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Table 1 Analytical conditions
Drypurge condition He, 40°C 10mins

Dearb temp. 40°C (1. 5min)—60°C/min—=—300°C (Smin)
Desorb gas He, 40ml/min
Cryo-focussingl Trap temp. =-150°C, desorb temp. 300°C (10min}
Cryo-focussing? Trap temp. 0°C, desorb temp. 300°C (10min)
column HP-5ms, 0.25um film thickness, 0.25mm i.d.,30m length
Oven temp. 100°C (14min) —40°C /min—220°C—2°C /nin—245°C (Imin) —407%C
/min—310°C (3min)
Carrier gas He, 1.2ml/min
lon source temp. 250°C
Monitoring mode SIM mode, dwell time 120ms/ch

Monitoring ion M/z 340,342 (for 1,2,4,6,8/1,3,4,6,8-PeCDF)
352,354 (for 13C-1,3,4,6,3 PeCDF)
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K EHEHRER >> 2.2 @ Tenax TA FIZ.
13C-1,3,4,6,8-PeCDT % 50pg #iIL It
FAN—PLIanE, A~ L2k
TDSS (RIFHICAIT, il BHRIRI G
EBIAALTE, H1ITRT DI,

Tenax TAE #7177 0—T K
TR BIR > TR &5 L. 0.56L/min~ |
B

1.OL/min CHMTHEE S SHEH A28 |ma

B L 7=, Table2 \ZRARHRER 217 o Jo 3¢ o 1 4T
2 o i 1 BRI A -

BRI ORRRE R *

K EBRU TEQRE D> 2.3.1 @ Tenax-TA

ZOWEICF B Y, Tablel D53 HI AR,

UAE]
0.5~1. 0L/min

1053 ~5055

Table? sampled incinerator

PEAT A0 1,2,4,6,8/1,3,4,6,8 PeCDFIBELTE =z wERR ﬁ%é
RU7-. TEQ~OMEIZ T OMER 008712 15 s gme =/ /L
ERTAHZIECLESTITo . A 1 15.6.1  0.0031 26
W) BER "‘Léiﬁ‘“?,,, I g % BB..z]? nﬂ.'ounllzs gi
JISKOSI]. [ (é—}J lfl).i‘-@\ Table2 @"L—j}%iﬁ%ﬁr B 2 6.27 £0.0012 24
HANDET A F% HsEENE L, B 3 g.o8 <0.0015 29
C 1 6.19  <0.0014 23
[ m L2 ) c 2 .21 0.0013 22
M2k, ARHETEEC Lo TRENE  © 1 S8 Qi
TEQ OIEFHRIZOWT DM ERT . A 1 3:5 U.-BEBS 14
TEQ DI RIZ DV TIE, 1.0ng"TEQ/m3 ) 1 6.8 0.0173 18
LA F ORI TV HEER=0.977)M R 5 N iz, A2 B.5 0.0805 12
BEEITDWTIE. (EIEO.02ng TEQmA L) —A 2 8.6  0.0831 14
THEDRKETEBDH, iR L7z beiic 60
DWTEHT B L 286%TH . BHELTIC, - 3216 .
PEH AR DT A AF2 D JIS DZTBHE D _ R = 0.9562
54T UTIRIO%TH O, SEIOFHKERET N 1.20 pd
ETHBRTEHOOTHD, £ MMHE - ‘//A/
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FyZAICEB) T a1 AOELPE 'Icau.ao
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AU T RN s e o . % .
0.40
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[B89]  GOMS Tl R i s i (b EIZ DN T, LO/NS OBIREIREE &R L7z, AR
i, PRE 15 EEERETE BRI TP FE A (LC/MS) 125V M TR S M 2R MR A i
NELDIZHDTH S,

[(BRREUGER] (1) s Tid, B9 229 fEO BRI DV TR IBERED ST 3,
TDIzD, mEhHp DEERNEZ D DRI TEICRS SNTWBFTTH B, S, Rk
TR DIEPEHETH 2 N-AF N A—NA— FHR BEREEE 4 HEITDNT, LOMS
R DRI EBE U, Tablel ICHIE S &, Table2 i, Tk, Fv Y. Z2 PV RUL
B ATH U THEMNEMGRER 217 > 7o R AR AN IR T05LL . B3 108LAmM &,
Leisey BLIF7s i R 218 7z,

Table 1. Operating Conditions for LC/MS

L.C conditions (Allance 2690)

Table2, Recoveries of 14 Pesticides Added to Agricultural Products

Recovery (%)

Column {?%ﬁsg ?{]1:) 52%%};1 m) Pesticide Rice 'z Cabbage Carrot Lemon
Mobile phase A’ methanolwater (15/85) Oxamyl 108.0 £1.3 ° 101.0 £3.2 103.0 +8.4 894 4.4
B: methanol/water (100/0) Aldicarb 111.3 6.2 98.1 5.2 97.6 255 1009 +2.9
Gradient 100% A-(liner gradient 25min  Bendiocarb 101.3 277 907 7.5 84.0 4.8 45.4 3.9
-100% B (15min) Carbaryl 108.8 =9.0 939 7.2 865 +2.0 B88.6 %15.7
Flow rate 0.16mI/min Ethiofencarb 83.5 =6.6 36.5 £10.8 90.4 %11.5 593 £16.4
Oven temp. 40C Pirimicarb 1125 +£11.2 81.8 7.9 96.1 £16.3 87.9 =40
Injection volume 2nL Methabenzthiazuror 984 =1.2 48.5 208 G9.0 6.5 46.5 =14.3
MBS conditions @MD4000) Fenobucarb 81.8 £4.1 726 2104 42.6 £14.7 535.3 £10.4
Desolvation gas  Nitrogen, 400L/h Diflubenzuron 788 £4.4 917 £10.3 83.5 £13.6 839 22.2
Desolvation temp 350°C Tebufenozide 104.4 £15.6 86.2 £17.7 65.8 192 88.9 0.5
Capillary voltage 4.0kV Pencycuron 90.1 9.8 G4.4 2270 84.6 =142 956 £185
?cﬁlnso\:;l(fggtgmp fi)‘g(\)/"(., Hexaflumuron 87.7 #2.3 902 ==3.1 905 x2.8 606 3.9
Tonization mode Electrospray ionization Flufenoxuron 73.3 £11.4 52.5 £13.2 83.1 £26.4 59.0 5.0
Chlorfluazuron 45,4 2481 54.8 £%.1 52,5 £32.4 409 +£13.2

" Sample was spiked at 0.1pg/g of each pesticide
" Mean=R.8.D., n=3

(2) BAA > ZAmMESA N EETHAEMT LI N T ZNRIEF MY 74

(LAS) i, m# Cy~C ,LAS @ 5 Bl EED, MAMMETIIRWA, SROER - HAE® K
UURKERBERTIA<BBENE, LAS OWMESHICDNWTIE, Z31ET LOMS ICEBMEIT-T
S, 70074007 3 VEMNE S EENSKEEAROBES, BEHEO A TIZEmRIE
AR EBRONY TS RO LRERA LN, FTT, LOMSMS EEEA L TRIEH 2 M X
NI ZHETHEEHIZ, HERE 100mLICL T M vy AOMBAIME 2, iz Aina
(R DB T2 TESE Uz ik, AR 100mL 2 SEHAH— MY w 22 (Sep-Pak Plus tC18)
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LC/MS/MS-SIM Tz U7z, i L 73615

iZ Thermoelectron 8 LCQ T, MWE1 4> 77 - s
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(C,oLAS : 297, C,,LAS : 311, C,;LAS : 325, '
C.LAS : 339, C,LAS:353) &L, E=%
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DEKBREDT ST AL b A BRS Fig.1 Chromatogram of Ci12LAS (4ug/l) by
S, FITC, WEEMEHEU ABS JUE R C,,LAS Bifk (FORRSEED) #RUEL U, {ho[EiEM4 i

(Hikiﬁmmm&um%ﬁm)mg;mmﬂL&bfﬁbtuit,@mﬁ~va/bmm

RO LAS AEENTWEIENS, BHROTE RN -KICAY /= VENMAA T a2 Tk
W, TORICHBWT, [DL:0.77ug/L, 100 £Zi FET B B RHIE R ¢ 0. 049ug/L, EHIR
Bt 0.15u8/L Th-olz. £, WIKAOTENEIGAR T, EERE 0% N1 & RIFSHRNS
Sti,

(3) BEHHESE/NT 7 4 48 (CPs) OB DL T T OEN TIF o/ MS 77 M N
{33702 #F API3000, HPLC : HP-1100, H54 : GL ODS-3 (2.0mmlI.D. x 50 mm. 3um}
A 7K. B 7N, 50%B (2 min) —100%B (2~10min) —100% (30min) , s : 0.2
mb/min, BIE4:: APCI-Negative ,NEB: 10.0 ,CUR: 10, NC-2.0,APCI probe: 400°C,DF:-20.0 FF: -200.0
EF:-10.0, 5868 Promochem #, T2 —- &> Cit {C1oH1sC1u02) : m/z 312.0, Cu (CuH19Ci502) :
m/z 360.0, C1z (Ci12H21Ci502) : m/z 374.0, C13 (C13H23C1502) : m/z 388.0

WA E L7 LOMS % (Quattro Ultima) TlE. E/KR7 2 R ZBEICER LS
Bld. A FUEEMIERITTES, TAANRYT RO - oBWMEEBICE 2 TED S EDHHR
MECHE, ZOBSE, BOMERTE MBI, 27 74— HABMERIITHIET
mwbta—ﬁ_ﬁmmmfﬁ\ﬁm%ﬁm&mmf%ﬁibtzabbw#ﬂbn MS AL ]
OEMFIICR SN, FH CPs 1, Ei CPs IcH# U CETEENIHW M ER LA, B
O CPs O4HE (K1) #ETLEHET R ET. REFIAIMEEHE L 5N, £oinkz
AWT, HERSEBE S LAEAERLUED, CeZf &3 55 CPs iz (2).
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s - AFWNIIINA = PR IRFE RIS D
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' R frfiiak, 44 (5), 263-267(2003)
SERS 14 EE(ESE AR ST R
e (BUEA BB RIS 7
4 248 (CPs) O4r#ik. 172-201 (2003)
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WA . B R PO E K EIELWE ThaH AT OSIIEEEL AR (PAH) 1250
Tid, RHEHEARUCITSE L/ 1%, B %, GC/MS HETRIELTWA, LU G, ATLEEAE
HETHY, VA, S TN T TR E O R BED R EE R Y ORIBERHDT | #t
BB EIEREI o= ST 4 —TOHHT (LT HPLO)~OiRARDEN TS, B ERRIGYY
e FEw=27 1) 2 HPLC To~u v Tl L OB HTER TR THDD, 2R~y Talt
L DRERBELESGHTETHY, 2O EF TR 4T ICE A LE,

ZITHE, HPLC &8 (773 o M) Sofibite - BOL SRR T2 281280, BLT ISR PAH DFIE
SITEERL, RERERFE-0OTHE TS,

[BE X SR & L7 PAH]
e g =
1 RvlaEry B(a)P
2 IORX[a,hT7h 58 D{(ah) A
3 f\‘“/‘j[b]wwrv/-?‘/ B{b)F
4 RovVlilangzrrr B(j)F
5 RVKIzNAZ T BCkF
B N lelEL > B(e)P
7T RyVhilRyb» B(ghi)Perylene
§ A7 /01,2, 3-cd]EL > 1 (123cd)P

D(ah)A B(ghi)Perylene

1 GAEMRO PAH

[ % - #EF ]
(1) BIE KV QK YommAy Ml (R BRI R )
A )= T h=FIA-(HPLC )
A IR AccuStandard #H8L PAHs 12w MEL () - AccuStandard #18U PAHs 134i#
(2) &M : AASY IR HPLC VAT A+ AR FP-9205+7 — & i B 4% (8
(3) H74:Wakosil-PAHs (& 25cm X AL 4.6mm i.d., FoyesliZE T4

[= %)

=¥ 5200 FBRCE o TRAREMNEL ThEL D, ZOFr—NIR2 BeP R BF 12
BbF oaijice—oa Rbni-73, BeP & BjF DY — N ERDSEET AT LA IR IR Ch o7, F-.
COF e MAE— I B SR 72505 A SR E ORE E T 1-b D TH T,
+ HPLC Iz k5 BEPc‘:BjFUD/\‘i' IXFEEICREETHAHD T, KIRFRERHR 7 —O LN KEIVECRL
TUNEF2 T bR 2 G i AR LRI S 2 e e



%25 30K W2 15 & BeP OWLIL 213 302nm, DL — 21 4500m, BIF OURILE21% 319nm,
FOLOE =213 504nm BIETHD, b, SOMRIB OB TVIR T I _— 2T AL DB & TES
PR A ELE L, RO2T N T Tl E L,

7' —7" A++-BeP, BbF, BKF, BaP, DahA. BghiP

7' N—7 B -BjF, 1123cdP

TN A LT —T B ERVEIUD, BRI T a T AR LIE LT, S — T A (i
e P BT S T AT N RO 7 — T B OOk - B e 0SS AT L — T A
DEHEE A NTEL TOl S &7 A 2L E SN 27720 ZOFENFATEALEbND,

Gradient program Gradient pregram

Time  Flow  %EB = %C %D = ‘ Tme | Flow  %B : %C @ %D 2]
00 1000 730 0O '
135 1000 730 00

i om0 730 oo
140 2000 70 00
160 . 1000 900 @ ©cO
230 . 1000 00 00
240 1000 730 00 :
20 ¢ 1000 730 - 04 x

1
2 ........
3230 1000 @0 00 .
4 230 1000 730 00 °

5 320 © 1000 730 00

B H

O ;o= W R

;X8 |5 ;% EReD CIFlow

0.0 135 230 20 _ [i%] 140160 7340 no _|
Time program Time program- ‘
- Time  EXw EM W Gain  Response Time  EXWI ~ EMWI ;. Gan Response
1 i 290 388 «1 Standard | 1 My 318 _ 504 x!  Standard
2 122 302 450 x1 Standard | 2 200 304 500 x1 Standard
3 133 308 402 X1 Standard | 3 '
4 15.3 297 403 x1 Standard | 4
3 180 293 393 x1 Standard | 8
B 20.4 oo - 419 %1 Standard | 6
B2 E&-BE-8ATaTSL(EFI—TA BT L—TFB)
RIS
BaP
£ 0604
2. LB+ BkF
4-9E~04+
DahA
o] BeP BLF /'. Bg!hlP
\ i \
.06 J\\.A.ij J [\_f\l’,\ / \_/
, Tor LA L5 E HE] DRI O
1 4524 BjF
1 26+~
1 L6
¥ 053
B y 123cdP
It | / f
= tEr03 |l‘ I\ \ )\
|
[RIBE N __)I !,_.‘ IJ h e AN

T wer T FES] B3 WG ven
M3 2OV SA(L:TIL—FTA T FNL—T8B)
HUTIVEE  BIF: 10 ug/ml. FOith:1 yug/ml
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[ B TRMERCEZ TR ]

FE T ERIEMT IR ORI B O HESIE (BjF:0.2 jg/ml, £041:0.02 g/m) % 5 [EFRRECAIEL, Mt
ERTRAR ML, 22 CRUBHASE T 20°C, 101.3kPa 123803 TC 1440m3 &L, JEEEL- 7 /L2 TS S
D6, X0 1/4 RV TR ERITO, RO 82 45T, BfilRid 1ml, HPLC ~0
FEANMENT 20 4 LERELE, BEFERONERREIVERERFZE &R, 3 &HETFR. 10 &ER
TIREE L, it - ERTIROMIZLL T OLEBTHD,

R1 ZERABEROBH-EETR

B TIR{E ERETRE
RER(gm) | kE@EMgmd) | BER(gm) | xS5mZ(ngmd)

FiL—7 A BeP 0.013 0.15 0.042 0.49
BbF 0.012 0.14 0.041 0.47
BkF 0.00089 0.010 0.0030 0.034
BaP 0.0023 0.026 0.0076 0.088

DahA 0.0032 0.038 0.011 0.13
BghiP 0.0018 0.021 0.0061 0.071

Ji—7B BjF 0.025 0.29 0.084 1.0
[123cdP 0.0058 0.067 0.019 0.22

[ 8]

SOFECMET L, F—Yo 7 % 2 BITE T BT E B =0, IR ST 2 (5B
Do HRMRIUEE 2 BEFUCHEE T TS ORI R S 525, ML T — 7 EE R 1
by ML THY, BRI R THB,

F, SEWEORSMATSL, B - 3OERI £ T B av b T AR T
Lotz EEOBEYS T LOMEICELTIE. NSNS ORSBILRRE 27055 AnES
LTWBDESHDREENIEST BETHS,

L1, ST AN S REFHELEHL COBTIELDAN S, LOSHERED B HPLC HFA40
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APPLICATION OF LEACHATE RECIRCULATION LANDFILL TECHNIQUE
TO COASTAL LANDFILLS

Yoshio Sakazaki, Hiroshi Inuyama, Takashi Yamada, Toshikazu Oba,
Seiichi Ishikawa, Kiwao Kadokami, and Manabu Suzuki

ABSTRACT

The leachate recirculation semi-aerobic landfill
technique is proven to be effective in leachate
purification and early stabilization of waste in inland
landfills. This technique was experimentally applied
to a coastal landfill to evaluate its effectiveness. For
use in the experiment, a mini pilot plant was
constructed that comprised four lysimeters (1.5W x
15D x 3.0H (m)). Two of them (L1 and 1.2) were
packed mainly with domestic waste incineration ash,
the other two (L3 and L4) mainly with industrial
waste. Seawater was injected in each lysimeter to
half the depth of the waste fill, resembling an actual
coastal landfill.  Lysimeters L2 and L4 were
equipped each with a vertical circulation pipe at their
mid-height so as to recirculate leachate at the rate of

41 mL/min (five times the daily average precipitation).

The experiment was carried out for 34 months, to
compare the leachate purification/stabilization
performance  between the recirculation and
non-recircuiation lysimeters. The result showed that
the total COD, TOC and T-N of leachates from
recirculation lysimeter L2 were 20%, 8% and 26%,
respectively, of those from non-recirculation
lysimeter L1. The same result was obtained for 14
and L3 which were filled mainly with industrial
waste.

This result verifies the effectiveness of the leachate
recirculation semi-acrobic landfill technique in
purifying coastal landfill leachate as well. Based on
this result, we have constructed a medium-scale
stabilization promoting pilot plant at a coastal landfill
final disposal site of Kitakyushu city, aimed at putting
this technique to practical use.

INTRODUCTION

Recently, it has been very difficult to secure new sites
for inland landfills, due to increasing complaints of
surrounding  residents about water  pollution,
inadequate processing etc. Against this background,
coastal landfills have come to be the focus of
attention. Coastal landfills are situated away from
human habitation, and vast sites can be found easily.
In addition, since effluent is discharged in the sea,
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. there is no need for concern about the salt damages of

effluent o downstream area. Due to these advantages,
it is very likely that coastal landfills constructed by
projects with public intervention will become
dominant final disposal sites of wastes in future.

At a coastal landfill, however, seawater remains in
the landfill, so that the waste fill will become wet,
resulting in the following problems: (1) deterioration
of landfill leachate quality; (2) slow stabilization of
waste; (3} generation of offensive odor substances,
such as hydrogen sulfide.

The leachate recirculation semi-aerobic landfili
technique!”, developed by Fukuoka University, has a
record of cvercoming the above problems at inland
landfills. With the aim of applying this technique to
coastal landfills, we experimentally evaluated the
waste stabilization performance of this technique
using a mini pilot plant resembling a coastal landfill.

EXPERIMENTAL

Mini Pilot Plant

The mini pilot plant was constructed outdoors on an
actual seaside landfill site so that the plant is exposed
to natural precipitation (Figures 1 through 3).

The plant was composed of four steel-made

lysimeters (1.5W x 1.5D x 3.0H (m}), each provided
with a leachate-collecting section in the bottom where
cobble stone was laid. Actual waste brought to the
coastal landfill was packed in each lysimeter to the
height of 2.8 m from the bottom. The top of the
waste fill was covered with a 20 em thick granite soil
layer.
Each lysimeter was filled with 900 liters of secawater,
to reproduce the anaerobic underwater zone (1.4 m
deep) and semi-aerobic above-water zone (1.4 m
high) of an actual seaside landfill.

A leachate drainage tube was connected between
the bottom of each lysimeter and a 400 L leachate
tank. This tube was equipped with a siphon to
regulate theleachate water level at 1.4 m in the
lysimeter.

A meandering pipe (10 cm 1D.) was installed
vertically in the center of each lysimeter, through the
waste fill, to serve as gas vent and leachate circulation
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Fig. 3 Mini Pilot Plant

passage. The objective of this meandering structure
was to cnable sufficient leachate permeation.

Of the four lysimeters, L1 and L3 had the same
structure as the conventional coastal landfill system,
as shown in Figure 1. L2 and L4 had the same
structure as a leachate recirculation landfill system, as
shown in Figure 2. That is, leachate discharged
from the lysimeter bottom into the leachate tank was
pumped and led to the top of the lysimeter, and then
allowed to flow downward through the meandering
passage, for continuous recirculation. Leachate was
circulated at the rate of 41 mL/min (five times the
daily average precipitation). Leakage and gas
sampling pipes were installed separately at the heights
of 60 cm (bottom layer), 140 c¢m (intermediate layer)
and 220 cm (top layer) from the bottom of each
lysimeter.
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Fig.2 Leachate Recirculation I_andflll Method
(12, L4)

Packed Waste: Table I shows the conditions of the
waste packed in each lysimeter. To identify the
stabilization performance difference depending on the
type of packed waste, lysimeters L1 and L2 were
packed mainly with domestic waste incineration ash,
and L3 and 14 mainly with industrial waste. The
components and their percentages in packed waste
were the same as those of waste expected to be
delivered to actual coastal landfill sites of Kitakyushu
city in the future,

Injected Seawater: Table 2 specifics the quality of
seawater injected in the lysimeters,

Leachate: Leachate recirculation was stopped one
week before sampling leachate,  After the amount of
leachate collected in the tank was measured, leachate
was sampled from the tank, as well as from the
bottom (underwater zone), intermediate (zone around
the water surface) and top (above-water zone) layers
of each lysimeter, through the respective sampling
pipes. To study the leachate quality, each sample
leachate was analyzed for pH, chemical oxygen
demand {COD), total organic carbon (TOC), total
nitrogen (T-N), three forms of inorganic nitrogen,
chloride ion, sulfate ion, sulfides, total organic halide
(TOX), electric conductivity, oxidation-reduction
potential, and heavy metals. In addition, qualitative
analysis of chemical substances extracted with

dichloromethane was carried out using gas
chromatography/mass spectroscopy (GC/MS)
equipment, These analyses were conducted by the

methods in compliance with the JIS testing methods
for industrial wastewater (JIS K 0102), the Sewerage
Law, and the Japan Ministry of the Environment’s
notification.



Table.l Packed Waste Conditions for the M ini Pilot Plant

Domestic and industrial waste . )
. Industrial waste lysimeter
lysimeter
Conventional § Recirculation | Conventional | Recirculation
L1 L2 L3 14
Packed waste weight (t) 8.47 10.3
Coversoil (kg) 150 150
Weight ofunit volume (t/m’) 1.28 1.55
= |Debris 30 40
[=+3
% |Domestic waste ashes )
(9
= £ |Shredded incombustibles s 1 -
= E Industrial sludge 10 30
[x3
E Industrial waste ashes 5 20
® lsag 1 0 =-e- 10
Quantity of recirculation leachate -
(mL/min) 0 41 0 41
Table.2 Quality of Seawater Injected in Lysimeters
pH SS CODMn | TOC T-N | NH4*.N| NO-N | Nov-N| EC T SOs
Conc. 8.09 42 1.9 1.4 0.27 0.01 0.04 0.12 49,000 | 18,500 2,620
* Unit : EC= p s/cm, pH =no unit, others = mg/L
Leachite 500mL
— Dichiosomsthane 50, Sthal. analysis of chemical substances in leachate.

10min, Extraction

Dichloremethane  Phase Watcrl Phase
o —1N 180, 50,50mL

lﬂminl. Extraction
1
Water  Phasc
30%NaOH  15mlL
Dichloromethane 50, 50ml,
10zmin, Extraction

Dichla rumcltu nc  Phase Water ~ Phusc

I
Dichleromethane  Phase
2%NaCl 50, 50mL

2%NaCl 50, SOmL
Dehydration & Concentration

I 1
Benzene  20mL lu%Accmnc,’n-rl:x:mc 20mL

Dehydration & Cancentration

Column Chromatography
Sep-Pak({Alumina-Silicagel)
E

n-Hexane  20mL

Concentration

Fraction 3

Concentration

GC/MS  Conditions

Concentration

GC/MS : HEWLETT 58900 /JEOL Automass
Column : J&W DB-5MS 0.25mm % 30m X 0.25 4m
Column eTmp. :  40°C(3min)-10°C/min-280°C(5Smin)
Injection Temp. :  260°C
Carrier Gas : He
Source Temp. : 250°C

| Interface Temp. : 260°C
Fig4 Process Flow for Chemical Substance
Analysis

Figure 4 shows the specific flow for the qualitative

Dichloromethane was added to 500 mL of sample
leachate to obtain extracts, which were controlled in
pH for division into acid, ncutral and basic
components. The acid and neutral components were
then fractionated by a  Sep-Pack column
chromatograph that uses alumina and silica gel as
adsorbents.  Each fraction was dehydrated and
concentrated using a rotary evaporator, and then
subjected to GC/MS analysis. The library search
system installed in the GC/MS equipment was used to
identify chemical substances.

Generated Gas: Gas generated in each lysimeter was
analyzed monthly. A detector tube was used to
identify hydrogen sulfide, ammonia, acetaldehyde,
trimethylamine  and  hydrogen. A pas
chromatograph-thermal conductivity detector
(GC-TCD) was used to identify oxygen, nitrogen,
methane, and carbon dioxide.

Dissolution Test: At 39 months after the start of the
experiment, the waste fill was bored to perform
dissolution testing and to measure the moisture
content and the ignition loss. In dissolution testing,
the waste was analyzed for pH, COD, TOC, T-N,
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three forms of inorganic nitrogen, chloride ion, sulfate
ion, electric conductivity, oxidation-reduction
potential, and heavy metals.

RESULTS AND DISCUSSION
Effect of Leachate Recirculation Landfill
Technique on Leachate Quality

Leachate Appearance, Dissolved Quantity of Each
Compenent, and Cumulative Leachate Quantity:
Figures 5 and 6 show the appearance of leachate
sampled from each of the four lysimeters, at § months
and 25 months, respectively, into the experiment.
The leachate tfrom the recirculation lysimeters was
less colored and more transparent than that from the
non-recirculation lysimeters.

Table.3 Concentration and Cumulative Dissolved Quantity of Each Companent in

Leachate at 34 Months into the Experiment

y . L i
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Recirenlatoy Ggovention Reciveulator’
¥ ¥

Fig. 6 Leachate (25 Months)

Table 3 shows the cumulative dissolved quantity of
each leachate component, calculated from the
cumulative quantity of leachate from each lysimeter
and the component concentration in the leachate at 34
months into the experiment. The cumulative
quantitics of leachates from the recirculation
lysimeters were 22.5% (for domestic waste lysimeter)
and 8.3% (for industrial waste lysimeter) of those
from the non-recirculation lysimeters, due to
evaporation in wind and sunshine. The
concentrations of leachate components, such as COD,
TOC and T-N, were also far 'lower for the
recirculation lysimeters than for the non-recirculation
lysimeters; the cumulative dissolved quantities of
components were about 52% to 92% of those for the
non-recirculation lysimeters.

These results indicate that the
leachate  recirculation  landfill
technique has multiplier effects of
substantial  decrease in  the

concentration of each leachate

Domestic and industrial | Decrease Industrial wastie Decrease .
wasle lysimeter Percentage lysimeter Percentage component, and de(.:reasc in the
x T %) T (%) Io}al leachate quantity, comparecl
cop | 1 | 283 803 [ 606 718 with  the conventional
(231) (38.4) (163) non-recirculation technique. It is
roc | 4185 | 349 or7 [ 4z 512 expected  therefore  that  the
(182.5) {59.2) (81.8) application of this recirculation
TN 2| 60 744|162 76.5 technique to an actual seaside
£0.0) (83) (222) landfill will reduce the Toad on a
ey b 17| 2 699 [ 98 847 leachate treatment facility. The
{(7.92) (117 {0.42) abovementioned results also imply
S D e 336 | 28408 327 the effectiveness of this technique
(_"47(’) (8:494) (1,238) in removing organic and nitrogen
so. | 1’487 | 788 182 [ 8964 7.5 components from seaside landfills
200 [ 0.7 (1.679) as from inland landfills, enabling

rox | o4 | 34 638 1 14 214 early purification of leachate

{0.562) (0.478) {0.567) )

Cumulative

Leachate | 3798L | 2945L | 225 | 2,715L | 2489L 8.3 Decomposition  Behavior  of
Quantity Organic Components: The

The upperbold numeralin cach boxdenates the cumulative dissolved quantity of component
in grams; the lower parenthesized numeral denotes the concentration of cach componcni in
mg/L. Fach decrease percentage value assumes the dissolved quantily and leachate quantily

from the non-recirculatien lysimeters to be 100.

time-dependent change in the COD
and TOC concentrations of leachate
is shown in Figure 7, for cach
lysimeter.
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Fig.7 Time-dependent Change in Leachate Quality

Comparison is made first with focus on lysimeters
L1 and L2. For lysimeter L2 (recirculation), the
COD concentration decreased sharply from 842 to
254 mg/L, and the TOC concentration from 870 to
332 mg/L, over a short period of approximately 60
days of the experiment. This sharp reduction in the
COD and TOC concentrations during the early stage
is the most Iimportant characteristic of the
recirculation lysimeter.  After this initial rapid
decrease, these concentrations continued to decrease
until the end of the experiment. For lysimeter L1
(conventional non-recirculation), on the other hand,
the COD concentration, which was high at the
beginning due to initial scrubbing, remained high for
a long period of time, followed by gradual decrease.
The TOC concentration decreased in summer, after
271 days of the experiment, then increased toward
winter, and showed a decreasing trend until the end of
the experiment,

What about the COD and TOC concentrations for
lysimeters L3 and 147 Until 226 days into the
cxperiment, both COD and TOC concentrations were
higher for lysimeter L4 (recirculation) than for L3

(non-recirculation).  After that, however, these
concentrations decreased faster and become lower for
L4 than for L3.

We examined the COD and TOC concentrations of
leachates from the top, intermediate and bottom
layers of each lysimeter. For all lysimeters, the
leachate COD and TOC concentrations were higher in
the order of bottom, intermediate and top layers.
That is, COD and TOC components scrubbed from
upper layers were accumulated in lower layers. For
the recirculation lysimeters, the difference in COD
and TOC concentrations between the top and bottom
layer leachates was small, indicating that leachate
recirculation is effective in making leachate COD and
TOC concentrations uniform at all depths of the waste
fill. This characteristic is expected to help minimize
dissolution of various polluting components from the
waste fill and to suppress fluctuation of
physiochemical and microbial environments, thereby
ensuring stable and uniform microbial activity for
waste decomposition and stabilization.

Decomposition Behavior of Nitrogen Components:
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Concentrations of Leachate from L2 Top Layer

Ammonium nitrogen (NH,"-N) was the main form of
inorganic nitrogen present in the leachate from each
lysimeter. For recirculation lysimeters L2 and L4,
the NH,*-N concentration increased gradually during

the carly stage of the experiment, due to the scrubbing.

For lysimeter L2, the concentration decreased sharply
in summer, after 271 days of the experiment, when
microbial activity is high. For lysimecter L4, after
dilution by precipitation during the rainy scason,
which began at 191 days inio the experiment, the
NH,*-N concentration showed a similar sharp drop
trend as for L2. After this sudden decrcase, the
NH,*-N concentration decreased gradually for both
L2 and [4.

For the non-recirculation lysimeters L1 and L3, the
ammonium nitrogen concentration remained high at
90 to 100 mg/l. for about 540 -days into the
experiment. [t began to decrease during the second
summer, increased during the second winter, and then
continued decreasing until the end of the experiment.

For recirculation lysimeters, while the COD and
TOC concentrations decreased sharply in about 60
days as mentioned earlier, the T-N concentration
began to decrease at 191 to 271 days into the
experiment. This is presumably due to the
difference  in  the  proliferation  ratc  of
nitrogen-decomposing bacteria;
organic-carbon-oxidizing bacteria proliferate faster
than nitrifying bacteria. Like COD and TOC, the
leachate T-N and NH,*-N concentrations were higher
in the order of bottom, intermediate and top layers,
for all lysimeters. The difference in these nitrogen
component concentrations  between the top and
bottom layer leachates was also small for the
recirculation lysimeters, verifying the effectiveness of
leachate recirculation in making the nitrogen
concentrations uniform at all depths of the waste fill.

Figure 8 shows the time-dependent change in T-N,
NH,*-N and NOy-N concentrations of the leachate
from the top layer of recirculation lysimeter L2.  The
NH,"-N component accounted for virtually all T-N in

the top-layer leachate until 271 days into the
experiment.  Afier this, however, as the NIH,'-N
concentration decreased suddenly, NH3™-N became the
main nitrogen component of leachate. This is
presumably due to the following mechanism.
NH,*-N is dissolved from the waste decomposed in
the lysimeter. In recirculation flow, the dissclved
NH,"-N component enters the semi-acrobic top layer,
where it is nitrified by the nitrifying bacteria to
become NH;-N, which flows downward into lower
layers where it is denitrified by anaerobic bacteria.
The top-layer leachate of recirculation lysimeter 14
also showed a similar trend of nitrogen decomposition
behavior.

Chemical Substances in Leachate: The number of
chemical substances detected in early leachate from
L1 and L2 was 176, and that from L3 and 1.4 was 130.
Tentative chemical-substance identification using the
library search systemn installed in the GC/MS
equipment revealed the following.

(1) Of the chemical substances in the leachate from
L1 and L2, 50% were aliphatic, 27% were aromatic,
16% were cyclic aliphatic, and 7% were other
substances.

(2) Of the chemical substances in the leachate from
L3 and L4, 57% were aliphatic, 20% were aromatic,
18% were cyclic aliphatic, and 5% were other
substances.

Cyclic compounds, such as cyclic aliphatic and
aromatic substances, and oxygen- and
nitrogen-containing compounds, which are thought 1o
have come from the domestic waste incineration ash,
were contained in larger percents in the leachate from
L1 and L2 than in the leachate from L3 and L4.

For non-recirculation lysimeters .1 and L3, the
leachate TOC and TOX concentrations showed an
increasing or plateau trend throughout the experiment
period, as indicated in Figurc 7. In contrast, those
for recirculation lysimeters L2 and L4 showed a
gradual decrease. At 15 months into the experiment,
the leachate TOC concentrations for L2 and 14 werc
4% and 35%, respectively, of those for L1 and L3, the
leachate TOX concentrations for .2 and 14 being
24% and 69%, respectively, of those for L1 and L3.
Change in chemical substanice concentrations mostly
complied with this trend, as indicated by thc
time-dependent change in total ion chromatogram
(TIC) (see Figure 9). For L1, the number of TIC
peaks and their height gradually increased until 226
days into the experiment. At 349 days into the
experiment, however, the number of peaks decreased
unlike the TOC and TOX concentration trend. For
L2, on the other hand, the number of TIC peaks
decreased until 156 days into the cxperiment.
Although new peaks appeared after 226 days of the
cxperiment, they also decreased gradually thereafter.
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Fig.9 Time-dependent Change in Total Ion
Chromatogram(TIC)

For L3, the number of peaks and their height
increased until 63 days into the experiment, but
showed a gradual decrease thereafter like the TOC
and TOX concentration trend. For L4, some pecaks
disappeared at 63 days into the experiment, but some

new peaks appeared, including those for bisphenol etc.

The number of peaks decreased gradually thereafter,
though at a slower rate than for L3,  This
phenomenon suggests that bisphenol and other
chemical substances whose peaks appeared in the
later stage are slow in decomposition but fast in
dissolution.

The abovementioned change in TIC peaks verifies
the effectiveness of the recirculation lysimeters in
removing chemical substances as well from the
leachate, However, it is not clear whether the
difference in the TIC peak behavior among these
lysimeters is attributable to the differcnce in
dissolution rate or decomposition rate of each
chemical  substance or to  newly gencrated
decomposition  products. Identification  and
quantification of each peak are necessary to determine
the cause.

Heavy Metals: Pb and Zn (amphoteric metals) were
detected in the high-pH lcachate during the early
stage of the experiment, and in the leachate after 664
to 711 days of the experiment when pH value was
high.

TFe and Mn are known to be dissolved in the form
of divalent cation in a reducing atmosphere. The
dissolved quantitics of thesc metals peaked twice:

immediately after start of the experiment and during
the first summer when microbial decomposition is
presumed to be active. Presumably, the atmosphere
in each lysimeter during these periods was a reducing
atmosphere, with a low oxidation-reduction potential.

Chloride Ion

Figure 7 also shows the time-dependent change in the
leachate chloride ion concentration for each lysimeter.
For L1 and L3, the chloride ion concentration
increased rapidly immediately after start of the
experiment, due to dissolution from the waste, and
decreased sharply during the rainy season and
subsequent summer, due to dilution by precipitation.
For L2 and L4, in contrast, the leachate chloride ion
concentration constantly showed a gradual decrease,
verifying the “buffering effect” of the recirculation
lysimeters.

The changing pattern of electric conductivity
closely resembled that of chloride ion concentration,
indicating that the clectric conductivity varies
depending on the chloride ion behavior.

Measurement of Gases Generated from Waste
Gases generated in ecach lysimeter were measured
using a detector tube. Ammonia, acctaldehyde and
trimethylamine were detected in the quantities
ranging from several to a hundred and several tens of
ppm, in the intermediate and bottom layers of L3 until
315 days into the experiment, and in the intermediate
layer of L4 until 156 days into the experiment.
Hydrogen sulfide was identified in the intermediate
and boitom layers of L2 after 951 days of the
experiment, and in the bottom layer of L3 after 798 to
951 days of the experiment.

GC-TCD analysis was carried out to measure gases
in each lysimeter. The analysis revealed 1% or
lower methane in the top, intermediate and bottom
layers of all lysimeters. The oxygen concentration
in the recirculation lysimeters remained 15% or
higher even in the bottom layer when measured after
one year of the experiment, compared with less than
15% in the non-recirculation lysimeters.  This
indicates that landfill leachate can be fed with oxygen
while it is circulated through the waste fill.

Dissolution Test of Waste Fill

Dissolution test was carried out in all four lysimeters
at 39 months after start of the experiment, to compare
the purification/stabilization performance between
recirculation and non-recirculation lysimeters. The
results were as follows.

(1) The chloride ion concentration in the recirculation
lysimeters ranged from 40 to 300 mg/L, compared
with 10 to 60 mg/L in the non-recirculation
lysimeters.

(2) In all lysimeters, the COD concentration in the



bottom layer was nearly four times that in the top
layer, indicating the tendency of COD accumulating
in lower layers.
(3) In the non-recirculation lysimeters, the NO;-N
coneentration in the top and intermediate layers was
around 0.5 mg/L, nearly six times that in the bottom
layer, implying that nitrification occurred in the top
and intermediate layers.

No other substantial difference was observed
between the recirculation and non-recirculation
lysimeters.

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

purification and waste stabilization for inland landfills.

To study the applicability of this technique to scaside
landfills, we carried out experiment using a
demonstration-scale  mini  pilot  plant. The
experiment revealed the following.

1. This technique can decompose and remove organic
and nitrogen components, thercby purifying the
leachate early.

2. This technique can maintain uniform and stable
physiochemical and microbial environments in
landfill waste.

These findings have led us to conclude that the
leachate recirculation semi-aerobic landfill technique
is effectively applicable to coastal landfills.

We have constructed a medium-scale stabilization
promoting pilot plant adopting this technique, at a
coastal landfill site of Kitakyushu city, in an attempt
to putting this technique fo practical use, For the
detail of this plant, refer to our report entitled
“Treatment of Leachate and Stabilization by Use of
Wastes,”
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