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* Paper on Scheduled Waste in Malaysia

1 Background

" "Ihe Malays;an manuf‘actunng mdusuy consists ‘of more than. 20 000 regnstered
“ companies. The majority are small and medium-sized industries (SMI’s) with less than

| 75, cemployces. Many SMI's serve as sub-supplier 1o large, often multinational,
- _companies, who have established themselves in the Industsial Parks.

The large mduslncs are well orgamsed with local branches covering the entire country.
~ The small enterprises are registered but usually organised locally, if at all. The business
climate for SMI’s is highly competitive. They normally do not have the necessary skills
or resources for lnlroducmg cleaner technologles or proper management of hazardous S
waste. - :

* The Malaysian Govemment is well aware of‘ the envnronmenial threals emanalmg from
uncontrolled and scattered generation and disposal of hazardous - industrial waste
' '(Scheduled Wastes). In 1989, Environmental Quahty Regulations were introduced for-

the management of Schedufed Wastes (Publlshed as PU (A) $ No 139 140, and
14171989). |

The Regulauons were prepared wnh techmcal assmtance from the Damsh :
Environmental Protection Agency, and bear great resemblance to the corrcspondmg.
Danish regulations regarding the waste generator’s obligation to notify the Department -
of Environment (DOI‘} about waste generation and the fequirements for storage,
collection, packaging, labelllng processing, and disposal of any scheduled waste.

Through its state branch offices, the DOE is responsible for enforcmg lhe regulations
on scheduled waste. : : .
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2. Malaysian Strategy

" The Government of Malaysia has set out its position clearly in respccl of a siratcgy for'

~ sustainable development in the Sixth Malaysian Plan 1991-1995.

: The Sixth Malaysian Plan contains a clear policy statement regardmg the need to fully
- integrate envzronmental concerns into the overali planning and development proccss '

" The attention:is drawn to the need to maintain a batance between the competing
demands of growth and sustainable development. The need for more  effective
environmental management, especially in urban areas is stressed, as is the need for -
careful management of natural resources as a ﬁmher basis for sustainable development. - .

it is the further aim of the Government to render all scheduled wasle harmless at the
- site- of origin or at_specially designed treatment plants. Disposal of non-degradable
“waste and trealment residues must take place in propetly constructed, secure landﬁlls

- f3. | 'Ki_lalitii'Ala'denl; Bhd.(K:A)

The - Malawan Government has decided to pnvause the management of scheduled
waste, based on “polluters pay” principle. For a period of 15 years from the start of

‘operation of the Waste Management System (1.8.98), the company Kualiti Alam Sdn.

Bhd. has been granted the exclusive rights to coltect and treat all scheduled waste

- generated in the Peninsula of Malaysia which can not be treated within the premises of
the waste generators (on—snte treatment). The treatment facility and the sccure landfill
is located at Bukit Nanas in Negeri Sembilan.

" The service fee for scheduled wasle collection and treatment w:ll be momlored by the
government, but Shall allow for a reasonable return on the mveshuent for Kualiti Alam.
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4. KA’s Concept
T he Integrated Waste Management System consist of:

« one centialised integrated Waste Management Cenlre (WMC) to treat and d:spose :
' of the difterent types of scheduled waste,

e proposed three regional transfer stations, one each for the Northern, Eastern and
- Southern Region of which only the Northern may be established in the initial phase.
These stations act as focal points for the collection of wastes for industries in the

~ region and transfer these wastes after sorting to the WMC for treatment. Waste
~ from industries in the Central Reglon WIII be transported dlreclly to the WMC
Currentiy, lransportallon will be by road. ‘ =

 Kualiti Alam wal! provnde complete waste managemcnt for collecuon of scheduled '
~wastes from the waste generator s premlses transporiauon and lrealment to final -
' dxsposal : - '

5, Kuahtl Alam Waste Management Center -
(WMC) in Bllklt Nanas -

The WMC is placcd in the middie of a palm 0|l plantauon and covers an area of 56 ha
of which 19 has been cleared.

The piam will ccmsnst oFseveral mdependem smaller plants e. g

physwal chemlcal treatment plant
sohdnﬁcauon plant
ponson plant. ©
incineration plant

. plant for treatment of specml wasles
land i'li

'.‘6_0'000

all supportcd by the necessary mfraslmclure facmucs for receipt, storage and handling

- of waste. The location of facilities result in a practical and natural flow of the waste

. through the tréatment processes. Furthermore, the location and spacing of the facilities
- complies with Malaysian safety and fire code requirements.
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The construction of the WMC is d_i\;idcd'into 4 phases:

Phase 1 ‘The establishment of the secuse landfill for solid inorganic and
asbestos waste which is now in operation.

Phase 2: " The establishment of the solidification plant. Target operation date
July 97. . : o
Phase 3: The establishment of the physical/chemical treatment plant. Target

operation date January 1998

- Phase 4: ~ The establishment of the incinecator plant for incineration of organic . -
: ' chemical waste. Target operation July 1998. o

“Solidification plant siabiliSes né:utr"é!. inorg_anié waste from waste generators and
*internally produced waste (originating from physical/chemical treatment plant in form - _
~ of sludge or from the incineration plant in form of fly-ash. g o

In the phyisica'tlch_emical plant inorganic wastes will be pH neutralised, cya_ni_des will be -
destroyed by oxidation and heavy metals will be precipitated as very insoluble -
products, which then after solidification will be placed on the landfill.

CIn lhe'fincinératién'_plén:t all organic’ waste classified to ‘be applicable for thermal

- destruction will treated. ' o S

* The incineration process produce's'sl'ag, fly-ash and flu¢ gas cleaning products. These
products will be solidified and deposited on the secured landfill, which is constructed

~ and monitored according to all modern environmental requirements.

- Emission of flue gases complies with the requirements of the strict  Malaysian
. legistation; which follows similar legislation around the world e.g: EU-legislation.

it cught to be mentioned that internally produces process water and the leacheate from
the landfill is treated in the incineration train so release to the environment is avoided. .
6. Conclusion.

. .
Mataysia having their own Waste Treatment Facilities will contribute to the cleaner

environment for the future generations.
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SIMPLE MODEL FOR ESTIMATING THE DISTRIBUTION OF
PHENOXY TOLUENE IN THE ENVIRONMENT

Chisumi Eto and Letchumi Thannimalay
SIRIM Environmental Technology Centre

: INTRODUCTION

Physical chemlcal property is a very important parameter in understanding the chemicals’

- - behavior "in the environment. This propeity may characterize the physical state -of -

- chemicals under certain environmental conditions. Physical chemical parameters such as
vapour pressure Vo) adsorpllon coefficent (K,.), pattition coefficient (log P,,) and water
solubility (S,) are used to estimate the distribution of ‘chemicals in the environment.
Various mathematical models are used 1o estimate the distribution of these chemicals. The

“mathematical  models require experimental data obtained from laboratory scale

- experiments like microcosum and physical chem:cal properties in order to solve

lhermodynamtc problems

Mﬂ!hcmatlcal model fundamentally consists of a few models. Compartment model or -
aiso known as Mackay’s fugacily model is commonly used to estimiate the disiribution of a
chemical in the environment. In our study, we measured a few physical chemical
properties of 3- phenoxytoluene such’ as water solubility, vapour pressure, . partition
- coefficient and adsorphon coefficient. These measurements were done following OECD
© Test Guidelines “and ‘the distribution of 3- -phenoxytoluene in the environment was
csumated by usmg a s:mp!e mathematical modcl based on Mackay's fugac;ly model

: Physwal chemlcal properly also used  for Quanhhuve Stmcture “ Activity
- Relationships(QSARs). The pamuon coefhclent (Pow) between n-octanol and water is
important and can be related to the aquatic toxicity, biddegradability and bioaccumulation.
These studies were reported by Vithe, Schulle, ef al. (1979). The correlation between Pow
and adsorption coeffi ficient(Koc) or water solubihly (Cs)i is studied and reported by Kcnaga,
et al.(1986). Several mathematical and statislical techniques are used to develop QSARs .
Various criteria were used to select chemicals for which QSARs are to be developed, such
as similaritics in physical chemlcal properties, siructure as well as potential interactions
within a blologlcal syslcm

MATERIALS AND METHODS

The chemwal structire of 3- phenoxytoluene (Huka Chemica Swnzerland) 15 shown in _
Figure 1. The chemical has a high purity - of 98% assay so further purification is not
necessary. The 3- phenoxytolucne (C)3H,,0) has a molecular welght of 184.24, with a .
density of! 052 and a refracuve index ofl 573,
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Figure 1.~ Structure of 3-Phenoxytoluene

Measurément of water solubility

3 phenoxytoluene (0.1g) and deionized water (30ml) were added into a comcal flask. The: |

- mixture was stirred for 72 h at ambient temperature. The mixture (5 ml) was transferred - -

into a test tube and ccmrifuged for 10 minutes at 2500rpm:. '! he supernatant was a.nalyzcd ‘
using high performance  liquid chromatography{HPLC) " Measurement . was done in .
riplicates,
: The HPLC conditions employed are as follows:

: HPLC system LC-10 system (Shmndm)

- Column . : L- column (reversed phase ) H lSOmm 1.D 4. 6mm (C[Tl Japan)
Mobile phase : 70% (viv) meth'mo}fwater
Flowrate : 1.0 ml/min :
" Detector - : UV detector, wwelength 225 nm

' \’leasuremcnt ol' parl:hon coefﬁc:ent -

Paruhon coefficient ‘was measured usmg HPLC mclhod Itis well establlshéd that a good
correlauonshlp exists between log Pow and capacity factor, k’. “The k’ of each reference
chemlcals were ca!culated by using the following equation:

K= (t-tolty 1)

where te is the retention time of the reference chemicals and ty is the dead time, i.¢ the
average time a solvent takes to pass through the column or for a chemical to pass through
“the  colunin without interaction with - the - packing material. Urasil / 2,4
D]hydroxypynmldme was used to measure the dead time(ty).
The tg of seven ‘reference chemicals recommcnded by lhc OECD gmdelmes were
‘measured using the HPLC conditions above.. ‘ -
Reference chemicals of similar group s{mcture were chosen 10r cal:brauon purpose.
"The tR of: reference chemicals were measured five times and the Lapacny factor calculatcd

_The regression equation was obtained from the log Pow vs log k' The comlalnon

. between log Pow and log k’ is as follows:
log Pow alog k' +b : : 2)

where a and b are constants determined from the calibiation graph for reference chemicals
recommended by OECD. Then retention time of 3-phenoxytoluenc was measured five
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“times and capacity factor of the 3-phenoxytoluene was calculated. Then the capacity factor
of 3- phenoxytotuenc was included in the regression equation to obtain the log Pow value.

‘The reference chemicals and Pow values used in this experiment are as follows:

~Toluene (2.7), Ethylbenzoate (3.2), Biphenyl (4.0) ; Phenanthrene (4.5), N-Buthylbenzene
(4.6), Floranthane (4.7) and Triphenylamin (5.7).

(). shows log Pow measured using the shake flask method.

Measurement-of vapour pressure

Vapo'u; pressure of 3- phenoxytoluene was measured using a gas saturation method.
" Nitrogen gas Was passed through a saturated column for a fixed time. The column was
packed with controt pour glass (CPG) and 3-phenoxytoluene. The gas saturated with 3-
phenoxytoluene was passed through a solvent trap containing methanol. Concentration of
-3-phenoxytoluene trapped in the methanol solution was analyzed using HPLC. The
amount of 3- phenoxytoluene was calculated vsing the following equation,;
Ps = mRT 3
_ MV

‘-whcrc P |

Ps : saturated vapour pressure ‘
~m : amount of phenoxytoluene lraped in the solvent
R : gas constant (8.205 x 10Exp3 m Pa!T)

T : absolute temperature (K) -
M: molécular weight of phenoxytaluene
Vv Volumc of gas passcd through the column (m )

The vapour pressure was de!ermmcd at ‘)S 35 'md 46°C. “jnphcate measuremenls \\ere -
donc for cach tcmperalure ' :

Mcasuremcnt of.adso'rpti'o'n c‘ocfﬁéicnt

Adsorpuon coeflicient wis measured using local soil collected from five cllflcrent placcs
in Klang Valley. Mixture of about soil (1g) and 3- -phenoxytoluene (20mi) in four different
concentrations of 0.1, 0.25, 0.5 and 1.0 pg/mi(C,) were transferred into a stoppered ‘glass
tube and agitated for 12 hours. Mixtures were centnfuged at 3000:pm and the supernatant
was collected. _Concentration of 3- phenoxytoluene (Cw) in the aqueous phase was’
analyzcd by HPLC. Measurenient was doiie in duplicates.

The concentration of 3- phcnouytolu&ne ':dsorped on to thc soil sample (Cs) was
alu.llafed usmg lhe fol!owmg equallon xr .

Cs(;lg/g) migm_u_mn*m.qmmmmu_om )

- amount of soit
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From the Freundlich isotherm, the correlation between log Cs and log Cw as shown in
equation 5. |

log Cs = (1/n) log Cyw + log Ko R )
where ,
‘Ko : adsorption coefficient
n :constant

L og Cs was plotted against log Cw, and log Ko was obtained from the mtercepl

' Rcsult

o The avcragc value 0f3 phenoxyto!ncne \\aler solubillty of is 18.28+ 1. 86 pgiml at 25°C+ :
E [}
1'C. . _ .

: Pamt:on Coefficient of 3- phenoxyloluene obtamed from the ‘regression equation of
" reference chemicals was calculated as to be 5. 56 (k'= 14.8186). The capacity factor of 3-

: phenoxywluene was calculaled and the average value was mcluded in ‘equation 5.
' Log Pow =2.831 log K’ +2.253 (R =0, 967 n= 7) = (6)

Vapour Pressure Measurement - results were obtamed lrom the gas saturation method at
~ three different temperatures. From the In P versus 1/T plot in accordance W|lh Clusius-
Clapeyron cquatlon, the following equ'mon was derived. . -

: . “In P = -((lll vap Y R x (lfl‘) + const N
wheru, :
R: gas constant
dH : heat of vapon?;ation

© A good com,lauon was obtamed between In P and T, The regn,ssnon equauon is shown
in cquatlon 8 . -

In P = ‘17633 (III') +62. 713 (R =0 970,:1 9) (8)

From cqmuon 8 we can calculate the dH for 3- phenoxytoluenc can be calculalcd

InPs=-17633 (1/T) + 62.919 _

dH vap {17633 K) (8.314 )/ Kmol ) (1000J 7 kJ)
= 146. Si kM mol

© The adsorpuou coefﬁcnent {Koc) was obnmcd from the Freudllch lsolherm equation.
:Adsorpuon coefficient (Ko) was obtained from the mtercept of the plot Cs vs Cw. The -
correlation belween log Cw (concentrauon in" the - ﬂquaous phase) - and log Cs
- (concentration in soil phase) is gncn in cquahon 5.

LogCs = 0.902logCw + 1610 (R2=0.967,n=18)

T he'adsorplion coefficient of 3-phenoxytoluene was found to be 40.7.
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Physical Chemical Properties obtained from this study are listed in the Table 1.

Table 1. Water Solubility (Cs), Partition Coefticient (log Pow ), Vapour Pressute
(Ps} and Adsorption Coefficient (Ko) of 3-phenoxytoluene.

| Measured value Temperatolge |
atet SO ) 18- R A
pamuon coctticient, l: - 5.5 (log qu} : _ 25 +-1-
Pow . o L '

< va‘ﬂﬁoﬁr.pre.ssu.rc, Ps. | . 49.‘1 '25:+!- 1
| '2217.1 . 3541

- 2464._6_ 4641

k . ad_sorplion cocﬁ'lc._ient.,l(o_-. .; . :4i).74. YA )

: _Applicaﬁo'n of Phy_sical'C'hen_lical Property

‘Physical chemical properties obtained from the above measurements are frequently
‘employed to estimate the distribution of a chemical in a evaluative environment.This can -
be done by using mathematical models’ like' the comp‘artment model. The evaluative -
environment consists of six compartments such as air, water, aquatic organisis, suspended
solid, sediment and soil. However, this model does give information en small changes or
lr’msfomnuon within the compartment. Some drawbacks in thls modcl are:

1. There is no inflow or outﬂow ofa chemlca'l cxcept the cxposed amount,
2. 3-Phenoxytoluence ean move into each compartnient instantaneously without resistance
of transfer and each compartment can reach equilibrium thermodynamically.

3.There is no decomposmon like blodegradqtlon hydrolysxs ancl photolysis wntlun each
compartments. _ . '

Fugacity (f) is defined as the degree of chcmica'l‘lra'nsfer' to other compartments .
._f = f:.if = fwam. = =rscdi:ﬁc6! and 85 = f ol'nl = f.orrg,amsms '

Fugacity is proporllonal lo the concentration of a chemical{Ci); Equation 9 below shows
this relationship.

Ci :Zi I : : (9)
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where, Z; . fugacity capacity (malfm3 Pa)
i : components of compartments

Population (P ;) of a chemical in cach compartment is represented as a function of fugacity
capacity and volume. ' :

Pi = Zix Vi, - | (10)
CL{Zix Vi) =

" If the total amount of chemical exposed in 1hc envuonment is T M, fugacity is
: rcpresented by the followmg ¢quation. : : R

orEXM o
o B(Zix Vi) o e _
lf fugacity capacity and volume of each component are cst:mated and calculated usmg!

~* physical chemical propetties and the total amount of chemical exposed into the evaluative .
: enwronmcnt defined, lugacity can be calculated using cquahon ll = ‘

After calculatlon of f, chemlcal conccmmtlons of each compartment is calculated using
equat:on 9'and the amount of a chemlcal distnibuted into cach comparlrncnt is calculated
- by using equation 12. :

Mi=cixVi . | g2
- Fuoac:ty cap'tcuy (Zx) of each companment is defncd as follows

.'/(alr) l/‘Rl‘ ' = molfm Pa

Z(water) = UH=Cs/Pa mol!m Pa
- Z(suspended sohd) = Koc dss H mol/m’ Pa
~ Z{organisms) = Powdo/H mol/im’ Pa
Z(soily - o “L(sedlmem)r_ - 'mol/m’ Pa
Z(sediment} = Koc ds’ /H -~ mol/m’ Pa
where H' 1 Henry constant - R : gas constant _
Cs ': Water Solubility © - Pow: panmoncocfhc:cm '
Ps - : Saluration Vapour Pressure 't :ratio of the organic content

“Koc ; Adsorption Cocfficient = in soil (%) and in sediment(%) -

A snnple model is cmployed to cstlmaiu the dlstnbuuon of 3 phenoxylolucne in the =
eavironment. Chemicat physwal propcmes mcasured in our sludy and olhcr properties
" needed in the mathematical model are Izsled in Table 2. Co '
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Table 2. Physical Chemical Parameters to calculate lhe distribution of 3-phenoxytoluene

in the environment

“Values

Parameter Unit
T reference )
" molecular weight: MW 18424 _
pas constant; R 8314 m’Pakmol
‘Measured and Calculated values
water solubility: Cs = - _'0.':0992 : mol/im3
partition coeflicient ; Pow 363078.0
* satyration vapour pressure: P's 49.1 Pa
" adsorption coefticient :Koc - S 407
Hesiry constant : H=Ps/ Cs S 4950 m’Pa/mol
estimated values: _
- density of soil :ds L5 - ‘glem’
density of suspended solid : dss 1.5 _ glem’
© density of organisms in water:do K o g/cm3
' densuy of sediment: ds' 10 - glom’

Tabte 3. Distribution of 3rpllcnoxytoluéne in the environient at 298 K

compamx:xe n{ volume of - fugacity. ‘co'n.centration Present amount:
(phase) compariment capacity - in comparment | "in compariments
Vi zi e oM
(m3) A om0 men
air 10060006000 | 0.66039568 SATTEGS | sa337d7
soit 5060 0.027170% | 372372607 0.00335
water 7060000 5.06085359 T210976-08 0.00848
Sraaisme 33 313576313 | 0.009296669 ~ 601504
Swspended solid | 735 005434091 | TATAAE0T 560003 |
sediment 71000 003a34001 | T ATAAE0T | T Oo1sEn
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For exampie,
Assume that the amount of 3- phcnoxytolucnc exposed to thc evaluatwe em'lronment is

55 niol. Fugacity was calculated as 1.371x 10 * Pa.

Fugacity Capacities and concentration of 3- phenoxytoluene "distributed into each
~ compartment are listed in Table 3. 'The result shows that about 99% of 3 -phenoxytoluene
is estimated to be present in air and 0.3 % in water. _

~Discussion

' Various mathematical models havc been employed to: eshmqte the dlstnbuuon of

chcmicals however it does not give a complete eshmahon under the real environmental

. conditions. ~Since local environments difter from one region to another, it is “difficult to

. use one model to explain the different local enviromments.. Therefore, physwal chemlcal
-properties of the local environment should be measured using local soil’ or local
“temperature. It is suggestcd that local model be denved to reflect local slatcs for aquatic
‘effects and exposure assessinent. :
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Bioaccumulation of Diphenyl Derivatives on Carp and Tilapia
Chisumi Eto, Mazlina Y. Hussein and Norshidah Baharuddin
SIRIM Environmental Technology Center

‘ I‘JTRODUCT[ON

- Tremendous numbers of chemical substances are continuously produced and dlschargcd into
the environment, One example is organic mercury which has resulted in minamata disease

- which occurred in 1953 in Japan. Flowever ils after effect is still persisting in the country -

~unlit now. The disease was officially announced 1o be caused by ‘contamination of an
- organic mercury effluent in Minamata Bay oaly in 1957." This is a typical environmental
disruption and also a well-known crucml amﬁmal incident that resulted from lndustnal waste.

- Another similar case happened in 1968 also in Japan which was caused by polychlormated

blphenyls specifically of polychlorinated benzene being taken up into human body from food

| 01I PCB which was banned in 1972, had been used widely in electrical industries, Despite

- its ban, the world’s environment has long been contaminated with PCB which is detectable in -

. living organisms such fish, birds and some mammals PCB was accu mulated in these specaes
by way of food cham : -

Therefore an assessment ~of"- the chromc effecls caused by the presence of ha?ardous
- chemicals is of necessity. The data on chemicals accumulation and depuration by aquatic
~organisms are useful for the evaluation on their safety to human and their contamination for
- example of ﬁsh in lake, river and sea. :

In order 10 prevent such problems some significant mspccuon and teslmg to chemlcals are
crucial. Bioaccumulation test is one of the keys in managing chemicals hazardous to health.
Jn OECD countries, bioaccumulation test had been firmly established to evaluate new and
- existing chemicals to prevent the occurrence of incidents described above. Chemical
evaluation is required under the law conccrmng exammat:on and regulation of manufacture
of chemical substance which was enacted in 1973 by two systems, a pre-marketing ¢ and a post
marketing control system. Malaysia as a growing industrial country should also take a
similar step to monitor the safety of its aqua biotic orgamsms which may have been exposed
to hazardous chemicais

. B:oaccunmlmmn test is performed al the SlRlM Envnronmemal Techno!oby Center under a
JICA pro;ect The initial aim is to conduct bloaccumulallon test and develop the expertise.
OECD countries- can pérforim this test mdependenlly to determine the degree of chemical

- accumulation in fish.. Each country’ uses its local: fish, for example Japan uses carp.

Therefore, our main goal here is to compate BCF (bioconcentration factor) values between
carp and a local Malaysian fish, tilapia, to see if there is any difference in the result. ' In the
event that there is no obvious difference, tilapia can be used as the test fish t‘ollowmg the
same OECD Guidelines practiced in Japan., On the other hand if some differences existed,
bicaccumulation tesl is- necessary in order to confirm the chemical safety in Malaysian
environment using local fish. Thisis essential since bioaccumutative information performed
in other countries may not be similar in Malaysia. '
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~ The fundamental principle of bioaccumulation test is to investigate the degree of hazardous
chemical accumulation in the fish body. Later in the stage the assessment on the ¢hemical’s
potential effects can be related or linked to its potential hazards on human and environment.
The bicaccumulation test has been conducted according to OECD Guidelines 305C (MITI
recommended method) and 305E (EPA recommended method) which are common and
relatively practicable.

PRINCIPLE OF BIOACCUMULATION TEST

Bioaccamulative miechanism can be expressed by using a simple compartment model.
Uptake of a chemical from water is considered only by input which is dssumed to be direcily
“proportional to the exposure concéntration of the chemical (Cw). The rate constant of
. depuration is assumed to be first order which is directly proportional to the concentration in
- the organism, for example fish (Cf). In this case the concentration in fish is given by: _ '

dCf/ dt = uptake - depuration = Ku Cw - Kd Cf

where Kut is the uptake ratz constant and Kd is the first order depuration rate constant,

Cw, > b Cf —

Ku ' “Kd

. To integrate the above equation, it is necessary to assume that the rate constant as well as the
-concentration in water remain constant. The integrated form is: = :

Cf=Ku/Kdx Cw [ - exp(-Kd x )]
| ‘This equation dé'sc;ibcs an increasing Cf at the early- stage of uptake, which approach a
‘platcau with time.” " Steady “slate ‘occurs when the uptake: equals the depuration rate.’
‘Therefore afler a sufticient doration of exposure, for example if t becomes infinity:
Cf=Ku/Kd x Cw
Then the steady state bioconcentration factor (BCF) can be defined as follow : -

" BCF = Cf/ Cw=Ku / Kd

~a) MITI Test Method

MITI method involves a long exposure péﬁod of test fish to the test chemical. - The test is

- undertaken until a plateau or steady state is reached. This occurs when the curve in the plot

-, of test substance in fish (Cf) against time becomes parallel to the time axis. Continuous
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monitoring by measuring the chemical concentration in fish sample is conducted twice per
week. : ' '

Bioconcentration factor at steady state is then calculated by the ratio of chemical
concentration in fish (Cf) and chemical concentration in water (Cw).

" b) EPA Test Method -

EPA method consists of two phases: the exposure (uptake) and pos_t-ek;::os:;u'ré (depuration)

- . phases. During the uptake phase, separate groups of fish of one species are exposed to tivo

“different concentrations’ of a chemical  such -as - the -diphenyl derivative. Normally

measurements are continued during the uptake phase until a plateau or at least 80% of
estimated steady state is achieved. The depuration period is then begun by transferring the .
fish to the same medium but without the test substance in another clean test tank. This phase
‘is necessary unless uptake of the test substance during the exposure period has been
insignificant. In addition to the two test concentrations, a control group of fish is held under
identical conditions except for the absence of the test substance. ' Lo

" BCF calcutation for this method is as a kinetic bioconcentration factor, which is the ratio of
‘rate constants of uptake (Ku) and depuration (Kd) assuming first order kinetics. '

EXPERIMENT

1In order to compare the difference in bioaccumulation between carp and tilapia, the chemical
chosen should be accumulative at least a certain degree. In our study diphenyl ether, 4-
phenoxyphenol: and 3-phenoxy toluene are chosen for comparing BCF values. Diphenyl
ether is considered medium- dccumulative. 4-phenoxy pheno! ‘and 3-phenoxy toluene are
considered low and high accumulative, respectively.

" In our study, biaccumulation test is conducted by using both MITI recommended method and
EPA recommended method.  Figure | shows the test apparatus which is called the
continuous flow-through system. This apparatus is used for both type of test methods. - Test
conditions of each chemical are listed in Table 1. . '

Table | © Test conditions of each chemical

Chemical - test fish test concantration flow rate {(ml/min |~ dispersant®

' 1 (ugimby . stock dilution
D 3 .} high levellow level. - | solution _ solulion |
Diphenyl ether . | carp 1005 0 10005 2 400 HCOA2 (x20)
: : | tilapia o 1005 10005 20 . 400 | HCOM0(x20) - .
4.phendvyphenal = |ep - . | 0100 0 /001 10 %60 | HCOA0(xIDy -
' - tilapia 1010 P 0401 4.0 | £00 ST HCO0(x10) - ¢
3-phénoxytoluene - | carp 0028 700025 - ({40 . 800 HCO60 (x5)

' titapia 0025 - /00025 .- 14.0 . 800 “} HCO60 (x5)

' *HCOAD and HCOGO were used as emulsificr bc@‘ausc the cheniicals have poor solubility in waler _

Test chemicals were purchased from Fluka. These chemicals were more than 97% pure and
were used without further purification. ' ' f :
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~ DYNAMIC FISH TEST
[FLOW-THROUGH SYSTEM : MITI METHOD]
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“Test fish carp and tilapia are reared in the Center itself, The ideal baody length and weight of
the test fish were relatively 7-11 cmand 9-15 g, respectively. ' :

The test tank’s dimensions are 50 cm width, 30 cm height and 76 cm length, and contained
about 30 - 40 test fish. During the test, the flow rate of stock solution and ditution water and
temperature of each test tank were maintained every day at 400 or 800 mV/min and 25 (+/-}
2°C, respectively. The supptied dissolved oxygen (DO) was checked twice per week to
~maintain an acceptable range of 6 - 8 mg/l. j _ :

For accumulation experiments, three stock solutions containing a -test chemical -and
dispersant were each diluted continuously: 200 times with dechlorinated ‘city water or
“underground water and supplied to each of the tanks: high level concentration, low level -
concentration and control tank (contained dispersant only). Measurement of the test water
coricentration in each tank was analyzed two times in a week.: The test water concentration |
was maintained at least 60% of the calculated concentration throughout the test period. Two
fish for analysis were removed from high and low level test tanks each week for MITI

~ method and 3- 4 times per week for EPA method. The recovery rates for both water and fish

analysis were more than 60% which were determined before the actual test.

~Under the above test conditions, none of the fish showed signs of tiredness and stress during
~ the accumulation and depuration experiments. . ‘ _ L

Quaititative Analysis oI‘Te'st'Cheﬁii‘ca!s_- .

(1} Analytical condition and method

analytical conditions are as follow : '

" High pressure liquid chromatography (HPLC) is used to analyze the chemicals. The

BPLC ¢ LC-10(Shimadzu Co. Ltd)

. HPLCcolumn:  ODS Inertsil C 18, L 150mm x 4.6 mm 1.D
"+ Mobilephase @ -9/1 or 8/2 (viv) acelonitrile/water
Flow rate 0.8 - I mVmin -
Detector © UV {wavelength 220 - 228 nm)
sensitivity 0.04 AUFS, responsibility 3
Integrator ;. SPD-10, attenuation 2

(2) General expérimental procedure

' The experimental procedure is as shown in Figure 2: Flow scheme of bioaccumulation test.

- 195~



Test Procedure

[ Sclection ofAnallylical Equipment

‘Developing Analytical Condition
Standard Solutions & Calibration Graph’

I

Preparation of Stock Solution using suitable dispersant

l

Sctling up Test Concentration in the Tanks from acute toxicity data

B

Determination of Sample Extraction Method for Fish and Water

(_‘m_éonducﬁng Recovery Test.

Conducting Peeliminary Test to Optimize Test Conditions '~

R

Conducting Actual Fest Fol_loiving Sampling Schedule

 Figure'2 : Flow Sc_hén_ic of Bioaccumulation Test
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RESULTS

RBCFE values o_f each cheiical are listed on Table-2. BCF values are calculated and averaged
at plateau level on MITI test method which were obtained " two or three weeks later after
- chemical exposure. ' ' :

Table 2 BCF values of diphenylether, 4-phenoxypherol and 3-phenoxytoluens.
at the platcau slate during exposure phase “. .
test fish carp o tilapia -
- exposure level ~ high low “high . low _
diphenyl ether 259 (H-47) 282 (+1-178) 268 {+/-41) 275 (+- 153} .
‘4.phenoxy phenol - 57 (+/-14.2): = 285 (t/- 8) 1245 nd
‘3-phenoxy toluene 6667 (+/-'1165) ~ 5739 (+/-1527) . on-going test .

‘[Values in bracket show the standard deviation]

Depuration rate constant and half life of diphenyl derivalives in carp and tilapia using EPA
test method are fisted in Table-2 below. - Table-2 also_contain uptake rate constant (Ku)
‘calculated by using the derivatives concenlration in fish at the mid-point (tm), and the tangent
(dCH/dv), some change of concentration in fish at certain test period, dCE#dU is obtained from
‘a hypothetical uptake curveé. BCFs values calculated from estimated and measured uptake

- rate consiant {Ku) and depuration rate constant (Kd) are listed in Table 2a to Table 2c,

_ respectively. o L ' ) .

Table 2a Depuration and uptake rate constant, half-time of depuration and theoretical

- BCFs -~
" diphenyl ether : .
test - test depuration. half- uptake rate constant BCF
.ﬂ_'sh_ . level  rate conts, - time = Ku(day')" Ku/Kd
e Kd(dayYy iy L _ :
. : ' : L :mid-[')bint __hypoth, “mid-point - hypoth.
“carp  high - 0433 1.6 1889 200.8 436 - 464
e dow 0302 23 3708 0 4237 1228, 1403
tilapia - ‘high 0376 1.8 2690 - 1789 - 75 . . 476
low - 0290 24 2663 2765 918 953

Table 2b Depuration and uptake rate constant, half-time of depuration and thicoretical BCFs.

4-phenoxyphenot

)

i test . test depuration.  half-time *  uptake rate constat -~~~ BCE
fish ' level  rateconts. (t1/2) . - Ku(day') ‘Ku/Kd
EEE Kd(day') Lo e SR
: | - ' : mid-point_ hypoth. mid-peint _hygpeth.
~carp  high 0.663*, . 10% .428 - . : 402 - 65 6l :
tilapia  high 0.354%,  2.4% 4.7 55 13 s
low no data because of low accumulation property .

*1 Depuratidn rate constants are calculated from equation Kd=0.693 7t {50%); mid-point. '
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Table 2¢ Depuration and uptake rate constant, half-time of depuration and theoretical BCFs.

. S:phenoxytoluene

test test depuration half-time  uptake rate constant BCF
-~ fish leve rate conts.  (t1/2) Ku (day™) Ku/Kd

Kd(day™) -
: . mid-point _ hypoth. mid-point  hypoth.

“carp high - 0199 35 1173 1491 5893 7491

tilapia hngh on- gomg test '

low on-going test

* The correlanon belween the- BCP values obtained from MITI method at steady state and
EPA method ar¢ evaluated by means of regression analysis. Two different Log BCF (EPA)s

- were calcutated from the values at mid-point and the graphically estimated Kd. Following
the regression equations obtained from the plot of log BCF (MITY) against log BCF (EPA) in

* Figuire 3, we have: '

log BCF (eshmated) o 968 log BCF (MlTI) +0. 355 S @®'= 0.924)
log BCF (mid- poml) 0.892 Iog BCE (MIT) + 0. 523 C®= 0. 9&6)

There is 4 good corrclanon bctween lhe BCF values obtamed from both melhod ‘However
there is a difference bctween the BCF values of dlphenylelher wxlhm the 95 percent :
: conﬁdcncelevel '

More detail comparison of different type of test fsh is done by using lhe BCF values
obtained from MITI test method of duphenyl ether and 4-phenoxyphenol. - "Analysis of
“variance is done 10 see whether there is any significant difference between the BCF vaIues
obkamed from the bloaccumulanon lest usmg ulapla and carp. '

The ratio of variance (F) of sets of dala of d1phenylether is smaller- lhan 5 per cent
probability level. Hence there is no significant difference between the variances within the
level of significance, at 5 per cent level. There is a difference, however between the variance
of s¢ts of data of 4- phenoxyphenol at 5 per cent possibility level.

bshmalmn of b:mccumulatwe ploperues

~ There is good correlauon betweéen the log BCF and Log Pow’ whnch 15 the panmon'
© coeflicient’ between n-octanol and water. The reason is that the mechanism by which-a
- chemical can pass through the membrane suth as gelis qulte similar 10 the partmon bétween =

both solutions. Log BCF value is plotied with log Pow, the following regression equation is
' obtamed

 log BCF(carp) = 0.756 log Pow —0.484  (1*=0.939)



5
: " o calculated from mid-point (Measured)
o calculated geaphically  (Estimated)
4 | » IR
. _ : /éo 3-Phenoxytoluem
o) /
2
£33 | |
g Di-phenylether
,33 .
Ay
=
m ‘:
g 2 F T
o ﬁ—Phenoxyphcnol
2 ¥4 |
1 I L ' : logBCF(eslmmtcd) = ), 968IOLBCI {Mll‘!} + 0.355
T R’ = 0,924
logBCF(mld point) = 0. 892I0;,BCF (MITE) + 0. 523
1 . _ R = 0.916
0 e ] : A : 1 ]
0 12 34 5

logBCF(MITI method)

li igure-3 Commrlson hetwcen logBCFs obtamed
| from MI TI mcthod and- E,PA method.



DISCUSSION

There is an obvious difference between the degree of bioaccumulation of 4-phenoxyphenol
using carp and tilapia obtained from our study.

The comparison is based on only three chemicals and further bioaccumulation test is quite
- complicated. Hence it was difficult to retain good repeatability of daia especially in the

.+ presence of expcnmental difficulties such as keeping test water concentration constant.

" However BCF valucs obtained from MITI method and EPA method in our study do not
- difYer significantly except for diphenylether. On kinetic values, such as rate constant and half-
] time obtained from EPA method a slight difference is observed.

' To some degree the data collected f'or each chemical using either carp or t:lapsa do differ.

* However, we still can observe a similar pattern or trend accomplished for a given chemical in
-~ either carp or ttlapla

- Further experiments should be performed to ensure lhe reliability and reproducablllly of the
da!a oblained. .

- ‘LITERATURE

* . OECD Gu:dehnes for- Tcslmg of‘ Chemwafs Proposal for Updatmg Gu:dehne 305,
: Rewsed Draft Document, June 1994 ‘

. BIODEGRADATION AND BIOACCUMULA'I'ION ‘DATA .OF FX[STING '

CHEMICALS BASED ON THE CSCL JAPAN, Printed by RYOIN Co. Lid., October
1992
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ESTABLISHING THE BIODEGRADATION TEST FOR Cll[‘MICALS
DETERGENTS AND WASTEWATER USING LOCAL STANDARD SLUDGE

Hasnah Mohd Zin, Mansor Jamil, K.Fujimoto and Rahimah Abdullah.
“ SIRIM Environmental Technology Centre

1.0 INTRODUCTION

Environmental fate assessment for test substances such as chemical. and
detergent play an important role in the development “of acceptable
manufacturing, use and disposal practices.. To proceed an assessment,-a
preliminary - screening of the test substance is required with the mc!usmn of :
blodegradahon test.

: Blodegradation of test substance by microorganisms is a common breakdown
process for organic chemicals deposited in the environment. It is used to
predict the aerobic decomposition of chemicals in the natural environment.
Many biodegradation test have been mtroduced internationally, however it is
still new to Malayszau researchers,

301C- MITI(I), one of the six screemng test methods compulsory for readily
biodegradation which is closely reguilated by the Chemical Substances Control
Law of Japan under the jurisdiction of Ministry of International Trade and
Industry of Japan (MITI). It lies in the flow scheme of hazard assessment of new
chemicals. It is currently made available to the SIRIM Environmental
- Technology Laboratory. A chemical is defined as readily biodegradable when
" the BOD is more than 60 percent when tested by 301C- MITI(I). Such chemicals
may not have adverse effects to human health and the environment.

" 20 PRINCIPLE OF THE STUDY'

301C-MITY(1) was developed for use in the temperate countries. The inoculum
or the standard sludge has been identified as the most critical parameter in
301C-MITI(I}, because it is the main element in measuring biodegradability
performance. Since the inoculum is made up of microorganisms from different
sources and localities in Malaysm, it is beheved that the temperaiure changes
may mﬂuence the degrce of blodegradablllly ' :

_A series of tests were conductcd to establish lhc moculum as a reference local
standard sludge’ representahve of the ma]aysnan enwronment The activities
involved were:

i filtration and temperature study on the local standard sludgc _
il.  collective study of the fresh sludge from each station.
iti.  performance test of the local standard sludge.

201 -



30 METHODS AND PROCEDURES

'31  Biodegradation Test using 301C-MITKI)
3.1.1 Principle of the test

The test substance in a mineral medium, is inoculated with specially grown
microorganisms and incubated for 28 days in a dark enclosed respirometer at
25 + 1 «C. The respirometer will automatically measured the oxygen uptake
‘produced. Evolved carbon dioxide is absorbed by soda lime. Biodegradation is
expressed as the percentage oxygen uptake {corrected for blank uptake) of the
~ theoretical uptake (ThOD) . The percentage of primary biodegradation is
calculated frora the supplemental specific for each chemical analysis made at
- the beglmung and end of incubation. :

3.1.2 Apparatus

a. Automatic electrolytic BOD meter or respirometer normally equipped

_ with 6 bottles, (300 m) and cups to contain CO; absorbent.
b.. - Constant temperature room and/or water-bath at25+ 1°C
c. Carbon analyser -

3 13  Stock “soluhon of test substances _

“The test substance can be a chemlcal detergent or wastewater. For chemxcals, -
‘deionised water was added to make up known concentrations of a stock
solution. - : :

3.14 Preparahon of Inoculum -

The inoculuin is coilected fresh from 1o fewer than ten’ 31tes, mamly in areas =
where a variety of chemicals are used and’ discharged like sewage treatment_ 7
plants, industrial wastewater treatment plant, rivers, lakes and seas. The .

~ cultured ~microorganism known as the standard sludge are grown under
controlled condition at 25 + 1°C. It was monitored daily as required by aerobic
momtormg practices.

For chemxcals and detergents, standard s’iudge was used as:the moculum
However for wastewatet, the moculum used can also be the studge which w;]l
be used in the treatment, : ‘

314 Sample Preparahon

- Six bottles. contammg the foliov.'mg were prepared

‘Bottlel - test substance in water at 00mg/L:

Bottle2,3& 4 . ‘test substance in mineral medium at
- ' 100mg/L
Bottle5 = - - reference compound (e.g aniline) in mineral
‘ S Cmedivmat 100mg /L
Bottle6 . - - - mineral rnedium only
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Oxygen uptakes for the six bottles were directly recorded using by an
appropriate methed which produces a BOD curve. At the end of the
incubation, normally 28 days, pH of the bottle contents were measured and the
“concentration of the residual test substance determined. Concentration of
Kknown substance were determined by various analysis. For example: chemical
may be determined by Gas Chromatography {GC) or Righ Performance Liquid
Chromatography (HPLC) and detergent may be determined by the methylen
‘blue method (ASTM D 2667-89) . SR

3.1.5 Dataand Reporting

" BOD = = mgO; ugjdke_bu test substance - mg O:uptake by blank .
mg test substance in vessel :
wig O2/ mg test substarce

The percentagé biodegradation is obtained as follows:

% biodegradation ‘=% ThOD = BOD(e Oy test substance) X 100
: " ThOD({ing O/ing substance)

: ThO_D is a calculaté_d va.‘lu_'e' wflibh is based on the empirical formula of the test
! substance. For mixtures, ThOD is  calculated from the elemental analysis as a
single compound. . T ' '

3.2 . Local Standard Sludge Preparation

Inoculumt is ‘the main element in predicling biodegradability of any test -
substance. Different inoculums may produce different abilities to biodegrade
any test substance. In the 301C-MITi(}) test, the inoculum is known as the
standard sludge due to it's unique collection, culturing and monitoring
programmes. The uniquenéss ‘of the inoculum, necessitates of local standard
'~ sludge development, to enable the use of the 301C-MITI(l) in Malaysia.

Initially, four sites within the Klang Valley chosen for the collection of fresh
sludge. The selected stations were Shah Alam Lake, Sg: Buloh, Pantai Sewage
Treatment Plant and Taman Tun Sewage Treatment Plant. The sites were
selected after taking into account the sample characterisation, colony count
‘and other various inputs. Finally, ten sites throughout Malaysia were chosen
for further test stipulated in 301C-MITI(). | B

" The sludge was mixed ;'thorioughly and left to settlé. The supernatant was

collected and aerated at 25°C. For the local standard sludge development
study, the supernatant was divided ' into two portions. Each portion was
filtered separately using 1 pm filter and 250 pm sieve. The 1 pum filter was used -
to remove the protozoa present in the sludge and the sieve was employed to -
remove floating matter. Two litres of each filtrate supernatant was then aerated
in the culturing vessel. The sludge was used for the filtration study and
marked as follows: '

-~ 203 --



Tank  FilterSize  Temperature
23 Tpm 250C
24 250 pm 25°C

- After about 23.5 hours, the aeration was stopped for 30 minutes. One third of
supernatant was removed and replaced with an equal volume of dechlorinated

.+ water. Nutrient (0.1%) containing glucose, peptone and orthophosphate of

- Iml/litre cultured sludge was then fed into the tank. Feeding was gradually
- increased after every 3 days until it reached a maximum of 6.8 mi/litre

" cultured sludge. The acrobic aclivities were repeated and monitored daily. The
" sludge was used as inoculum for the biodegradation test only after a month of
acchmattsatlon

To maintain the same activities, newly collected fresh sludge were mixed with
~ equal volumes of the old sludge after every three months. The sludge was
‘tested against a reference substance at least every 3 month.

33 Bmdegtadahon'l"est onDetergent

_ Detergent samples taken from the factory was - mmaily inoculated for
acclimatisation in - the -local standard’ sludge at 30°C. ~After 6 days
acclimatisation, the inoculated was transferred into a re's'pxrometer and -
“incubated for 8 days. The biodegradation was determiried by the: ASTM D
2667-89 method and the results were compared using HPLC _

34 - Elltrahon Study on Local Standard Sludge

3 4. 1 Study on Momtormg I’arametezs
SVBO pII and MLSS of tank 23 and- 24 were momtored and compared

34.2 I’crformancc Test on Loml Standard Sludge

In this study, 301C- -MITI(I) test was used to compare the performance of local
‘standard sludge between the filtered (tank 23) and sieved (tank 24) samples. It
was conducted only after a one month period of acclimatisation. - The
performance was measured by the careful monitoring of biodegradablllty of
reference che:mmls as recommended in OFCD Gmdehm‘: '

35 Temperature study

351 Temperature of Water and Amb:ent A:r '

The temperature ‘of water and ambient air were recorded durmg the collection
of fresh sludge at collection stations. Besides, the temperature of the river water
are also being monitored.
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352 Biodegradation Performance Test

After a series of monitoring on water temperature at the sludge collection
stations, the author recommended the inoculum to be cultivated at 30°C. Since
301C-MITKI) test determined the culturing temperature to be at 25°C,
therefore a comparison study was carried out between the two conditions with
referred to the biodegradability of OECD reference chemicals.

40 RESULTS AND DISCUSSION

‘41  Biodegradation Test on Benzyl Alcohol (Ca'se'Stt.td'y.‘ 1)

- Benzyl alcohol was chosen as a sample for the biodegradatlon test usmg 301C-

" MITI(D). It was incubated for 14 days with the local standard sludge at 25°C.

“Table 1 and Figure 4 shows the biodegradability of benzyl alcohol. The graph-
shows maximum degradation once a plateau is reached. :

"' Table 2 shows the degree of blodegradablllty of benzyl alcohol measured by
- - Total Organic Carbon Analyser (TOC) and HPLC. Btodegradablhty of benzyl .

alcohol was found to be between 97-100% and 100% using. TOC and HPLC
_ respectwely Benzyl alcohol were sound to be readlly blodegradable

'Table 1. Blodegradahon ’I‘est Result of Bem:yl Alcohol
Test chemical: o Benzyl alcoho! _ :
Vessel | Code S 7thday o ' - 1th day N
i 1 B - BOD(mgO) _ deg(%) BOD(mgO) 3 deg(%)
"1 ifeontrol -} 11 R 29 -
2 |samplel | 617 | 8 | 76 | 9.
"3 |sample2 | 619 | 8 | 725 | 9
4 [sample3 | e43 | 84 | 724 92
5 - | reference M4 70 721 | 77
6 . |sampleinwater j =~ 03 - 0.7 -
Table2 = Percentage of Biodegradation of Benzyl Alcohol
by TOC and HP[ c. . _
Testchemical: = °  Benzylalcohol _ o
Sample . Toc - | HPLC
samplel o 97 [ 100
[ sample 2 . 99 100
| sample 3 : 100 S 100




42 Biodegradation Test on the Detergent (Case Study - 2)

Table 3 shows thé biodegradability of detergent as determined by the
Methylene Blue Active Substance (MBAS) Method and HPLC, The degradation
was more than 90% and therefore considered biodegradable as stipulated in
 ASTM D2667-89 -

~ Table 3. Biodegradability of Detergent _

. | Test sample:: Detergent powder
| sampte MBAS ~ HPLC
Sample 1 a 99 _ : 99
Sample 2. R : 99 ’ 100

43  Filtration Study On Local Standard Sludge

431 Sludge Volume (SV30)

- The different changes of sludge s volume (SVSO) between tanks 23 and 24 were
recorded. Figure 1, shows that tank 23 produced a higher value of SV30 in
‘comparison to tank 24. The unsettle sludge in tank 23 occupied about 80-90% of

. the total volume of the tank. Hence some sludge would be carried over during

the supernatant removal. The study shows that flltered samples contributed to

“higher growth of sludge. | .

- The filtered supernatant developed a cotton-like sludge which- préduces large
flocs. To confirm this phenomenon, further tests carriedt out on each’station
ylclded the same results. This maybe due to the absence of protozoa intank 23
which causes filamentous organisms to dominate the system. One of the most
important factor in relation to the settling properhes of activated sludge is the
relative number of filamentous and flocculent microorganisms. The excessive
number of filamentous orgamsms produce low settling veloc;tles and results
higher SV30 values. : o

To maintain SV30 to less than 50%, the use of a 250um sieve during:the
filtration activity is recommended, to allow protozoa to subsist and to minimise
the number of fﬂamentous orgamsms in the local standard sludge

432 pH

Figure 2 shows that ali fanks have a pH of between 7.5 to 8.5 thmughout the
culturing pcrlod The pH range measured is the optimum condition for growth

- of microorganisms. hitratmn activities did not affect the: pH of the local
slandard sludge. ‘

. 4.3.3 Mixed Liquor Suspcnded Solid (MLSS)

N Figure'_S'shows the distribution of MLUSS between the two tanks. Tank 24
produced a higher MLSS of 5000 to 6000 mg/1. in comparison to tank 23 which
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produced MLSS in the range of 3000 - 4500 mg/ L. Study on the sludge volume
(SV30), the protozoa shows to be present in tank 24 and contributed to the
higher MLSS value which is suitable condition for the aerobic activities.

4.3.4 Performance Test on Local Standard Sludge

Table 4 shows the biodegradability of five different chemicals inoculated with
- sludge from tank 23 (filter) and tank 24 {sieve). The local standard sludge from
both tanks were able to biodegrade aminoethanol and aniline to about 50 < 70%
and whereas pentaerythritol; polyethylene glycol and trichlorophenol were not -
“degradate. This study shows that filtered or sieved sludge did not affect the
biodegradability of test substances since the results were the same. '

'Table 4. deegradablhty of OBCD Reference Chemicals -
| - using local staridard sludge .~

Chermicals _ Biodegradability (%)
L - Tank 23 (Filtered) Tank 24 (Sleved)
- | Aminoethanol - I . .52 :
o | Aniline ‘ ) 73 . ' 66
.| Pentaerythritol ' 0 . 0
Polyethylene glycol 1 .0
Trichlorophenol 0 0

44  Temperatu re Study
44.1 Temperature of Collection Slud.ge

The temperature of water and ambient air .was found to be between 29.3 -
- 30.8°C and 29.0 - 30.3°C respectively, As the temperature of the surrounding
- water ‘was” 30°C, it was most. preferable to, maintain the conditions of the
' cultured sludge at this temperature.

4.4.2 Blodegradanou Pcrformance '1 est

" Some of the reference chemicals in Table 5 are able to degrade under both
incubation * conditions, however biodegradation of pentaerythritol and
polyethylene glycol is }ugher at 30°C and trzchlorophenol is slightly degradable

Cat 25°C

- Ta_ble 5. Btodegradabxhty of OECD Reference Chcmlcals at 25°C and 30°C

'{ Temperature . . n 30:C .
| No. of test 1 2013 4 | s | 1. | 2 3 4 5
| Amincethanol 44 | 46 | 46 | 44 [ 48 | 40 | 41 |: 49 | 54 -
Aniline oo les B - | Bl - | -
Hexamethylene glycol 88 | 892 | 86 - -1 73] 82| 112 - -
Pentaerythritol 0o |1z o0 0 0 {6 | 51| 0} 0 | -
Polyethylene glycol - - a 43 1 - - |52 1 8 | -
Trichlorophenol | 35 | 27 0 0 0 (o]0 ] 0 ¢ | -
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50 CONCLUSION

The inoculum or local standard sludge is suitably cultured at 30°C. The
- temperature study shows that the rate of biodegradation of reference chemical
is faster when inoculated with standard sludge at 30°C.

Even’ though the filtration study revealed the sanie rate of biodegradation for
* the two filters, it is still necessary to minimise the number of filamentous
- organisms. present in the cultured sludge. The increase in number of
- filamentous organisms may contribute to a higher value of SV30, low MLSS
and the production of large flocs of cotton-like sludge in the culturing vessel. A
~ 250pmesieve is suitable for the collection of sludge. :

" The purpose of initialih'g the study for local standard sludge development is to
establish a source of reference inoculum for Malaysian representative of the

environment and in compliance with the biodegradation test.

- Other work that would be carried out in future mclude

a. - thetemperature study _ _ L
b.  investigating the- mﬂuent of sludge localities to the rate of
_ " biodegradation. : ‘

c. . the changes of bacteria characteristic and strain between the cultlvated ‘

and the original sludge
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Fig.1 Filtration study on SV30
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o Figure 4 Oxygen uptake versus incubation period
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~Toxicity Evaluation of Cadmium on the Aquatic Environment Using Local Fish
. and Crustacean - _

Izham Bakar and Dr. H. Tadokoro

Environnent Technology Centre
SIRTM BERHAD

: 1. Introduction

~ Al least three decades ago, the fo:n_nal concéptibn of ecotoxicology had beena
. separate science which emphasized on the effects of chemicals and physical agent on -

. fish. Now, the studies have various objectives: the investigation of poliution in rivers, - -

determination of toxic effects in the laboratory especially in the field observations of

~ polluted systems, and more recently screening of a series of chemicals employed in =~ '

 agricultural, industrial or domestic use, which are also used in bioassays with aquatic
organisms to monitor the quality of effluents or to give early indication of :
contamination of water for domestic or industtial supply. ' :

 Inmost cases aquatic organisms, such as fish have been used in -
* - ecotoxicological studies. Here, some methodology and some example result are
- discussed. S :

2. Ecotoxicoldgical studies using aquatic organisms
:2.1 Toxicity déter_niinétion :

- One of the most common ecotoxicological studies is to determine the acute
“lethal toxicity of cheémical or product to aquatic organisms under standard conditions.
“The objective of siich a test is to obtain a guidance to indicate the concentration of 2
_substance likely to be hazardous to aquatic organisnis in the natural environment. By

"’ doing s0, a comparison can be made between altemative products for the same
function to screen potentially hazardous substances. The tests are most effective when
they are performed according to standardized procedures and in well equipped
laboratories, so that comparison are free from test to test variability.

© 2.2 Studies for eéstablishing water quality criteria

- Xenobiotic chemicals may enter freshwater as it is widely used in industry,
.~ agriculture and the home; some may persist or remain in the aquatic environment for
- long periods of time. In order to protect freshwater systém from such substances, it
" - may be necessary to define the possible risks and then impose water quality standards
appropriate to the nature and determine the extent of protection required. Such
studies cannot be standardized in detail, because the test program will depend on what
is already known about the substance, the receiving environment and ils community.
Combination of various types of test methods and test organisms is necessary. o
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3. Acute toxicity test .
3.1 Background of the test
" Since the 1960’s, acute toxicity tests have been used extensively to determine

-the effects of potentially toxic materials on aquatic organisms during short-term
exposure. Fish acute toxicity test is the oldest method which is still used today. Most

* of the earlier acute aquatic toxicily tests were conducted with freshwater organisms,
- especially fishes. However. the requirentent for the assessing the impact of test _
- materials in the estuarine and marine environment has provided the impetus for the

- developnient of test methods for saltwater organisins, both invertebrates and fishes.

: Toxic effects may inchude lethality (mortality), change in growth,
reproduction, behavior and so on. The effécts may also be expressed by quantifiable
criteria such as number of organisms killed, percent egg hatchability, change in length
and weight and number of skeletal abnonnality. Because mortality is an easily ,
detected deleterious response among them, the most common dcute t0x101ly test is lhe .
acute icthality test. : '

3.2 Principles of acute toxlcity test

- The objective of an acute toxicity test is to determine the concentration ofa
test material or the level of agent that produces a deleterious effect on a group of test -
organisms during short term exposure under controlled conditions. Although toxicity -
tests with aquatic organisins can be conducted by administering the material directly -
by nuccuon or incorporaling it into food, most tests are conducted by exposmg groups
of organisms lo several treatments in which different concentrations of the matenal
are mixed in waler. Different concentrations may result in different strength of
deteterious effect. The rclatmnshlp bctwcen conccntrallon and effect may then be -
cstabllshed : : - -

Theoret:cally, a 5{}% responsc is lhe most reproducnble measure of the toxncnly
of a test' material, in the relationship. The most frequently used effect parameter is
lethality and 96 hours (or less) is the standard exposure time because it usually covers
the period of acute lethal action . Therefore, the measure of acute toxicity most
frequently used with fish and macroinvertebrates is the 96- h medlan lethal
concéentration (96 h LCSO)

33 'lcst method
-3.3.1 'I‘ypes of Exposure Systems =

In the acute toxicily test there are 3 different systems which can be selected
dependmg on the nature of test substance, The systems are describe are below.
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3.1.1.1 Static

Static tests have no solution renewal. The advantages of this test are that it is
simple and inexpensive (in terms of facilities, equipment and labour) and requires a
minimum of test solution. Some disadvantages are changes in exposure levels
(volatility, degradation, adsorption}, buildup of mefabolic waste products, and
maintenance of acceplable dissolved oxygen levels. However the static condition
sometimes simulate actual exposure condition.

3.3.1.2 Semi static
A semi static test is similar to a static tests, except for the period"iic:al renewal of

test solution. The advantages of this method are similar to the static test.
Disadvantages include increased labour costs, increased test solution volume .

. requirements (and corresponding waste volumes), and accumulation of metabolic

. products. Techniques for performing the SOlUthIl replacement niust not cause stress to
the test organisms. - :

3.3.1.3 Flow-through

" Flow- through loxlclty tests mvolves contmuous rcplacement of the tesl
solutlons so that exposure levels and other exposure conditions can be kept at
constant level throughout the test. For effluent monitoring , these tests are usually
performed on-site because of the large volumes of sample required. In testing pure
compounds in the laboratory, coneentrated stock solutions can be metered into
dilution water to vary concentrations. While flow-through exposures are more
representative of true conditions, and reduce problems of dissolved oxygen and

“metabolic products, they are more costly and more complex to operate and maintain.
- Since Nlow rate needs to be high enough to replace the test solution volume several
“times each day, large amounts of waste matcnal are generaled :

’ 3 3 2 Standard documents for fish toxccuy test

-Bccimse of the importance of fish toxicity lesting, test methods for fish
toxicity had been developed in an early stage of ecotoxicology. Now in many
countries fish toxicity test methods are available and intemnational harmorization in
~ the methodology had been achieved in OECD activities.

333 Tc"st animals .
Test animals should be sensxlwc lmportanl specnes indigenous to the area-
- ‘concemed. Fishes, crustaceans like daphnia, shrimp, aquatic insect, alga, etc. are

frequently chosen in conductmg the test because they are rcad:ly available throughout
- the year, ease of maintenance and conducting the test convenience for testing.
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~ 3.3.4 Experimentat Design

3.3.4.1 Range finding test

When no information is available about the expected toxicity of a sample, a
range finding test is necessary. The range finding test usually uses fewer replicates
- and minimal test volumes than the definitive test and may not run for the full duration,
A series 4 to 5 concentrations is generally prepared, each differing by a factor of 10. A
~ second range finding test working within  to 2 orders of magmtudc may be required
* for research-oriented projects where the precise LC50 estimate is required. The

piirpose of the range finding test is to determine the upper and Iowcr limits of

' concenlrahons for the definitive toxicily test.

3.3.4.2 Screening test

Some regulatory agencies may only require that a sample be tested at a single
~ concentration, such as 100% (v/v) for an industrial effluent. If a test substance has
~ very-low toxicity, it is enough to show no effect at single high exposure levels such as
1000mg/l and no further testing is required. A deﬁnltwe test may be reqmred to
' calculale an FCSO or LCSO value.

334, 3 Def'mllve test

Dcﬁmlwc tcsts with aquatxc specws usually involve tcshng with a series of
concentrations {usually 5-7) of test material in order to determine an EC50 or LCSO
‘The series of dilutions should be loganlhmlc {e.g,6.25,12.5,25.0, 50.0, 100.0 or
1.00, 1.80, 3.20, 5.60, and 10. 0). The ratio between cach test concemrahon miust be
constant so that the concentrations are evenly distributed when plotting on a
logarithmic scale. The EC50 or EC50 valie i is the concentration of material that elicits
a response (lethal or sublethal) in 50% of the test population, To determine the
ECS50/L.CS0 value, at least one concentration should demonstrate more than 65%
response and at least one other should demonstrate less than 35% response.

The followmg parameters are necessary; test tank, dilution water and test
animal. Usually 10 animals are used for each test concentration, Mor!ahlles are
recorded pcnodaca!ly, c.gafler2, 24 48,72 and 96 hours

3.3.4.4 Gbsctvﬁtidn e

Aﬂer exposure for a certain penod the appearancc of the test orgamsm in lhc
test vessels change. Under higher concentrations the effects are more scrious; déath
and immobility. On the_other hand lower concentrations, are less serious.
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3.3.4.5 Calculation

The calculation for the LCS50 can be estimated from probit method, graphical
method, binomial method, moving average method, Speannan-Karber method, and
““Frimmed Spearman-Karber method. In this study the probit method to estimate the
L.C50 was employed

4, The acute estimation of cadsinium on local test organism
~ 1 4.1 Material and method

_ In this test 5 dlfferent tcst orgamsms from local spec:es were used Thcse
include common carp {(Cyprinus carpio), fampam jawa (Puntius gomonoms} Tilapia -
(T:Iapm nilotica), Suji shrimp (Palaemon pmccrdens) and (Moma macrocopa)

: T hcso Organismis were chosen, because all were local species and Hved under
tropical condition. They were also easy to obtain, culture and maintain under

' laboratory conditions. Economically tilapia and carp are on¢ an 1mportant source of

protein in Malaysia. Carp is distributed almost all over the world, so it is easy to -

compare the results of local carp with other carp species from other counlries. In an

: ecologtcal point of view suji shrimp and moina are important food for the fish. Moina

* is used by fish farms as fish food. The data obtained can also be rcpresentatwe of
tropical ﬁshes bccause at preseit, such data are limited. :

_ Sut‘ﬁc:cntly acrated dcchlonnated tap waler was used as dslutlon water. This
water stimulates that of natural river water. All test organism were accllmat;zed for
more than 2 weeks in dilution waler. The test procedure used was base on OECD -
gmdehnos for tesung of chcmlcals The gmdelme were 202 (Daplmla) and 203 (Fish).

- The chemical used for the test was cadm:um chloride ((,dCl ). This chemlcal
was ohosen because it is one of the reference test ctiemicat for toxicity testing and is
also a common pollutant in our country. For the test cadimium chloride was dissolved
in water as stock sotution and a desired amount was added to the dilution water to
make up the test solution:

4 2 Result 'md dlscussnon _

Table 1 shows the test results for cumulative mortalities of the test orgamsms

to exposure time and concentration. For the fist 2 hours no mortaltty occurred in all
- concentrations. At 24 and 48 hours drastic changes in niortalities is apparent. This isa
common trend in acute toxicity tests. However after 48 hours it showed only a slightly -
“‘change in moztalities. The change happencd at a concentration of 0. 265 mg/l but .

‘remained the same in other concentrations, The contrel showed no mortality after 96
‘hours, the test fish was in good condition and that the death of the test fish in test
solution was caused by test chemical. This point has to be considered because if the-
mortality of the control organism were hlghcr than 10 %, the results of EC50 or LCSD
are invalid.
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| Table 1. Cumulative Mortality of Lampam Jawa to Cadmium Chloride

Concentration Curnulative mortatities (%) _
(mg/l) 2 hours 24 48 72 96
1.54 0 100 100 100 100
0.857 e 80 100 100 100
0.476 0 3 | 60 60 60
0265 0 0 . 10 - 30 30
- 0.147 0 0 10 10 10
Control 0 o 0. 0 0

- From the data obtained with test the organisms used, a plot of the monalily
- against concentration (Fig. 1) was obtained and the slope for alt test organism were
“steep. It shows that the toxicity for cach organism is within a narrow range. With that
data the L.C30 and EC50 are cstlmated by the problt method (Table 2).

: Tablc 2. LCSO a.nd EC;SO of Cadmium Chldﬁde to test ofganisni_s

' Testorgamism " GGRLCSO (mg/l) |
, Carp N R o . 815
Tilapia - Tien
Lampamjawa | S 0347
“Shrimp - | o1
"~ Moina - o T

* The result is in 48h ECS50

The result presented in Table 2 shows that each test organism has different
sensitivities. Tilapia can tolerate higher concentrations than slmmp Shrimp is the most
sensitive amongst the organisms used. In gcncral crustacean is more sensitive
compared to fish amongst fishes, lampam jawa is more sensitive than the other two :
spec;es In addition the data prescn!cd in Fig. 3 show differences in sensitivily to the
various test substances sed. It is not always the true that the shrimp is one of highly

- sensilive organism. From these results we can conclude that one test organism cannot
represent all organisms. Fig. 2 indicates that toxicity changes with exposure duration,
- The changes of | CSO or EC50 were not large for cadmiwmn IOXICIIy
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Fig 1. Mortality of test organisms (96 hour) in CdCI2 acute toxicity tast
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Fig. 3 Susceptivilities of five test organisms to toxicities of

six chemicals
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4.2 Comparison with another reference

By comparing data from reference {Table 3), the results obtained quite close to
each other. For example, the results for carp and tilapia were 8.15 and 16.0 mg/l of
cadmium respectively. Converted to cadmium chloride they became 13.3 and 26.1
mg/1. For sone crustageans the results were almost similar, for example the resull was
0.24 mg/l cadmium for moina and when converted to cadmium chloride the result
was 0.3%9mg/L Only for lampam jawa the toxicity was higher (0. 57mg/} cadmivm
chlonde) than other fishes tested. This shows thal lampam jawais the most sensitive

“in this companson : :

- ‘Fable 3. Toxicily test of Cadmium Chloﬁde from reference boéks

© Organism 7 “Group . : Test ' Cmg/l

Daphnia magna _ Crustacean __48hEC50 0
Charyb " Jeliyfish T48hLC50 7025

5 G, puls ~ Crustacean ~48hLCSO - 0.68
Crangon crangon Crustacecan ~_96hLC50 1o
" Asterias forbesi | Starfish - " 96hLCS0. | - 1 0.82
C Fundulus " Fish | 96hLCS50 1 49
heteroclitus . L . L R
Agonus ~|* ¢ Fish | . 96hLCS50, .33,
cataphractus ' S e ' L
. Mytilus . Shellfish. - . 96hLCSQ Lo 25

- 5..Crileria of tOxicity data-

Usmg Ihe examp]e cntena (Tab]e 4 and S) we can f nd out how toxic cadmmm
“is. The toxncxty data showed that cadmmm can be ranked as medmm for fish and -
“highly toxic to crustacean. Consequenlly, cadmlum can be a serious loxtcant
especially to crustacean, | _

Table 4. Criteria for concém used in aqseSSmg ‘ecological hazard (ASTM)

s _ Cntena used for ranking cocern
Hazard properties ‘High | Medium _ Low
Aqualic acute toxicity (ppm) |- <1 >1<100 > 100
Aquatic chronic (ppm)} -~ | <01 010 s >0
Bioconcentration factor - . - |- 21000 .} >100<1000 - <100

| (BCF)
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Table 5. Criteria for concem used in registering pesticide under FIFRA

LCS0 (EC50) ppm | Category Description
<0.1 very highly toxic
0.1-1 o highly toxic
>1<10 moderately toxic
> 105 100 1 slightly toxic
> 100 - : praclicatly non-toxic

T heoretlcally, possibililies of adverse effects of chemical substance can only
' be calculated in relation to effect concentration. For instance, if a LCSO of a chemical
is 1 mg/l aind the predicted environmental concentration is 0.001 mg/l, the margin of
safety is 1000 for acute tox:cuy and it can be said that the possibility of acute effect

on environmental organisms are very low.

However, expencnces have bccn accumulated and’ scientists working in the
area of ecotoxicily has reached an agreement that although scientists inay say that
chemicals having LC50 lower than I mg/l is toxic or al teast not likely non toxic.

* Therefore, qualitative stalcment for toxicily s!rcnglh may be possmle usmg the
; agrecmenl . :

Table 4 and 5 are e\camplcs of the clas&ﬁcalnon of toxicity s!rength Thc
 classification is not valid for legal decision makmg unless a regulatory agency of the
govcmment authorizes it. Therefore, we can say. generaliy speakmg the test chemlcal
is c}aSSIﬁcd W avery toxic catcgory or toxic and so on.”

_ “In some cases ackltc toxicities to more than one fish specics or crustacean are
avaalablc Common selection is to choose the lowest toxicity value. If tox:cny values
of acheinical are largely different from cach other, the chemical may have spccncs- ;

o SpCCIﬁC toxicity and funhcr tcsts have to be consudered

Another pOSSIhlhlICS is to make qua_lita!ive evaluation comparison of the
toxicity value of a test chemical with that of a known toxicant or a chemical that has
been used for the same purpose as the chemical tested. Then we can say that a
- chemical tested is not as toxic as a known toxicant. For example wath dioxin, we can
- say that the toxxcny of a chemical tested is lower than that of thc chemmal prescntly
uscd

: 6 Coanclusion

- Acute toxicity tcsls has bccn uscd fora Iong time and sutl useful as a tool in
ecotoxlcology Usefulness of the test can confirm not only toxic chemicals but can
" also can be applied for efflucnt as well. In order to protect our environment i is
necessary to conduct ccotoxicity tests, such as the fish acute toxwlty test dcscnbcd in
this paper. '
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Thank you Dr.Najiméh. . Chong, our cbkleges,tadiés and Geinilcmen,. |

This seminar is successfully approaching to the conclusion.
On behalf of Japan International Cooperation Agency, as a p:ut of the
- organizer of this seminar, And as a JICA Evaluation Team,] would like to
- express our appreciation to all the participants for their cantribution,
’ 'especnlly for the wonderful pxescnlauon from our colleagucs

- - The nnmgement of hazardous dlemlmls and W’i‘;[CS has wlal
" importance not only in Malaysia but in all the country in the world.In

- modern sociely, various chemical subslfmces has been introdticed 'md

offered many benefits to human kind.. But.at the same time, it mcxmsed a

- risk to us and an lmmc{ to the environment. Japan expcucnced one of the
earliest break-out caused by some of hazardous chemicals and set up legal
-and social structuie to control them after that.

Iollowing to Cinptel 19 of Agemh 21 agmed in the UNCED meelmg hel(l
" in Rio de Janeuo in 1992, all the keen countries have reformulated '
- réspective national and uueuntlonal efforts to solve chemicals ploblems

- and made up lespectwe nfltmml 1genda in Malaysia, lhc 6111 and 7th

- Malaysian ptan ' '

Z include those '1spec(s

j[CA has been conduc{mg th pm;ect lype technical LOOpClallOﬂ program

| wnh SIRIM Berhad on "Hazardous Chemical Subslfmces and Biological '

Treatment of Hazardous Waste " since September 1993,

"The pm]ect ’liSO has been implemented fr ultfully just lhe same way with this
seminar. : : -

As one of the starting member of the Japanese Society of Eco-
“Toxicology, it is my pleasure to have had an international collaboration in
“this important fietd. - JICA' and myself certainly continue our cooperation and
“work with all of you to decrease risks caused by hazazdous substances but to

- increase socio-economic sustamablllty

S would tike to finish my remarks by exp'l essing my 1;)pleuallon Lo all of
© L you again. Thank you. : ;
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