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The devastating effict of Industvial poiluticon on the
environment fs of world-vide cencern,  The excerr of pellution in

4

¥

Malaysia is not near 0ot ¢f dovedoped cootiles bot 3¢ is a
growing concern and is being concl:laed in nationnl Jovelopuent
plans. The larpest concern oo o lagerial wolutien an Malaveia
at present frclude the agro-laore sidunty es (nainly the natural
rubber (NR) {ndustry), metalluryic. ol plauts and founds i, L, papor
and textile industries, These adopt precen s whidh dischaige
waste vater {effluent) containing very biph levels of solids

matter, biochemical oxypra demand (IOD) aad acidtity.

The Malaysian production of HR in 1973 was abeout 1,47
million tornes of which alout 164 was in the form of latex
concentrate produced by the procesces of contrifugalion, creaming
and evaporation, and the rest as dry rubber such ag SMR block
rubber, RSS, ADS and crepes of all types end grades. SMP
constituted about 25% of the total production and is expected
to continue to Increasc rapidly in the neur future. Tt {s theve-
fore evident that the cfflucuts discharped from %R factories

agsume & priority consideration,

During the processing of rvubber, various amncunts of
water are used for washing, clecaning aud dilutfion. The cffluent
{s asubsequently discharged normally and conveniently to a nearby
stream or river. It {: estimatcd that ae cnormous q‘uantity of

80 million litres of efflucnt Is discharved from rubber rocessing
) 1

‘factorics per day. The effluent ¢.onuists of process water, small

amounts of urcoagulated latex and substenial quantitics of
proteins, sugars, lipids, carotvunoids, inorcanic and organic
salts vhich originate from natural rubber latex. These
substances form excellent substretes for the prol+ feration of

wmiero-organisms generating a high LOD aud an objectionable odour,




This papct gives a brief review of the properties of

these efflucnts, their possible uses and treatreont,

CHARAGTERT $11¢5_OF EFFLUENTS A THEIR STGHTUTCANCE
M

A survey was conducted on the physical, chemical

ard bacterfological properties of cffluents from typical rubber
processing factorics of SMR block wubber, RSS, remilled rubber
and latex concentrate. A sunmary of the results is glven in

Tables ) and 2.

Physical and Chemical Propertics

From thc data shown in Table 1, it is observed that
effluents from the four types of factorics are acldic as indicated
by the pH valuves ranging from 4,2 to 6,3. Although highly acidic
waters may inducc adverse effccts on plant growth and may also
affect corrosion of river structures, these values are within
the range of pH 4.5 to 9.0 for most natural waters., The acidic
nature of the effluents is sttributed to the use of formic,

phosphoric, or sulphuric acids in the process lines,

The efflucuts also contain fairly large amounts of
total solids, suspcnded, dlssolved and cettleable solids. For
example, the total solids of the effluent f{rom latex concentrate
factorics is about 6000 ppin, whercas those of RSS, SHR block
rubber and remilling factorier are about 3750, 1400 and 500 ppm
respectively., In the first three types of e¢ffluent, the major
proportion of the total solids content is dizsolved solids
whercas in the fourth type where the total solids is relatively
low, this is mainly of suapended solids,

(1) RN, Muthurajah, C.X. John and H, Lee (1974)
Developments on ine Treatment of Effluent from
New Process SHR Fuctories, Proc. Rubb. Res.
Inst, Malaya, Plrs' Conf. Kuala Lumpur 1973,
pp. 402,
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The BOD velu:a for the concertrate, RSS, SMR block
rubber and remilling facteries were about 2600, 2600, 1100 and
700 ppm rcspectively while the corresponding COD wvalues were
400C, 3300, 1600 and 200 ppm, The high RoD and <02 values of
the concentrate and RSS facteriocs indicare that the total
solid: in the 2ffluents are wainly of organic origin with high
oxygen rcquirements for therr oxidation., It is emphasisced
that the oxygen demand valuer for concentrele factories are
expected to be much bigher in canes where partial tecatmonts
like ponding, pitting or filtecing are not incorporated; the
voncentrate factorics exawinced weve stbjected to partial

treatments of pitting or filtering,

Total nitrogen is a measurcwent of ammoniacal nitrogen
combined with arganic (mainly albuminoid) nitrogen. In the
four types of cffluent, the wein contribution to total nitrogen
is ammoniacal nitrogen, Thie s duc to the vse of substantial

quantities of ammonia in the prescervation of latex,

Ammonfacal nitrogen Ls highest fn cffluent from latex
concentrate factories (395 ppm). This is followed by SMR block
rubber (55 npm), remilled vubber (1O ppn) and RSS {10 ppm),

In the casc of albuminoid nitrogen, the effluent from
RSS factories was bighest (10U ppmd, This is followed by the
latex concentrate (85 ppm), SMR block rubher (20 ppm) and
reﬁillcd rubber (10 ppw) factories, This is contrlbuted mainly

by the breakdown of proteins and amino acids in the latex serum.

The presence of albuminoid nitrogen gives an
approximate Indication of the more rcadily decomposable
nitrogenous organic matter present in waste water., It

represents only a fraction of the organic nitrogen present

.-in wastc vater,

Bacteriolopical Propertics

The final discharge from the remilling factory gave
the largest total viable bacterial population, followed
successively by SMR block rubber, RSS and concentrate factories

(Table 2). A similar reiationship is also found in their pli




values {Table 1) which rmay parily explain the diffcrence in the
total vishle mopvlatico: in the various types of effluents, a
near peviral o cepedong 4o nore faveurable for bacterial
proliferation &nd growth.,

4

noeyoonaticon of table 2 shows that the cffluent
dizebaxyed foon the vemilling factorices contained the largest
viable populetion of all the chren types of bacteria - coliform,
Sireptococed and ILeoly o plving 42, 17 and 7 willion/100 ml
respectively. Pacteriologiraily, the effluent from remilling
factordies muect therufere be vonsiderad polluting. The
corresponaing nicvebial population for effiuent of SMR block
rubber factories were alsc larye being 11, 6 and 2 million/100 ml
respectively, The effluvent ¢f RSS facteries containced more
Stxeptoconci than cold forv bacteria, bejng 3,0 and 1.5 million/
100 ml respectively but chese values are lower than those of
remilling and SMR biock rusher factorics. The high acidity of
the coucertrate fectory ¢fflucnt (pH 4.,2) susteined relatively

lov amounts of ese Lhiee Lypes of bacteria,

Thas frow 17 o' vysical, chewmjcal and bacteriological
deta linted in §ohJes ' and 7, it ir observed that the cffluents
contain large amounts cf golids, Loth organic and {norganic,
ereatine, a hiph orvgen demand. The awmount of waste discharge
i greater with concentrate and RSS factories than with SMR
block rubber and rewilli:g {actorics in respect of physical and
rhemieal propeviles, G the other hand, bacterial population
1s greatest in rewilling factorics, followed by SMR block rubber,

RSS and concen.rate fuctorviea,.

WTTI " S.T70N OF EFFLUENTS

Should these effluents be utilised {n one way or other,
.3
it mdy then be possible to miniuise or eliminate the need of
treatments., Further, i¢ nay also reduce the capital and

running expenditure of the processing faclory,

As the cffluents contain a wide range of chemical
conpounds as illustrated by the detail anmalysis of skim serum

(Tab'e 3), three aspects of utilisation were investigated, viz,



0 1ts use as a growth ecdjwe for a varicty

of mlcro-organinms,

© & recovery of come of tne major and cinor

constitucnts, and
0 its vee as fevtfljscrs.

In the first aspect, investivation. vere carried out on the
sultability of using the sera from ckim, MR block and sheet
coagulation ac an isclation grouth codiue for haetoria, yeast,
fungt oand alpae. SMR blnck rubber coinm apar bas been found
to be as good us¥ligler's 170n agar, a riek <orthcide medium
containing 12 irpredients, fer pure cultures and anmoniatcd
concentrate latex and only sltichtly inferior te fresh and
ameniat ed f{cld latices (Toble 4). ‘ike addition of carbo-
hyd;ate 3% peptore Lo the wedium has warkcdly eelanced the

(2)

growth of bactrria

The Yiquid medinm hes also Lein found sultable for
the growth of the Yollowing eaganism.: Serratia wircescony,
Ehromobacterivm violaccum, Wacillus mycaides, Ny wbacterfum
Phled, 2 wide varicty of coliform bacteria, and a number of
Ppecice of the gencra Stophylococcus, Streptocous, Proploni-
bacterium, Microbactcri w, Bacsillns, Micrecoccus, Cornynr.
bacterium and ¥lavobactes . Further, a large numher of

unidentified organisms isolated from Hevea latex and Malaysjiaon
solls also grew well in the Jiquid mvdium(J)

(2) John, C.K. (1972) Kou-rubber constitutents of Hevea
latex and thoir possible utilisation. Waste recovery
by micro--orgarisme URESCO/TCRO Vork Study, p.110, Pub,
Ministry of Education, Malaysia.

- €3)  Taysum, D.H. (1950) A mediun for the cultivation of
 bacteria. J. Appl. Bact, 19(1), 54,

Taysum, D.H, (1956) Bacterial culture media from
vaste Hevea latex scra.  J. Appl. Bact, 19(1), 60.




TABLE 3.

PROFFRTIES OF S¥311_SERIng
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Property* Sample 1 Sample 2 Sample 3 2:3:;5’0
pH 4.10 5.40 4,82 4.77
Total solids 4d, 520 449,286 37,832 42,550
Volatile solids 3%, 340 38,646 32,248 36,410
Suspended solids 624 7,348 584 2,850
Total nitropgen 4,060/ 5,190 3,997 4,620
Ammoniacal nitrogen 3,660 3,600 2,972 3,430
Albuminoid nitrogen 714 923 627 155
Nitrate nitrogen 2 4 3 3
Nitrite nitrogen 1 ] 1 1
Total sugars 336 704 241 S00
Reducing sugars 450 406 370 409
Al 2,0 0.7 2.0 1.6
Ca 6.0 7.0 5.0 6.0
Cu 2,0 7.0 2.0 4.0
Fe 2.0 2,0 2.0 2.0
K 625 680 550 618 |
Mg 60.0 68.0 55.0 61.0 |
tu | 0.6 0.7 0.5 0.6
Na 6.0 7.0 20,0 11.0
4 60,0 68,0 55.0 61.0
Rb 2,0 2,0 3.0 3.0
st 2.0 2,0 20,0 8.0

*
.“."7.:\11 valueg except pH

&re expressed in p,p.m,
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e et e e e mwas 1+ it ' 1 L« ot e e s ot e et

lure VI" resh Ammoninted Ancontated
Medium . ficld ficld concentrate  Mean
culture
Yatex latex latex
SMR block rubber : . . .
serum agar 7.66 6.59 6.34 4,22 6.25
L
Kligler's iron 7.86 6.87 6.61 4.31 6.41
egar
8.E. 40.05 40.03
(P = 0.05) (c.15) (0,08

Five specics of Candida, two of Saccharomyces and one

each of Hansenula and Rhodotorule have grown profusely in SMR

block rubber serum. The grouth of Rhodotorula Laus been better
than that of thc other yeasts, presumably because of its ability
to breakdown quebrachitel prescat in the waste serum,

In a pilot plant trial of 75 litre capaclty SMR block
rubber serum has been fermented by S.carlsterpensis producing a

e ——

light tasting alecoholic brew.

Good growth of Volvarie)la valvacra (Volvaria esculents)

and Aparicus bisporus (Psalliota campestrig) was obtained in four
days, when gresith was alro obtaincd from an unidentified Australian

edible mushroom. It is thus apparent that waste serum provides

excellent culture conditions for a number of cdible mushrooms,

A varicty of green algac has been graom in these
effluents, but an cconomic method of harvesting is being
puriucd.

In the second aspect, large quantities of qucbrachitol
and protein can be recovered from the waste serum, The
properties and possiblc uscs of guebrachitol has already been
publtlhed(“). The usc of pratein as animal feed is being
investigated.

(4) Van Alphen (1951) Guebrachitol, cyclic polyalcohol from
natural rubber latex. Industr. Engrs, Chem. 43, 141,
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In the third aspect, it is noted from Table 3 that the
serum contains N, P, K and Mp, the essential elements for plant
growth, The benceficial influence of diluted serum on the growth
of irrigated paddy has heen abserved rcccntly(S). The Wigh water
content of the serum can also he uscfully applied in moisture

deficient arcas during the dry scasous,

TREATMENT O RFFLUIST

A wide varicety of treatments for the agra-based cifluents
are available. The sclection of a suitable process depnds on a
number of factors, of which the property of the effluent, the
local environment, the degree of purification cxpucted to achicve
and the cort-cffcctiviness are of paramount Impostance, The
chosen plant should be cheap, sinple to operate and requiring the
minimun of equipment., materials, and maintenance scrivees and

skilled supervision.

EBarly Treatment Meothods

8everal metheds were considered on a laboratory scale(s)
and a biological trcatuent by trickling filtration was s-iccted

for pilot plant operation<7).

1t was shown that this method could be used for
successful removal of BOD from cffluents discharged from concen-
trate factorics; improved efficiency was obtained by the use of
re-circulation, The removal ¢f nitrogen and sulphate was,
however, not satiefactory, Although this mctl.od was technically
feasible, it was considered expensive and therefore has not been
adopted by the Industry.

(5) Pushparajah, E. and Soong N.K, (1972) Private communicatior,

(6) Molesworch T.V. (1957) The problem of latex factory
effluents and water pollution in Malaysia. Chem. Div.
Rep. No.12, Rulb, Res, Inst. Malaya,

(7) Molesworth, T.V, (1961) The trcatment of aqueous efflyent
from rubber production using a trickling filter. Froc.
Nat. Rubb. Conf, Kuala Lumpur, 1960, 944,
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Recent Treatments

8ince the cfflients conraln about 907 volatile solids,
the basic treatnuent most Hkely to be successtul 1s a biological
method incorporating an anaerobic digestion, Further, such a
methed requires minimum cquipment, maintenance services, and

skilled supervision, Land is also available and Malaysiau

climatic conditions increase the efficiency of the stabilisation
‘ponds,

Plant Operation

An anaerobic-stabilisation pilot plant was constructed
alongside a commercial factory. The layout is schcwatically
shown in Fipurc 1,

Overflow

- Bffluent

FeRat en

Rgggmsre
"é E To wante
' «o“ / . A

fMacroie 4.5 - .
i atdhgTagntxun:
&

-

tank ,//ﬁ

Z

Figure 1: Scliematic flow diagram of experimental efflucnt plant
' (not to scale)




The efflucnt from a SMR block rubber factory was
pumped up to the holding tank, passed intc a small constant-head
tank, and thcn into the anaerobic tank. The liquor then passed
through a veir arrangewent, to hold back floating particlcs and
slime, into the stabilisation tank from which it overflowed to

waste,

Results from six preliminary runs showed that an
encerobic/scabilisation system was capable of treating the
effluent, rcemoving approximatcly 95% BROD, B5% COD, 70% volatile
golids, 407% ammoniacal nitrogen and 50% total nitrogen. Thus
with a rctention period of about eight and seven days in the
enacrobic and stabilisation system respectively the BOD concen-
tration was reduced from 1500 to less than 100 ppm in the absence
of algae in the treated effluent.

Effect of loadin: on performance When the organic loading

rate was increascd total BOD removal efficiency dropped to about
'65%. The highest organic loading imposed on the anscrobic tank
was 445 kg BOD pex 1000m3 per day which further increased the
removal of BOD across the anaerobic bed. Even at this high

loading no fouling of the tank was observed.

In the stabilisation tank, an increase in organic
loading lcd to an increase In the rate of BOD removal., However,
when BOD loading was increased beyond 63 kg BOD per 1000 m3 per
day, fouling occurred resulting in tl.. destruction of algae,
evolution of malodourous gases and reduction in the removal of
ammonfacal nitrofen., This indicates that for efficient performance
of the stabilisation system, a hcalthy bloom of green algae is
necessary. It is also evident that the stabilisation system is
highly susceptible to overloading.

High loading rates have a marked adverse effect on the
removal efficiency of ammoniacal and total nitrogen. Howsver, the

high loading rates did not adversely affcct the removal of
volatile solids.




'
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Keduction in the opcration depth of

the avacrobic tank from 2.7 m to 1.8 m did not affcct fts
performance, indicating that anaciobic ponds can he operated at

& depth of 1.8 m in areas wh re a high water table and/or poor
soll stability occurs. The build-up of a layer of scum on the
surface is advantagcous; it promotcs a berter anacrobic condition
in the pond, especially when operating at jover depths, and

prevents the release of malodovous gases.

Reduction in wmicro-orpanisms

The effect of the treatment systew on the microbial
population was monitored, Under normal operating conditions
about 90% of the viable bacteria and 88% of the indicative
bacteria were removed in the anscrobic tank, When the BOD load-
ing rate on the anacrobic tank was very high, tlhte removal of
viadle bacteria was reduced to alout 11%. The reduction in
depth of the anscrobic tank from 2.7 w to 1.8 m did not affect
the removal efficicncy of the indicative bacteriz., The final
efflucnt leaving the stabiliration tank hLad about 99.5% of the
indicative bacteria removed from 4t, Variations in the retention
time from fiftcen to five days did not markedly affect the
bacterial population,

Hicroscopic examination of the {inal efflucnt showed
that when the stabilisation tank functioned at optimal conditfons,
the algac population was mixed, with green algae Gnostly Chorella
spp.) dominating., When the system was overleaded, the green algae

completely disappcarced and the tank liquor turned black,

Optimal retention periods Purification of effluent in the
anaerobic and stabilisation tanks is a rate process. An optimum
retontion perfod in the anacrobic tank with repard to BOD removal
dépends wholly on the concentration of EOD in the untrcated raw
effluent. 1f the BOD level is about 1500 ppm, a retention perjod
of about 10 days is required to rcduce the BOD concentracion in
the outgoing liquor to such a level that it does not overload the
stabilisation tank. The liquor entering the stabilisation tank
should be rctained for a miairum period of 12 days. Thus, a total

retention period of about 22 days in the anacrobic ard acrobic




tanks will cnsure that the final discharge has a BOD and

ammonfacal nitrogen of less than 100 ppm.  The operating depth
of the stabilization tauk should not exceed 1.2 metres. The

results have been confirmed in commercial operations.

GENERAY, RECOMMENDATIONS TO FACTORTES

It 45 of common knowledge that when one maintains proper
hygiene in and around a factory, the pollution content of effluents
discharged from the factory ic contr.lled and/or minimised. Thie
consequently reduces tiie pollution load on treatment plants,

Good managcment always maintains good health standavds and Lt is
accepted that good housekeeping is a sign of pood management,

Hence, factories arce recommended to adopt good housckecping rules,

Treatment Mcasures

Effluents from SMR block rubber factories have been
successfully treated by an anacrobic-stabilisetion nystem and

having the following properties:

pH 5.5t0 9.0

Total suspendcd solids < 250 mg/l.
Total solids £ 1000 mg/!.
BOD at 30°C for 3 days £ 100 mg/l,
Total nitrogen < 100 mg/1.

To achicve the above criteria the following design
arcas are rccomacnded.

Pre-trvecatment

As the cfflucnt from most SMR block rubber factories
contains a fair amount of uncovagulated latex snd other solid
pcrtﬂcles. it is recommended to install a rubber trap to pre-treat
the ¢fflucnt before 1t flows into the anacicbic pond, A siwple
rubbcr trap, large enough to hold liquor for 8 hours, preferably
for 12 hours, can remove about 67% total as well as volatile solids
thereby rcducing the solid loading rate on the anaerobic pond,

Part of the cost of providing the rubber trap can be met from the
sale of the rubber collected from the trap.
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Anacrobic Pond

The operating depth of an anwerabic pond can vary from
1.8 mto 2.9 m or morc, Where pascible anasvobic ponds should be
dug as deep as pousible to save Jaud space, however thic will
depend on the stability of the scil and the l!evel of the water
table i{n various arcas. The volune of the pond should be such
that it should provide a liquor rotention period of abant 12 days.
Although scum can be left to accweulate on the smiface of the
pond, it 1s desirabic to remove It once in thy e menths, o order
to prevent it {rom rcducing the cifective copacity of the pond and
possible blocking »ipcs, drains or weir. aseociated with tie pond,
Removal of scum is uniikely to affect the arceroble conddtion of

the pond seriously as a new layer is easily fooeed In a {ew days.
P y y y

tabilisation Pond

veamiten

Stabilisation ponds should he operatcd at a denth not
exceeding 1.2 m. The liquor shaid be retained for a minimum
period of 12 days in order that the BOU and amoniacel aitrogen
coggfntratxon of the final ef!{lucat be less than 100 ppm e well
as/avoid the possibility of overleoading the pond. Any scum that
may float on the surface of the ;ond should be removed regularly
80 as to allow uninterrupted penctration of sunlight and diffusion
of oxygen into the liquor,

Other Considcrations

The embankmenis of the penrs should have e sloupe of at
least 1 : 1.5 to avoid any errosjon, The depth of terrestrial
vegetation along the banks of the ponds should be prevented to
mintmisc the possibility of mesquito breeding, A weir should be
econstructed bdetween the anaecrobic and stalsdlisation ponds to
prevent the flow of scum from the former into the latter., The
péasibility of fluid short circuiting in ponds should be minjnuised
by allowing the liquor to enter cach pond about 20 to 3U cms above
the floor level and to leave the pond at » diagonally oupposite
point on or just below the surface of the pond. Ponds ghould have
drainege facilities to rcmove the inactive sludge accumulating on
the floor of the ponds.




Cost of Treatment Plant

The effluent discharged from a SMR block rrhber factory
with a daily output of 16 tomces of latex rubber and 4 tonnes of
.cuplump rubber, is estimated at 410,000 litres (90,000 gallons)
with a BOD of about 1500 ppm.

With @ total rctention of 24 days in the anaerobic and
stabilisation ponds, the total land space required is about 0.6
hectarcs, cxcavating ahbout 9,800 u13 of carth. The cost of

establisning a trcatment plant is estiwated as follows:

*
Approximate cest af ponds = §38,060
Cost of pipes, drains, wei's = $17,000
Fence and gate « § 5,000

Total =  $60,000

The cost of cxcavation will vary, depending on

type of soil, accessability of machinery cte.

This sum of $60,000 rcpresents only about 3% of the
capital normally rcquired for establishment of a new factory.
It slso appears to be reasonable for existing commercial factories
to operate a treatment plant.

The running cost 1s estimated at $200/- per month which
is mainly the waves of a labourer, required to maintain the ponds
and the ares around,

CONCL.USION

The necessity of utilising water to proccss natural
rubber at the plantations has highlighted the concern over the
ltlef\nu of effluents to rivers and strcams. These efflucnts
contain lsrge amounts of solids, both organic and inorganic
creating a high oxygen demand, but can bhe effcctively reduced to
reasonable levels by an inexpensive biological method, Some
studies tave established some possible uses for these effluents
vhich may lcad to better cost-benefits. 1t would therefore appear

that the effects of water pollution during RR processing are well
contained.
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