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TREATMENT OF LEACHATE USING UP-FLOW ANAEROBIC
SLUDGE BLANKET REACTORS/VERTICAL FLOW
SUBSURFACE CONSTRUCTED WETLANDS

Abstract: The composition of local solid waste consists fyaaf biodegradable waste with high moisture and
organic content. After being landfilled, the wadezomposes through a series of combined physicmicheand
biological processes, resulting in the generatibfandfill leachate. Unless treated properly, teachate poses
a serious threat to the environment and to puldath. In this study, the use of an engineeredesystonsisting
of an up-flow anaerobic sludge blanket reactor andertical flow subsurface constructed wetland ttoe
treatment of landfill leachate was investigatede Téachate obtained from a landfill facility in Alay, Turkey
was fed into both systems and laboratory tests etidhat, over the 6-week study period, the systeete able to
efficiently remove chemical oxygen demand (88.6 &yl total nitrogen (80.7 %). The results of thisdgt
suggested thalypha angustifolia significantly increased the removal of total nifem. The higher ammonia
removal occurred in the anaerobic system and hisoemoval efficiency increased in planted bet iresumed
to be the result of the ammonia nitrogen uptakéhbyroots of the plant.

Keywords: anaerobic treatment, constructed wetlands, ldridéithate, up-flow anaerobic sludge blanket, water
treatment

Introduction

With rapid economic developments and an increasafflnent lifestyles have led to
the production of huge amounts of municipal solidstes that are usually discarded in
sanitary landfills, which is a relatively simplewocost procedure [1-3]. Landfills are
operated in a modern engineered way to accelerastewdecomposition and gas
production. These landfills generate a very complastewater, usually called sanitary
landfill leachate [4].

Leachate is primarily generated as a result ofipitation falling on active landfill
surfaces, but can also be generated as a reggbohdwater inflow, surface water runoff,
moisture from deposited waste, and biological dguusition [5].

Landfill leachate can be characterized as a wadsed solution of four pollutant
groups: dissolved organic matter, inorganic macmnmmonents, heavy metals, and
xenobiotic organic compounds [6lThese pollutants pose notable environmental coscern
[7, 8].

Various methods such as coagulation/flocculatiedjreentation/flotation and aerobic
and anaerobic processes have been applied foilldeathate treatment [9-13].
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Bioreactors with long bio solids retention time Iswas the up-flow anaerobic sludge
blanket (UASB) process are widely used for the esi@ie treatment of landfill leachate
[14]. It is known that the high biomass concentnatiof the UASB process can
accommodate organic loading rates several timekehighan those of other types of
anaerobic processes [15, 16]. These propertieg @guire a relatively small volume
reactor for treating large wastewater flo@ther advantages of the UASB system are in
more rapid restart than other anaerobic systemBowitrequiring reseeding and in the
ability to work well under intermittent operatiofis7]. In Table 1, a review of landfill
leachate treatment using UASB reactors and a suynofathe operating conditions and
performances are presented.

Table 1
Performance of the UASB reactor in landfill leaghtieatment

Reactor Organic Loading Rate, _ Remqval eﬁigiency [%] _

OLR Chemical Oxygen | Biochemical Oxygen|Total Nitrogen,| Ref.

type [kg COD - (ni%d™)] Demand, COD Demand, BOD Niot

UASB 0.6 95.4 90.2 - [18]
UASB 125 82.4 - - [19]
UASB 12.7 93.5 - 99.1 [20]
UASB 6.73 42.2 - - [21]

Wetland systems have many functions, the most itapbone of which is the ability
to retain, transform or degrade pollutants [22je use of constructed wetlands is low-cost,
with minimal operation and maintenance requirementsnpared to conventional
wastewater treatment facilities. Constructed wetlagstems are frequently used for the
treatment of high volume dilute wastewaters, sushlamdfill leachate and acid mine
drainage [23].

Typha angustifolia is an abundant aquatic plant existing in varioggomes of the world
[24]. T. angustifolia, aninvasive species, is capable of displacing anddritide growth of
other plants with its allelopathic root exudate§][2This species has dense monospecific
stands and extensive root systems, which harbotifgpenicrobial communities [26].
Because of these properti@sangustifolia can be used in natural treatment systems. Table
2 summarizes the data from various studies condumethe treatment of landfill leachate
using constructed wetlands.

Table 2
Treatment performance of constructed wetlandsgamic matter and nitrogen removal
— 5

Iélrfll;en?(t: Influent blants were Removal efficiency [%)]

Sample 9 nitrogen Method Ammonium Ref.
matter g - dnrd used COD NH.-N Niot

[g - dn’] ¢
Landfill Free water .
leachate 4.360 0.046 surface Cattail 20 44 13 [27]
Landfill Horizontal Typha
leachate 4.770 2.865 subsurface flow latifolia 36 38 ) (28]
Landfill Horizontal
leachate 1.108 0.176 subsurface-flow Sludge plants 53 40 - [29]
Landfill 0.202 0.086 Vertical Phragm}es 84 83 74 [30]
leachate subsurface-flow audralis
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To Author’'s best knowledge, there are no studiesutlusing lab-scale UASB
reactors/vertical subsurface flow constructed wetta(VSFCW) withT. angustifolia for
the treatment of landfill leachate. The main ohyjextof the present study, which was
conducted in Aksaray University in 2018 was to stigate the effects of UASB reactors
on organic matter removal and the performance diGA® on landfill leachate. This study
also aimed to determine the effect of treatmenthenchemical oxygen demand@D and
total nitrogen, N, parameters and assess the effects of the treath&dchate anaerobic
digestion performance in terms of operation time.

Materials and methods

Landfill leachate

The inter municipal sanitary landfill facility of Ksaray, Turkey managed by the
municipality serves a population of 300,000 inhafiti¢ within 30 districts, covering an area
of 108,085 krA which is mostly rural. This landfill facility woh has a capacity of
10,800 i, has been filled since 2006. The leachates pratlincthis landfill facility are of
medium age sanitary. Landfill leachate used fos #tudy was obtained from the Aksaray
Landfill Facility, and kept in a refrigerator (+4C). Due to the difficulty of obtaining
leachate during winter months, a batch of leachaticient for the entire experiment was
collected a year before the study was conductedstordd in barrels. Whenever additional
feed leachate was required during the experimebgreel would be moved to an adjacent
refrigerator allowing the leachate to thaw in 4 °C.

Table 3
Characterization of the landfill leachate during gtudy period
Values
Parameters Number of Standard deviation
Mean value, Xqrt
measurementsn value, SD
pH [] 15 7.56 0.08
Electrical conductivityEC [mS - cni] 15 5.63 0.10
COD [g - dm7] 15 19 17
BODs [g - dm’] 15 6.9 5.7
Total Organic CarborOC [g - dm’] 15 6.4 5.9
Nt [g N - dn1] 15 1.6 1.2
Sulfate [g SG - dm 15 0.64 0.46
Phosphate [g P - dm?] 15 0.106 0.104

The raw leachate had a pungent smell and a blamksish colour, which indicated
that the leachate contained a considerable amduoolwids and fine solids. The total
solid, TS concentration of the leachate was 14.20 kg™ while its volatile solid,VS
concentration was 6.30 kg -“InThe leachate was extracted in a quantity of 28 biyn
siphoning when required. Prior to siphoning, bacmitents were stirred manually.

UASB reactor set-up

The UASB reactor was made of stainless iron witrapproximate volume 11.3 dm
(effective volume of 2.5 di The reactor was housed in a laboratory, the ézatpre of
which was controlled at 25 +1 °C. The reactor wa&60n an internal diameter and 1.0 m in
height. The influent inlet was placed at the bottémough a T-shaped connector.
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The vertical orientation of the tubing often causetlogging problem in the influent tubing
due to the falling of granules from the reactor,ichhin turn required the tubing to be
cleaned regularly. The reactor was operated toeseha quasi-steady state and stable
operation before the shock loads were appliedtdriisg up a run, the reactor was fed with
diluted landfill leachate (5000 m@OD -dm®) in an intermittent feeding pattern.
The volatile fatty acid (VFA) concentrations weitgserved by the controlling the pH of the
medium and, if they were not detected within 48rbpthe feed flow rate was increased by
another 20-minute increment. The f&e@D concentration was increased, and the flow rate
was also increased until the desired hydraulicnt&te time (HRT) andCOD level in the
feed (20000 + 1500 mgoOD - dm®) was achieved. The start-up period took approxigat

4 weeks when the reactor was idle. A 20%dnfluent plastic tank was used to feed the
UASB reactor with the leachate sample. A feed pwap used to feed the leachate sample
to the reactor and the pump rate was set at%- aim. The recirculation rate used consisted
in 0.5 hours of recirculation every 4 hours ovepaaiod of 24 hours. The recirculation
pump was stopped 2.5 hours before and during gdirfg time. After the feeding time, the
pump was turned on again. Wastewater effluent fiteeranaerobic reactor was given to the
VSFCW reactor. The sampling was performed by detexdntime intervals 1-42 days.

VSFCW reactor set-up

The VSFCW used in this study was approximately 0.63x0.3 m
(lengthxwidthxheight) and was run parallel to th&SB reactor and planted with reeds.
T. angustifolia was selected and planted into the VSFCW at a tyen§i40 stems .
The effective surface areas were approximately G#6and the bed was filled with
different size aggregates (0.09 m sand, 0.12 mumedjravel and 0.09 m large gravel).
The water table was fixed at 0.3 m. One samplingtpsas used as an outlet piece in the
VSFCW to collect water samples for analytical measwents as shown in Figure 1.
The sampling was performed by determined time vatsrl-42 days.
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Fig. 1. Laboratory set-up of VSFCW

Landfill leachate from anaerobic treatment effluemas fed to the VSFCW.
The leachate entered the beds through a plastevias that was located directly over the
inlet zone which was constructed of large gravelt tteached the bottom of the beds.
One small hole was punctured in the bottom of &=ervoir to regulate flow 4 dim d* of
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wastewater with a hydraulic loading rate (HLR) 628 mm - d was introduced into the
VSFCW.

Analyses

Physical parameters such as pH, conductivity, antperature were measured using
a multi-function Orion Research instrument. Solutiid was measured with an accuracy of
+ 0.02. TOC and N, were measured usingTC-N,; (Shimadzu TOC-VCPN) analysis
system. Sulfate and phosphate were analyzed byoanchromatograph (DIONEX
ICS-1000 Detector with Peak Net 6.4Softwar€DPD was determined by closed reflux
titrimetric method in accordance with the procedukescribed in Section 5220C of
Standard Methods [31]. BOD was determined by tlspiremetric method in accordance
with the procedure described in Section 5210D @in&ard Methods [31]. This method
provided the direct measurement of the oxygen aoesluby microorganisms from an air
enriched environment, in a closed vessel, underdiions of constant temperature
(20 £1 °C) and stirring. The assays were perforimed WTW Oxitop IS 12 Inductive
Stirring System (WTW TS 606-G/2-i). Suspended s;li6S, were determined in
accordance with the procedure described in Se@®t0 D of Standard Methods [31].
In this method, a well-mixed sample is filteredotngh a weighted standard glass-fiber
filter (Whatman GF/F filter, 0.4um) and the residue retained on the filter is diied
a constant weight between 103 and 105 °C. Theaseré weight of the filter represents
the SS.

Results and discussion
Leachate characterization

A characterization of the selected parameters lier leachate was made for the
samples collected during a period of 42 days. Tmposite leachate samples were taken at
0.5-1.0 m depth measured from the ground. The aekephysicochemical characteristics of
the Aksaray landfill leachate facility samples eoted during the research period are
summarized in Table 3. The composition of the leéetwas relatively constant over the
research period. The leachate was characterizédnasg a neutral pH, dark colour, low
concentration of biodegradable content as repreddnt BOD, sulfate concentration higher
than 600 mg - dm with a strong sulfur odor and high concentratiémedractory organic
matter represented OD. These values indicate that the landfill, whicts\argely in the
second phase of anaerobic digestion, was of a maad stabilized characteristics.
The BODLCOD ratio indicates the degree of treatability by neeah biological methods.
In addition, this ratio is also a rough indicatiofnithe age of the landfill. The leachate from
landfills had an average BODDD ratio of 0.35 and pH above 7. These values rethedl
approximately 35 % of the organic matter shouldioelegradable. These types of leachate
are characterized as refractory to conventiondbbioal treatment processes and require
consecutive biological treatment processes fotrireat. In summary, the characteristics of
the leachate (Table 1) were comparable with thehigi@ of a mature and stabilized landfill.
The COD average of 18.9 g - dihand the BODZOD ratio of 0.35 are characteristics of
a leachate emanating from a medium aged (8-10 ykandfill. It should be noted that the
actual site age of the Aksaray Landfill facilityi8 years. Therefore, the characteristics of
the leachate do not seem to be in compliance \ighchronological classification for the
age of landfills. The reason for this is that thedfill is currently still under operation.
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COD removal from the system

The organic matter removal was inspected by ohsgnthe COD during the
experimental study period. TH&OD concentration and its removal percentages from the
leachate for each reactor are given in Figure 2 fBed tank (20 df was feeded every
3 days. So the initial concentrations @D was changed daily, so the concentrations of
COD was calculated.
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Fig. 2. a)COD, b) removal efficiency in the systems

The feed concentration of 18.9QPD - dm* was tested. At the end of the operating
period,COD removal efficiencies were obtained as 84.3 % éUWASB reactor and 88.6 %
in the system. The removal efficiencies of the UA®Bctor were obtained in the range of
efficiencies for general biological treatments. fadler COD removal efficiency was
obtained in the VSFCW. This may be the result @hange in the microbial community
which, in turn, caused a change in the VSFCW. A&t ¢émd of day 42, th€OD value
decreased to 0.655 g - dnat the system output. The residual organic coraetite COD
on day 42 can be interpreted as the non-biodeglagalstion of the content.
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Nyt removal from the system

VSFCWs are generally a valuable tool for removinigrogen from wastewater.
In many conditions, ammonium nitrogen removal isgiole either through nitrification or
plant uptake. This section illustrates theg,erformance of all reactors as well as the
overall system performance. Figure 3 shows therémoval.
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Fig. 3. a) N and b) removal in the overall system performance

The feed tank (20 d¥was feeded every 3 days. So the initial concéntra of N
was changed daily, so the concentrations gf Was calculated. As it can be seen from
Figure 4, during the UASB anaerobic treatment pkrihe average ) influent was
1640 mg - dif and removal efficiency performance was 32.6 %nié®gen is oxidized in
the VSFCW, N, removal rates were higher when the VSFCW was usedhe process of
nitrification-denitrification is recognized as themary process responsible for the removal
of nitrogen in VSFCWs, it can be concluded that iteogen removal efficiency is high
due to the amount of oxygen present in these sygstemmaddition, the removal of Nwas
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high in the initial stages of the system, whichwiken nitrifying bacteria were likely
experiencing high growth rates and, therefore aksimg more nitrogen.

Conclusion

Over the last years, constructed wetlands have bewn to be environmentally
sustainable systems that can successfully tredewater generated from different sources,
particularly by removing organic load and nitrog&onstructed wetlands are advantageous
due to their characteristics such as the recovetiyeninvestment and operational costs, the
protection and improvement of the natural ecosystand the quality of life of population.
Within the scope of the present study, a 6-weektatglity study was conducted to evaluate
the performance of a VSFCW systefi @ngustifolia plants) and an anaerobic system
(UASB) to determine the benefits of using theseesys in treating landfill leachate. When
the UASB and VSFCW systems were compared, it waaddhat the UASB reactor had
the highest treatment performance in termsC@D. The notable benefit of the UASB
system was the removal of dissolved inorganic é¢mmestts andCOD prior to subsequent
VSFCW systems, which increases the effective Iffeach of the treatment systems. Both
treatment systems efficiently remove&2DD (88.6 %) and N (80.7 %). The results
highlight the key role of the presengET. angustifolia in N,,; removal and, consequently, it
can be concluded that the use of this plant in tcoc®d wetlands can be a determinant
factor in meeting the limit emission values for tiischarge of wastewater into surface
water bodies. The higher ammonia removal in thatpthbed is thought to be the result of
the ammonia nitrogen uptake by the roots.
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