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Abgract
The paper reportstheresults of alaboratory investigation aimed at eval uating the effectiveness of age of landfill and the degree of stabilization effects
on the composition and characteristics of leachates of three different landfills at ages of 10, 20 and 23 years. Landfill leachatesat Qurain, Sulaibiya
and Jaleeb Al Shoukh solid waste disposal sites were studied by periodically collecting samples through boreholes installed at these sites. The
analysis of samples showed high valuesin al the parameters, however, the levels of heavy metals were low. The presence of heavy metals such as
As, Ca, Cd, Co, Cu, Fe, Hg, Mg, Mn, Mo, Na, Ni, Pb, Se, Sn, V and Zn was attributed to the type of solid waste materials dumped at these sites.
Leachate values of Cu, Ni and V were high indicating the disposal of predominantly petroleum-related waste at the sites. Yet, the results suggest that
a monitoring system such as monitoring wells could be established and treatment facilities should be built to avoid surface and groundwater
contamination. Geophysical studies could be conducted to know more about the path of groundwater flow from these landfill sitesto the surrounding

areasin order to implement effective control systemsin the future.
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Introduction

The observation that sanitary landfill leachate may pollute
adjacent surface and groundwater has led to a number of studies
in order to understand the effect of domestic solid waste disposal
on the underground water quality in Kuwait and other regions” .
Studies have shown that even small landfills can adversely impact
the groundwater quality if sites are not properly selected and
landfills are not properly designed 25 %,

Therefore, protecting and preventing groundwater system from
contamination have got significant importance for groundwater
resources management. Assessment of landfill leachate
characteristicsisoneof the major task for protecting groundwater.
As a result of that, intensive monitoring and contamination
prevention programs could be applied to delineate the sites that
are already contaminated.

In Kuwait, threemain landfill sitesare operated by municipality
for solid waste disposal. These landfills are Jaleeb Al-Shoukh,
Sulaibiyaand Qurain. Thefirst siteat Jaleeb wasin operation from
1970 until 2000 and received waste about 2500 tons of waste per
day. The siteat Sulaibiyareceived 500 tons of waste per day and
wasin operation from 1982 until 1995, and the Qurain landfill site
received about 1400 tons of waste per day from 1975 until 1985.
Presently, the dumping siteswere closed dueto improper disposal
operations and the discomfort faced by the residents from
offensive odors being omitted at the landfill sites®#°. Migration
of leachate from the sites beyond the site boundaries was noticed
and confirmed by local authorities*°. In Kuwait, the problem of
landfill leachate has received attention mainly because
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groundwater occurs at shallow depths. In fact, a groundwater
contamination due to landfill leachate is recognized as a serious
problem in Kuwait and worldwide # 523, Local authorities have
estimated that in spite of increasing waste reduction policy and
recycling processes by local companies, 90% of domestic waste
is being disposed to landfill. This means that more landfill sites
will be needed and expected that municipal landfillswill resultin
pollution adjacent surface and groundwater.

This hasled the environmental authoritiesto conduct anumber
of studies on landfill leachate in order to understand its effect on
groundwater quality +51°, Severa studies have shown potential
problems with leachate generation #2832 35, These studies have
also pointed out the concern that the contents of landfill leachate
may present arisk to both human and the environment. Parameters
such as biological oxygen demand (BOD), chemical oxygen
demand (COD), heavy metals and volatile acid concentrations
have been measured in landfill leachate with their presence being
dependent on the landfill’s stage of stabilization 222, The
composition of the leachate depends on the heterogeneity and
composition of the waste, the degree of biodegradation, moisture
content and operational procedures. Lin and Sah # showed that
|eachates contain toxic constituents and are extremely hazardous
to groundwater quality.

Al-Muzaini and Musalamani 7 investigated environmental
pollution from landfill sitesin north of Kuwait City receiving solid
wastes. Field sampling and analysis were carried out and
determined that temperature, pH, BOD, ammoniaand total organic
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carbon (TOC) levelswerehigh. Heavy metalssuch asCd, Fe, Ni,
Pb, V, Zn and Fe were found in lower concentration in upstream
wellsthan in downstream wells. Al-Yagout et al. 8 reported that
solid waste landfills leachate contained high contents of organic
matter, heavy metalsand nutrients. Keating and Thiem 2 evauated
groundwater contamination due to landfill leachate. Evaluation
of the potential impact of such contamination on potable wells
could be a difficult task; however, using a numerical computer
model, the extent of pollution can be easily evaluated, and
contamination from alandfill can beinvestigated. Landfill leachate
contains considerable amounts of dissolved organics and heavy
metals, has intense color, and polycyclic aromatic hydrocarbons
(PAH) areaso present. Thequantity and quality of such features
could fluctuate to levels that can contaminate groundwater.
Analysisof leachate samplesfor major cationsand anionstogether
with trace heavy metals(i.e., Cd, Cu, Fe, Mn, Ni, Pb, and Zn) from
four southern Ontario municipal solid waste landfills led to the
determination that the leachate samples contained high
concentrations of alkali and alkaline earth metalsaswell aschloride
ions. Also, the elemental composition and speciation of landfill
leachatesis affected by high concentrations of inorganic ligands,
primarily chlorine and dissolved organic compounds (DOC) .
The composition of the landfill leachate from the same source as
well as from different sources is extremely variable. Landfill
|eachates often contain high concentrations of toxic heavy metals
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and many of these metals can form strong bimolecular complexes.
The leachates from the same sites were found to have genotoxic
effect in test systems 2,

The physical and chemical properties of soil and subsurface
geologic materials were discussed by Lapauve et al. %, who
indicated that knowledge of subsurface geologic and soil
properties such as humic materials and type of clay mineralsare
the most important factors. Murray et al. 3 demonstrated from
their study and field investigation that groundwater contamination
was dominated by a sanitary landfill leachate. Yet, leachate
guantities and qualities must be known before a flexible design
can beincorporated . Zamoraet al. ¥ and Campbell ** stressed
that many protective measures can be applied to prevent pollution
from landfill sitesincluding the design and operation of |eachate
sites.

The purpose of thisarticle was to present the characteristics of
thelandfill leachate at the Jaleeb Al-Shoukh, Sulaibiyaand Qurain
dumping sites, to address the issues related to leachate
contamination and to develop recommendations to improve the
present situation at these three sites.

Material and M ethods
Description of landfill: The Qurain landfill siteislocated about
15 km southeast of Kuwait City, about 1 km from the shoreline
(Fig. 1). Thetotal areaof thesiteisapproximately 1 km2 Thesite
was used for dumping of municipal solid
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materials from 1975 until 1985. The total
volume of the waste dumped is5 million m3
of non-homogenous waste.

The Sulaibiya landfill site islocated near
Sulaibiyaindustrial area in the west, south
of Kuwait City. It receives 500 tons of waste
per day. The site was used for dumping of
domestic waste and demoalition materialsfrom
1980 to 2000. The total area of the site is
approximately 3kn?.

The other site at Jaleeb Al-Shoukh was
used from 1970 to 1993 and received about
2500 tons of waste per day. The waste
consists of mixture of house refuse and
viscous industrial waste. The total area of
thesiteisapproximately 6 km?1°,

These sites are located on quarries of
natural low-permeability soil. Most of the
landfill sites were used asaquarry for sand
and gravels. They have not been properly
selected and have no engineering design or
planning. The disposal practice was smply
dump the refuse and spread over the land,
compacted by landfill compactorsinto 3 m
high layers and then covered the waste with
a0.5 mlayer of soil. As soon as the number
of refuselayerswerein place, a0.15 mthick
layer of clean soil was compacted onthetop
of the refuse layers. When the site is filled
with waste, the operation moves on to

AT*500°E 48°00"E

48°100°E another site®.

Figure 1. Sampling Sites: Map of the Qurain, Sulaibiyaand Jaleeb Al-Shiyouk.
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Analytical methods: During the phase of this study, anetwork of
observation wellswas established in thelandfill sites. Boreholes
were installed at three sites for landfill leachate sampling. The
pipes used were polyvinyl chloride (PV C) material sand acemented
platform was built at each site. The sampling unit wasfabricated
using Teflon and stainless-steel ropewith PV C pockets. L eachate
sampleswere collected from each sitein clean 1-L capacity glass
bottles. The duration of sampling was 12 months.

The total dissolved solids (TDS), temperature, pH and
conductivity were measured immediately after the collection of
samples. In the laboratory, the collected samples were mixed
thoroughly and divided in two parts, one for characterizations of
landfill leachate and the other for determination of heavy metals.
Heavy metal concentrations were determined by ICP- OES
Spectrometers, Varian (Varian Australia Pty. Ltd, Australia).

The acidified sampleswere used for the analysis of heavy metals.
The acidification was made by putting 50 ml of sample in a
digestion tube, and then 10 ml of HNO, (69%) was added. The
sample was cooled to room temperature before filtration. After
filtration, the sample was collected for heavy metal contentsin
thesolution. Unpreserved sampleswereimmediately used for the
analysis employing DR 2800 spectrophotometer 2. The methods
were approved as described in its manual (method numbers
identified in parenthesis) for chemical oxygen demand (COD 8000),
total suspended solids(TSS8005), nitrate (8172, 8153), NH, (8038),
phosphorus (8048), potassium (8049), sulfate(8051), sulfide (8131),
bromine (8016), chlorine (8107), chloride (8113), calcium (8030),
magnesium (8030), iodine (8031) and turbidity (8232). The
instrumentswere calibrated using reference standards and suitable
blanksin order to produce high quality.

Resultsand Discussion
Datafor landfill leachate quality are presented in Tables 1 and 2.
The data presents reported average values of 2, 4 and 14
monitoring wells (boreholes) at Jaleeb Al-Shoukh, Sulaibiyaand
Qurainlandfill sites, respectively. Thetemperature ranged between
20 and 20.7°C, highest average value being 20.7°C at Jaleeb Al-
Shoukh. The pH ranged between 8 and 8.9 being higher at Qurain.
The observed high pH at Qurain may be due to the high salinity,
the decreases in accumulation of short-chain fatty acids and/or

Table 1. Chemical and physical analysisof thelandfill leachate.

Landfill site

Parameter Jaleeb Al-Shoukh  Sulaibiya  Qurain
Age of landfill (years) 23 20 10
Temperature (°C) 20.7 20 20.0
pH (unit) 8.00 8.0 8.9
Conductivity (mS/cm) 13.04 23.59 18.99
BOD (mg/l) 401 93.10 ND
COD (mg/l) 789 334.7 ND
Nitrate (HR) (mg/1) 77.5 19.61 ND
Nitrogen (NH3) (mg/1) 9.03 52.70 6.71
Phosphorus (mg/1) 1.93 2.0 ND
Potassium (K) (mg/1) 465 ND 2.10
Sulfate (mg/1) 165 ND ND
Sulfide (mg/1) 0.24 0.20 ND
Bromine (mg/l) 1.47 ND 0.31
Chlorine (T) (mg/1) 0.69 1.20 ND
Chloride (mg/1) 2.38 ND 2.34
Iodine (mg/1) 2.23 ND ND
Turbidity (mg/1) 345 230 200
TDS (mg/1) 537 15300 1129

Note: BOD Biological Oxygen Demand; COD Chemical Oxygen Demand; TDS Total Dissolved
Solids; ND Not Determined; T Total; HR High Rate.
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Table 2. Heavy metal concentrationinlandfill leachate.

Landfill site

Constituent Jaleeb Al-Shoukh  Sulaibiya  Qurain
As 0.01 ND ND
Ca 6.25 1185 276
Cd 0.01 27 0.05
Cr 0.01 ND 0.15
Co 0.02 ND 0.05
Cu 0.05 ND 0.05
Fe 0.68 4467 2.4
Hg 0.73 ND 0.25
Mg 2.75 1250 0.06
Mn 0.11 ND 0.05
Mo 0.01 ND ND
Na ND ND 2070
Ni 0.03 135 0.05
Pb 0.01 48.3 0.05
Se 0.01 ND ND
Sn 0.01 ND ND
\Y% 0.01 ND ND
Zn 0.03 321 0.20

Note: All amounts are given in mg/l. ND Not Determined.

increaseintheutilization of practically ionized free, volatile-fatty
acids by methane bacteria > 6. The conductivity ranged between
3.04 and 23.59 mScmt, thehighest averagevauebeing at Sulaibiya.
Thisindicated a high concentration of ionic solutesin Sulaibiya's
boreholes. The concentration of turbidity ranged between 200
and 345 mg/l, while the values of TDS were extremely high at
Jaleeb Al-Shoukh landfill site. BOD and COD levelswerehigh as
was the COD at Jaleeb Al-Shoukh site, whereas the BOD at this
site was high compared to the Sulaibiya site, indicating that a
high proportion of readily biodegradable organic materials in
solution were present. Other factorsthat contributeto the variation
in quality are solid waste characteristics, composition of waste
size of fill and degree of compaction *. Nitrate concentrations
ranged between 19.61 and 77.5 mg/l. The highest concentration
(77.5 mg/l) was recorded at Jaleeb Al-Shoukh site. The
concentration of NH, (9.03to 52.7 mg/l) washigh at Sulaibiyasite.
Thismay causetoxicity effect and odor when wastewater isbeing
discharged °. The concentration of phosphorus was almost the
sameinthreelandfill sites. Sulfide concentrationsranged between
0.20 and 0.31 mg/l. The concentration of potassium and sulfate
wereat Jaleeb Al-Shoukh landfill 468 and 165 mg/l. Datawas not
determined for both Sulaibiya and Qurain landfill sites. The
chlorinewas present in small amountsat all thethreesites. Calcium,
magnesium and iodine were found only in Jaleeb Al-Shoukh
landfill site. The concentrationswere6.75, 3.02 and 2.23 mg/I.

The data for metal analysis showed high values for calcium,
iron, lead and zinc compared to other metals. Thisis due to the
materials dumped there and landfill site contents. Nickel, zinc,
cadmium and magnesium were found higher in samples from
Sulaibiyasite. The levels were comparable at Jaleeb Al-Shoukh
and Qurain. Preferencetwo sitesthelevel of mercury was higher
in Jaleeb Al-Shoukh than Qurain. Other heavy metals, such as
arsenic, cobalt, copper, manganese, selenium, tin and vanadium,
were found at low concentrations, possibly due to the age of
landfill  and solid waste stabilization .

In general, the samples from Sulaibiya site contained high
leachate concentrations as evident by the values of different
parameters, which may beattributed to the contents of thematerials
dumped at the site. Therefore a comparison of some of the
parameterswas made with the available dataof the brackish water,
seawater and groundwater in Kuwait as shown in Table 3.
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Table 3. Comparison of brackish water, seawater, portable water and groundwater with landfill

leachate at Kuwait.

Parameter Range in Hk *x ok
Kuwait Brackish Seawater (Doha)  Groundwater (Rawdatain)
water
TDS 11000 —53700 3800 4700 + 2000 239
pH (unit) 8§-9 7.7 8.2 +0.1 -
Conductivity(mS/cm) 3-24 5000 - -
NH; 9-53 0.02 - -
Potassium (K) 0-—468 14 470+ 20 4
Sodium (Na) 0-2070 540 12300 + 20 9
Chloride 0-2 1100 2400 £ 700 9
Sulfate (SO,) 0-165 1170 3400 + 300 22
Magnesium (Mg) 0.06 — 1250 150 1700 £ 150 7
Calcium (Ca) 6—1185 430 570 + 45 45
Iron (Fe) 1 —4467 0.6 0.08 = 0.08 -

is study -Awadi - No reading amounts are given in mg/l.
* This study **Al-Awadi (1998) - No reading All iven i |

Table4. Comparison of some parameters of grounwater in aresidential areaof Kuwait (Al-Rawda) with

|leachate at landfill sites.

Parameter A B B B B
Range in Kuwait ~ Al-Rawda well Al-Rawda well ~ Al-Rawda well ~ Al-Rawda well
No. RW 01 No. RW 02 No. RW 04 No. RQ 05
Depth (m) 15-30 0-100 0-105 0-100 0-100
TDS (mg/1) 537 -15300 6218 — 6948 3968 — 4178 5446 — 6634 6889 — 7090
pH (unit) 8-8.9 7.07-7.60 6.86 —7.38 6.96 —7.76 7.10-7.45
Conductivity (mS/cm) 13 -23.59 ND ND ND ND
Potassium K (mg/1) 2-465 41 -42 105 -107 682 —927 1625 -1712
Sodium Na (mg/1) 0-2070 1649 — 1757 605 — 640 682 -927 1625-1712
Magnesium Mg (mg/1) 0-1250 67-179 207 -212 174 - 188 166 —174
Calcium Ca (mg/l) 6.25-1185 173 - 1145 552 -559 578 — 769 383 —405
Chlorine Cl 0.69-1.20 751 -1797 401 —435 1003 — 1403 1279 — 1364

Note (A) This study, (B) Al-Barak et al., 2008, ND - Not Determined.

Table5. Comparison of some parameters of groundwater in afew residential

areas of Kuwait with leachate at landfill sites.

Site
Parameter (A) (B,C) (B) (B,C)
Range in Kuwait Jahra well Kuwait city well Salmiya well

No. JH-19E No. KC-IC No. SL-2E
Depth (m) 3-30 20.7-40.7 12.7-16.7 24.6-39.6
pH (unit) 8-9 7.70 7.06 7.60
TDS (mg/l) 11000 — 53700 5198 7864 58742
NH; (mg/l) 9-53 14.40 0.18 11.90
NO; (mg/l) 1-78 62.40 1.60 78.00
Ca (mg/l) 6-1185 542 600 3737
Mg (mg/l) 0.06 — 1250 165 329 1386

Note: () - This Study (8) - Senay 1987 (c) - Saeedy et al., 1990.

Thetotal dissolved solid (TDS) in the leachate was lessthan in
brackish water and morethan in groundwater. Groundwater such
as brackish water usually has higher TDS concentrations than
other water sources because of mineral pickup fromsoil and rocks.

The sulfate, potassium and sodium levelsin the leachate were
much higher than thosein groundwater and lessthan in brackish
water and seawater. However, thelevel of calciumandironinthe
leachate was higher compared to the brackish water, seawater and
groundwater. Magnesium and chloridelevel swerelessin seawater
and brackish water but higher than in groundwater. In genera , the
quality of landfill leachate was better compared to sewater and
brackish water.

A comparison was made between landfill leachate with
groundwater wells in a residential area of Kuwait as shown in
Tables 4 and 5. The TDS values of leachate are much higher
compared to other groundwater wells, and values of other

parameters were also high, except for chlorine. The high
concentration of chlorine in groundwater wells is attributed to
drinking water discharges. The TDSlevel of Sulaibiyalandfill site
is extremely high compared to the amount of TDS of landfill
leachates at Jaleeb Al-Shoukh and Qurain, and thisis due to the
presence of clays and other high-scattering colloidal particles
from soil and rocks. In fact, the leachate at landfill sites has no
collection and treatment systems;, they may create non-desirable
ecological effectsbut also can cause mammalian toxicity. It could
be demonstrated that the leachate finds its way to the shallow
groundwater at the landfill sites and may contaminate the
groundwater quality. Diffusion and dispersion of the plume
probably could cause dilution of the leachate to background
concentration at a very short distance 8. Detectable levels of
leachate were not found in samples of wells nearby the landfill
sites. Thus it appears that the Kuwait's groundwater wells could
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not be affected by the landfill leachate at the present time.
However, leachate collection and treatment facilities are better
often to avoid environmental contamination and consequent risk
to human health 7. Since projected land use of disposal siteisto
make apark with recreational facilities, Kuwait experiences heavy
rains, construction of ditchesaround the landfill sites could appear
to bean excellent ideato capture al water-flow to contain landfill
leachate and avoid contamination of nearby land. Some of this
water may then flow as surface water to be used asawater source.
Studies should be undertaken to examine the level of
contamination in groundwater. Installing and monitoring several
shallow wellsaround the landfill in the path of the leachate plume
arerecommended. Water samples should be collected for chemical
analysisfromthelandfill boreholeson along-term basisto know
more about the quality changes of |eachate due to the waste age.

References

IAl-Awadi, F. 1998. Training Course on Freshwater Quality and
Treatments. Kuwait Foundation for the Advancement of Sciences,
Kuwait.

2Al-Barak, K.M., Al-Ruwaih, FM. and Al-Senafy, M. 2008. A ssessment
of Utilization of Groundwater for Al-Rawda Mosques - Kuwait.
Journal of the Gulf and Arabian Peninsula Studies. 34(130): 11-53.

3Al-Humoud, J. and Al-Mumin, A. 2006. A comprehensive eval uation of
solid waste management in Kuwait. World Review of Science
Technology and Sustainable Development 3(2):176-192.

4Al-Mutairi, N. 2003. Biological, Chemical and Physical Assessment of
Landfillsin Kuwait. Report, Kuwait University, Kuwait.

SAl-Muzaini, S. 2006. Characteristics of |eachate at the Qurain dumping
site. J. Food. Agri. Environ. 4:251-254.

SAl-Muzaini, S. 1995. Environmental pollution from landfill leachatein
Kuwait. J. Fac. Sci, UAE Univ. 8:46-55.

’Al-Muzaini, S. and Musalamani, K. 1994. Study of the Environmental
Pollution and Landfill Sites Receiving Wastes Generated during the
Iragi Occupation. Kuwait Institute for Scientific Research, Report
No. KISR 4451, Kuwait.

8Al-Yagout, A., Koushki, PA. and Hamoda, M. F. 2002. Public opinion
and sitting solid waste landfills in Kuwait. Resources Concervation
and Recycling 35:215-227.

°Al-Yagout, A. and Townsend, F. 2001. Strategy for landfill designinarid
regions. Practice Periodical of Hazardous, Toxicity and Radioactive
Waste Management 5(1):2-13.

Bag, H. H., Kim, S. K. and Chang, H. S. 1997. Treatment of landfill
|leachates: Ammoniaremoval vianitrification and denitrification and
further COD reduction via Fenton’s treatment followed by activated
sludge. Wat. Sci. Tech. 36:341-348.

“Bagchi, A. 1990. Design, Construction, and Monitoring of Sanitary
Landfills. John Wiley and Sons, New York.

2Beg, H. and Al-Muzaini, S. 1997. Genotoxicity assay of landfill leachate.
Environ. Toxicol. Water Qual. 13:127-131.

BBolton, K. A. and Evans, L. J. 1991. Elemental composition and
speciation of some landfill leachate with particular reference to
cadmium. Water, Air, Soil Pollut. 60:1-2.

“Campbell, D. J. V. 1993. Environmental management of landfill site. J.
WEM 7:170-173.

5Chian, E. S. K. and DeWalle, F. B. 1976. Sanitary landfill leachate and
their treatment. J. Environ. Eng. Div. 102:411-431.

6Chu, L.M., Cheung, K.C. and Wong, M. H. 1994. Variationsin chemical
properties of landfill leachate. Environ. Management 18:105-117.

Clark, JW., Viessman, W. and Hammer, M.J. 1977. Water Supply and
Pollution Control. 3¢ edn. Harper and Row Publishers, New York,
USA.

Downey, J.S. and Sinton, P.O. 1990. Geohydrology and Groundwater

Journal of Food, Agriculture & Environment, Vol.7 (3&4), July-October 2009

Geochemistry at a Sub-Aretic Landfill, Fairbanks, Alaska. USGS.WRI-
90 - 4022, Report.

®EPA 2003. Project Rehabilitation of Jaleeb Al-Shoukh Landfill Site.
Environmental Public Authority, Kuwait.

2Hagerty, D. J., Pavoni, J. L. and Heer, J. E. 1973. Solid Waste
Management. Van Nostrand Reinhold Company, NY.

2'Hatch Company 2007. DR 2800 Spectrophotometer Instrument, USA.

?Hussain, T., Hoda, A. and Khan, R. 1989. Impact of sanitary landfill on
groundwater quality. Water, Air, Soil Pollut. 45:191-206.

2K arnchana-Wong, S., Koottatep, S. and Ikeguchi, T. 1993. Monitoring
and evaluation of shallow well water quality near a waste disposal
site. Environ. Int. 19:579-587.

2K eating, W. J. and Thiem L. 1988. Methodology for assisting potable
well contamination using computer modeling. Proceeding of New
England Water Pollution Control Association 22:109-119.

K elly, W.E. 1976. Groundwater pollution near alandfill. Journal of the
Environmental Engineering Division, ASCE 102(EE6):1189-1199.
%|_apauve, J. M., Kotuby-Amacher, J. and Gambrell, R. P. 1988. The
effect of soil properties and a synthetic municipal landfill leachate on
the retention of Cd, Ni, Pd, and Zn in soil and sediment materials.

WHPCF 3:379-185.

2l ee, G F. and Jones-Lee, A. 1993. Revisions of State MSW landfill
regulations: Issues in protecting groundwater quality. J. Environ.
Manage. Rev. 29:32-54.

% ee, G F. and Jones-Lee, A. 1996. Landfill leachate management. MSW
Manage. 6:18-23.

®Lin, L. Y. and Sah, J. G 2002. Nitrogen removal in leachate using
carousel activated sludge treatment process. J. Environ. Sci. Health
Part A 9:1607-1620.

%L oizidou, M. and Kapetanois, E. G. 1993. Effect of leachate from
landfill on groundwater quality. Sci. Total Environ. 128:69-81.

8L u, J.C.S., Eichenberger, B. and Stearns, R. J. 1984. Production and
Management of Leachate from Municipa Landfills: Summary and
Assessment. EPA - 602/2-84-092, Municipal Environmental
Laboratory, Environmental Protection Agency, Cincinnati, Ohio, USA.

$2Magnuson, A. 1996. Disposal. MSW Management 6:30-34.

3McBean, E. A. and Rovers, F. 1999. Landfill leachate characteristics as
inputs for the design of wetlands used as treatment systems.
Proceedings, International Symposium, Rolulus, Detroit, MT, 24 - 25
June, 1999, pp. 1-6.

#Murray, J. P, Rouse, J. M. V. and Carpenter, A. B. 1981. Groundwater
contamination by sanitary landfill leachate and domestic wastewater
in carbonate, terrain, principle, source diagnosis: Chemical transport
characteristics and design implications. Water Res. 15:745-747.

%Pohland, F. G. and Harper, S. R. 1987. Critical Review and Summary of
Leachate and Gas Production from Landfill. EPA/600/52-86-073;
United State Environmental Protection Agency, Cincinnati, OH.

%Qasim Syed, R. and Chiang, W. 1994. Sanitary Landfill Leachate:
Generation, Control and Treatment. Technomic Publishing Company,
Inc. Lancaster, Pennsylvania, USA.

87Zamora, R. M., Moreno, A. D., de Velasguez, M. T. and Ramirez, |.
M. 2002. Treatment of landfill leachates by comparing advanced
oxidation and coagul ation-floccul ation processes coupled with activated
carbon adsorption. Water Sci. and Techno. 41:231-235.

683



