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Panel discussion: Proper waste disposal and the remediation of contaminated sites 

Débat de spécialistes: Gestion correcte des décharges et dépollution des sites contaminés

M. Kamon -  Disaster Prevention Research Institute, Kyoto University, Japan

A BSTRA C T: The m o st important w aste management strategy is to m inim ize environmental impact o f  w aste. The techniques used are 

reduction o f  w aste generation, development o f  suitable intermediate techniques, reutilization and recycling  o f  w aste, and establishm ent o f  

safe and proper d ispo sal land fill scenarios. This paper fo cuses on the establishm ent o f  safe and proper d isposal land fill sites and the 

Japanese strategy fo r w aste d isposal land fills. A  case study on illegal dumping o f hazardous w aste in Japan is introduced. Containment 

and remediation techno logies are also  discussed together with the advantages o f  new ly-developed methods.

RESU M E: Les plus importantes questions que soulèvent la gestion des déchets dans le but de m inim iser l'impact sur l'environnement sont 

la réduction de la production de d échets, le développement de techniques intermédiaires appropriées, la réutilisation et le recyclage des 

déchets et la m ise en p lace de scenarios d 'enfouissement des déchets co rrects et sûrs. Ce document se fo calise sur le dernier de ces thèmes 

et sur la stratégie jap o naise pour une gestion par enfouissement des d échets, de plus une étude de cas sur les décharges illegales de déchets 

dangereux est présentée. Les techniques de contenerisation et de décontamination sont aussi abordées avec les avantages qu'apportent les 

méthodes nouvellement développées.

1 IN TRO D UCTIO N

Human actio ns w hich bring  about sustainable d ev elopm ent are 

required  so  that a prosperous civ ilization can co exist with a sound 

environm ent. Enviro nm ental g eo technics has and w ill p lay an 

important ro le in preserving our environment.

The quantity o f  w aste generated  is increasing  and w ill lead  to 

an increase in frequency o f  illegal dumping o f w aste. The quality 

o f  the w aste is o ften lo w ered  due to  co ntam inatio n by to xic 

substances. Furtherm ore, d ispo sal sites are being filled  faster 

than w as o riginally  predicted , and iso lation and safe-containm ent 

system s should  be established  in o rd er to avo id  ground  and 

groundw ater contamination.

The m ajo r o b jectiv es in the safe d isposal and containm ent o f 

any type o f  w aste include (M itchell, 1996):

(1) The constructio n o f  liners, flo o rs, w alls, and co v ers that 

ad equately  lim it the spread o f  po llutants and the infiltration o f 

surface w aters,

(2) The containm ent, co llectio n and removal o f  leachate from 

land fills,

(3) The co ntro l, co llectio n , and rem o v al o r utilizatio n o f

landfill gases,

(4) The maintenance o f  landfill stability,

(5)  M o nito ring  to  ensure that the necessary  lo ng-term  

perfo rmance is being achieved.

The c lassificatio n  o f  w aste co incid es w ith the lev els o f  

contamination. W aste w hich is exp losive, to xic, infectious o r o f  a 

nature o therw ise harm ful to  the health o f  human being or the 

liv ing  enviro nm ent is c lassified  as sp ecially -co ntro lled  w aste. 

Co nstant p recautio n is required  in resp ect to such sp ecially - 

co ntro lled  w aste at all stages from d ischarge to d ispo sal, and a 

sp ec ific  d isp o sal m etho d  is p rescribed  fo r each substance. 

Industrial w aste w hich contains mercury, cadmium, lead, PC B or 

o ther hazardous substances and d oes not m eet the p rescribed  

standards based  on elution tests, are classified  into  the designated  

hazardous industrial w aste category. The Environmental Standard 

w as introduced  to safeguard  human health and to preserve the 

liv ing  environm ent. The Efflu ent Standard  w as introduced  to 

co ntro l the quality  o f  w ater d ischarge from facto ries and o ther 

business establishm ents into  public w aters and seepage o f w ater 

into  the gro und . The c lassificatio n  o f  d eg ree o f  w aste 

co ntam inatio n depends stro ngly on the characteristics o f  the

Table 1 Environmental standards and judgment criteria fo r industrial w aste

Env iro nm ent
standard

Efflu en t standard Lan d fill d isp o sal

Su b s ta n c e Env iro nm ental 
w ater and  gro und

D rainag e Slu d g e
A sh es, slu g  so o t and 

d ust

Unit mft/ L mg/ L m s/ L mg/ L

A lky l m ercu ry  co m p o und N o t d etected N o t d etected N o t d etected N o t d etected

M ercu ry  o r a  co m p o u nd  th ereo f 0 .0005 0 .005 0 .005 0 .005

C ad m iu m  o r a co m p o und  th ereo f 0.01 0.1 0.3 0.3

Lead  o r a  co m p o u nd  th ereo f 0.01 0.1 0.3 0.3

O rg an ic  p ho sp ho ru s co m p o u nd  

H exav alent chro m ium  co m p o und 0.05

1

0.5 1.5 1.5

A rsen ic  o r a co m p o und  th ereo f 0.01 0.1 0.3 0 .3

C y anid e co m p o u nd N o t d etected 1 1

PC B N o t d etected 0 .003 0 .003 0 .003

Trich lo ro eth y len e 0.03 0.3 0.3

Tetrach lo ro ethy lene 0.01 0.1 0.1

D ich lo ro m ethane 0.02 0.2 0.2

C arb o n tetrachlo rid e 0 .002 0 .0 2 0 .0 2

1,2-d ich lo ro ethane 0 .004 0 .04 0 .04

1,1-d ich lo ro ethy lene 0 .02 0 .2 0.2

C is - 1,2-d ich lo ro ethy lene 0 .04 0.4 0.4

1,1,1 -trich lo ro e  thane 3 3

1,1,2-tric h lo ro ethane 0 .006 0.06 0 .0 6

1,3-d ich lo ro p ro p ene 0 .002 0 .02 0 .02

C iu lam 0 .006 0.06 0 .06

C y m ag in 0 .003 0.03 0 .03

C io b enkaJb 0.02 0.2 0.2

Ben z en e 0.01 0.1 0.1

Selen iu m  o r a co m p o u nd  th ereo f 0.01 0.1 0.3 0 .3

Basis

Env iro nm ental 

stand ard  X  10
=  Efflu ent 
stand ard

=  Efflu en t 
stand ard
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w aste and the analytical m etho ds used, in p articular elutio n 

techn iq u es (K am o n , 1996) . T ab le  1 su m m ariz es the 

env iro nm ental standards and jud gm ent criteria fo r industrial 

w aste in Jap an as related  to w ater quality (Tanaka, 1996). The 

remediation target should be below  the lev els ind icated  in Tab le 

1.

2 D ISPO SA L  ST R A T EG Y  TO  M IN IM IZ E EN V IRO N ­

M EN TA L IM PA CT

Leachate fro m w aste at w aste d isp osal sites po ses a po tential 

environm ental risk. A  proper d ispo sal technique based  on the 

properties o f  the w aste must be selected .

D isp o sal standards are provided fo r each type o f  w aste. W aste 

d isp osal land fills can be d ivided  into  three types acco rd ing  to 

environmental po llution potential as show n in Figure 1.

Table 2 Strategy fo r proper remediation

Step Su b je c ts  f o r rem ed iatio n R e m ark s

1 C h arac teriz atio n  o f  

in itial situ atio n

1)  Pro te c tio n  o b je c tiv e

2 )  T rig g e r v alu es

3 )  In d iv id u al p lan n in g  in ten tio n s

2 Pre -e v alu atio n 1)  T e c h n ic al ap p licab ility  test

2 )  C o m p reh e n siv e  test

3 Site  sp e c if ic  rem ed ial 

sc e n ario s

1)  C o m p atib ility  o f  site  c o n d itio n s

4 D eterm in atio n  o f  

rem ed iatio n  targ ets

1)  D eterm in atio n  o f  lev e l o f  rem ed iatio n  

and  site  sp e c if ic  im p o rtance

5 D etailed  ev alu atio n 1)  M o n ito rin g  rem ed iatio n  w o rk

2 )  Ev alu atio n  o f  e f f e c tiv e n e ss  and  resid u al 

risk s

6 Ec o n o m ic  co n sid eratio n 1)  Q u alify  c o st estim ate

2 )  C o n sid e ratio n  o f  c o st e ffe c tiv e n e ss

Environmental pollution potential 

(environmental risk)

Figure 1 Classificatio n o f w aste d isposal sites by environmental 
pollution potential

1) Dispo sal o f  w aste at a strictly-contro lled  landfill site

W aste w hich is likely  to  generate a leachate hazardous to

human health and industrial w aste containing hazardous metals or 

sim ilar substances are brought to a strictly-contro lled  landfill site 

fo r final d isp o sal. These w aste are fu lly  iso lated  fro m the 

environment.

2) Dispo sal o f  w aste at a contro lled  landfill site

W aste w hich is likely  to generate a leachate detrimental to the 

preservation o f  the liv ing  environment is brought to a contro lled  

landfill site fo r final d ispo sal. Its leachate, sim ilar to that from 

dom estic w aste, has large BO D  and CO D  contents and contains 

o rg anic substances but d oes not co ntain hazardous m etals o r 

sim ilar substances. The leachate is co llected  through seep age 

co ntro l and  treated  carefu lly  to  p rev ent the leachate fro m 

contaminating the soil o r w ater system.

3) Disposal o f  w aste at a least-contro lled  landfill site

W aste w hich usually  generates no  fo ul w ater is finally  

d isposed  o f  at a least-co ntro lled  land fill site. The types o f  w aste 

in this catego ry  are d em olition w aste, g lass, ceram ics, p lastics, 

m etal and  rubber w hich are sup p osed ly  free o f  d isso lv ed  

hazardous metals. These w aste are stable and do not d ecom po se 

o r generate foul w ater.

The technical requirem ents d iffer acco rd ing  to  the characte ­

ristics o f  each type o f  w aste and therefore the d isposal co st w ill 

also  vary accordingly.

3 REM ED IA TIO N  O F CO N TA M IN A TED SITES 

3.1 Basic concept o f remediation work
Co ntam ination from w aste poses a potential threat to  our natural 

reso urces and human health. From the remediation standpoint, 

the m o st important facto rs are likely  to be a d efinitio n o f  the 

cleanup target, technical and co st feasib ilities, natural reco v ery 

estim ates, and the ability to  d istinguish and/ or contro l continuing 

contamination.

D ifferent rem ed iatio n m etho ds fo r co ntam inated  sites are 

available (Jessberg er, 1996; Ko v arick and Kingsco tt, 1996).

Remedial measures include:

(1) Provid ing containment by cutting o f f  migration pathw ays by

(a) capping systems

(b) vertical cu t-o ff w alls

( c j basal lining systems

(d) active pneumatic o r hydraulic measures, and/ or

(e) immobilization.

(2) Decontamination o f  contaminated  ground by

(a) physical treatment

(b) thermal treatment

(c) m icrobio lo gical treatment, and/ or

(d ) so il w ashing.

(3) Rep lacem ent o f  contam inated  soil and w aste: this method 

should  not be used as the contaminated  soil and w aste still need 

to  be properly d isposed  o f.

D eco ntam inatio n is the preferred  remedial m easure, but it is 

no t co st e ffec tiv e . Pro v id ing  co ntainm ent is the accep ted  

substitute fo r d econtam ination. It must be ascertained  that w ith 

co ntainm ent, any risk to  humans and the env iro nm ent are 

elim inated . Co ntainm ent is in p rincip le a temporary rem ed ial 

action and must provide fo r cleanup activities to be undertaken in 

the future. A n effectiv e monitoring system w ill show  if  and w hen 

additional remedial action is necessary.

In selecting  a proper remedial m easure, a step-w ise strategy 

should  be adopted  as show n in Tab le 2. A fter co st evaluations, a 

rem ed ial co ncep t is pro po sed  w hich co ntains the sco pe o f  the 

remediation and the measures to  be taken fo r each case.

3.2 Containment and isolation
There are three approaches to contam inant partitioning o f  w aste. 

These approaches are: (1) beneficial use o r o pen-w ater d isposal, 

(2) so lid s retentio n, and  (3) hydraulic iso latio n. The co nfined  

d isp o sal facility  (C D F) d esign criteria, based  on contam inant 

lev el and pathw ay, are show n in Figure 2.

The C D F should  be used fo r co ntaining  contam inated  w aste 

that canno t be released  w itho ut co ntro l to the environm ent. 

Contaminants w ithin the C D F can be d ischarged  to  the env iro n­

ment through six p o tential pathw ays (Richard so n et al., 1995).

Uncontaminated

waste

Minor 

contamination, 

minimal 

partitioning

Partitioning

Beneficial use 

or open water 

disposal

Certification for 

waste discharge

Significant

partitioning

Problematic waste

Highly

contaminated

waste

M inor partitioning

Solids retention 

approach

Increasing degree o f 

waste isolation

Filter intake CDFs

Certification for diffuse 

discharge

Moderate

partitioning

Hybrid approach

Hydraulic 

isolation during 

waste disposal 

only

Certification for 

point or diffuse 

discharge

Extensive

partrttomg

Hydraulic isolation 

approach

Increasing degree 

o f hydraulic 

isolation

Certification for 

point discharge

SHORELINE AND IN -LAKE DESIGNS -

Toxic

waste

Hydraulic 

isolation CDF

Permit for a point 

discharge

Conformance 

with minimum 

technology 

guidance

“ UPLAND CDF DESIGNS "

INCREASING DEGREE OF WASTE CONTAMINATION -

Figure 2 C D F design criteria based  on contam inant lev els and 

pathw ays
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Volatilization

Figure 3 Contaminant pathw ays fo r in-lake CD F

These pathw ays are show n in Figure 3 and include three w ater­

bo rne pathw ays (seep ag e, leachate and surface ru no ff), tw o 

p athw ays related  to  the d irect uptake o f  the co ntam inants by 

p lants o r anim als (b io turbatio n), and an airbo rne em issio n o f 

contaminants (vo latilization).

The metho ds fo r lim iting  co ntam inant pathw ays from C D Fs 

fo r p ro blem atic w aste include the addition o f  eng ineered  barrier 

and/ or w ater-balanced  com ponents in d ikes, basins, and cov ers. 

The operational alternatives fo r establishing  pathw ay barriers are 

also  important. Thus, the basin o f  the C D F could  be lined  using 

co m p acted  clay  liner (C C L) o r it could  be sealed  by p lacing an 

initial layer o f  clean fine-grained  material in the C D F. Either 

barrier lay er co uld  be effectiv e in lim iting  the m o vem ent o f  

leachate from the w aste into the groundw ater beneath the CD F.

Creating a v ertical barrier by cu t-o ff w alls is one o f  the most 

effectiv e metho ds. A  new ly-dev eloped  d iaphragm w all method, 

the trench cutting  &  re-m ixing  deep w all (TRD ) m etho d , is 

co nsid ered  to  be highly  co st-effec tiv e fo r creating  a v ertical 

barrier. This m etho d  uses a chain-saw  type cutter d ev ice fo r 

d igging and m ixing . The cutter d ev ice is inserted  into the ground

Figure 4 Schem atic o f  TRD  method

Permeability

(cm/ sec)

IO ’8 10 '7 1 0 *  IQ '5

up to  the necessary depth to make a continuous so il-cem ent w all 

as illustrated  in Figure 4. The TRD  method  has the fo llo w ing  

advantages:

(1)  The co ntinu ity  o f  the w all is v ery high and  the 

p ermeability is very low .

(2) The w all is ho m o geneo us and can be as deep as 30 

meters. The original ground condition is modified  by the w all as 

show n in Figure 5.

(3) The d igging capability  o f  the cutter device is high enough 

to be applied to gravel and co bble grounds.

(4) The height o f  the construction device is low  (4 m) and the 

machine stability is high.

The w all is usually  co nstructed  v ertically . To  apply it to  

d isposal sites, an inclined  w all can be constructed  by inclining the 

d ev ice. The angle o f  the inclined  w all that has been successfully  

constructed  is 60 degrees from the vertical.

3.3 Remediation

Unco ntro lled  release o f  heavy  m etals and o rganic chem ical 

substances into  the ground has resulted  in w idespread  ground 

and groundw ater co ntam inatio n. The remediation o f  sites w ith 

contam inated  grounds should  be perfo rmed  as soon as po ssible. 

So lid ificatio n techniques have the po tential to  stabilize o r treat 

so ils w hich w ould permit safe containment.

The so il-m ixing  technique has increasing ly been relied  upon 

fo r in situ rem ed iatio n o f  co ntam inated  so ils (D ay  and Ryan, 

1995). Dep end ing  on the app lication, d ifferent d iam eter mixing 

augers (1 to 4 m) can be used to inject cem ent, bentonite and 

o ther stabilizers to  m o d ify  so il properties and  thereby remedy 

co ntam inated  grounds. A  m ajo r advantage o f the D eep  M ixing  

M ethod  (D M M ) is its ability  to treat so ils at great depths w ithout 

excav atio n, shoring o r dew atering. Thus, it is relatively low  co st 

and allow s less exposure o f  w astes to the surface environment.

W hen a q uick lim e p ow d er o f  D M M  is in jected  into  a 

contaminated  clay  ground, the induced heating by the reaction o f 

the quick lim e w ith w ater can easily  rem o v e v o latile o rganic 

com pounds (V O C s). The fo llo w ing  introduces an exam p le o f 

Jap anese experience with D M M  (Yabuta et al., 1996).

Fig u re 6 sho w s the rem ed iatio n system  fo r a V O C s 

contaminated  site in Japan with D M M . One o f  the advantages o f 

D M M  is that it can be applied  to a clay  so il ground, w here the 

m o st p o p ular V acuum  V ap o r Extractio n M etho d  canno t be 

app lied . A no ther ad v antage is its ab ility  to  w o rk under a 

rem o v able hood. The hood  is an o pen-bo ttom  cy lind er w hich 

co v ers the surface o f  the co lum n w hile m ixing  is perfo rm ed  

d irectly  below . The hood  is low ered  onto the soil and the mixing

H o p p e r ( q u ic k  lim e )

Figure 6 Remediation flow  by D M M

Fig ure 5 Ground co nd itions befo re and after so il-cem ent w all 

construction by TRD  method and permeability o f  so il-cement

C o n ta m in a n t 

c o n c e n tr a tio n  

l  101001000 m g / k g -d ry  s o il

I C h a r a c te r is ti c s  o f  c la y  | 

W a te r  c o n te n t : 2 8 %

U n i t w e ig h t ( w e t ) : 1.863t/ m * 

( d r y ) : 1 .452t/ m * 

S p e c i f i c  d e n s ity  : 2 .6 7  t/ m5 

V o id  r a tio  : 0 .8 4 2  

D e g r e e  o f

s a tu ra tio n  : 8 9 .9 %

Fig u re  7  S o i l  p ro f ile  o f  c o n ta m in a te d  site
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T a b le  3  C o n te n ts  o f  h az ard o u s su b s ta n c e s  o n  T e s h im a  Is la n d

Su b stances

Sam p lin g

sites

D istrib u tio n  o f  co n ten t (mg/ kg ) M axim u m

co ntentless than 0.1 0.1 ~ 1 1 ~  10 1 O ~  100 100 ~ 1 000 10OO ~  10000 more than 1 0000

C ad m iu m , Cd 19 12 7 87

Lead , Pb 19 1 5 12 1 14000

A rsen ic , A s 19 1 10 7 1 100

M ercu ry , H g 19 1 6 12 4 .3

PC B 19 1 11 7 58

N ickel, N i 19 3 16 4 4 0

C o p p er, Cu 19 3 13 3 4 9 0 0 0

Z in c , Z n 19 2 14 3 3 1 000

D io x in s 22 2 9 10 1 39

N o te: U n it o f  D io x in s is ng -TEQ / g

R em ed ia tion  tim e  (m in )

Figure 8 Results o f  remediation

blad es are started  w hile quick lim e is introduced . A  negative 

pressure may be kept on the head space o f  the hood  to  remov e 

any vapors into  a vapor treatment system during construction o f a 

co lumn. The installed  co lum ns overlapped  each o ther in order to 

treat all the d esired  areas. So il p ro file o f  the site is show n in 

Figure 7. The contaminated  layer spread from the ground surface 

to  the deep clay  layer. The improved depth w as from the ground 

surface to 5.5 m belo w  the ground surface. The contam inating  

substances are T C E, PC E, c -D C E, etc . and the m axim um  

contaminant concentratio ns w ere 265.5 mg/ kg-dry so il o f  TC E 

and 329.7 mg/ kg-dry soil o f  c -D C E. A fter injectio n o f  100 or 

150 kg/ m^ o f quick lime fo r tw o m ixing cy cles, a large vo lume 

o f V O C s w as extracted  from the contaminated  ground, as show n 

in Figure 8. The amount o f  rem ov ed  V O C s in the field  agreed  

w ell w ith the values computed from the air flow  rate.

4 SITE CO N TA M IN A TED  BY  ILLEG A L W A STE DUM PIN G

Hanashim a et al. (1996) reported  a case o f  illegal dumping o f 

industrial hazardous w aste on a small island  in Japan, w hich has 

been dubbed the Japanese version o f the Lo v e Canal Incident.

A  large quantity o f  hazardous w aste w as illeg ally  dumped on 

Teshim a Island  in the scenic  Seto  Inland  Sea o f Jap an. A n 

industrial w aste d ispo sal co m pany , w hich co llects car shredder 

dust and o ther w astes o stensibly  fo r recycling , illegally  dumped

Shredder dust

Slag

Figure 9 Pro file o f  ground and groundw ater lev els o f 

contaminated  site on Teshima Island

and  burned  app ro xim ately  460,000 (510,000 tons) o f  the 

w aste o n a field . The p ro file o f  the ground  and groundw ater 

lev els are show n in Figure 9. The site investigation revealed  more 

than 30 hazard ous substances as show n in Tab le  3. To x ic  

substances such as lead, PC B and d io xins w ere d etected  in the 

w aste at high co ncentratio ns. These contam inants w ere also  

d etected  in the groundw ater beneath the w aste. Environm ental 

contam inatio n caused  by the w aste has not been clearly  detected . 

A cco rd ing  to  the d irection o f  the groundw ater flo w , how ever, it 

is highly  p o ssible that the to xic  substances in the dumped w aste 

have penetrated into  the marine environm ent

This incid ent bro ught p ublic attentio n to  the p refectural 

ad m inistratio n's neg lig ence, inad equate leg islatio n, and  the 

insufficient processing  capability  o f  the industrial w aste d isposal 

co m p any . The incid ent also  highlighted  the many p ro blem s 

inv o lv ed  in w aste d ispo sal esp ecially  co st o f  remed iatio n and 

construction o f  industrial, w aste treatment p lant or final d isposal 

site. The lo cal resid ents demanded the rem o val o f  the illegally  

dumped  w aste and  o ffic ial ju stificatio n  gave mo mentum to 

reso lv ing cases like this o ne through the environmental po llution 

arbitration system.

5 CO N C LUSIO N

Proper w aste d ispo sal land fills and the environm ental impact o f  

hazardous substances in w aste land fills w ere d iscussed . M any  

rem ed iatio n techniques are av ailable in a carefu lly  co ntro lled  

o peration system . H o w ever, w aste contam inatio n can still be a 

d aunting pro blem  fro m technical and regulato ry  standpo ints. 

A gencies at various lev els, w orking together w ith the industries 

and the public, have made progress in d eveloping regulatory and 

technical approaches to  cleaning  up heavily  contam inated  sites 

and to  id entify ing  sites that require urgent actio n. N o single 

regulato ry  o r technical approach w ill w o rk in all situations. 

Increasing recognition o f  the problem by various authorities, and 

w ith additional resources and new  approaches being applied  on 

all fro nts, w e ap p ear to  be on the w ay to  red ucing  the 

environmental impact o f  hazardous w aste disposal.
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