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ABSTRACT
The leachate recirculation semi-aerobic landfill
technique is proven to be effective in early

improvement of inland-landfill leachate quality.
After experimentally verifying the applicability of this
technique to coastal landfills, we constructed an exper-
imental “leachate aeration-recirculation-infiltration™
type stabilization-promoting plant that applied this
technique at an actual coastal landfill site, in an
attempt to verify its ecffectiveness in leachate
purification. 'Waste concretc and slag were used as
the main construction materials of this experimental
plant; from among various candidate construction
materials subjected to the testing of long-term
recirculation of leachate taken from the coastal landfill
site, these materials were selected as the most suitable
materials that would not aggravate leachate quality
and were expected to reduce the total nitrogen
concentration in leachate.

The leachate pond of this coastal landfill contains a
high concentration of salt, due to the salt content of
residual seawater and the salt elution from domestic
waste incineration ash which is the main waste in this
landfill. ~ As an cxperiment, the salty leachate
{containing contaminated residual seawater) from this
leachate pond was acrated and recirculated in the
experimental plant.  As a result, oxygen was supplied
to the leachate. In addition, a biofilm formed on the
filter bed of the plant at around four months into the
experiment, beginning to decompose organic
components, despite the high salt concentration of the
leachate.  Furthermore, the total sulfide, which
normally is produced in a hypoxic leachate pond
during summer decreased, and the dark red leachate
was decolored. ‘

These results show that the technique can effectively
purify the landfill leachate, due to the self-purification
capability of the waste fill itself, as well as the
decomposition action of bacteria generated in the
landfill,

INTRODUCTION
In Kitakyushu city and other densely populated urban
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cities in Japan, it is difficult to secure inland landfill
sites.  For this reason, construction of coastal
landfills has been increasing. The coastal landfill
sites now operated by Kitakyushu city are 573,800 m*
in total area, and 7,150,000 m” in total burial capacity.

A coastal landfill differs in the following four points
from an inland landfill:

(1) It is virtually impossible to completely remove
residual seawater from the landfill site before
installing leachate collection/drainage pipes in the
landfil! bottom.

(2) It is impossible to smoothen and compact the waste
surface under the sea, and provision of proper cover
s0il is also difficult.

{3) Since the waste is under the sea where the
environment is anacrobic, chemical oxygen demand
(COD) and total nitrogen (T-N) linger at high
concentrations in the waste, resulting in slow
stabilization of the waste,

{(4) Near the end of landfill life, offensive-smelling
substances, such as hydrogen sulfide and
methylmercaptan, tend to be generated in the leachate
pond,

Because of these problems, coastal landfills require
special landfilling technique and maintenance methods.
Various techniques have been proposed, but none of
them have succeeded in solving the above problems.
The immediate task required is to develop a method of
increasing the acrobic area in the above-water waste
fill layer (Japan Waste Management Association,
1989).

The Ileachate recirculation semi-aerobic landfill
technique has been verified to be effective in early
purification of leachate from inland landfills
{Shimaoka et al., 1993). In this technique, leachate
from a semi-acrobic landfill site is returned to the
landfill. Utilizing the self-purification capability of
waste fill, this technique improves the leachate quality
within the landfill and stabilizes the waste, We
constructed a large-scale model of a coastal landfill, to
carry out an experiment on the applicability of the
leachate recirculation semi-aerobic landfill technique



to coastal landfills. The experiment revealed that this
technique is effective in removing organic, nitrogen
and other polluting components from coastal-landfill
leachate as from inland-landfill leachate (Ishikawa,
Sakazaki et al., 2001; Inoue, Oba et al., 2003).

Based on this result, we constructed an experimental
“leachate acration-recirculation-infiltration”stabilizat-
ion-promoting plant (hercinafter referred to simply as
the “acration-recirculation-infiltration plant”) at an
actual coastal landfill site. This plant is designed to
improve the leachate quality by aerating leachate to
increase the dissolved oxygen content and by returning
the leachate to the waste fill for recirculation and
infiltration.  The ultimate objective is to promote
waste stabilization in the landfill. Low construction
and operation costs and casy maintenance are essential
requirements for practical operation of this plant. To
meet these requirements, we had decided to use waste
matcrials as main construction materials.  After
testing various possible construction materials
regarding their leachate quality improving features,
such as adsorption and filtration, waste concrete and
slag were found to be the most suitable construction
materials,

The plant thus constructed using these waste materials
was operated continuously for 323 days, during which
we measured the time-dependent change in the quality
of leachate sampled from the leachate pond, to
evaluate the leachate purification performance of the
plant.

EXPERIMENTAL
Overview of the Scaside Landfill Site: Figure 1
shows the coastal landfill site at which our

experiments were conducted. This landfill sitc is
controlled type, and is situated in the northern
waterfront area of Wakamatsu-ward, Kitakyushu city.
Domestic wastes mainly in the form of incineration
ash from municipal garbage incinerators, and
industrial wastes, such as solidified shredder dust,
burnt residue and sludge, are disposed of by burial in
this site.  Our test ficld is located in this landfill site.
At this landfill site, we experimentally studicd the
stabilization promoting capability of the leachate pond
{approximately 230,000 m® in capacity) and the waste
fill in the back of the pond.

Structure of Aeration-Recirculation-Infiltration
Plant: Figures 2 and 3 show the main facilities of our
experimental  aeration-recirculation-filtration  plant.
This plant is constructed mainly of slag ballast and
waste concrete cobble stone obtained by crushing the
breakwater that had been removed before constructing
the landfill site. The plant scale is 10 m in width, 30
m in flow length, and 300 m? in filter bed arca. In

the waste fill layer under the plant, three 1.2 deep,15
m long trenches arc excavated at right angles to the
flow direction. Two pumps are installed cach in the
leachate pond and in the driving channel.  Each pump
is connected with a perforated PVC pipe (20 cm 1.D.)
with closed end, so that pumped leachate is sprayed
through the perforations. The sprayed leachate is
acrated and fed with dissolved oxygen. Two
infiltration pipes each connected with three perforated
vertical PVC pipes (20 cm LD.) are installed in the
underground, enabling aerated leachate to flow
downward, under the potential energy (hydraulic head),
into two of the three underground trenches. As a
result, leachate can penetrate into the waste fill thereby
increasing the aerobic area. This will enhance the
microbial activity in the waste fill.  Perforated
collecting pipe (20 cm LD.) also made of PVC is
instalied in the remaining underground trench. Al
these underground infiltration/collecting pipes have an
open end, enabling leachate passing through these
pipes to flow into the driving channel that leads to a
water freatment facility.

Plant Operating Condition and Leachate
Sampling: Figure 4 shows the plant operating
condition and leachate sampling points. Using No. 1
lift pump installed at a depth of approximately 3 m in
the leachate pond, leachate was pumped at a rate of
about 5 m*/min (7,200 m’/day), and sprayed through
No. 1 perforated PVC pipe, for aeration. Part of the
pumped leachate was then allowed to flow down
naturally along the gradual slope on which waste
concrete cobble stone is Jaid.  The rest of the leachate
was passed through the underground infiltration pipes
to fall onto the driving channel. Ieachate was
aerated during this natural falling process as well,
Then, using No. 2 lift pump installed in the driving
channel, leachate was pumped at a rate of about 5
m*/min (7,200 m’/day), and sprayed through No. 2
perforated PVC pipe, for aeration and recirculation.
During this operation process, some leachate was
returned directly to the leachate pond, some flowing
through the underground infiltration pipes and
collecting pipc to the driving channel, some flowing
through the driving channel back to the leachate pond,
some flowing to the water treatment facility, The
plant is designed so that leachate cannot flow directly
from the leachate pond to the driving channel. The
tlow rate of each of the above leachate lines is shown
in Figure 4.



Plant for promoting

: Leachate pond
:;stabilization

NO.1 lift pump
4

FIG.3 Structure of Aeration System, Filter Bed and

Twvannh
NO.2 lift pump
Shg ——2 1 Driving channnel il Cotbie
v | — 1 — @,
R, - T T i T
*st. *st.6 st *s5td . \
4,600t/day F ) 0, L2000day
12,1004/day
& & 3
B Waler treatment
Leachate pond =] i l \@ plant
L Infiliration TCOllecting & Infiltration ||, T
|| pipe(Lower)|ipipe ! pipe(Upper) || soarce =1, ot/ ds
& — — e ‘ 1 [k Biological treaiment
1,400t/day ; ||| 7-200t/day 4 Coagulation
e 30 o 5 B0 z 80 i‘ 3 Sand filtration
. g ¥ ]
st 24 g 2p ‘ 4 t" Activated carbon
| TrefThs  {ivennz Trench 1 I fllation
L 4 |
Pt e =T, 2008 g A A A
Q00AX | Ske
il T T
(E_\ —— ¥ S ——
» z *st.)
T . Cd rd
NO.1 [ift pump 120004y

F1G.4 Operation condition and sampling poin.t



This experimental plant was operated continuously for
323 days, from Janvary 15, 2003 until December 2,
2003. Leachate was sampled at seven points (St. 1 to
St. 7) shown in Figure 4. Each leachate sample was
analyzed for pH, COD, total organic carbon (TQC),
oxidation-reduction  potential, dissolved oxygen,
electric conductivity, total nitrogen (T-N), NH,-N,
NQO»+NQ3-N, total phosphate (T-P), chloride ion,
sulfate ion, heavy metals ctc., to determine change in
leachate quality. The analysis was carried out by the
method in accordance with the JIS testing methods for
industrial wastewater (JIS K 0102).  Leachate
pumped with No. 1 lift pump from the leachate pond
was used as a control.

RESULTS AND DISCUSSION
Leachate Purification Capability of Aeration-
Recirculation-Infiltration Plant

Time-dependent Change in Filter Bed Surface
Condition and Biota: Figurc 5 shows the filter bed
surface condition and biota on the bed surface,
observed at different times during the experimental
plant operation period. In mid-May 2003, at four
months into the plant operation, a green biofilm was
observed on the wasie-concrete-made filter bed
surface. Microscopic examination of the biofilm
showed the presence of various microorganisms, such
as bacteria, Diatom, Ciliate (Gymnostomatida and
Hypotrichida), Nematoda, large ameba, and
Cyanophyta. Therc was a large amount of rainfall
during the period between mid-June and mid-July in
2003, and leachate pumped from the leachate pond
was colored dark red from carly July until late July.
Microscopic examination of the leachate suggested
that the proliferation of Thiocapsa Rescopersicina
might be the cause of this coloration. In this period,
there was a tendency that the green biofilm turned
white. There was another noteworthy phenomenon
observed during the same period; while the Jeachate
pumped from the leachate pond was dark red, the
leachate pumped from the driving channel and sprayed
through No. 2 perforated PVC pipe was not, as shown
in Figure 6. After this, both the leachate pumped
from the leachate pump and the biofilm turned back to
green in mid-August to mid-September, the period
during which the leachate temperature and biclogical
activity were assumed to be the highest in the year.
As an evidence to support this assumption, Vorticella
(Ciliate Peritrichida) which is reported to be observed
when microbial decomposition is active (Chigusa,
1996; Sudo and Inamori, 1983) was observed in the
biofilm and the leachate, The growth of water mold
fouling was also conspicuous. Then in early October
when the leachate temperature began to decrease, the

leachate pumped from the leachate pond was colored
dark red again. Presumably, as the leachate pond
femperature lowered, the pond shifted from the
stratificafion period to the circulation period, so that
sulfides formed in the anoxic lower layer moved up to
the upper layer of the pond. When the piant
operation was stopped temporarily in December, a
yellowish white fiilm was formed on the filter bed.
This film was dried and subjected to energy dispersive
X-ray spectrometry, which revealed the presence of Al,
Si, S, K, Ca, Ti and Fe, as shown in Figure 7.

During the summer season, following the heavy rain in
July, the leachate pumped from the leachatc pump
became dark red, as mentioned earlier, due to
proliferation of Thiocapsa Reseopersicina which
oxidized hydrogen sulfide in the oxidation-reduction
boundary in the pond. Presumably, rainwater with
law salt content stayed on the pond surface, so that the
total sulfide concentration increased in the anoxic
lower layer, causing the growth of Thiocapsa
Reseopersicina.  However, the dark red leachate was
decolored as a result of treatment by this plant. We
consider that as dissolved oxygen was supplied to the
leachate during aeration, growth of anacrobic
Thiocapsa Reseopersicina was suppressed, causing the
leachate to be decolored.

Leachate color turns dark red when its total-sulfide
content has been decomposed to sulfur through
oxidation by Thiocapsa Reseopersicina. Such
severely colored leachate may not be allowed to be
discharged into public waters. However, if the
abovementioned funection of the plant is used, the
leachate can be decolored through the aeration process
and discharged into public waters.
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perforated PVC pipes and allowing the leachate to fall
down to the driving channel under the hydraulic head,
the plant was able to aerate the leachate and supply
about 1.5 to 5 mg/L of dissolved oxygen to it. Figure
9 shows the time-dependent change in oxidation-
recluction potential,

Behavior of Organic Components: Figures 10 and
11 show the time-dependent change in COD and
TOD concentrations. In July until November, the

COD concentration of the leachate pumped from the 0 : —

driving channel was about 10 mg/L lower than that of €8 5 53 ES5S ® 88 3
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decrease in February, two months into the planit opera-
tion. In May and June when a biofilm was observed
on the waste-concrete-cobble-laid filter bed, the TOC
concentration of this leachate was lower by about 10
mg/L than that of the conirol leachate,

Obviously, microbial decomposition of organic
components began in the carly stage of the plant
operation. The daily organic-component-decompo-
sition capability of the plant during the period from
late July to carly November was 240 g/m°, when
calculated based on the COD concentration as an
indicator and on the daily leachate pumping quantity
of 7,200 m’, as follows:

7,200 x 10°(g) x 10 x 10°® = 300 (m?) = 240 (g/m?)

Behavior of Total Sulfide: Table 4 gives the
time-dependent change in total sulfide concentration
of the leachate after July when hydrogen sulfide odor
was detected around the stabilization promoting plant.
Although the total sulfide concentration of the control
leachate was high, that of the leachate taken from the
plant after acration and recirculation was lower than
the detectable limit (1.6 mg/L).

Table 4 Total Sulfide Concentration

S1.NO. | 2003.7.29 2003. 10. 2 2003.11.6
1 ND ND ND
2 5. 3mg/L 7. lmg/L 5. Bmg/L
3 ND ND ND
4 ND ND ND
5 ND ND ND
6 ND ND ND
7 ND ND ND

This substantial reduction implies that the total sulfide
was cvaporated and oxidized due (o aeration, oxidized
by acrobic filamentous sulfur bacteria, such as
Beggiatoa, gencrated on the filter bed, and fixed
through reaction with iron ion etc. Along with the
decomposition by anaerobic Thiocapsa Reseopersicina
in the leachate pond, these processes in the plant could
decrease the total sulfide content of the Jeachate.
This suggests the effectiveness of the aeration-
recirculation-infiltration plant in suppressing the
hydrogen sulfide odor of leachate.

Behavior of Nitrogen Components: Figure 12 shows
the time-dependent change in  total nitrogen
concentration as the indicator of nitrogen behavior.
The concentration decreased slightly in June through
September.
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Chloride Jon, Electric Conductivity, and $0,*, Ca®,
K" and Na* Ions: Figure 13 shows the
time-dependent change in chleride ion concentration.
The chloride ion concentration showed a substantial
decrease in June and July, due to the influence of large
amount of rainfall, and thereafter showed gradual
increase. The electric conductivity and the SO,
Ca®™, K* and Na* ion concentrations changed in the
same pattern as the chloride fon concentration change.
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pH: Figure 17 shows the time-dependent change in
pH of the leachate. Until early April, three months
into the plant operation, the pH value of the leachate
remained at around 9, slightly higher than the typical
seawater pH value (about 7.5 to 8.4). Afler this, it
fluctuated between 7.0 and 8.0.  Although the
leachate taken from the collecting pipe (anacrobic
cnvironment) sometimes showed higher pH value than
the control leachate, the pH value of lcachate taken at
other sampling points was at all times slightly lower
than that of the control lcachate.
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Heavy Metals: T-Cr and Cd were hardly detected at
any sampling point. The Pb and Zn (amphoteric
metals) concentrations varied depending on the pH
value. At all sampling peints, their concentrations
tended to be lower than those of the control leachate,
implying that these metals worked to fix sulfides in the
plant.. The Cu and Fe concentrations showed a
similar tendency. The Fe and Mn concentrations
varied depending on the oxidation-reduction potential.

Costs etc.: We estimated the costs of a full-scale
stabilization promoting plant. The initial cost of
constructing the main facilities of the plant is
estimated at 4,500,000 yen. The monthly running
cost is estimated at 190,000 yen, which will be the
electricity cost of two lift pumps (11 kW/h each).
The construction period to completion is expected to
be short at around seven days. If heavy equipment
installed at the landfill site is available for the plant
construction, it will be possible to lower the initial
construction cost further. In addition, operation/-
maintenance and removal work will be easy. It is
certain, therefore, that the plant will be capable of
treating the leachate from the coastal landfill casily
and at low costs.

CONCLUTION

The present experimental study has revealed that the
leachate aeration/recirculation/infiltration technique is
effective in improving the quality of leachate itself.
In future, we will conduct additional expcrimental
studies of this technique, regarding the effectiveness in
changing the landfill waste quality, and the applicable
processing scale,  This technmique is potentially
applicable to the filtration system for various wastes
other than landfill wastes. The trench structure has
room for further improvement, to ecnable multistage
treatment of leachate. 'We are sure that this technique
is satisfactorily applicable to leachate treatment and
waste stabilization at coastal landfill sites.
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Amount of dioxin accumulation in crucian in Japan

Yoko Kajiwara, Hidetoshi Tanaka, Kiwao Kadokami
Kitakyushu City Institute of Environmental Sciences

To determine the contamination of dioxins in freshwater fish, we examine the dioxin
concentration in crusian at sites throughout Japan.

We conducted a study covering two sites in each of four area types ‘large cities, small towns,
agricultural area, and remote areas. We collected 30 specimens of crucian at each site in the
autumn and mixed equal amount of their muscle to create one sample for analysis.

The accumulation of dioxins in crucian at the eight sites were ranged in 0.18~0.93 pg-TEQ/g wet
wt (0.58 pg-TEQ/g wet wt in average). Accumulation at remote area sites was about one-fourth
that of other sites. Areas with high-concentration accumulations were Yamato River in the large
cities, Hatirogata-lake, Tikugo River, which were in agricultural areas, Lake Biwa in small town.
Our investigation of the homologue composition and isomer distribution of PCDDs and PCDFs
found four types ‘the herbicide type, the combustion type, the type falling between herbicide and
combustion, and remote area. The isomer distribution of Co-PCBs coincided very closely except for
the cold remote area site, suggesting PCBs are from commercial products.

This study was one of programs of Japan —Korea co-operative joint research on endocrine

disrupting Chemicals performed by ministry of the environment co-operating with national
institute for environmental studies and Pusan university.
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Table 1 GC/MS conditions for simultaneous analyses

GC/MS instrument: Shimadzu GCMS-QP 2010

Column: J&W DB-5 ms (5% phenyl/95% methylsilicone) fused-silica capillary column, 30 m x
0.25 mm i.d., 0.25 pm film .

Temperature — Column: temperature programmed as 2 min at 40 °C, 8 °C min™ to 310 °C, 5 min at
310 °C; Injector: 250 °C; Transfer line: 300 °C; Ion source: 200 °C

Injection method: splitless, 1 min for purge-off time

Carrier gas: He; linear velocity: 40 cm s™, constant-flow mode
Other operating conditions — lonization method: EI; Tuning method: target tuning for US EPA
Method 625; Scan range: 33 amu to 600 amu; Scan rate: 0.3 s/scan
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Table 2 Analytical results of spiked samples®

Number of chemicals

Analytical result, pg

Orange® Soil*
0.5-1.0 3 19
1.0-1.5 29 34
1.5-2.0 12 2
2.0-25 5 0.
2.5-3.0 3 0
Minimum result, ug 0.85 0.74
Maximum result, ug 2.77 1.53
Mean result, pg 1.50 1.12
RSD, % 30.1 17.8

RSD: relative standard deviation;

a: Each 1 ug of 56 pesticides including isomers was added to the final concentrates of two samples in which
the pesticides were not found;

b: Four chemicals were excluded from the calculation because their quantification ions were clearly affected
by matrix;

c: One chemical was cxcluded from the calculation because its quantification ion was clearly affected by
matrix,
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