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Waste rubber sludge is the waste produces from concentrated latex process and contains
recoverable components especially rubber content and plant nutrients. This research aims to study
the process to recover rubber content from waste rubber sludge, the utilization of this waste after
recovery process and the leaching of several elements from these products. The result found was
waste latex process contains higher concentration of major plant nutrients (N, P and K) and minor
plant nutrients (Mg, Ca and Zn) than other elements. The heavy metal contents are much lower
than that allowed in the extracted solution followed the notification of the Ministry of Industry
announced the elimination of waste or unused materials (2005), Thailand. The recovery process
using acid digestion yielded the recovered high quality rubber. It was found that the acid
concentration affected on the recovery number and purity of retrieved rubber. High concentrated
sulfuric acid (more than 10% by wt.) digested waste latex sludge and gave the rubber around 10%
by wt. after mixed the waste sludge with sulfuric acid at the weight ratio 1:3. The quality of

retrieved rubber, which was examined for Mooney viscosity (MV), plasticity retention index

111



(PRI), nitrogen content, and ash contents, was found that closed to the STR20 quality. The
residue solution was further analyzed and separated for inorganic substance such as high value
phosphate fertilizer. The remaining wastewater is a brown and contained high BOD which
requires further treatment. For the physical rubber recovery process, drying and sieving, it could
recover by 10% by weight of rubber content whereas the wasted sifted through a sieve still leach
high nutrients concentration. Therefore the remaining waste was used to produce pots and orchid
growing brick instead of use as plant or soil fertilizers because the rubber residue in this waste
may adversely affect the soil porosity. The result showed the jasmine tree and orchid planted by
using the products blended with sludge after physical recovery process had growing better that
that use the products blended with waste latex sludge and control respectively. These may be due
to the products blended with this waste had lower density hence the nutrients could leach more.

Keywords: waste latex sludge; concentrated latex; recovery; leaching; planting materials
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In this research, waste latex sludge, which is null by-product of concentrated latex
manufacturing, was digested to retrieve the rubber by using sulfuric acid. It was found that the
acid concentration affected on the recovery number and purity of retrieved rubber. High
concentrated sulfuric acid (more than 10% by wt.) digested waste latex sludge and gave the
rubber around 10% by wt. after mixed the waste sludge with sulfuric acid at the weight ratio 1:3.
The quality of retrieved rubber, which was examined for Mooney viscosity (MV), plasticity
retention index (PRI), nitrogen content, and ash contents, was found that closed to the STR20
quality. The residue solution was further analyzed and separated for inorganic substance such as
high value phosphate fertilizer.

Keywords : rubber, latex sludge, acid digestion, rubber recovery, concentrated latex
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40-100 40 300 100
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30-300 30 300 300
30-500 30 300 500
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20-300 20 300 300
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Parameters Sediment waste sludge
centrifugation
Moisture content (% by wt.) 253 29.1
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Rubber content (% by wt.) 473 49.2
Density (g/mL) 1.62 1.55

27



103 4 r 354

100 L3
Onset X = 72420 70
nset ¥ = 97 212 %
25 B
o0 5
Delta ¥ = 25.512 %
85
i e o e : Jfo
| &0 % .4 5
~_ A2
S ", i
i | | Onset X = 207 038 7C 2 3
3 \ ! OnsetY = 71.088 %
= 704 | | 2
| | Delta ¥ = 11.678 z
{ | a3l
[ | {
| | Onset X = 386,505 7C -4
60 | [ Onset ¥ =53.020 %
| |
1 )
55 .
\ Onset ¥ = 840.432 7C
i | | Opset Y =49.778 % | &
! | Delta ¥ = 2280 %

440 T T T T T T T T T —F a7
45 100 200 300 400 500 800 700 200 000 1022
Temperature (7C}

v
1J =
3UN 4.2 TGA Thermogram of waste sludge
103 - C 308
100
Onset X = 41774 7C |25
niset ¥ = 100.026 %
854
Fza
204
| 85 10
| A
=
o E
- 80! e
E | £
£ ; T
= I i % e Foo 3
ol = i — p - 2
it OnsetX=3182167C __— i -
= | L 4 2
| ; P05 2
7 . a
- | y
| F 10
| /
85 | 7/
\ 4 1.5
|
|
i X | DOnsst X = 550 477 2C
| I nsetY 5 56.807 % 2l
B OnsetX = 712380 7C
elta ¥ = 4.201 3 B
. TRl V2 S00%2%  Gnset X = 635,134 G L-zs
: sety = 53ED5 R
o
05 T T T . T T T . —F 210
55 100 200 300 400 00 0 00 200 1020

500
Temperature (7C}

3 19 4.3 TGA Thermogram of waste sludge after dewatering by compression.

~ ' 14 A a o A a ] 1

1n3UN 43 uaz 4.4 wuiesalszneviiiamsaatediNgungiilugiesening

o a ' & A g A 9 o Y, AP o
80 - 150°C uenandnnuunzuiduanusunda dalsznoudiearsnii luanavuiaan

a = ~ 3 9 9 Y o v % A a o

mgimaasulauiisadniios vannmse e SM5ueeRYsTnaUNNANT AR
A a o £ g J a @ Y = Y
N¥199ungil 300-500°C Fuiluaslalasmsveu vznanmssaudImasnInmstiuda uag
puuis Tagsh ldinanmsmsiFadouriiaaeg Mnuasgunginmsgaisdllugieeien uatile
o w v A Y Y 1 9 Aa 1
ihdedneuniadi luades taznisdisazunssvuig 70 mesh a1sdsznounanaguy

= d A Y A @ dgl a @ A
azunsensovziiodisznouiIndifeanumniutledn dwaaslugili 4.5

28



103 16
100 1
Onset X =82.223 2C
nset ¥ = 00.265 %
= Detta Y = 10.462 % 1o
o0
05
| Onset X = 280336 7C
| | Onset Y = 35.636 %
85|
| z
s oo £
z 80| — B = b Z
£ | - 7
et Y F, £
- N Onset X = 365,074 7C &
E- e N Onset ¥ =74.765 % 05 2
= \ i ! 3
2 B
\ 7 %
70 % / | S a
- ] -1
\ . Deita ¥ = 22.811%
R /.I. |
85|
\
80| L
3, = K
I e Onset X = 840 457 7C
Orset ¥ = 55380 % 50
55
51 T T . T T T T T T —t 242
EET 100 200 200 400 500 &0 700 200 000 1021
Temperature (7C)
'
3UN 4.4 TGA Thermogram of waste sludge after drying in air oven for 24 hours
103 - 3z
2
20 o1
Deba ¥=32530%
—_— s —— - < - o
e
\ P 2 :
a A / ~ ¥
\ f g, P F-1
b 4 3
E
L2z
= \ \ 3
L) | N 3 #
£ \ W 5
E i 3 ;
2 \ Onset X = 321 641 7C !
| Onset ¥ = 82.745 % k]
a0 \ L4 g
| a
P
1 | 5
|
| ]
b
ER | I e
o Delta ¥ =28.355 %
Vo
|
|
II |I
401 bl Onset X = 808 803 °C
| OnzetY = 36,337 % B
Delta Y & 1 141
322 : : : : : : : : A a0
27 100 200 300 400 &00 700 E00 200 1008

500
Temperature [7C)

Qo

4.2 antiagnanegl umnauntls

]
~

19 4.5 TGA Thermogram of waste sludge after filtering

Y 1 dy A v A o Y a v W
mammuum"lﬂmﬂmm%mﬂwﬂmmumim ng’f]ﬂi@lﬂ‘i/'lﬂﬂlﬂﬂﬂﬁi]‘lj@]’ﬂﬂ‘c’l

1 4

Y A A a a
NUANNUTAN

nsadosin vz i e

YN

Y

[

TP ALLAAIN

vy

2onslesnlsznenlugdi 4.6

= 91 o w 1 =1 v o = A A 1 ~ 9y
ﬂ\ulll')']"llgu']ﬁjaﬂ']\iEJ'NT]hlﬂll'laga'lflcl,u@]')ﬂ'laga’lﬂj‘ﬂg'ﬂuw‘lﬂuﬂﬂff\?ﬁﬂ‘l]iﬂ'ﬁ]@ﬂ Llﬁﬂ']\iﬂulﬂ

@ = J @ 1 a [ ~
ganedesntlsznounanmuan daaaslugin 4.7

29



07 - 313
Qnset % = 75988 7C
S
100 e Cnzel¥ =03803 2 Ls
=1875% |
OnsstX = 388262 7C
= Cnset = 85,704 %
20 1 — ko
s -"\.\
20
k2
| b
F4 =~
4z
£
D £
g 7
7 Le ®
# B
550 =
2
s £
la @
] z
40+ g
-10
a0+
204 -2
i OnsetX = 554441 7C
| Onset Y = 6305 % F-14
[T~ Delav=dgssu |
_ I
243 T T T T T T T T T —t -1
50 100 200 300 400 £00 600 700 800 000 1021
Temperature {7C)
'
1J a2 . . .
3UN 4.6 TGA Thermogram of coagulated rubber with formic acid
105 r 087
e OnsetX=3536247C - ~ Lo
neatY = 97 347 % F a3
0 4 &
L2
&0
L
| 704
F4 -
z
3
_ B0+ #
s £
. w £
= Delta ¥ = 04 467 % | &
& 50 | e
z ' g
| ]
g
4 | [7E
|
| -2
an |
|
| Fa
ko |
| -10
|
10 4 I\ Onsat X =T780.8417C
Onset Y =5.524 % -1
Delia¥ =1.267 %
05337 T T T T T T T T T -120
387 100 200 300 400 500 600 700 800 200 2027

Temperature {2C)

3 1N 4.7 TGA Thermogram of purified retrieved rubber by dissolving with toluene

diohenad Idindne Inseadnlaeldmaiin FT-IR laalaasy daaaslugili 4.8

ﬁﬁﬂﬁﬁﬁq‘l aatl 2962 cm ' (CH; asymmetric stretching) 2855 cm ' (CH, asymmetric
stretching) 1650 cm ' (C=C stretching) 889 cm ' (CH; wagging) 837 cm ' (=C-H
wagging) tag 713 cm ' (O-H out-of-plane bend) Fauanedre19n ladi Insaadia

BUIRBINUAVENITTTNBIAAS cis-1,4-polyisoprene

30



_ x}}
_'__3

3446,94 —
272691

M6 — =

80

70
|

145045 —

Transmittance [Js]
60
1

40 50
I

30

20

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber {cm-1})

gﬂﬁ 4.8 FT-IR Spectra of purified retrieved rubber

v Y

~ o o A 9y dy A Aol 1 a
1uﬂlm$ﬂu1WUﬂINLﬁQaﬂJ@\1El'l\?“l/]l,l,flﬂ@'f]ﬂll'l]lﬂi]1ﬂﬂ'lﬂellll,ﬁ\‘ﬁJﬂTVIGHﬂ'NEJ'I\‘l‘ﬁiﬁiJ“K'IG]

INTANINTGIU STRSL A lua1319in 4.2

d' ' g’ o A A 9 dy = ~ [
M1919N 4.2 l,!,’dﬂxiﬂ'luﬂ’iuﬂImaﬂaIﬂElmailellf]\‘lmx‘ﬁfluilﬂhlﬂmﬂf‘ﬂﬂﬁllLLﬂQLﬂiﬂ‘UMEJ‘]Jﬂ“UEIN

153U STRSL

FHAVD I M, (g/mol) M, (g/mol) M /M,
gaeneaNINNINULT 90,972 313,704 3.44837
STR 5L 442,424 1,745,530 3.94538

v
a

[ I A A g’ @ o v Ao
pd19 lsnawessssunantiiminTuanadwWnidundesnisvesnain iz
uenInFIeiuaud AU lAueInINaNeNETTUTANUNE AT UNTANd) ditvan
9
wauINMIUARENeI It UasAlidle Tagniuaaininsgaiedivesiviin Tuana
v [ E4
aaeaalugili 4.9 uaz 4.10 dmsvensinenosnvinniniutls tazeranIasgIuNsa STRSL
o w 1 A Y dy N o v 3’ o
audray woaresiven ldanninduildianyuznisnszaedivenimminluanauuy
. d! A9Y A 1 a dld [ g} v
unimodal FalVeAnNIUeNTITHNANIAMNATTIUATMINTENEA0 NI TuanauDy

. [ 9 a d‘ a I a % 4
bimodal JuudueanisaannuulsisiuanmslFausssumnaiisnandlupann am

31



Molecular Weight Distriputon Curve
W

Wn Wiw Mz Mzl _

100

5

50

4.0 45 5.0 55 6.0 6.5 70
logfh. W)

= S L 4 =
51N 4.9 wamsnaaeuvmimiin Tuanaveuilessiuenannindudle

Modecutar Weight Distribution Curve
%

100 e M %— Mzl

50

23

5.0 5.5 6.0 6.5 70
gL

v Y Y
517 4.10 vamsnagouvmimiin luanaveuileg9STR 5L

4.3 Mmadeamnanilaaldnsamuzau
= a a ] dg} 9 o (% 1 o [ d‘
nnmsanwlszaninmmsdesnmnauilalasldnsatiiugdu wua nsasiuzdun

A = Yy 9 g} o (=Y 1 dy dy
19991 UANMAINUIU 5% Tagrimiin i]%uliJiJNﬁ@]’E]ﬂﬁ!,!,EJﬂLuE]EJNEJEJﬂiHﬂﬂWﬂGULL‘ﬂ\‘] UDNIMN

[

a S d A dy prpp A v
NITHEAITOUUNTY maﬂﬂugﬂ‘n 4.11 mﬂmuﬂmawmm VUENT1TASANYNTANAININNIT

] dy S 3} 1 A A Yy 9 o @ ' dy
mfmﬂmuﬂwzuﬁmmaaau LUBDINHANWUVNUUUDINITALANINIAN TN DU ITNUITININY
Y

9

=< 1 ~ : 9 [ A
llﬂﬂﬂ%a@ﬂﬂlu’(,IW'J@'IUUUGU'ENETWiﬁgﬁﬂﬂ agasazanguauUIfnIaluy ﬂmﬁmiugﬂ‘w 412 —

4.14

32



s 4.11 udaailsy ananmnisdesninanilTaeldnsasusuduty 5% Taorbmiin

i 4.12 udaailsy ananmnisdesninanilTaeldnsas s uduty 10% Taorimiin

1 4.13 uaaailsy ananmnisdesninautlTaeldnsas s Sududy 20% Taorimiin

33



v EZ 9
517 4.14 uaaslszansnmnsdesniniuil Iasldnsadwe dududu 30% Tagimmin

{ Y 4 1A 3 a
ﬂﬁﬁﬂm5?1uﬂqaaaﬁﬁuqmﬁ’muumm’miazmanJuwammﬂmﬁazmﬂmmmiauu‘n

v Y
= 1

1 9
dntegluniniutls Taoiiosnsay liazate a1 le 1Al

anl

v P Y
P NNTANNUTNTa0oTUg
1 a d‘ 9 d%‘ K a Yy 9
WuveImIsazale uaznuNTaesi Ideziuegiuliunanazanududuvoinsa
fuzdunly daansluaiinan 4.3

D¢

34



- A ~ v 2 D) o o Aa Y 9
MIN1NN 4.3 Llﬁﬂ\?ﬂiﬂ'lmEJ'I\W]LLEJﬂ'E)'E]ﬂiJ'IUlﬂi]'lﬂﬂ'lﬂ"lll!ﬁ\‘]Iﬂﬂi%ﬂiﬂﬂ'lﬂgﬂuﬂﬂﬂfl'ml"llﬂ"llu

tazllsuaaie nu

Sulfuric acid Waste Sludge (g) Retrieved Rubber (g) % Rubber Recovery
40-100 300 29.22 11.36
40-200 300 34.09 9.74
40-300 300 27.1 9.03
30-100 300 43.78 14.59
30-200 300 28.01 9.34
30-300 300 2422 8.07
30-500 300 25.96 8.65
20-200 300 78.26 16.09
20-300 300 39.67 13.22
20-400 300 26.33 8.78
20-500 300 27.64 9.21
20-600 300 27.93 9.31
20-700 300 29.21 9.74
20-1000 300 28.61 9.54
10-600 300 35.46 11.82
10-800 300 29.29 9.76
10-1000 300 58.34 9.45

a { 4 A a I 1
Usunaenan IdszanauiomulSnaazanududuvesansazaronsa wu'ld 141
[ d‘ o a [ an [ a = r{dl I~ 4
Famavosmsazarenianuandlz liinaduasnsenuamsstiunidntlussnlsznauvsd
2 \ A o aw Sy a ) o o Ao Y 9
mnuudle uazsremuainmsazate luauided Idaenldnsatuzdunianududu 10%
9 Y Y
Tasimitin lumsveressaunstenilesseonanmnuuils uazlddadrumauszninenin
dy [ d’ I Y o 1Y [ [ d‘
Juilsfuasazarensa 3:8 werludunuudmivgasvunssy Tasdaen dwdaslugla

4.15

35



Y
Y a

v Pl F2 v
517 4.15 nnaasnsveeszauMILeniosseonannnautlsniimin 30 Alansu

4.4 andarazmsudsglensnugnsanainmnanis

k4
NNMTVIITZAUMITHAN ‘V‘I‘]J’J'IWETQi]1ﬂﬂ15milﬁ'lia$a'ltlﬂ5ﬂ1uﬂ'lﬂmlﬁ\1 ﬁﬂﬁnlgf

9 9 Y [
gavegAiIIUINYeImTazate e lunadudu (Wszanw 5 i) 1d2 Fuveuilossiog

U

a 9 ~

Aduuuazgniiliuavas aunsiintelunal 1 $21us iensnaisazaiooonaInAID I

) Ay ¥ 9 9 :I ] ' 12 @ a 9 1T o = I ] B Y
[1Ys)e] El'N‘V]llﬂi]gﬂﬂa'lx‘lﬂﬂflu'li]ullucl"l]'ﬂhh\mﬂiﬂ“]m’l’\liﬂﬁﬂﬂ']ﬂ'ﬂg m"lﬂmtﬂmmumq WLLTIN

U Q

Y A a 0 o N ¥ Aa ~ Y a o
LAagUIULHNIANYUN AN 100 C %31’]11%1@EIN‘mJﬂﬂmTWL‘V]EI‘]JL‘VHﬂ‘]JEJN@I‘]JLﬂiﬂiJWﬁﬁWH 12N

Q U q

]
=~

uaadlumsen 4.4

v ] 9
15199 4.4 ?fll‘]flﬁ‘ll@\iEI'N‘V]Llﬂﬂ@@ﬂi]'lﬂﬂ'lﬂ"m!ﬂilﬂiEI“]JL‘V]EI‘]JT’QIIUEI'N STR 5L

Rubber
Properties
STR 5L Retrieved rubber
Mooney Viscosity [ML1+4, 100°C] 60 49
Initial Plasticity (Po) 40 33
Plasticity Retention Index (PRI) 77 93
Nitrogen content (%) 0.3 0.9
Ash content (%) 0.1 3.5

36



9
=

] v v '
eafuen IdoinmnaudlsihiminTuanadiniesssumnansanasgiu Tasna 11

v
= o A A o 1 v A

vahldldannuniayuiindgr wuRernuiuainnudoudusudu (Po) luvazhadail

' Y Y v
ANUDOUAT (PRI) ummuqﬁu uaziﬂé’mmﬂuﬂummwu Ll,?fﬂQ’J'ILﬁE]EJN‘V]LLEJﬂ’E]’E]ﬂthléI}
k4 1 v
°’t]1ﬂﬂ'lﬂ"lJLL{|Q f‘f\iﬂ\i11?(15’E]‘Llu‘ﬂiET‘]JN“BH@Tlﬁnlﬁﬂ"]nﬂﬂ’ﬂéhuﬂﬁLﬂﬂﬂgﬂiﬂWﬂﬂﬂ%W]ﬂf]u
A 9 A 1 2 Y a a 9 AA (a
mm%mmmmumaﬂuag uazﬁaﬂﬂamﬂuﬂimm"luimmu wazdTuanonidsuw

wmnnMluenaigIu

9
=<

4 o ~ ~ g ' o ~ % ~
die1e19n leuwaumsnivazvusdidluusuuig 18aa51n 4.16 Fam3 1ge19nuen

U U
[

9 dy dgl o F AAA ;y A ~ ~ @
lannnmnindaniugy mldudueraniidnd wenlSouiiouiuerauniasgiunsa STRSL
Tuvazhauiiamanannagen luuanaaiuuniin Tasuruersi ldanesiuenssnainnin
Y
Vuuilavedinn Tensile Strength (TS) = 18 MPa 482 %Elongation at Break = 670 Tuvmzog
STR5L A1 TS = 21 MPa 1182 %Elongation at Break = 730
awv g di‘ dy Y [ a K A

1NN nIzuIuMsHenileeseanaInnInduililagldnsadanTnialina
Id ~ o Aa a = ) I a o 1 4
Wl 18Razsh 17 Idensitinnuusgnd sazannsoi luulsglilusdasaaiaieg 18 e

' A ' A A o o o w o a
GB’JEILWiJiJvam"lnﬂmﬂ‘UﬂiLﬁﬂm\lﬂ’m\liﬂlﬂuﬁjmmi]ﬂGlmslsJ}@mViquJmﬂiilﬂ’mﬂllllaWB

Retrieved Rubber

—

v FJ ] v Y
51N 4.16 naasruaui Idanmsusglensivenesnainnindudle

37



4.5 moamanslfdsglaminnidesmnauila
2 9 v
thdodrAguesnms ldmaTuladil Aedsuanindend awmmwmwu fawiims
] Y k4 [
1¥nsadansnioneniiioonseonainnindutls Tdunuia uas 1951091z tianiid
o Y ddy " Yo cvoszlalqud Y o w 3’! dy
e liima TuTasil lildsuarweauls duindisedsldmuuimemssiiathdesniniudle

] 9 ]
Tagldnudouioszmnitoon vli laasetunidluginan dwaaslugli 4.17

1 4.17 wamsdnuazRaAnuniiFoen Tufioudanlafiiatunnnszuiunis
Tagnani 1d1nn1siasizidromailn XRD dauaaelugli 418 nudwanil
< ¢ a - A A Aa @
Taseadrailu (NH,),(Mg(H,0),)(SO,), Funaa1nnssaudrnuveuuniideuiaauinues
1 Y
uowTuiiionain DAP uazdanlaanniadanin wan Idaztidunla fuun nazazarori 1a

$w ansnh llszgnd 15w lugaaunssumsrannieels i 14

)
N
Z
=
2
=
]
)
B
<
b=
=
1)
<
10 20 30 40 50
26 ()

‘I.Iﬁ 4.18 118A4 Powder XRD Pattern Voananuuniideuuen Iudisugaln

38



fmsSuaisazarenvasanmsannanuunilFeuteon Tuieudaa tiio@u
3aza1e NaOH 2z 14 1daznaudireoouvsamnii@eunen Tuiounoava danaaslu

517 4.19 naziiotimsounriaeg laagnouniinungudage dwaalugili 4.20

u L}

517 4.20 naasanyuzaznoununilFeuuon Tuiiouoaan ldvinanide

== = A aov dy I A 1
aznoununiideutou Tutouvoaan ldanauddedt Wuileweamantyanaias

Q k) U

o v & A & ~ o & v Y4 A A
llﬂgﬂ’la\uﬂu‘ﬂﬁ'ﬂ\iﬂ'ﬁm@\iﬁﬂ'lﬂ cﬁ\?ﬂiglﬂﬁhlﬂﬂ‘ﬂ'lﬂllﬂﬂu !lﬂguﬂqwufﬂ“ﬂuﬁ@\iﬁl%ﬂf.l&h'u@]u

9
Ysnawn sudeuindijeviatioinaielszma

Arbitrary Intensity

— )

10 20 30 a0 50
26 (°)

311 4.21 11dA9 Powder XRD Pattern ¥ouuntiseuton Tutsnodvla

39



5. agUwamsIde nazderauenuy
dy £ g = d‘ ) o Y a 1 @ PR
mniuthguiluvesdegaamnisuiioinnua sz liinanisdesaaisda 1dis21u
1 Y
MIazaenIAMu O UNTANUTUTULINNI 10% Tasrimiin Tasnsamusduazenasoil
A J dy ] A 2 A 9 ~
un3deonannnauils tazdremiuanuausalumsazals vowUINLenoonu1 1Al
4 I~ a 1 09; [ d! =1 wva ] 1
p9R15znouiluessIsuTANINNT 90% Tastiniin Fallauiia litana1991ne191A5 51U
o 3 A o PR < A ' Y}
1n3a STRSL 1niin uazansousgiilundasuaioraniinnuuduss uazanugangu 1
) = o
FUASINU
o o o o AQ Y dy A o =3 9 = A A
dmsunsamuzaunlddesninauile wWethuanwanaz lananvoauuniitde
[ { o o o [ {
pouTudoudaa Aawnsairlilszgndldaulugaaimassu i dusuroanlad
azaneaglumsazaeanioueneenut laninmsdaseldinalnserduTear 1 gz la
[ [ I~ % I g
aznouduieeu lassaraduuuntiGeuron Tudlesuoaule Feausoldiduasaedu

Tunmswaailovommaniiyan1d

Torauauuz
° = Av X ’q 9 = A A A o
1. asihimsaneItedamsiszgnaldaunanuuniideuren Tudedama ntazaznou
S A = 1
sunildeuey Ttenuodma Tugaamnssuiszinnang
o ) ¥ o a < A g
2. mshuuanen 1t lddszgnd ldauesduTssnudunoy duszeznamitanedy
o w =) dy Q‘ 1 =S d‘ Y d! = 1 a
msfdaveadeninauils Tasmsuyanininueades unuinsienaudeeslinaneaninau

lLﬁ%’dﬂ'l’)mL’Jﬂé%lﬂHi%Elgﬁl'li]

a v & a8
51ﬂazmﬂﬂﬂunummﬂnmamaaanmnmnmui’]a
MIFNENINATIN 5,000 V1N A9518M A 1H
J = a 1 dy 3’ o I
- ANATAN 59U 4000 VN (ﬂﬂmmﬂmuﬂmmuﬂ 1000 NN.) Taauenilu
a I a
- @15aga1unIa 500 NN. (NN, a2 4 VIN) AATILEY 2,000 VN
a 4 a I a
- @sazaeneaues 20 nn. (AN, 8¢ 100 UIN) AAXIUEY 2,000 V1N
1 I A’
- A 1%918919 1,000 VN
v d 4 A a 1y} 4
waansn lanauidy 53317,500 vIn das1emsae i
9
a I a
- 119819 100 N, (. ag 100 UIN) AATIUSY 10,000 VN

- aznounoala 150 nn. (N, a2 50 V) AnTluRY 7,500 1N

40



6. UITBNYNTN

A

NIUAIUANNANY. 2548, milfiananiumsilesnunazaanaiivgaannssaninenadi.
Y

Y 9
A 1 o

9 v
TaseamsHuydunadouiuiiquimeziasuasval fvnssuasuasudnenIn

D.

b4
' ]

Y v
mstanmsuaisnnurasiuialszmngaarnssulunuigimzamuasvan.

Q

a d
AULIAINTTUUAZINA TUTABNTINYAT. ANNYANANYINUVDIA,

http://courseware.rmutl.ac.th/courses/53/unit703.htm#head2

@uduidie 15 UQUIBU 2554)

AT AT 2544, uRaITENMAzINNTI TN, AN INONEAT UAINELTAY.

Ty2d nanedu uasAIse quINBY. 2552. miﬂizqnﬁ“l,%'mﬂﬁuﬂamﬂqwamﬂﬁumi
wamhostuioRan g neun3a (An Application of Sludge from
Concentrated Latex Industry to Development Concrete Works). § 1WWUNIATH
FnsuTes ANLIAINTTUANANS, UNIINGFIAUAIUATUNT.

Heow Yayivan. 2543, Ugiamen. ngaunnd : aszma Tulagmsinyag 401U 150y

IUNTINBY.

yayssIN iI5ie, nsnssa ety uazilian e, walyl maluladihenada,
lagil : Hoslfiianisma TuTadens. angInemansuazma TuTas.
uInedoavaunsung. Inenvailaail.

UszmAnszNI A NNTIN.2S549. 1509 MatmisadslinanseTan lilduda we. 254s.
http://www.diw.go.th/diw_web/html/versionthai/law/00180774.PDF.
(Auduile 12 NQuIBU 2553)

UsEmANIENIIAMINNTIN. 2552, 1504 BnBnIAzM MLAIIATIIY
waﬁﬁmcﬁqmmﬂiinﬁwmq%’uﬁﬁmﬂﬁ WA 2552.

http://www.ratchakitcha.soc.go.th/DATA/PDF/2552/E/150/16.PDF

(AUfuiite 22 UNIIAN 2554)
< [ J a a ' v o da A dy
INYanHU (NAYITIU. 2547. ﬂimmmwmammﬂmu@mm&lmmmﬂmuﬂwm
9
o 9 . . :
Tsenuiiensdu (Efficiency of activated carbon prepared from lutiod of rubber
a a 4
latex industry for the removal of dyes in synthetic wastewater). INITUNUT

a Y a 4 a @
INNNTAATUVIUUNG, IWINNITUNWIING QY.

D.

9
Jd @

Wuzdy Fadu. 2551, glemMIIMaIUENINI. NUNASIN 3. NTUNNA : INBAT

J

=]
AR,

41



L4
190500 V93 1508, 2549, BI9EIINBIA : MIWAANAZNMSITIIU (Natural Rubber :

4
¢ o A v

Production and Applications). NUWASIN 1. nTINNW : HejuaIus e Tu
@ lagad.
= a & o & J ¥ ) ¢ A o
25195 10nszand. 2543, mahinnautlsongamunssuhensduunldlsg Teniienisi

o a

Id o
Wude AU179AY (The Utilization of the Centrifuged Residuce from
a a I
Concentrated Latex Industry as a Soil Conditioner). INYIUNUTINYIFTNT
yTada A191IINITIAMTFUIAGDN, UMIINGIFEAUATUATUNT.
Aa A a d a a 4 =
W3 Hosninag. 2536, ANNANYIAVIIAY. NTUNN : ANZINNAdasIazma TuTag
&% [ a 4
ﬁﬂ'l“lJui'l“lfﬂ;]’Qﬁu‘Vli
v Av Z 4
ADIUUIVYYNN. 2532, 51?]3114“19]5%11414181\16191]1417]?]. NIIUNNA: DIANITHIUYN
ﬂigﬂijﬂ!ﬂﬂﬁilla$ﬁﬁﬂiﬂi{.
a = @ a dy : 9 Yy a o o
LT HYUIAYT. 2552. ﬂ'limiEliJﬁ‘T'li“]Ji“U“lJtiﬂui]'lﬂﬂ'lﬂellll,ﬂﬂu'lil'l\ﬂlu Tm“l%i;aumw
Niszansnn Preparation of Soil Amendments from Concentrated Latex Sludge
a a A Y a a
using  Effective  Microorganisms). INYIUNUTINYIFIATUVIUUNG T1U1IV
= 4 a [ a 4
lﬂﬂﬂ§$Qﬂ@, YU 1INYIYFAIVATUATUNSG.
a a 4 d [ a
qu1a qnlszAvg. 2536 ANNANYIMUVRIAY. AIVAT : ADENITNOINTTITUFIA
YMINIEAVAIUATUNT
v a Y % % Q' %4
’qm‘ﬁ ]l‘lfﬁlﬂiZ‘W‘Vl‘ﬁ. 2552. Tﬂiﬂfﬂim’iﬂlﬁﬁ%‘lﬁﬂﬂﬂﬂ/‘liﬂiﬂﬂﬂ1§ﬁ\‘1!!3ﬂai’)3ﬂli’)ﬂ
AR a v d A Y 4
QﬂﬁT‘r‘iﬂii‘NﬂNW1§ﬂﬂﬂ : NIUANDHINAANUNYIIINASYIE. i'lEl\Tl“L!ﬂ“U“]JﬁiJ“]J”im.
YNNI EAVAIUATUNS.

v A

4 1 a a 4
@Y N0AINASIH. 2543, NIWAAENIEIINTIA (Natural Rubber Production). WU
qgj d' = 0o w A a a [ a d Aa U =1
A59N 2. amil : 119D INeVTNIT VHIINGIRIFIVAIUATUNT Ineuvailaaiil.
a 4 1 =3 a 4 tg Z Y U
aunwg ausiaiyd. 1.1l1. wavesmsulszumadnilanngaavinssuienstune
AMANHAUSNINMEMN-ATIAZANHUZNIVZIBNVDIFINDINIT. 518911 1A3INITITY
@ ¢ A 1] [ [ 4 o :l
nfuanysel Foamsnanngszaugamunssuieriininveudenin Isaauiensdu
9 [] ~ K 49} ~ [
11519y - nsdlanmiveaninvuile. auzimaluladuaznisdanis.
a [ a 4 4
VHINOTOAIVAIUATUNT IVAMSANE TIN5
a 4 1 =3 a 4 [ 4 A 4 [ d [
auing awdsatied, 15y Yy, gauma Wl lwyad waziendnyal Janziu
A ~ Aav v U | U d‘ o =
5o3e3. 1.1).1). TnsamsIdeeos 4 : MINANGIZAVIATIHNIIMNDIUININVBIITY
:: Y | = dw a o 4
anlssnuinenaduanldlva : nsafnvasmnundla. srenunsIdeanysal ga

Y
ao @ o 9
1n39M3398 MITANTVBAUTIYATINAT TN,

42



7 A ¢ A a @
duo o9ndiziasy. 2531, Ugiimansidesdu. AnzHAANTTUMSIAEAT a0
maluTagmanyasu 13,

ANINUYAHNITNIIRIAAIVAN. 2552, uudImelGuana. InsamsuImsdamseny

a Q' 1’4 a o d
mwmmzmmﬂaamaeisaamwamnmmmam51. ll.“lJ.‘Vl.

ATINNTIUYINNII. http://www2.diw.go.th/I Standard/Web/pane_files/Industry12.asp.
(Auduile 12 UQUIBU 2553)

932350 AITAINToz, 5U Hona wazdanzmed oundne. 2552. MInaunuijeais
mﬂmnamfu?muazmﬂ%yuﬂuﬁanmww&ﬁu?fummq (Replacement of fertilizers
with sludge and rubber latex lutoid for nursering poly — bag rubber).
http://kucon.lib.ku.ac.th/Fulltext/KC4709012.pdf

desonsal d1seiny. walal dgidnen. szan : anzineenansinalulad uaz

MINYATUHIINGYI ¥ oz

Bu Wendusual. 2541. ﬂgﬁ%ﬂﬂuﬁmﬁu. fundai 8 NTAUNN : AULINYAT
UHINNAUNHATEAT

Blackley, D.C. 1997. Polymer Latices Science and technology. Volume 2 : Types of
lattices, 2" ed., London: Chapman & Hall Publ.

Eaton, Andrew D., Clesceri Lenores S., Rice, Eugene W. and Green, Arnold E. 2005.

Standard Methods for The Examination of Water & Wastewater. 21", United
States of America.

Havlin, John L., Beaton, James D., Tisdale Samuel L. and Nelson Werner L. 2005. Soil
Fertility and Fertilizers An Introduction to Nutrient Management. New Jersey :
Pearson Prentice Hall.

Laegreid, M., Backman, O.C. and Kaarstad. 1999. Agriculture, Fertilizers and the
Environment. New York : CABIL.

Mortvadt, John J., Murphy Larry S. and Follett, Roy H. 2001. Fertilizer Technology and
Application. United States of America. Meister Publishing.

Prasad, Rajendra and Power, Jame F. 1936. Soil Fertility Management for Sustainable
Agriculture. New York : Lewis Publishers.

RRIM. 1977. RRIM course on soil, Management of soil and nutrition of hevea.

Rubber Research Insitute of Malaysia Kuala Lumpur.

43



189TUN15IVY

N v a A
mmwm&ammnmmmﬂwﬂe
+% o Y < U o Y t%4 a +% 4
aemaiuniiduiaaiinszarsduliuazdgignndia’ly
Value added of concentrated latex waste sludge

by using as flowerpot Material and brick for Orchid plant

(asamseeaii 2)

[ = 4 @ Y

HELAT. Fors quea 1591 Wani Insams
UIF1IFINITUAUNAGON NAIFIAINTTY ToH
AUZIFINITUANENT UM IINIEIFIVATUATUNS

Aav a2 9 Ao
A3. 359 NI AERIVRLL]

Av A 4 =

anuIveINemanazng 1u lagusy

a a 4 A o
MAIFINNMaATHAzINA 11 1agiaa

q

AUZINGIFNTAST UIINGFIAIVAIUATUNS

[ [ 4 aov
HELAS. 5UIA MFsEANNIINA guan 13au AERIRRL

a 4

AUEMITANTAUNARDN VHIINGFIFIVAIUATUNS

TasunuganyumMsITennE 1IN NUAMZNITHMIIVUHINA

2554

44



UNAALD

1 NIUANUSNITHNTIVUUHIVIA

\ d‘ = d‘ U a v
aIun 1 seazReaneINVINTINITIVE

[ o

A A 1 = csy 9y o 9 3

%o Insams msmuyasnnveadotuilsdremsiiunlniuiagiinszo
au'lfinazdgilgnndae’ld
Value added of concentrated latex waste sludge by using as flowerpot
material and brick for orchid plant

lasunuganyumsive Ysz$1il 2553 12uRU 540,000 1N

v
52z sinIve 11 s nsngiay 2553 B3 nINgIAN 2554
wihsnuuazdauiuniitendounirsnuidiiauazauvuis Ingdni
3 ~ 4
HELAT. ForT quea 1591
nisnundaia adIennssuTen augIrnTsumans
a [ a 4 [ 4

UHMNGIRTIVAIUATUNS INTANN 0-74-287-116 1N3615 0-74-459-396

HALAT.5UIR sz ANMIna guan sl

NigUNFINA AMEATIANTAINARN

a [ a 4 [ 4
UHMNGIRTIVATIUATUNT INTANN 0-74-286-844 1N3e15 0-74-429-758
a o = =l
A5.25% Mfsm
iesnundaia nulInemansweawes angInemans

PHINROTIUAIUATUNT  INTHWN 0-74-288-367 INTA1T 0-74-446-925

\ ‘d‘ U )
aIuNn 2 Unnaee

wa o a = I d a FY 9 S
Auauavesiagauwngniughilunszons waz dglgnndieldlaelidiunauves
9 9
o a J va
mniutliangaamnssmienduldgnine Insizvdguauia msseazaioveds1ne1ns
A dy 1A A A L] a
Wy namsnadeumsszazatovesmniuthwuhiilsinusgermsvesivegludiuauin
nazdi Taznzrin ludSinandinimasgiuves USEPA waznsu1541ugaa1inssuved ng

] ' g ' % o q ¥ ' A &L vy A &
ﬂ'ﬁ@ﬂllqﬂ\ulagﬁauﬂ'lﬂellllﬁ\‘lw’luﬂgllﬂj\uﬂai 40 ﬁ'uJ'lifﬁ/]']leLlﬂﬂﬁ')“ﬂlﬂulu@ﬂ'mhlﬂlwm(’Uu

k4
Y

1 g} v A o dy Ao m Yy [ Ay 1 [ =
UINNI 10% I@’IEluTriuﬂWIEJ‘]Jﬂ‘Uﬂ'lﬂGULLﬂ\W]El\illll]lﬂiﬂu FTAMNNANLUASHNIUAS LN TIYIAIY

q

= a A o o a Y 9 Y1 ! a
o msialulSinaunn Wolhwhnszaazdgilgnnaie i Tag ladumanszuineau

=~ c!y g} o 9 Y a @ J o pp @
muﬂmazmﬂmu‘f]a 80:20 I@’IEJHWWHT‘ILMQ %ZhlﬂWﬁ@]ﬂmcﬂﬂaiﬂ'li!F\ITVIiJﬂ’JHJWEHG]’JQ’Q

45



091 o A A dy ~ v @ Y =
i uiesninnisiilessiunsnda ludaggnw Tuds naziisigerns Tasmwz
Tsuae@eon Woawosauazuunib@ouge wanisnaaeunislgndungauazndieliana
G A a a A Y o Y A 1Y ya
vnedlunumelataznumsniyaulananiims ldnszarem lluagIndifesnunis 1403
1 % a o o 1
Ugnnaeldamiosnata aAnumuiuLazAMUNFUAIVBINAAT AR INAADNIT B2 Az A0
~ 1 a a A 19 9 +
YOIFINOINIT HAZNTFZAZABV0I5 1T INaaen s yas Tavesiy Tas lideel4d]e

E]

Muusedela

9
o oY =

Y
adney: ninauls, hensdu, o19, msszazate, Yagilgnitas

This research aims to study the utilization of latex sludge from concentrated latex
industry for planting materials production, (pots and orchid bricks), and investigate the leaching
of nutrients from these products. The result found was latex sludge contains high plant nutrients
whereas the heavy metal contents in the extracted solution are much lower than that allowed in
the USEPA and the notification of Ministry of Industry, Thailand. The drying and sieving method
by using US sieve size n0.40 could recover > 10% by weight of rubber content. It was still leach
high nutrients concentration for both the waste retained and sifted through a sieve. The used of
good concentration ratio of clay: latex sludge (80:20) was used to produce pots and orchid bricks.
The pottery product was light weight and high porosity due to the combustion of latex particle in
pots and orchid bricks and contains high content of potassium, phosphorous and magnesium. The
result showed the growth of jasmine and orchid (Dendrobium) planted by using the latex sludge
mixed products were satisfied and was better than that used clay pot and commercial brick. The
leaching ability depended on the density and porosity of product after mixing with latex sludge.
The nutrients leached from these products could support the plant growth well without the need of
fertilizer in addition.

Keywords: waste latex sludge, concentrated latex, rubber, leaching, planting material
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The waste latex sludge produced from concentrated latex process is the high quantity
waste and its removal is still the current problem for concentrated latex manufacturing. Currently
most of concentrated latex manufacturing eradicate this waste by land dumping but only in the
area of the manufacture. When this contains several components including inorganic, organic
substances and metal especially the plant nutrients, the dumping on land may introduce the
pollution into the environment nearby. This study aimed to determine the several contents existed
in waste latex sludge in order to evaluate the hazardous characteristic of this waste and also to
monitor their leaching from fresh, dried and sifted latex sludge, products which use this waste as a
raw material. The result found was this waste contains high concentration of plant nutrients and
they can be leached when was extracted by water whereas the heavy metal contents in the
extracted solution are much lower than that allowed in the notification of Ministry of Industry,
Thailand. After rubber separation processes both by chemical and physical methods, the
remaining still contain high concentration of plant nutrients. The fresh and dried latex sludge
were used as the raw material to produce planting material (pot and orchid brick) and these
products were used to plant jasmine and orchid. The results showed that it can be used as a raw
material that could support the plant growth well without the need of fertilizer addition.

Keywords: waste; latex sludge; plant nutrient, leaching, concentrated latex
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Y
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Tasm ldudnhenanszidiuilue1amisDRC masszana 35% Fa1i1e19aadell DRC
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a 1 A o Y dgl A A a 1
- MsAuaIsued adlidimedldeyninesladunaznganisinaouiisoni

9 v
Creaming Method 1a11e197 185 8n Creamed Latex

9
Y A ad A aAa (%
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de dmsulszmalngl$354 luns

v ci L J a
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9
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v
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L
J
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L
il lumaea
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L
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v
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L
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14 »l
szuvitiatiudey d 819)
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v Y 9
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N : @Y NeYAINas
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a g} 9 ' Y a = @ v A dy 31 =
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9
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Y 9
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1 9 I~ a 3‘ 9 = a =1 3}
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9 9 Y 1] U Y )
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Y o y g} Y g} 9 gJ dy o q'/ A AaA
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[ Y 4 o @ 1 Y 1 { I d
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\ 2
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mnvuthaziidudetudunniniensas mlininautldianuruinuannna &

9 v
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a v A

] [ 1 a aa Jd § ) g} o y
WUWUY 0.92 NTuADNaaanT (1e101Y NBINNATIA, 2543) Wernieaaaniinisiudie

Q

4 an < 1 1 !
1N503UATIIFAI0A1UI52 20,000 TOUADLIN VA WITOUONAIUVDIOUN NG 1FTULAL

dy v 9 = ] dy S o 1
ﬂ'lﬂﬂl!Lﬂ\i’E]’E]ﬂ%Wﬂﬂu]lﬂ %QﬂDTNWHHLUHﬂJ’E]\iﬂ?ﬂ"llll,ﬁ\‘illﬂ1ﬂi$ll'lm 1.16 — 1.63 NIUND
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U

= o AA A J o g} a 3 : 9 [ a
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A g o : = a A A A
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@ 09./} A o y oy ) A an g dy A o I
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9

v 9
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U

Y
aaAaa v d !
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9
A o
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9
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Y ' Y
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Ve FadTuraveandananuaiailszuin 58.05-62.96% lagiiiviin uagausulseua
Y
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a < { 1 a 3 {
- USunvenieiinseg (FS) wazdlSuavewiiszmeld
a < { DR [] Y 4
Ysmnmvewdsnnwgdiulnglunniuth Usznouludremswinmsvounazwan

]
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U

dy a I = dyd a ~ 9
TumndudlsazmamssemenanadluuiadgadiuiinedSuaveanszive'ld (APHA, AWWA
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::i a dy Y
M1919N 2.1 ﬂih1mﬁ1ﬂ@11’iﬁﬂl€)\1ﬂ1ﬂ611LL°]9_1\‘]’E]‘]JI,!1/i\°I
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43 upau¥on (Ca) 0.01-0.06
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u
b

9
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nuanlununineneluuinalssnuildmanauninmiv vaznelminailagnide
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AENIADY MINMseuLrazdunansilasunilasueatiimiin
Y
a d 1 o a [ 1 1
- Ansizdian pH amath Tl vazdSunaws siaaeg Tuninaiudle 1aun Mg
Ca Zn Total Nitrogen (N) Nitrate nitrogen (NO, N ) Total Phosphorus (P,0,) ttag Total
9
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= = 1 a A dy a o
- Anwimsnlasunlasvesnguyaunidlunesniniutlsainnszurumsnaana lu
g A & & 2 a - y
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auiia Wi ANUTUTY STLC* (mg/L)
Organic Matter Yow/w 21.06 -
Total N Yow/w 1.79 -
Total P Yow/w 4.02 -
Total K Yow/w 1.13 -
NO, mg/kg 88.45 -
NH,’ %ow/w 0.18 -
Mg mg/L 10.26 -
Ca mg/L 8.471 -
Zn mg/L 0.245 250.00
Ag mg/L 0.001 5.00
Al mg/L 0.115 -
As mg/L 0.023 500
Ba mg/L 0.014 100.00
Cd mg/L 0.001 1.00
Cr mg/L 0.012 5.00
Cu mg/L 0.019 25.00
Fe mg/L 0.061 -
Mn mg/L 0.011 -
Ni mg/L 0.013 20.00
Pb mg/L 0.002 5.00
Se mg/L 0.025 1.00

*Soluble Treshold Limit Detection
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519) 24 . 79U 14 7u
Ag 0.011 <0.001 <0.001
Al 0.111 0.012 0.006
As 0.011 <0.001 <0.001
Ba 0.01 0.016 0.021
Ca 0.341 0.539 0.0205
Cd 0.004 <0.001 <0.001
Cr <0.001 <0.001 0.002
Cu 0.038 0.042 0.018
Fe 0.104 0.095 0.154
Mg 1.486 15.58 37.09
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Pb <0.001 <0.001 <0.001
Se 0.035 0.042 0.034
Zn 0.136 0.399 0.326
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L11

] Y Y
M99 4.3 Usunaasduileuludussunsaniniudl

[

o 3l U
NWITTUNDT
(wa3) 0 7 14 21 28 35 42 49 56
Total N % wiw 1 0.34 0.11 0.2 0.08 0.09 0.04 0.36 0.23 0.36
3 0.24 0.08 0.39 0.04 0.04 0.03 0.28 0.13 0.17
Total P % wiw 1 0.68 0.11 2.20 0.49 0.19 0.38 0.24 0.39 0.3
3 0.58 0.08 3.09 0.98 0.52 0.47 0.29 0.24 0.18
Total K % wiw 1 114.661 0.08 0.29 0.03 0.05 0.04 0.02 0.02 0.03
3 52.584 0.04 0.19 0.03 0.02 0.04 41429 174026  140.505
NH," mg/kg 1 407.665 95.323 28.810  450.14 451327  103.064  367.133  391.764  366.142
3 129437 27916 23472 306.859  117.852  98.558  124.845 142993  118.496
Mg mg/L 1 20.33 363.4 110.4 134.1 79.89 127.9 76.96 58.44 162.2
3 24.54 124.0 104.7 131.9 114.9 135.4 39.15 93.65 87.01
Ca mg/L 1 6.579 22.65 15.44 15.71 8.584 10.27 7.971 5.814 19.25
3 9.059 25.47 14.53 14.26 11.64 14.04 4.462 11.05 23.96
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- . AU U
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(tuas) 0 7 14 21 28 35 42 49 56
Zn mg/L 0.026 26.12 0.848 0.376 1221 1.529 3.206 2.355 10.42
0.181 11.77 0.722 0.653 0.46 0.802 2.174 3.739 3.878
pH 8.59 7.26 7.62 7.54 791 734 755 748 723
75 7.49 7.46 758 7.59 742 743 7.46 747
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(mg/L) (mg/L)
Total N 358 127
Total P 804 13.05
Total K 111.63 92.15
Mg 10.26 107.00
Ca 8.471 29.93
Zn 0.245 114.3
BOD, . 3,360
COD - 12,115
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