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Biodegradation of solid waste and production of micropollutants in landfill

Ayako Tanaka

Department of Recycling and Eco-Technology, Graduate School of Engineering,

Fukuoka University,Nanakuma, Jonan-ku, Fukuoka, 814-0180,Japan

Abstract

Recently, the influence of chemicals such as carcinogens and endocrine disruptors on the ecosystem has
become a serious issues. In Japan, where the incineration ratio has reached to 75% for combustibles, there is
rising public anxiety about the influence of leachate on human health since incineration residues contain
hurmful substances such as dioxins. Attention has, therefore, come to be paid to a bioassey including a
genotoxicity (mutagenicity) test. Authors focused on a mutagenicity related with carcinogenicity as a safty
assessment index of landfill and have been investigating the mutagens in waste and leachate since 1986. It is
necessary to find the appropriate test condition for leachate because leachate contains some obstacle to
mutagenicity test. The optimum pH, useful etraction method and the useful test strain for mutagenicity were
obtained. It was found that the mutagens are easily produced by biological nitrification and chemical
denitrification in landfill sites holding incineration residues, and are probably nitroarenes and aromatic
amines.
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BEYOHLHMBEAIThi, BEVLBLSRUERICERAEEICRE L L LTHLEEDS
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MREENEIHOREMAT=F ) VT AEEBLE L THATHADII DWW TR &I, &
EMELEETAFEFRVWETIESZENE LT, BEYEIHIIBIT AMEMRBILIER
FEE DA B WL THRE LT,

2. EEFMRBRFIEOHIMIZET 2%

EREHRBIIE—OLEDERECEHIERSNLOTHY, HAWE, BIANEENT
WAL ALRVBEACERT 5BE, RROBEBMEC SV TRET ZRERL B, HITEHIK
B L OMBEREEN TS0, BRERCELCAENELHETE TV ARV TEELH
B, ®7, HETIAZELEN SHOBHAREN BV TREOHRERMNTRRESR~0 21
BFEMERCHENR bR, TREMFZEHOENEREM TUEE S5 EBT, Bo Tl HE
L7V, BEHEBNN B T AT ATR SN, £72, MHRESOEREMHRBIC
WTLEABRBS L CRELAESEL HY, TRTERBRT BI0E 0 OBMESNBLETH
B, EREERRBLBHAORLMIMEL LTAV58E, BETHHIENZELL, T2
T, T THEBHAMRICGEL, EHEESEECTASRRIELYRI TS EEEML LT,
OEREHRBONUEORM THIEREWEORE & (BEEmMmEE, 7 v—LvA 30k, CSP
BISREE), OREOHE LIEENEOKRESE, OEABEKRORE, @FL A Fa—3
L OBEE, 3L UORMELONERSIT SV TR ET .

2. 1 EBHBBIUVFHE
(1) ERBBBLOEREMEOBRMESIE
BESEORNERIZBVTIE, —BEEDOEH (5 HFT) RUHEIERE 3 b7 256
BERUCBHAL pH % 2,7 RO 10 O 3EBRBHIRE L%, BEREE, Tr—vA 3 v REER
TN CSP Mg & ED 3 EORMEREICH L,
(2) EERREMAR
TREMRRIL, = —L2ARBRTL— MERUZOERBETHHT LA rFa—a JERKK
5> TiFot, BHEMREHZ S A FAZARF L F (DMSO, Tt i3 T, 5700 A) 2z THIR
£ L, 20,50,100,250,500 x g/plate 725K HICRB L7z, ZORE 100uL i 0.IN U - ERIRE
# (pH7. 4) i3 S9mix % 500 L RURBREROEEIK 100 L M2 TR LK, 45°CITHREL
72 0.050M E 2F P —EFFUERY T NTH—EMATREL, Z V3 —RAEH Vogel-Bonner
BERERIEHICERB L=, “h% 37CT 48 BEIERL, £BL TE L AF VU HEBREDER
ap=—(revertant) 25 L1, 7 A v Fa—T 3 VEOHE, B L BERRERAKIC, 37C
TSI LA rFaX—arEfTol,
HEREROBIRERICIIELSS [EELKBURBRIENA FF 4 ) TUABKLLTRHESRT
% Salmonella typhimirium TA98, TA100, TA1535 R UK TA1537 % MR iz, FOMORRICITE
BEWMBOE R/ Y —= 7HEELE L THWSLN TV A Salmonella typhimurium TA98 K TF TA100
RV,



MEEREMEORBESELOZHIZT v FFFREY X — bk 9000Xg EIEES (S9, AV x4
NEER) RUGEERBEOREY (Somix) AW ERE L RKRIZIT> 72,

(3) HEMEDOKREER
BEVERVERFEMEOHEEES ZMBH1-0I2, BEK IO~ S5 74— (HPLC) 12XV 5
EZTV, MEVEOBMEEEICOVWTHELL, TOBREBELT, MENBEES EERERY
HI5 % BT DEEORMNET o2,

by

2. 2 EBRRRRBIUVEER

(1) EEEWEOBMESEORT

RERBEFIEARET A0, BRAGNOERBEHOBEERERDZ (Table 1), £ O/
B, =LA I3 VREBETEIREAKOEREMER BB TSI LB TELVR, BRRFRMD
FETIBEEREELE CSP #MIERFE L OBICKEREIRD N o7, BEMHIES CSP #ilE
WHEIEE BT A0, MEOEMDE (BHE—CSP) & TOC BEORBFREY Rz, TOEER, TOC
BED 100mg/L LA & 600mg/L DEHAIZ 2V TIEEE OFEMHEIZKE /0B 23880 5h, TOC
BEEDMEVREICIL CSP BHIERBEENEEMBIEICHRTERFRENE S, WIZ TOC BESEHVR
BHCIED -7, Zhid, CSPEAERFENBEMEEICHNLRHREEOEHM A RET 5729,
TOC BEVPE VR TIIERZFEVEUNAOYME GEERFEMELHS) NERBIEEIN, EEK
HERARER LI 2ADEELLRT, LiL, TIC BESBEVEAIE, #EEFEMERLIUE
BEMELLIEFERN DR eD 0, BRELE CSP #ERBEOEENEL 25 LDET
Bahs, DEoZ bnb, EREMOFEZRET 556, BEMEERS IO CSP #IEREEL
LobERTEDLEZ DN, EEL, BABYRELTTRHAKIZONWTIE, CSP #IEREE
TRHEEFYMEERHLEZ L0, REFRORHBRM THEHEEZ AV THILETIEDFHiE
AR TANENR DD I ENBONT Ao, £, BEFEO pH ITEERHER LU CSP #AER
EELLLIZBWTL pH2 TR L EREME SIS,

Table 1 Mutagenicity by etraction condition

Extraction condition Number of POSitiXe
positive rate (%)
pH 2 6 75.0
Solvept oH 7 3 375
extraction
pH 10 0 0
pH 7 0 0
Blue rayon
adsorption pH 10 0 0
pH 2 5 62.5
CSP resi‘n ol 7 A 0.0
adsorption
pH 10 1 12.5




(2) BREMRBRFEOHT

E4E EELBURBIETARTA ] THLEBEKE L THEEN TV S Salmonells
typhimirium TA98, TA100, TA1535 R XU TA1537 # AWV TRHEHKEE 4 BIZOVWTEER ML
B L, FOFRE, Figure 1 IRT L D12 4 BB L TAIS, TAI00 35 KT TAIB37 (ZEZ M &
RL, FTH TAIS B LU TAI00 BRIZH T DEEMMEN -T2, BT, EREFERUSRBOONLEL
AEE 13 BEHZOVT TA9S & TAL00 DEHOEVER D L, 13 BED 5 5 TAIB BRTIEMZ R L
O 12 RECHBMEIT 6% Th HDIZR LT, TAL0 £RTIT 9 BE, BiEE 69%L TA98 Bk TO
Bt ENE o7 (Table 2), ZOFE, 7v—bi 7 MVUIOKERARZTERFEMENIFH AT
WHWIEERLTWA, L, TAIOD BROLBEHENLIRAE L 1 REH o2, ThODT &
b, BHARBOEREEYE=4 U 7T 5HBEORREKIZ OV TIX, Salmonella typhimirium
TA98, TAI00 M 2 T+HTHDH I EDBHLMIIR 2T,
MEZEEYEOAELRE L RER, HBRLABHARE 13 055 Sonix FAMEL > THHE
AR L= BUBHEUE TAO8 B5 T 11 BH, TAI00 Bk T 9 B L EFEME S Sonix OFRMELEL
LAWEEZREWE L REBHEh (Table 2), 72, S9mix HMOBE DL Eh D H#
$ 1 ko, ZOZEns, RBRBEIETERICRLN, FEHEZZ2MNTIHET D720
BREESIC L ABEEREFERMEDOET=F ) V7 (SO bRETH L I tndbholz,

EBIT, BRHBRERSBVI EDLRAINTWAT—AREOHREETHD TV, rFa -V
3 VIETHRBBEORREMN CRREKOABMEFRERAS A LN DY, L — METRALNR
WIS, BHARBOZEERERBRIZIZZ L~ MNEOFBEL TWA I Ebholz,

(3) MHEWEIZET 2mEt

EREMRBROMEDREOBRENEL L TEERNECLI B ERVCEEVEOBIEIZ X HkRE
FHED 2OV THRE L. EBERNELIZHEIXIZEA RNV EbhoT,

—%, MEMBOBEIZEABREIZOWVTIE, HPLC XA NEHOERFEERRICL VEEY
EOSMEABEESICEEL, EEEVERTOES L BRABEMIGFET LI Lvbhrol, £I T,
EEMEOMBEE L U THBEEB TH S Hexane HEMEBEE TH D 2ProH ZHWT, 5%-
2PrOH/Hexane &1 10%-2PrOH/Hexane MDRASEH 2HEER L, BUBEOSEZR O T HE~IE
KABE#IT, INLOBRILAEENEOREDTRMIC OV TR L. TO/RR, MEY
BT 10%- 2PrOH/Hexane FIIAEIMNIZTEET A I & bbb o7z (Figure 2), £/, ERFRHELED
bie 11 RBHZDWT 10%-2PrOH/Hexane RIEEAWVT 2 HEIL, FNLNOBEFICOVTER
FEHAREL-ER THRES CH4REBEBVWERRERELARO bR, TEESTRETO
HEIADER LY b2 ~5BBVERFREMEA4TL, 10%-2PrOH/Hexane B CHEME L ERK
MELAENBETED I ENBALNITR-T (Figure 3),

—EORBRFEICETARRERLS, BHEAFOERENELET=F Y L /T 5DORRTY
m—& LT Figugre 4 I RTREE 70 —21E L.



Number of revertants (revertants/plate)

Dose of extracts (i g extract/plate)

Figure 1 Dose-responce curve of 5 test strains

Table2 Companson between sensitivity of leachate samples
t0 Satmonella typhimirium TA98 and TA 100 strain

TA100 TA98 TA1535 TA1537 TA1977
300fF
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Sample TAS8 TA100
.§9* +89%* .§9* +89**
Plant A 13400 571 9730 7440
Plant B 2340 2475 3470 6890
Plant C 2610 2566 5900 7510
Plant D 1200 ND ND ND
Plant E 1110 689 ND ND
Plant F 4160 4620 4370 4560
Plant G 248 661 ND ND
Site A 4010 3400 5810 4730
Site B 1230 1810 3630 3210
Site C 936 563 2990 3450
Site D 2700 2840 ND ND
Site E ND 2400 2100 2900
Site F 650 290 1350 1700
;‘:S'::]bvj o 12 12 9 9
Positive rate 92 9 69 69

(o)

unit : netrevertant/L, ND : not detected

*.89 : without SOmuix, **+89 : with $9mix
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Figure 2 Dose-responce curve of each fraction from extraction
with 5%-2PrOH/Hexane and 10%-2PrOH/Hexane sol vent
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Figure 3 Mutagenicity of before and after extraction with 10%-2PrOH/Hexane



Extraction
v

CSP800resin adsorption/
Ligiid-Liquid extraction with CH2Cl2

contain inhibitor

%Extraction with 10% 2PrOH/’Hexanej

lElulion with DMSO l - I

Mutagenicity test

Method : Plate incorporation
Test strain : Salmonella typhimurium TAS8, TA100
Metabolic activity : with, without S9mix

Figure 4 Mutagenicity test method for leachate proposed by this paper

3. EREIFEMEDOERBEBIZET DR
BELEMBIZLHEIMOY A0 2 &I 5701203, B TCORELEREDERK - HE
AHN=ZALEBLEDIITHILERD S, £ 2T, SRS AV CEENORER X OB &4
ERBFMOBRARAEL, RREVEOAERERIIOWTRF L, ZORBREEL, ERRY
BOEREREIT, EHBEORIIAITT,

3.1 BEFEMENHICRT A EREHOARER O

3. 1. 1 EBRERBEBIUVHE

(1) EBREEE

HEREEIL, B 1600 m, &I 4200 nmo> SKBIMME CHEL TR IE R L OBRA B REE L
B HMAAE 4 B v (Figure 5), BABICHERIZRIE, BIEIHKE, HHZaa KR
NEEEL 30111 TRELAELDOEZ 6. 77t RE L7z, FHBLIBILEPKE LY 500~800mm
DIBICEEYREBEEYRBTY N v FERDHTHREL L. KHEHRARFBE L THREE
500 emD & SITHER L, ERENOEIIBAH~BRESBRICEE S L L O, BOIXERFED
TAOMEIC Lo, 70, EREFIEEICIRRETE LR A AR & E (¢ 100mn, £ & 500mm)
FHVEWCEE XY, ORI VEHKE 3ml/nin THERSE., EREBTIBMICHRBL
foled, BRBIWEERBAFLHT THS.

(2) RHKOKEREEEB B LU HIE

HAED S DRHKE —EBMEICER L, pH, ORP, BOD, COD, TOC, TN, NH4+-N, NO2—N, NO3-
N, ClI-IREZA TP K BREICE L THIE Lo, BIZ, FPAEBRELVERLZAT RO TE
FRILER T A (N0VREZH A7 v~ b7 77 (ECDREE) &AW CEHRIL .

(3) AR(LFMEORNE

Rt



BHAKEE (2~8L) 27 7 AHMEE (7 R0 7 o 7 JEE GAL00) % AVWCHEA L ZEY %
BrE L7k, 6N FiBEZMNZ T pl2 IZHE L7, ZOBRE AW TEHEEREEICTERIEFEDED
BT,

(4) EREERR

P ERRIZ Salmonella typhimurium TA98 F L TR TAI00 Bk B\, 71— MEIZ TEEEMHERER
BIT-72, £77, Somix EEM (-S9) BLU S9mix FHEAM (+99) OWEH T CRBEITo7-. BB
FiExe., 18 (2) BORRBEUHRBRAFEICHETC T,
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Figure 5 Experimental lysimeter

3. 1. 2 EREEBLUEEH Nl \S//i*\v/’
S 10 :

MUBEDOEVWTEERMLZLET 2

L, HAREBIELHT DRI 0
FRUEICH_RTERBEMENS » B &< 10000 f
HIRL, ZoFEELEN -7 (Table 3), 8000 |

Fio, REMBLUORER 3 F¢& 5 F8
DEEMREKRTIREL, Bohi-iE
HIRIZOWTERFEHEZHRAE L. £0
fER, Figure 6 I3 X212, RERIO
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revertants/ kg dry waste, PFEBIVERBR TIIRRHL, 3 EFRCEATERFEHIET L,
BAURSOEBVWERDE, EBBIXUTRERAPBIZESTEWVESEEZR L, EEBETRBICEKBL
TREELTIE, EHLLERDBEAVRONLEMT, MEDOFIESBENELSVELTH
B, ShoDZlmd, BEWENBIIBI5EERMEORBIIFRENRB L BENH S L EX
b,

FIT, BRESBOLEOSRBRTEREFEMENRERENDINERLNIIT 501, BHAK
KELERFEEEOBBIZOVWTRAELL., TORKE, EXRLEVOEILLBEFRIRDLN, B
KD NHA+HREE DS BBITAR T L, NO2-B L UNO3-AStH S s 5 L B RFEM A HE L (Figure 7),
FHZ, NO2-H BB E TREINARIERFEHLRD b, NOZ-B@RWEIZEERFRHRE > > 7.
INH0ENS, FREMORRIIMLBRBIIBOTREE TWATREERAEVWEHE AN,

Table 3 Change in Mutagenicity of leachate from two landfill type of lysimeter with time

Mutagenicity of leachate (net revertants/L)

Lysimeter
2month 6 month 10 month 15 month 18 month
. . D1 ND ND ND ND 1210
Semi-aerobic
D2 ND ND ND ND 1110
Recirculatory D3 ND ND ND 2610 840
semi-aerobic D4 ND ND ND 2340 ND
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Figuer 7 Relation between the magnitude of mutagenicity (TA98, -S9)
and the concentration of NH4+, NO,”™ in leachate from lysimeter



3. 2 MWERBLIUBRZBREBIIBITILEREMEDERK

3. 2.1 EBREERIUSGE

P B CIE, BEHERIE 4 T Lo/ NVREAIRE (¢ 30cm, & & 100cm) Z{ERIL, £DEELY
B & LT 300mgN/L HBILT V=0 LBRABAAT S (BT €= 0 LBHHE : Lysimeter A)
FHiEER VT (Table 4), MEERTIE, WILERRHLO/NEMERE AL F L, 300mgN/L FHEEY U
VLG AEE LR OB L. (REEEA Y U LA  Lysimeter B). £72, ThoOXEELT
EEKEBHTDHT 77 (Lysimeter C) 2T, BAARITBMTOFREKELFEIZ, 38
2118930 nL ZHAME LI L OB L,

FHADKEST, AHREVEORBL IUERFEMRBRIZ3. 1. 1 (2) ~ (4) OFEL
LU TITo72,

Table 4 Experimental condition

Lysimeter Lysimeter A Lysimeter B Lvsimeter C
Landfill type Semiacrobic landfill ty pe
Waste type Incineration residues
Weight of waste (kg) 116.6
Volume of waste (m3) 0.0708
Sprinkled water 300 msgoi\luﬁo]iH“C] 300 mfoi/tlianO3 distilled water

3. 2. 2 EBHRABIUEEZ

£9, MILBIUOBREERICBY 2MIEBLUBREOETRIIC OV TR IHAKDEEIEEERR
B, MtEBIUOBMERKOBRELARF L, LT v Eo 0 ABAB CIIERM 2B LT
BHAKFOBEMMEERDIZE A EH NHA+-N Tho703, 150 B B LI NO2—N 23 2~bmg/L fRH &
hihs, NO3—N & 200 B BLARE L 0 mE R Lz, £7o, BE{CEA 200 A BLARBRE S s
B, bz, BT T ABAMO pH 13, 200 A BUMICETEE4TL, 777 #8
FOMEES Y v LB LY 1 ATRIEVETHE Lz, ThLDORRMNL, BT =0 L8
HECIE 150 A BLARE L 0 R LEUS A EIT L Tl e B2 6 B,

—%, WEEA Y v LABAE CIIERBMMBE® L VMG LT NH4+-N B LT NO2—N 2545 % 20~
100mg/L 8L 5~25mg/L #EtH &, EREHE LY NO3-OBITUEHEE T D I EbhoTz,
LasL, FEERD U ¥ ABARR T, AEBRBMEPICBOTRBEAFICIREES 2 RH SN RD
St. ABEDL 5, BP KBLUVIN2EDHEHREZKICBETI L IALBRERICEEATY
HERT LI LLKEY (TAAYWE) BUTICRIRISCE Y REEZRET D L &R
ELTWEIEND, TITELRBEBA A ORI, BAREPIZRICEAINIEREIC
LBILEHARISTHD ETFHEENS,

2A1+2NaOH+2H20—2NaA102+3H2

KIZERFEMZSOWTHD E, BT Uy Eo0 ABAETIE, FE% 150 B B LSRR L T 300

~600net revertants/L OERFEHEBIRE I N7z (Figure 8(a)), HEEY Y 7 ABAAE TIT 50 H



HUME L D 600net ravertants/L Pl EDERFEHABM SN, HICTHEE 50~100 B BizB1T
12, 000net revertants/L MEWWVEREM %R L7 (Figure 8(b)), ZOEL, HELT L E=7 L
BAER L UREY Y Y ABRE S LRV THERREOR BN N02-B LU N20 3B
SNIED B L ILIZE-—BL TV AHEEZRL TV D,
LLEDZ &b, £MMMELIERE X UHEE DL FRHR BB OMGIE, #7IZ, NO2-F L UTN20
BEREINDBETERRMENERSIND LEXT,
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Figure 8 Relation between the magnitude of mutagenicity and the concentration of nitrite ion
in leachate, nitrous oxide in gas from lysimeter
4. fim

EFREZBELT, T—LRECLAERRERRIIREREYELMOLZLMFTMERL L THE
AENTVIRHADILESNIC L AREVEORBENBRT D2 HFETHDZ LETFL, B
BHA~DZOERRERROEAFELHL L, 2, BEEDEIHICBITIERFEMEOR
BIIMAEYORENBR, Bl - REBETALITRESE VI LEAR L, RFFI, BERRK
EEEOBEEMBIHIZB W TIIEBEOLFOETIIL > THLREFRESRERT DI I LHLN
L, ZOMEBREOLEETRISIIENRERICEINISREOMBERISIZL 2D EHEL
. EbIT, FRFBFHERLEARO= I FEFBIVFFERT I /TG L TAXREEZRT
Salmonella typhimurium YG #EB X U8 NR k&2 AW ERFEHHR LTV, ML HE&KETE
RENEERFEVEOFSBRETERILARO= b FEABLIUOFEFERT I - HAEEATND
AIREMES BV L E R LT,



HITE
A RAEELHDICHEL, RBETHEE, THELHY £ LLBRARKFEANSHERER, Y
SRR, IIHRINER, BAKE LFMRERFIERIGEA TRIHP L LT ET,

BE K

1) Quppd, W)IEFET, KT, LEkFks), LBEE, REFRERRICIDEEYMEILLSS
BHAROMBIEYEY — <41 7 v A, KBEREEFSEE, Vol. 15, No.4, pp. 244-253 (1992)

2) e, SLEEMEF, REREEE], B (RE FEF, ERILE . BEEYESSEOREKAESE
IRITHERFEOHE, KRHEFZEE, B 15%, %5%, pp 321-326 (1992)

3) MApEEEE), fEWBEZE, SEHT, AAF  EUMRBRHAKOERFHE-RHKFOREMEICS
THTHEEL LT—, BMiER, $45%, % 186 %5, pp. 28-35 (1992)

4) M) GREE) FEF, RAZE, UBE T ARBES, BIBIEE  BEMESIASSERHKICEE
NOERFME O, BEEMFRMHIEE H3%, 35, pp.51-60 (1992)

5) AHMEE, @AM BLARAUI—IIBTLBREFLEROREH, & 8 EeEERHERIRE
RRZHETRCE, pp. 137-140 (1987)

6) A.Kamiya and Y. Ose ; Study of the Behaviour of Mutagens in Wastewater and Emission Gas from
a Municipal Incinerator Evaluated by means of the Ames Assay, The Science of the Total
Environment, Vol.65, pp.109-120 (1987)

) NEREE, RS REDLEICRY DEAE(CFHORME, BALF, 35 %, 3 5, pp. 77-193

(1989)

8) A.Kamiya and Y. Ose ; Isolation of Dinitoropyrene in Emission Gas from a Municipal Incinerator
and its Formation by a Photochemical Reaction, The Science ofthe Total Environment,
Vol. 65, pp.109-120 (1987)

9) M. Watanabe, M.Ishidate Jr. and T.Nohmi ; A Sensitive for the Detection of Mutagenic
Nitorosrenes: Construction of nitororeductase—overproducing Derivatives of Salmonella
typhimurium strains TA98 and TA100, Mutation Research, Vol.216, pp.211-220 (1989)

10) M.Watanabe, M. Ishidate Jr. and T. Nohmi ; Sensitive Method for the Detection of Mutagenic
Nitoroarenes and Aromatic anmines: New Derivatives of Salmonella typhimurium Tester
Strains possessing elevated O-acetyltransferase Levels, Mutation Research, Vol.234,
pp. 337-348 (1990)

1) /NEFFER, IWAIEA, REZ, DEEN; BAREYTOERLEMICL 2RIcENE, BED
FRWILES, 9%, 4%, pp. 115-122 (1998)

12) AOIER, SCEEET, RBREE, TEIGIEE  BEREMIESIHICKIT D N20 ORERA V=X LIZH
O, LAFRE 52 BIFKEMERSMELSLE, pp. 88-89 (1998)



