480.4 96.2
W, 573.3 * 404.4 584 0.0 21.5 40.4 65.0 424.6 144.9
W, 581.7 * 93.7 56.3 0.0 0.0 39.1 75.3 354.6 88.4
W, 748.2 * 94.3 328 33.1 52.7 90.3 304 282.6 88.0
ulij‘iﬂ"liﬁﬁ * * 45.9 14.9 0.0 68.4 36.9 24.0 202.8 56.1
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Watering frequency
Parameter
Daily Weekly
Hydraulic Loading Rate, crm/week <3 <3
BOD, Loading Rate, g BOD/m’.d <5 <5
COD Loading Rate, g COD/m’.d <14 <14
TKN Loading Rate, g TKN/m’.d <2.5 <25
Expected Remeoval Efficiency, %
COD <71 < 80
TKN <52 <69
SS <67 <78
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doyanamsIn Nzl aze0naInsTUY

] ¥
A13197 .1 91 pH vonhiduagseninszuL

pdeiidu | URTR 1 | Wueani2 | Wunsai3 | fusdiii4 | fundiis | iundaie | uadei 7 | ifuedeiis | wunSefie | iunedt 10 | ihuaded it
Fratar (8/5/2553) | (23/5/2553) | (3/6/2553) | (13/6/2553) | (23/6/2553) | (3/1/2553) | (13/1/2553) | (23/7/2553) | (3/8/2553) | (13/8/2553) | (23/8/2553)
Umatszu 8.2 7.7 7.5 7.5 7.8 8.0 78 7.9 7.7 8.3 7.7
wlas DI 8.0 7.7 8.0 7.8 7.7 7.6 76 7.6 74 7.8 7.6
wlas D2 - 78 7.8 75 7.8 7.9 7.7 7.5 72 16 7.2
wilas D3 8.1 74 8.0 75 7.1 78 7.6 76 7.4 7.2 76
wlag D4 8.0 75 8.0 75 7.5 7.8 75 7.5 74 7.7 7.5
ulas wi 78 73 8.0 7.8 7.1 6.7 76 7.6 6.9 7.6 6.6
uilas w2 - 7.7 7.8 8.0 72 6.5 75 7.4 7.0 7.2 7.3
uas w3 - 7.4 8.6 7.8 7.4 7.1 7.0 7.7 74 6.6 7.1
uag we 7.5 7.8 8.2 8.0 7.6 6.1 7.1 7.8 7.2 6.7 6.5
utaeniunw
PR - 6.8 6.4 59 6.1 6.3 6.1 63 6.2 6.6 6.3
FAHUSD (L)
uilasnrugu
s - 7.4 6.7 - 6.5 6.8 7.0 6.6 6.5 6.3 6.3
FAUILD (9BN)
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[ ¥ oo
M3 Al (99) A1 pH YenhfidiazoenINIL LY

o
LERNIITRY

a o a
NUAIIN 12

uaYai 13

nunsai 14

g U
WUATIN 15

-
[

¥
OUAN

=D-

I3
o

WA 17

NUN3at 18

WUR3eT 19

HuAsIN 20

¥
o

=5h.

¥
Lrd

=h.

16 INUATAN 21 | fiundan 22
Fthah (3/9/2553) | (13/9/2553) | (23/9/2553) | (3/10/2553) | (13/10/2553) | (23/10/2553) | (3/11/2553) | (13/11/2553) | (23/11/2553) | (3/12/2553) | (13/12/2553)
itz 7.7 78 8.0 8.1 8.0 77 83 19 23 8.5 8.3
wilaa D1 7.7 7.0 7.8 8.0 7.7 7.8 7.9 7.6 8.1 8.3 8.1
nlas D2 6.9 7.2 75 8.0 7.8 7.7 74 75 8.1 8.4 8.3
mlaa D3 7.7 7.4 7.8 8.2 7.8 7.7 7.7 7.8 7.8 8.3 8.0
uilna D4 7.8 7.5 7.8 8.3 7.2 7.8 7.9 7.7 8.1 8.5 7.9
wlas wi 7.0 6.4 7.4 7.2 6.8 73 7.5 7.2 7.7 8.0 7.9
ulas w2 6.3 7.0 7.1 6.2 6.7 75 6.8 73 7.8 8.1 7.9
ulaa w3 6.1 6.5 7.3 6.6 7.0 7.0 6.2 7.1 7.1 8.3 8.0
uas wa 72 7.3 74 73 7.7 7.4 7.7 7.5 7.8 8.4 7.8
uilasnuan
sodfage 6 6.7 6.3 6.5 6.5 6.2 7.1 6.4 6.7 6.9 6.5 6.6
BIGSE T
6.5 6.5 6.7 6.6 6.4 6.8 6.9 69 6.8 6.6 7.0

¥
sate (san)
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] 8 1
19197 N.1 (Av) A1 pH vearhAwazesnansz

.. fundeR 23 | iundeit 24 | uned 25 | dunded 26 | dundedt 27 | dundedi 28 | dunded 20
fethati (23/12/2553) | (3/1/2554) | (13/1/2554) | (23/1/2554) | (3/2/2554) | (13/212554) | (23/212554)
siviadsz 8.3 8.6 8.3 8.2 8.2 8.4 8.1
1ilas D1 8.3 8.3 8.1 8.1 7.8 7.2 7.7
uilag D2 8.3 8.1 8.3 7.9 8.1 7.5 7.8
utlas D3 8.2 7.7 8.0 7.7 78 7.7 7.7
uilas p4 8.3 83 7.9 8.2 7.9 7.8 7.9
uilas wi 8.2 8.1 8.1 8.2 7.7 79 7.9
uilaa wz 8.3 7.9 8.2 7.9 7.3 7.6 7.7
utlas w3 7.4 82 7.9 8.1 7.9 7.7 7.7
uiaa wa 8.2 8.1 8.1 8.1 7.6 7.6 7.7
waanIuaw
s, 6.2 6.9 7.1 6.5 6.8 6.6 7.3
FAUTUD ((97)
utasmugy
6.1 7.0 7.0 6.7 75 7.1 76

v
FAUILB (8DR)
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v ¥ g
A15197 1.2 A1 COD YaRTITLAZPBNNNTZUY (MUY me/L)

NAES dundeitt | fuedsiiz | fundeits | dundeta | duedafis | dundiite | dunseft 7 | funted 8 funsafio | fiunseft 10 | iundedi 11
Fratarh (8/5/2553) | (23/5/2553) | (3/6/2553) | (13/6/2553) | (23/6/2553) | (3/7/2553) | (13/7/2553) | (23/7/2553) | (3/8/2553) | (13/8/2553) | (23/8/2553)
viiadhszuy 3,901 3,032 2,700 10,500 11,902 1,536 3,704 8,081 2,806 6,412 4363
wlas D1 1,423 213 900 500 1,080 842 2,074 924 1,123 1,056 727
uias D2 - 249 1,000 1,100 654 1,778 2,222 924 982 1,509 873
uas D3 1,597 676 889 1,000 654 1,498 2,222 924 421 302 1,309
uas D4 1,199 427 790 800 491 1,591 2,074 1,077 982 1,207 873
ulas wi 2,416 379 1,167 1,050 511 614 1,778 308 421 604 727
uas w2 - 329 967 800 319 307 2,371 462 281 453 1,018
wlas w3 - 384 1,125 1,333 319 307 2,074 1,385 561 453 1,164
wilas w4 - 329 667 200 479 614 1,482 308 281 604 1,164
wilasnaugu
P - 39 30 50 38 75 89 62 56 30 58
saie (14971)
wlasnuny
- 132 30 - 102 19 119 154 28 30 44

1)
smiiue (pan)
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A15199 0.2 (AD) A1 COD Y94

¥

MAHAZIENNTLLY (MU8 me/L)

(3
@

afaitiy wundaft 12 | dunded 13 | dunded 14 | Fundaft s | dundifiie | funed 17 | funfefi 18 | Fundefi 19 | Fundedi 20 | undefi 21 | funded 22
et (3/9/2553) | (13/9/2553) | (23/9/2553) | (3/10/2553) | (13/10/2553) | (23/10/2553) | (3/11/2553) | (13/1/2553) | (23/11/2553) | (3/12/2553) | (13/12/2553)
iy 4,066 5,331 4,920 6,468 12,936 4211 5472 4,000 7,616 9,248 4,288
wlaa DI 1,762 107 2,230 1,848 1,232 1,324 2,995 300 1,523 2,829 1,715
uilaa D2 407 320 1,837 1,355 12,094 722 230 200 1,523 2,176 1,930
wilae D3 1,355 400 2,386 2,834 986 842 346 120 435 3,046 2,358
wilas D4 1,084 427 1,706 2,218 1,355 1,083 1,037 120 1,741 2,611 643
wilas wi 943 453 656 246 493 1,564 230 80 218 1,306 1,286
uilas w2 518 666 1,050 493 986 842 230 300 2,394 3,264 2,358
wlas w3 389 400 1,443 493 493 602 346 200 218 3,482 1,501
uilas w4 518 320 1,837 739 2,094 1,203 346 300 653 2,176 214
uilasauqu
saiatio a8 52 67 16 17 62 48 46 20 22 7)) 21
udasmugy
s 26 53 11 25 49 48 23 30 22 44 43
satinie (aan)
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[ ¥ [l
15190 0.2 (f18) A1 COD veuhdunzennnsz Y (Wi mg/L)

adoiiin | fundedi2s | duadedt 2 | dundet 25 Wunsait 26 | Wunfeit 27 | dundedt 28 | funid 20
fegniih (23/12/2553) | (3/1/2554) | (13/1/2554) | (23/1/2554) | (3/2/2554) | (13/2/2554) | (23/2/2554)
e 6,000 9,622 7,840 9,620 8,602 3,704 4,827
wlas Dt 2,800 4,861 2,195 4,772 299 889 3,862
utlas D2 3,000 2,633 3,606 3,694 299 296 3,310
ulas D3 2,800 3,646 3,293 4,618 120 1,482 1,931
mlas D4 1,800 2,431 1,725 5,541 598 1,778 690
ulns wi 1,200 1,621 1,254 1,385 299 2,074 1,379
udas w2 1,800 4,254 1,568 5,387 598 889 1,655
utas w3 400 3,646 2,195 4310 60 2,074 1,931
mlas we 1,600 2,633 1411 3,540 329 1,185 1,655
uaspauau
P 40 41 47 31 30 30 28
s Lo 4
wlasnrugu
20 41 47 31 30 30 28

satlile (een)
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1 ¥ o
3199 1.3 A1 TKN 1801 AdNLaz80n9INTLUY (MUY me/L)

abeiiy | fundeRs | Wundeiiz | dundeits | dundeiia | dundsdis | duedsiie | dundei 7 | dundiiis | dundeite | dundef 10 | dunded 11
Fntih (8/5/2553) | (23/512553) | (3/6/2553) | (13/6/2553) | (23/6/2553) | (3/7/2553) | (13/7/2553) | (23/7/2553) | (3/8/2553) | (13/8/2553) | (23/8/2553)
sz 980 [,218 756 1,288 1,820 1,036 952 952 924 1,092 868
ulas D1 350 182 658 476 448 350 700 616 308 476 294
udas D2 - 126 448 476 392 644 644 574 420 504 182
utas D3 602 84 476 518 308 602 644 658 350 252 448
uas D4 490 98 588 448 308 630 630 574 490 420 504
udas wi 924 70 686 294 70 112 700 224 210 56 140
wiaa w2 - 280 196 378 56 84 770 294 238 70 84
uas W3 - 434 224 364 56 42 700 434 406 63 378
ulay w4 - 42 224 70 28 42 322 98 126 70 230
uasnrunu
r - .68 112 2.24 2.8 392 3.92 2.8 0.56 1.4 0.84
smiue 191
utaspauau
- 1.12 1.12 - 5.6 112 8.96 112 0.56 112 1.96

saUs (e8n)
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v 3 ]
A15197 1.3 (A1) A1 TKN Ua i aosnanss Ly (M98 me/L)

advibiy | Bundefi 12 | Wiueded 13 | funded 14 | Funded 15 | diundedi 16 | diundedt 17 | ifunded1s | wiunded o | wundafi2o | divaded 21 | diundedi 22
N (3/912553) | (13/9/2553) | (23/9/2553) | (3/10/2553) | (13/10/2553) | (23/10/2553) | (3/11/2553) | (13/11/2553) | (23/11/2553) | (3/12/2553) | (13/12/2553)
viiadsz 896 [,064 1,232 1,288 1,148 1,148 896 756 812 980 1,008
uilas D1 448 84 756 952 728 672 350 224 504 770 672
ulas D2 336 224 840 392 952 532 168 196 588 644 700
wlae D3 364 168 868 728 448 588 266 168 168 728 728
uilag D4 392 196 812 616 532 616 140 182 560 700 294
ulas wi 140 84 448 140 252 448 308 252 168 336 210
ulas w2 56 140 588 112 392 588 140 168 560 490 588
uilas w3 84 140 476 224 168 140 56 140 168 560 644
uilay w4 56 196 532 196 168 672 252 112 378 588 280
wlasaaugu
ot G 112 224 448 224 2.24 224 1.12 0.56 448 0.56 0.56
wilasnun
0 0.56 224 1.12 1.68 112 0.56 0.56 336 0.56 0.56

v
sae (aen)
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[] ¥
M513 0.3 (A1) A1 TKN 981NduazeenaInIzuy (MUY mel)

whitin | Wundei 23 | iundedi 24 | fundedi 25 | funded 26 | fundefi27 | ifundedi2s | dundefi 20
Fregarh (23/12/2553) | (3/1/2554) | (13/1/2554) | (23/1/2554) | (3/2/2554) | (13/2/2554) | (23/2/2554)
vtz 1,260 1,316 1,246 1,372 1,288 1,148 1,036
ulad DI 532 448 798 1,232 196 280 826
wilas D2 980 602 868 476 140 140 700
wlas D3 924 434 812 756 196 924 686
uilas D4 896 700 672 1,176 420 784 728
wlas wi 616 280 420 532 224 700 728
wilas w2 504 560 686 1,092 12 112 952
Hifay w3 56 532 602 952 168 742 966
ulay wa 504 378 574 504 210 210 672
wasntugu
Y 3.36 0.56 3.36 2.24 112 1.68 2.24
TAILD ()
wasnaugu
3.36 0.56 2.24 112 0.56 0.56 112

saiire (ean)
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[ ¥
A15199 1.4 A1 SS VeI NIILALEBNNTLU (MUY mg/L)

abii| dundeiit | diuedeiiz | diundeits | duedeia | dundeils | dundiiie | dundeRt7 | diuntens dundert o | dundsd 10 | duned 1
Fre1ei (8/5/2553) | (23/5/2553) | (3/6/2553) | (13/6/2553) | (23/6/2553) | (3/7/2553) | (13/7/2553) | (23/7/2553) | (3/8/2553) | (13/8/2553) | (23/8/2553)
iadhszny 5,580 2,800 3,229 12,125 11,450 2,030 4,050 2,340 980 2,900 2,660
uilae DI 1,450 72 553 525 780 480 1,855 370 410 660 527
uilas D2 - 135 430 905 925 1,560 2,009 560 540 840 520
wlaq D3 2,250 133 805 1,085 500 1,920 1,375 320 160 620 830
wilas D4 1,870 195 890 845 380 770 1,950 800 220 990 780
uiag Wi 3,030 213 2,010 895 490 265 1,350 100 220 20 480
utlas w2 . 93 650 475 260 17 2,140 560 190 80 540
ulas w3 - 82 1,175 870 160 110 2,200 720 390 40 720
wilas w4 - 57 605 133 310 35 580 33 27 140 620
uilasniunu
s - 5 103 60 50 520 10 7 10 20 10
satle (47)
uyasniunu
v - 70 130 - 120 55 320 800 25 40 60
satinie (a8n)
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M1519% 1.4 (AB) A1 SS Yol URLIENAINTZLY (I8 mg/L)

oy | Wunded 12 | Wunded 13 | funded 14 | Suededt 15 | wunded 16 | dundedt 17 | duntedt 18 Wunden 19 | dunei 20 | Wundedi 21 | wunded 22
Frothahy (3/9/2553) | (13/9/2553) | (23/9/2553) | (3/10/2553) | (13/10/2553) | (23/10/2553) | (3/11/2553) | (13/11/2553) | (23/11/2553) | (3/12/2553) | (13/12/2553)
hiudhszun 1,910 2,063 2,980 2,160 4,980 2,120 2,860 2,670 1,838 2,700 2,000
uilas D1 870 173 1,120 1,060 853 413 120 153 1,200 1,367 1,543
uilas D2 73 367 1,120 650 1,030 225 97 45 1,360 1,567 1,743
wilas D3 820 287 1,490 960 227 400 104 85 163 1,683 1,771
ulny D4 610 340 1,170 990 760 310 827 30 1313 1,867 513
was wi 250 255 300 135 23 300 270 70 313 450 830
wilas w2 20 340 670 255 137 215 33 45 1,450 1,800 1,743
ulas w3 33 160 840 85 77 18 17 26 34 1,625 1,420
wlas w4 50 350 1,387 365 1,073 510 330 355 420 1,390 447
ullasnIuqu
s, 40 395 63 13 47 12 10 12 64 12 10
sai1e (147)
wilasnaunn
40 57 52 120 133 40 43 132 2 94 20

SANS (88A)

113




[] ¥ 1
15199 n.4 (WD) A1 SS VeI TI WAZDENIINIZVY (MUY mg/L)

ndviiy | Rundefi 23 | funded 24 | Wundedt 25 | funed 26 fundaii 27 | Wunded 28 | duaded 20
Feirai (23/12/2553) | (3/1/2554) | (13/172554) | (23/1/2554) | (3/2/2554) | (13/2/2554) | (23/2/2554)
vhiudszuy 2,217 3,617 2,400 4,160 3,900 4,360 3,460
wlag D1 767 2,940 1,609 3,200 167 1,987 2,750
wilas D2 1,110 2,520 1,336 3,380 77 16 1,931
uilag p3 1,300 1,700 1,273 2,814 90 1,790 1,090
utas D4 1,082 1,870 627 2,586 645 1,510 680
utlas wi 693 429 364 618 43 1,370 850
uas w2 920 2,080 1,346 3,686 23 1,871 1,440
utas w3 23 1,891 1,664 1,850 165 1,420 1,430
wilas wa 608 585 458 1,910 1,675 2,225 1,170
uiasniunw
v 4 10 6 10 30 14 23
TR (1U7)
utlaanuny
8 4 66 10 28 4 30

A0 (aan)
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Abstract

Treatment of concentrated latex effluent by land treatment in oil palm plantation was investigated. The aims of
this research were to optimize the treatment and determine removal efficiency. Slow-rate land treatment was conducted
in oil palm plantation. Pretreated effluent was irrigated to the plantation at daily and weekly watering with different
hydraulic loading rates 0.5, 1, 2 and 3 cm/week, respectively. Experimental results showed that COD, TKN and SS
became lower after land treatment. Hydraulic loading rate at 10.7 m’/week resulted in the maximum treatment
efficiency which COD, TKN and 85 removal were found to be in a range of 60.0% — 98.1%, 35.1% - 98.5% and 48.5% -

98.9%, respectively.

Keywords: Concentrated latex eftluent; Land treatment
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Conductivity
8.92 2.70 1.68 1.94 2.95 2.54 236X 048
(mS/cm}
BODS(mg/L) 2,385 99 49 165 75 175 113 %50
| COD (mg/L) 6,176 260 114 267 247 1,259 429+ 419
TKN (mg/L) 1,062 406 32 70 210 42 152+ 142
| NH;-N (mg/L) 882 300 26 55 172 1 1134 109
Org-N (mg/L) 180 106 6 15 3g 31 39+ 35
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Watering frequency

Parameter Design Criteria*
Daily Weekly
Hydraulic Loading Rate, cm/week <3 <3 25-10
BOD, Loading Rate, g BOD/m’.d <5 <5 5-50
COD Loading Rate, g COD/m’d <14 <14 o
TKN Loading Rate, g TKN/m’.d <25 <25 0.34-0.47

Expected Removal Efficiency, %

COD <71 < 80 -
TKN <52 <69 =
Ss <67 <78 -

*11357 - US.EPA. (2006) 1aznsuauasuni1sinuag [6)

asl
9 b d ¥

o o & H ¥ 3 . a o ¢ o ., e & a
AstnimannlssamniesdumnlFlunsinia lnsaunonisiiwnsaauthaviigu sz lvimeg
o4 4 . YL, o i e o 4 .
AUNMATUITB99INAT COD, TKN taz sS luiisiidanas uansiazld 2, 3 uaz 4 awdrdy Feaunsoagd1dn
CR-" a a a =4 =1 a -
srvvinialasauasoanlsunima1sdunsd, ss uaz TKN 18 Taoudas w4 (37 10.7 m'/week) sziitsz@nsam
o @ o &4 J - = o : L% = v u’, Qy U 1) o o L= a-’i -
TunmsiniafAnge Fesrundonananhdminiundasiisadinimeeglugs 121 - 212 Alansu/lsadou Faiia
= o 1] - s ey Y o = [ ' a A Y
Indifeanurians Wnanaatdniniulaena11fe 184 — 750 Alansu/1sadeu [7] Tronandaiianaaiioinin

= ! = A ﬂ'ﬂ o = -
Thduiiongnn lszanw 25 7)) Fuhduiiogndsen 157 sz 1inandnanas (8]




HafAnssulsema

¥ r
am?%’uﬁ"lﬁ%“unuqﬂwuum‘sﬁumnuwnwmﬁ’ﬂﬁwmuﬂsuwf ﬁtyiyuﬁ‘ﬂ“ﬂ ENG5300395 uasvu
i g

dudinfny umInodsrevaniaiuny uazvoveunauitm ndtudn $1i0 Midrs s in1s3ds nasdmii

Hesfianseimnssudwnnden madndsnssules ausdmnssumans umiInodvasvaiuasunsyn

=

Voa ' o aw o d '
munnrusiamded ldandSeduiigan 1y 1aded

1ONA1581999

(1] NSNAYUANUANY. (2548). uu’aﬂﬁﬂ'ﬁﬁﬁﬁmmﬁ’]mﬁ’uuazaﬂuaﬁ‘yQﬂmwmamfwu%’u(aau‘laﬁ). fudu
10 : www,ped.go.th/count/waterdl.cfm?FileName=rubbertree.pdf [22 UNF1AN 2553]

2] Foied Gouudt. 2538 nis ¥Hmitefunardauazaunmihdiniuin asvar:  madnssdimand
uMTIMduasraasuns.

[3] US.EPA. 2006. Process Design Manual: Land Treatment of Municipal Wastewater Effluents. EPA/625/R-06/016.
United States Environmental Protection Agency, Cincinnati, Ohio.

[4] APHA, AWWA and WEF. (2005). Standard Methods for the Examination of Water and Wastewater. 20" ed.
Maryland: American Public Health Association.

[5] Metcalf and Eddy, Inc (1991). Wastewater Engineering: Treatment, Disposal and Reuse. 3" Edition, McGraw-
Hill, Inc., New York, USA.

6] nsuvduasunInoas. aAnudsan1ssigemisisnarnis 19UseTomd  (eeulad). fuduein
http://contact.doae.go.th/cts/upload/269/1 809/1823/1714_ANUABIMIT A M3 AwIazns Mz Tomnd doc [24
UNTIAY 2553]

7] B3 tenduMs LYY, 2545, Yrduditunaznisiftuyanieoula) dudusin .
http://natres.psu.ac.th/researcheenter/palm/picbook/2.theera_46.pdf [28 T12IAY 2553]

18] Fusmd dauusi uaz Fazvwasd funsdow. 2551, M3 Sansanihdu wuedailssAniam, aswer : gom

¥
2 o ) = o r '
oRwnssutEmiu ANENSWEINITITUFIA YN TINBIANTIVATUAS UNS.



ANHAZ VDI ULAZINMINNMSTNTANINIDINI T 11819
vV Vv o a7 o [ ?; @
tulaglymstihvalagauluaivthaniiegu

Soil and runoff characteristics from treatment of concentrated

latex effluent by land treatment in oil palm plantation
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Abstract

This research aims to investigate the effects of land treatment of concentrated latex effluent on the characteristic of
soil and runoff and vield of oil palm. Slow-rate irrigation land treatment system was conducted in oil palm plantation. Pre-
treatment effluent was irrigated to the oil palm plantation at different hydraulic loading rates. Soil and runoff
characteristics before, during and after the experiment were investigated. Seil in palm oil plantation and runoff from
plantation were collected to characterize their physical and chemical properties. The results show that pH and organic
matter in soil was increased after irrigation with concentrated latex effluent. pH in soil before watering were 3.64-5.89 and
was increased 1o be 4.43-5.92. No significance change of runoff was observed. However the production of oil palm
plantation irrigated with concentrated latex effluent was found to be in a range of 120.9-221.8 kg/rai/month which was
higher from control unit and irrigated with well water unit with a production of 31.7 kg/rai/month and 112.7 kg/rai/month,

respectively.

Keywords : Land treatment; Soil; runoff; Concentrated latex effluent
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wWin Soil Conductivity oM ™ K Zn CEC ESP
- pH P
L Texture (S/cm) (g/'kg) {g/kg) (mg/kg) (mg/kg) | (cmole/kg) (%)
{mg/ke)
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D, SCL 372 168.45x10" 15.00 9.23 93.78 156 34.45 5.45 1.28
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. L 3.83 100.795%10 15.05 213 49.66 322 423 0.71
1o 105
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mgkg = ppm LA cmolkg = meq/100g, OM = Organic Matter, ESP = Exchangable Sodium Percentage



INATTN 3 WUz RUANIAVIANRBUNINAADIYBIUARz asnaaealinua TdundiRusdu iy
a = L . . . hing L4
HINBNITUATIEH AT Organic Matter, Exchangable Sodium Percentage, CEC, Available P U0¢ K ¥830UNABUNTINAT DY

Tuanse 2 wifswiuessidszdiunnugauauysoivesdiu dwaasluaisie 4

M3519h 4 wai)saiiunganmuysalvesiu (3uilu nessew, 2547)

. o a . arwdudsasad | anuquannldou Worafafidly | Twumadordidv
SEAUAILGAN univing 4wy p p
.. uamlaou 14 una'loaeu sz Toanl sz Towd
auysalvsaAn (g/kg)
(%) (cmolc/kg) {mg/kg) (mg/kg)
i <15 <35 <10 <10 <60
(AIUN) §)] (1 (H m ()
15-35 35-75 10-20 10-25 60-90
1hunana (st
(2 @ (2} (2) (2)
g9 >35 >75 »20 >25 >90
GHG Y (3} 3 (3) 3 (3

a ¥ o o A ¥ o ' ] w ¢ o '
WU - Namﬁﬂﬁzmuhmmmmu mas”mﬂzuuuﬂﬂﬁ'ﬂzuuus'zu ooy Hﬁﬂ\ﬂﬁZﬂHQﬂUﬁUl&?iﬂﬂT 51ﬂ:smus:ﬁ’m

' o v sy .+ & t A A w
8- 12 wamaTszdugauauysaitunats uazazuuuawe 13 JuldfehduliszAunugauaysaige

= L o ] ] o [l = 1 év n’,
MU TEduANEANIRYIHIVBIAUNBUNINATBINDIT AIBUIRUNBUMINATDITAA U INLIN
¥
TssennbsduilssAunrmgaumuysaivesdueg uszdudmnaameudunninlas
1 Ed ¥ ¥ k4
Wenisnaassadetinfianinlseutieisdu pH vesutlas D1, D2, D3, D4, W1, W2, W3, W4, 50111 1ie
v
wag Tusainie Us w1l 4.46, 4.84, 5.23, 4.93, 4,43, 5.05, 5.92, 5.63, 5.01 UAS.13 AMWS WU Conductivity Voulag
v ¥
D1, D2, D3, D4, W1, W2, W3, W4, smiinie uaz lisminjeliannidu 18530, 419.60, 277.00, 97.83, 220.90, 256.75,
¥
137.80, 379.20, 52.77 42266.78 pS/cm AWAIAY A1 TN W99uLaa D1, D2, D3, D4, W1, W2, W3, w4, samiitie uag 1
» )
3ANTLD UAUKINU 9.95,9.79, 3.73, 4.24, 5.09, 5.54, 10.08, 6.90, 2.87 Uaz2.45 g/kg AW ofin 1784171 pH vD9
AUABUNIINDABINUAUTEUINNINAADINUIIAT pH YOIAUTTHINNITNAABIIAMINAIIAUABUMINATD S
A S & dayw o " w A & e g% a 4 & o '
ilssnmiriisiiidnaaesin py deudiadusie faiuderunlamansddain 1y pH vesRwiudiy Rarsmia
- P A [ o £ ] . ] A R < 4
Conductivity Wutiuna TiinTais 199 nify #91580981 Organic Matter WU M NLa3TAY Organic Matter 1AL
] s 2 dqw = A:inﬂu’:ld s Adg & o g¥ o  Ada W o a
weannhahfisnlsneasaisgomsidudunsnefruazgdunidluau Miligdunidhasemis lulduduia
= o ] = & P . Yo = o o a td 2 a ' 1
Wuaveueyluau Fuiluntsifiu Organic Matter Wiudu shldAuiinnwgaumuyssinniu Anrsand) TN wud
a 4 & 4 L "y s et < a
sutfasiia TN wiudu e snnlwihnan 16 aiian luTnsiauaoudiage uatiunsutlssi #1 TN anag o1ufinain

. o
AnauLdu a1 14




3190 5 kamMs IRV

fuly , AU | senaums | fuds , POUMS | WIS
. Hniw » | MY
eI naes | meeedr | punimni NAaD4 NAana*
pH . 7.6 75 TKN mg/L 1.12 1.7
Temperature °’C 28 27.6 NH,-N mg/L. 0.28 0.28
Conductivity pS/cm 105.9 99.5 NON mg/L 0.007 0.004
TDS mg/L 280 45.0 NO,N mg/. | 0.008 0.011
TS mg/l | 326.7 76.5 Org-N mg/L 0.84 1.45
$S mg/L 90 5.9 TP mg/L 0.2 0.48
BOD, - mg/L 11.4 3.4 50, mg/L 22.11 28.5
coD mg/L 20 27 n mg/l. | luwu Tiwu
* Aunde

1

. o ¥ '
"l]'lﬂﬂ'l'iNlﬁmﬂiEl‘!JL‘V]EJ‘Uf]mﬂ’]ﬂﬁ”m’mi)uﬂ'liﬂﬂﬁﬁ}ﬂﬁ‘]ﬁ&'W'JWﬂTi'ﬂﬂﬂﬂﬁ wu’nammwﬁmm‘maamm
t o o,, ’ : s oA 4§ = a ay ' 3 (¥-1 o o a o
agiummmmmgmfgmmwm“lw,mmmmw Lﬁawmmwaﬂymmaamm WU’J"lll‘JJilNﬁﬂ'ig‘WUﬂLﬂﬂ NFITUIVA

ﬂy = ow ¥ a_ o = < 3’ o o o Yo :’ ] kY &
unﬁﬂmnkaammma%’u‘lﬂﬂbl*nnﬁmuﬂimmﬂumuﬂmnumuwﬂﬂﬂan‘ym:maaummqmmwman’nmn

y = ¢ : o
A15191 6 wardmhduninii (ke/lsndeow)

wlaq senit
utla D, D, D, p, | W, | W, W, | W, ,
AU 1o
shwiintndy
A 1312 § 2118 | 1543 | 1216 | 1206 | 166.1 | 120.9 | 154.5 31.7 112.7
(kg/13nd0)

P ' ¥ = 4 4w 4 g YA Ao v o s
Hﬁﬂ'l‘iﬁﬂH'IWll’ﬂﬂTi‘l'ﬂNﬁNﬁﬂﬂJﬂQﬂWﬂMuTﬂull‘ljﬁﬁ“fl‘iﬂﬂ'JU‘LI'WNll‘]Jill'lﬂ!‘JJ'Iﬂﬂ'J']LL‘IJﬁﬂﬂ')ﬂ?}u%uﬂ‘lq‘l”lﬁl}

ay ar o Mot Y : = a )y o . =4 ) ) o o
u‘mummutm"1311m15‘mmummu uaztannnnudassaiige mﬂmi‘wﬂaamﬁmmmmsﬂu"lﬂ"!ﬂ‘lumimm

= ov 3 o oy o/ A oy Qy =1 e o = = -4
e Insnwihesdunlsegmihdminiudesnn lihmdisgems ianudululusmsniudy Tavesiy

¥
o 1 w

v 4 a = 3 o : ] Y = o o” o '
ey WisRvsnmlashmihdefduudasnivgu wudhwiasfsainis Wenananvesthambiunnnutlasniugu
P S e a ol M e 2 v @ & @ oa ¥ ¥ a o
wsannthamhiudursiinmsaeseeiinlszum 5-6 v daudslianudosmailudSusimuiz oy
A o - P a @ M o v Y o W v o o
ensszas yeAy Tnfiifuilnd wazderglumsaimauasdanna lureIndgnindao edrelsnawns 1¥ka

= 4 3w Q@ ' 4 4 = . a o N
waafimnganvesduiniuszagluas 184-750 kg/l3afen Fulleivisenwuit nandah Idanmanaas il li



[} * A A I'd uy @ o o = o o o A 9 8 = o
EIQ1U‘H'NWLH1J'IS’ET‘IJ LuENi]']ﬂl]’mll‘HTlJ‘L‘I‘VI‘I"I'IF]TS'ﬂﬂﬂBQNE}TQH'Iﬂ‘ﬂﬂ?‘lﬂﬁﬂﬂﬂ‘nllﬂﬁﬂﬁﬁ Iﬂﬂﬂ"liiﬂﬁﬂ”ﬂﬂ"ﬂﬂw‘]ﬂ'lﬁu

& A 4
HIWUHITDADIAILADY 15 Yau'hd 5]

gl
a : o : 1 a 3’ o o T = i ’ 1 o A
madnisen lssamniwsdunsamuihaminiuiinei da pi vesdmumdaousnasudtadim
A ; ﬂ P = = dg Yo - o Ya o wns:q:{ = o J 5 @ o
mnau wazilumsiiuasdunsdldfuauih InAuiiguaudaadu uaziinugauauyseluiniu dmivdnyus
¢ ' 4 - S s & s P o aa
vouthivh hinunstuilewsessimnsdiidhidusseideghuimann Issannhasdu uazaunmvestiniia
3 uy i ;"ﬁ “= ‘é o Ll i 0 ar i = g
aylunasinasgunurmilumanihidu Faieegluilszinni 4 Smiunansznuiifannns Muandaves
Oy o » ov ﬁy Dy ar a - u’ o oor J Qs g =
thdmiuiu wuimis s eamthdmidui lieasdaveshdminiudisgein dafudanmiu 18l
a :;:’ o ny @ 5 . 1 r [ ar o o :;
msinhfisnsarnnhdanish dedwsand ¥ wumums ldionazfasiums andunulums afessuuthiea

a r o EY) a W P A g Ve P

[¥a kil ﬂEI‘Nlliﬂ‘?nllﬂﬂﬂWi]']ﬁm'lﬂ'liﬂﬂi"Iﬂ"liiﬂﬂ!fﬂlﬂgﬁﬂlWﬂiMiﬂLﬂﬂﬂﬂWHﬁluﬁﬁU501'3
=y =y

anansINdszma

Asei IdTunuganunsITesnuninedeaavaiuniuns dygyuavil ENGS300395  uazyu

]
.

Tafiadny1 uniinedvasvauniuns uazvevounmuTinndtuda $18a Mid1sw Iasans 3o vazd mihd
Hoalfiamsmandsmnssuduinden nninianssules auzdmnssumans anineduasvauaiuns 4

3 as' [l o Sa o o ] a1
AwAlianugumieri i enifoduSegaanly 184w

¥ oa
tONA1TIDI1ID4

[1] US.EPA. 2006. Process Design Manual: Land Treatment of Municipal Wastewater Effluents. EPA/625/R-06/016.
United States Environmental Protection Agency, Cincinnati, Chio.

[2] APHA, AWWA and WEF. 2005. Standard Methods for the Examination of Water and Wastewater. 20th ed.
Maryland: American Public Health Association.

3] duilu nesdeu. 2547. glemsinreiauuaziiy. anzimonasssund winodvasaaiuns.

[4]  dsgmanaznssunisFunadeuurand, atud 8. 2537 ﬁmuﬂmmﬁmammwﬁﬂusma'aﬁyﬁ';ﬁuﬁﬁnﬁ
Tuswfsenguny idy 111, aeudl 16 9. aaTuf 24 nuaniut 2537.

(51 dvsad Dot unzSsewed Sumsiion. 2551, aoniidioRenssunldni i aneninonssssusi

URTINB IV UATUNS






