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Abstract: Problem Statement: Landfill leachate had been implicated in environtaé pollution,
developmental anomalies, birth defect and surfaxck groundwater pollution worldwide. This study
has been conducted to determine the toxicity ofifilnleachate from three different landfills in
Malaysia on fry common carpCyprinus carpio L., 1758; Pisces, Cyprinidae) in combination with
some physico-chemical parameters analy&jgproach: Leachates were collected from Air Hitam
(AHL), Ampar Tenang (ATL) and Sungai Sedu (SSL)dfilis. The experiments were performed as
three replicates using a total of 180 carps foheadefinitive test. The semi-static renewal methéd o
acute toxicity test was used. The data obtaineck vetatically evaluated by the use of the EPA
computer program based on Finney’s Probit Analygshod.Results. The leachate used in this study
had an invariable of (1640-7600 mg*'LCOD and (321.22-956.86 mg™) Ammonical-N. The 96 h
LCso values of landfills leachate from the three lalglfusing fry C. carpio individuals with an
average weight of 0.92+0.24 g and average lengtB.&8+0.19 cm were found to be 1.132, 2.0 and
3.822% respectively. Among the behavioral changesewved for the individual fish at different
leachate concentrations, decline in general agtilitss of balance, breathing difficulties, excessi
mucosal secretion and gathering at the surfaceriathing.Conclusion: This study of acute toxicity
to the recommended fish speci€s,caprio, is considered the first in Malaysia. Further ezsh with
toxicity testing methods directly on fish will beeny useful in assessing possible ecological risk
assessment of landfill leachate.
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INTRODUCTION ammonia is toxic to many living organisms in suefac
water and contributes to eutrophication, dissolved
Landfill is considered one of the most widely oxygen depletiof.

practiced methods for the disposal of Municipali&ol A great number of uncontrolled landfills without
Waste (MSW) since up to 95% total MSW collectedappropriate bottom liners and leachate collection
worldwide is disposed of in landfilff Leachate the systems have been wide spread in Malaysia, there ar
potentially polluting liquor which accumulates batie  about 230 landfills with different sizes and ages
a landfill site resulting from the infiltration and recognized officially and an estimated three timese
percolation of rainfall, groundwater, runoff, oodid illegal dumps. Most of the landfills are not cormedar
water into and through an existing or abandoneitl sol the sanitary landfill classification because thare no
waste landfill site. Leachate contains substantiafacilities to collect and/or treat the leachate #mete is
amounts of dissolved organics (BOD and COD),no infrastructure to exploit the landfill gas. Theare
Xenobiotic Organic Compound (XOCs), inorganic only few sanitary landfills with leachate treatmemid
salts, ammonia, heavy metals and other toxi@gﬁts gas exploitation faciliti€8.
More than 200 organic compounds have been idetitifie ~ Acute toxicity tests provide information on the
in municipal landfill leachat&®, with upwards of 35 time and/or concentration causing a significane&fbr
compounds having the potential to cause harm to thdetectable response in 50% of the exposed popnlatio
environment and human hedith High level of of test organisms. The tests are considered ecalibgi

Corresponding Author: Jaffar Y.M. Alkassasbeh, School of Environmental Alatural Resource Sciences,
University Kebangsaan Malaysia, 46300 Bangi, SganMalaysia, email: abokassab@yahoo.com.
209



Am. J. Environ. i, 5 (3): 209-217, 2009

significant and legally defensible, simple and costaccessibility, designated tipping area, weekly wast

effectivé®. Acute toxicity studies can provide fast and spreading, compaction and cover; in contrast, there

toxicity studies should be conducted. Toxicity $est conirol nor treatment. SSL has been classifiedvelk

have traditionally been perfo_rmed with a variety of” which include the facilities of perimeter bermas

freshwater and saltwater species representing dighe . ) 4
venting, frequent waste spreading and compacti@h an

and invertebrates. Although the initial aquaticidy frequent waste cover, but lack of liner systeme

tests were carried out using bacteria, invertebratel e
other groups, they can in no way replace the acasal Ccontrol and treatment. Table 1 shows general ciomdit
of the studied locations.

performed on fish, which is the last chain in tl@atic
food cyclé”.

There are a number of studies carried out
estimate the toxicity of landfill leachate usingtfias
test organism. Stephen and N&il monitored the

td-eachate: Raw landfill leachates were sampled from
the collection ponds in the three landfill sitegngswell
sealed bottles under conditions with minimized
mortality of fathead minnows fish exposed to fitgr €xposure to oxygen. In the laboratory, leachate was
and unfiltered leachates. Different concentratiaris filtered through glass microfiber filter (0.47 mrapd
leachates were used to test the survival of tilapigtored at 4°C in dark for one week use, all samples
(Sarotherodon mossambicus)™. Sisinno et all*? ~ were then frozen at -18°C until needed. Prior #ire,

evaluated toxicity of municipal dump leachate usingthe_leachates were thawed at room temperature for a
zebrafish Brachydanio rerio). Osaki et al 13 period of 10 h. The leachate was analyzed for pH

determined the toxic potency of the landfill leateisato ~ (Analyzer 300 M, pH electrode), DO (YSI 55 dissalve
the larvae and adult of Japanese Meda®ayAdas
latipes). Although the toxicity of landfill leachate was
studied for numerous fish species, the completie ddc
landfill leachate toxicity data for

common carp

oxygen meter), conductivity (Hanna HI 8819
conductivity meter), TDS (Hach Sension 5), alkajini
BOD, COD and ammonical-nitrogen according to
APHA standard methot$.

(Cyprinus carpio L.) fish, which have a widespread and

presently cultured all over Asia, in most part&afope

Test species: This study was carried out in the

and on a small scale in some countries of Africd an hydrobiology laboratories of School of Environménta

Latin America, in addition to that, the limitatioof
landfill leachate toxicity studies for Malaysia tHitls
in the open literature, led us to carry out a stady
landfill leachate toxicity using. carpio fish as a test
organism. The objectives of this study includeddibx
evaluation of landfill leachate from three diffeten
landfills in Malaysia in combination with physico-
chemical analyses of leachate quality. The survofal

the fish exposed to the test substance was comparélissolved

with the survival of the fish in an appropriate toh
over a fixed period of time. Behavioral changeghef

and natural Resource Sciences, National Universdity
Malaysia.C. carpio L., used in this study was obtained
from a local breeder and transported immediatelhéo
laboratory within 25 min in appropriately aerated
plastic bags. In the laboratory, for each testedHate,

a total of 200 fish were kept in 100 liter glassiata
(width of 50 cm, depth of 40 cm and a length
100 cm) containing filtered tap water (pH 6.2-6.4,
oxygen concentration 7.3-8.5 mgL
Conductivity 64-68 pand ammonia < 0.5 mg1), the
aquaria were equipped with a water-cycling devige b

above mentioned species were observed for varioughich the water was continuously aerated 1 week

leachate concentrations and photographed usintadig
camera.

MATERIALSAND METHODS

i before putting the fish inside it, to remove chhexi
Fish were acclimated for 14 days with continuous
aerating and the water renewed every 24 h.

Table 1: General conditions of the studied larslfill

Sites characteristics; The three locations were Air ‘andfills AHL ATL SSL

Hitam Landfill (AHL), Sungai Sedu Landfill (SSL) dn tendflyee  Santary - Opendump . Open dump

Ampar Tenang Landfill (ATL). AHL is categorized in period of 1995-2007 1998-now 1998-now

level IV, since all the requirements for environraén landfiling

quality assessment are fully complied, which inelud \E’Vg!i’ei";r;%esgg 1000-2000 200 180

daily waste spreading, compaction and cover, ga§onnage)

extraction and treatment system, leachate collecia  Waste type Household, Household, Household,

treatment plant and artificial lining system. ATlach Commercial, ~ Commercial,  Commercial,
. . and Industrial  and Industrial and Industrial

been upgraded to level I, which requires road
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The fish were fed with commercial fish food confidence limits were calculated using a program
Aquaden& once daily. Feeding was terminated 48 hbased on Finneys Probit Analysis MetH8d

prior the initiating of the experiment to reduce

metabolic wastes. The temperature was maintained at RESULTS

25+1°C and the photoperiod was set at 12 h of kgiat ) . )
12 h of dark during the entire experiment. Care wag/a@lues of physico-chemical parameters of landfill
taken in order to keep the mortality rate less thnin  '€achate from the three locations are shown ingabl
the last 5 days before the experiments was staFigd. The estimated LC valu_es and it is confldenc_e_lmi_mi
common carp with mean total length 3.830.19 cmresulted fr_om the_landf_lll leachate acute toxidigting
(The total length of the species was measured wsing ©" C._ carpio are listed in Tz_:\ble 3-5. Based on Finneys
milimetric ruler on fish measurement plate) and wetProbit Analysis Method using EPA software program,
body weight 0.92+0.24 g (was weighted in a balancdhe mean L&, values of landfills leachate from the

with 0.1 g accuracy), were used for acute toxivists ~ thrée landfills (AHL, ATL and SSL) using. carpio

in this study. individuals with an average weight of 0.92+0.24ngla
average length of 3.83+0.19 cm was found to be2].13

Acute toxicity test: Acute toxicity test withC. carpio 2.0 and 3.822% respectively.

L. was performed according to the APHA OECD!®

X ; Table 2: Physico-chemical rties of landfilhdbat |
and EPA® recommendations. Laboratory static tests ave ysieo-chemical properties of fandiiacaate samples

] : (mean+SD)
were conducted to determine the median lethafcachae AHL ATL SSL
concentration (LG). Groups of 10 fish of similar size Color Black Dark brown Bright brown
i Odor Strong ammoniac  Mild ammoniac  Slightly ammaonia
were randomly sampled and_tran_sferred Wlth the b_élp " 2 3es0.01 7 5750.01 7050 00
small hand net from the acclimation tank into dadlle  conductivity 26.34+0.5 14.72+0.26 10.1420.02
test chambers (i.e. aquarium) of 20 L capacity @dimgi ~ Dissolved oxygen  0.78£0.03 2.5240.21 1.13+0.04
- . .. . O 1228+1.73 866+6.24 507+6

any possibility of mechanical injury to the tesshfi  cop 7600400 3733.3:230.94  1640:40
Each aquarium was stocked with fish with a ratid @&  DOD/COD 0.16 0.23 0.3

-1 . . . Ammonical-N 956.86+6.95 470.5+9.5 321.22+1.92
g 1.0 L~ water. Based on previous range finding tests;pg 0780+56.42 7920.33+104.58 6042410 58
fish were exposed to different leachate concemoinati Alkalinity 8300+20 2860+26.46 1580+17.32

(0.1, 1.0, 1.6, 2.5 and 4.0% for AHL), (1.0, 1.52,23.2  All units in mg Lfl except electrical conductivity (mS ¢ty pH,
and 4.6% for ATL) and (1.0, 1.8, 3.2, 5.6 and 7fsfp  ©dor. color (no unit)

SSL) prepared by filtered tap water as dilutioneaf Table 3: Estimated 96 h LC values and confidencetdi for AHL

control group was made of dilution water only watiat with carp fish

addition of leachate, there was no observed muytili 95% confidence limits

the control group and the fish looked healthy Exposure

throughout the experiments. A flexible silicone éub ES'TOO goonfé '608"(’% %pfgé

attached to a regulated air supply was insertealiiir | ¢ 5.00 0.121 0.003 0.340

the test chambers and remained in its place thiautgh LC 10.00 0.198 0.010 0.474

the test period to supply a sufficient amount oflC 15.00 0.277 0.021 0.596
; . LC 50.00 1.132 0.475 1.979

dissolved oxygen, the amount of d|ssolve_d OXYgeB Wa, ¢ 5,00 4.626 2506 27011

observed to be not less than 5 mg. [Physiochemical LC 90.00 6.453 3.218 60.278

parameters (pH, Conductivity, Dissolved oxygen and-& 95:00 10.570 4.558 192.870

A . -1.C 99.00 26.682 8.475 1764.910
Temperature) were measured daily in each aquarium

throughout the experiment. The water temperatur® Warapje 4: Estimated 96 h LC values and confidenatdi for ATL

maintained at 24+1°C. The control and each treated with carp fish

group were replicated three times. All experimemtse 95% confidence limits
carried out for a period of 96 h. No food was giten . Eéﬂgsure Comrer Upper
the fish during the experiments. Mortality andicygo 0.643 0.229 0.966
behavioral changes of the healthy fish and the fishc 5.00 0.897 0.417 1.231
exposed to various concentrations of leachate Werﬁ ig-gg 1%% 8-%5 i-g%
photographed Wlth d|g|_tal camera egch 6 h for 'ghq_c 50.00 2001 1569 2504
whole test period. During the experiment, dead fish.c 85.00 3.319 2.627 5.389
were removed immediately because such mortality ihC gg-gg 431'47122 g-g?i g-ggg
static bioassays may deplete the DO, affectingdaolse LG 9900 6228 1229 16512

limits. The 96 h LG for carp and its 95%
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Table 5: Estimated 96 h LC values and confidenestdi for SSL 12} —~— 0009 ~=—100% —a—1.80% 4~ 3.20% —@- 5.60% —=— 7.50%
with carp fish 1004
95% confidence limits g o
Exposure >
Point conc. Lower Upper s 60
LC 1.00 1.271 0.450 1.914 S 4
LC 5.00 1.755 0.809 2.426 o]
LC 10.00 2.084 1.099 2.768
LC 15.00 2.340 1.346 3.036 ¢
LC 50.00 3.822 2.918 4.890 Time ()
LC 85.00 6.242 4.881 10.211 . '
LG 90.00 7011 5372 12.470 Fig. 3: Effect of SSL on Carp fish
LC 95.00 8.326 6.147 16.893
LC 99.00 11.495 7.812 30.240
—— 0% —=—0.10% —=— 1.00% —— 1.60% —m—2.50% —=»— 4.00%
120
100
Q\O/ 80
2
© 604
=
o
= 404
20+
0
Time (F)
Fig. 1: Effect of AHL on carp fish Fig. 4: The behavioural changes of carp fish Exgose
to 7.5% of SSL
12(; —— 000% —5— 1.00% —&— 150% 4 220% @ 3.20% —e— 4.60% The Change in behavioral pattern: |n thiS Stl.ﬂ.y,
o carpio exposed to various concentrations of landfill
< & leachate showed behavioral changes, observations of
2 & behavioral disorders were conducted at every 6rh fo
é a the whole period of test. All behavioral disordershis
o study were photographed. Fig. 4-7.
. There was no change in the behavior and the

swimming patterns for the control group for the Veho
Time (r) test period. The lowest concentrations (0.1, 1.6 an
Fig. 2: Effect of ATL on carp fish 1.0% for AHL, ATL and SSL respectively) showed
similar behavior with the control and the minimuater
The 95% confidence limits were (0.475-1.979%),0f mortality was recorded, 0% for SSL and 10% for
(1.569-2.504) and (2.918-4.890) respectively. Theboth ATL and AHL. Observed behavioral changes
results show that landfill leachate is highly toxicC.  related to neurotoxin toxicity: loss of equilibrium
carpio. The effects of landfills leachate (AHL, ATL and decline in general activity and tendency of fish to
SSL) on the Mortality ofC. carpio with responding to gather at water surface of the test cell startatimithe
time factor are shown in Fig. 1-3. fish group exposed to 1.0, 1.5 and 1.8% conceaotigti
A significant mortality for carp fish was observed (AHL, ATL and SSL respectively). On the other hand,
with the increment in concentration and exposumeti sudden jerks, loss of balance, disorder in swimming
for the three leachates. However, the lethal timepatterns, breathing difficulties, excessive mucosal
correlated inversely with the concentration incratne secretion in the gills and on the body surface,
AHL showed the highest toxicity with a total moitl enlargement of eyes and gathering at the surfatesof
concentration of 4.0% after 30 h, followed by ATitlhw  chambers for breathing were noticed gradually with
4.6% after 42 h and lastly SSL with 7.5% after 78 h  leachate concentration increase during the tests.
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ATL and SSL respectively) of the tests; at these
concentrations 100% mortality was recorded.

DISCUSSION

Physico-chemical characteristics of landfill
leachate: Leachate composition varies significantly
among landfills, depending on waste composition,
waste age and landfilling technology, operation enod
of a landfill, climate and hydrogeological condit®as
well as those inside the landfill (biochemical waityi,
moisture, temperature, pth?%  Generally, it is
accepted that landfills undergo at least four phasfe
decomposition, (1) an initial aerobic phase, (2) an
Fig. 5: The behavioural changes of carp fish Exgoseanaerobic acid phase, (3) an initial methanogehise

to 4.6% of ATL and (4) a stable methanogenic pfagé. There is a
strong relationship between the state of refuse
decomposition and its associated leachate
characteristics. AHL was black in color and had a
strong odor of ammonium, ATL was dark brown in
color with a recognizable odor of ammonium and SSL
was bright brown in color with slightly ammonium
odor.

The pH value is an indicator of the aggressiveness
of the leachate and aerobic versus anaerobic ¢onslit
in the refuse. The measured pH values were in a
relatively narrow range around neutral (7.36-7.8)jol
is within the allowable limits. More neutral pH uvaks
Fig. 6: The behavioural changes of carp fish Exgose@'€ €xpected in the leachates that have already

to 4.0% of AHL u_ndergone some stabilization, while matur_e_largjflll
display pH values greater tha®®®7 Conductivity is
used as an indicator of the abundance of dissolved
inorganic species or total concentration of catiand
anions. For the leachate samples studied, the rahge
conductivity values was wide from 10.14 and 1432 f
SSL and ATL respectively to 26.34 mS ¢rfor AHL.
Generally, the mean values of conductivity in all
leachates were within the normal range for typical
municipal landfill leachate reported in Malayéta

The highest value for DO of 2.52 mg‘Lwas
recorded for ATL whereas lower values of 1.13 and
0.78 mg L' were obtained in SSL and AHL
respectively. Leachate from municipal landfill ubpa
contain very low Dissolved Oxygen (DO) levels

Fig. 7: Mucous secretion from carp skin because of waste compression processes and also due

aerobic decomposition of the wastes in which miesob

Moreover at the hlghest concentration 4.0, 4.6 an@se up oxygen to transform Organic materials to
7.5% (AHL, ATL and SSL respectively), all the fish inorganic substancBd. Several bulk parameters are
were motionlessly sank towards bottom of the flasksused to describe the content of dissolved orgamittem
with noticeable increase in mucous secretionsin leachate, Total Organic Carbon (TOC), Chemical
hemorrhage in the gills and the skin color becaméxygen Demand (COD) and Biological Oxygen
lighter. All the fish died after 30, 42 and 78 hHK Demand (BOD). This study included the measurements
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of COD and BOD. AHL has scored the highest CODconcentration differ among different landfills, metls
value of 7600 mg T}, whereas, lower content values of of calculating the L& are not same and fish size and
3733.3 and 1640 mgt were obtained for ATL and species are different. There are no similar studies
SSL respectively. Similarly, the greatest BOD cahte carried out to estimate the toxicity of landfillalghate
value of 1228 mg T* was measured in AHL, whereas usingC. carpio as test organism.
the least values of 866 and 507 mg ere obtained However, the overall mean kgvalues recorded in
for ATL and SSL respectively. These values arethis study forC. carpio were significantly different
generally within the normal range of typical mupi@i  from those reported by other researcher on otlsr fi
landfill leachat€®. A BOD/COD ratio greater than species: Sisinnet al.'? evaluated acute toxicity of
0.5 indicates a young landfill, when the ratioeisd than pure and treated dump leachate to zebrafish
0.1, the landfill can be considered old and stable(Brachydanio rerio) weighing 0.2-0.4 g and having an
whereas the ratio 0.1-0.5 indicates partially stabl average length of 2.0-3.0 cm. The 48 hs} @alues of
leachat&®. Therefore, in a given leacates, the values ofure leachate samples were included in a range2ef 2
BOD/COD ratio ranged from 0.16 to 0.3 which 5.7% (v/v), indicating low variation betweeneth
indicates the partial stabilization of these leaeba obtained results in the different sampling. Osaki
Ammoniacal-nitrogen (NEIN) is a common al.*¥ reported 48 h Lg values as 19.2% and 53.0%
constituent of landfill leachate as a result of thefor adults (body length of 2.5-3.5 cm and weighD@
biological degradation of amino acids and otherg) and larvae of Japanese Kkillifish medakarygias
nitrogenous organic matter. MM seems to be the latipes), respectively. The 96 h Lg for leachates of
constituent that lasts long term in landfill leaghand two different sampling months on tilapi8a¢otherodon
may be used to determine the remaining pollutiormossambicus) were 1.4 and 1294,
potential in the landfill and the required afterea Among the other observed results, landfill leaehat
period®”. Concentrations of N&N in the three landfill s highly toxic to carp fish, AHL leachate showde t
leachates were 321-956 mg'LThe alkalinity of the highest toxicity with a 100% mortality caused by
leachates was highly variable and ranged from X880 concentration of 4.0% (v/v) after 30 h, followed by
L™ as CaC@at SSL to 8300 mg1: as CaC@at AHL.  ATL laechate with 4.6% (v/v) after 42 h and las§i$L
These concentrations are typical for landfill leztels in  leachate with 7.5% (v/v) after 78 h. Similar resuts
the early phases of waste stabilizatiSh The role of recorded by Kauet al.®, all of the leachates tested at
ammonia and alkalinity as potential toxicant indélh 8% (v/v) concentration caused 100% mortality agér
leachates has been hypothesized by several adthorsh for Japanese Medak@rfyzias latipes) embryos.
%1 Total Dissolved Solids (TDS) fluctuated in a smal Relationship between chemical parameters and
range among the examined leachate. The greatesfxicity of leachate: In general, the BOD, COD and
concentration content of 9780 mgllwas measured NHs-N contents for the all leachate samples exceeded
for AHL followed by 7220 and 6042 mgLfor ATL  the standard limits of 50, 100 and 150 mg" L
and SSL respectively. These values in turn maecefl respectively for environmental release of effluents
the large content of soluble ions particularly memic.  determined by the Malaysian Health Ministiy an
Khoury et al.®™® had noticed a positive correlation extreme degree. Clemeetal.*? stated that ammonia,
between the variation of EC and TDS in the municipaheavy metals and organic compounds (such as tgnnins
landfill leachate. legnin and phenol) may individually or in combiraeti
Toxicity tests; Based on Finneys Probit Analysis be responsible for the observed toxicity of larndfil
Method using EPA software program, the mean,LC leachates. Furthermore, toxicity in the leachatesnf
values of landfills leachate from the three langfil Several landfills in Sweden and Lithuania have been
(AHL, ATL and SSL) usingC. carpio individuals with attributed to ammonium/ammonia components and to

an average weight of 0.92+0.24 g and average lenfgth organic pollutantd®; similar results also were found in

JBrazil by Silvaet al.”" and in Italy by Pivato and
3.83+£0.19 cm was found to be 1.132, 2.0 and 3.822 éaspall?s]. The 96 LC50 values of ammonia acute

respectively. The 95% confidence limits were (0475 toxicity test onC. carpio fry were reported to be
1.979%), (1.569-2.504) and (2.918-4.890) respelgtive porveen 043 and 2.1 mg L by Hasan and
Although the effects of the toxicity of landfilldaehate  pachintos®®. In another study to evaluate the toxicity
on fish were studied in numerous fish speciessit iof un-ionized ammonia and ammonium 6n carpio
difficult to make a direct comparison amongst themaintained at different pH levels and different
available results, since leachate toxienponents  weight$*”, the 96 LG, values recorded were 0.87 and
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52.2 mg L’ respectively for fish weighing 5.2 g and on Unfortunately, the published work on acute toxiaity

pH 7.5. landfill leachate using fish is considered raretlie
The change in behavioral pattern: Among the open literature. This study of acute toxicity toeth

behavioral changes observed for the individual ish recommended fish species for toxicity testing,

different leachate concentrations, decline in ganer caprio, is considered the first in Malaysia. Further work

activity, loss of balance, breathing difficulties, with toxicity testing methods directly on fish wilie

excessive mucosal secretion and gathering at theery useful in assessing possible ecological risk

surface for breathing. Our results are in agreemétht ~ assessment of landfill leachate.

the results reported by many other researcherikeyar
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