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1. Inm)duction 

Di.spo.sal of the incineration residues is a rapidly grown problem '"^ Development of a deci.sive criteria 
to evaluate the environmental tiehaviour of fly ash deposit ttecomes very important. Leaching tests are 
often u.sed to simulate mobility under dump conditions. Linear alkylbenzene .sulfonate (LAS) have t)een 
found to increase water .solubility of chemicals 'K A large amount of LAS is dispo.sed to .sewage and 
removed during primary and .secondary .sewage treatment. Low but measurable concentration of LAS 
has been reported in river and e.stuarine .sediment Therefore, the intiuence of LAS as elute on the 
leaching of PCDD/Fs was investigated in this .study. Whether the transport mechani.sm of PCDD/Fs is 
cau.sed by ad.sorption on infilterable fine particles will also be checked and di.scu.ssed. 

2. Experimental 

2. / Leaching tests 
The leaching experiments are depicted in figure I. The ve.ssel supplied this leaching system with LAS 
from which percolated the two columns by gravity. The percolation flow rate was 20+5ml/h. The 
intlltration capacity of the .soil was not overridden becau.se a supematant in soil columns could not be 
ob.served during leaching experiments. 

(I) The first experiment was carried out 
according figure I. The .second column only 
contained di.scs filter and 20g .seasand without 
.soil. The fly ash eluted with pure water and 
LAS water. 

(2) The .second experiment was performed with 
soil columns of 4cm and IScm length, 
re.spectively. The column eluted by LAS water. 
After finishing the experiment the .soil columns 
were frozen (-80 C). The column of 18cm 
length was carefully cut into layers of 2cm 
depth, the column of 4cm length was mixed and 
analy.sed as a whole. The leachate was sampled 
in a gla.s.s ves.sel and analy.sed as a whole. 
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Figure 1 Schematic pUit of the leaching 
experiments 
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2.2 PCDD/Fs Analysis 
The PCDD/F.s analysis procedure include in Figure 2 •": 

SOKhlot-Extracl lon 

I 
Spiking wi th " C , . 2.3.7,a-sub«ti tutod 
P C D D ^ a IntAmal atartdards 

A luminum Co lumn 
25(] A luminum * 20a Na,SO« 

prowashino wHh 100ml n-Hoxana -*- 40m l Banzans 
sampla eluted wttt i SOmi Banzane->- ZOOmi (n-Haxana -< 
CH,C l j , vA/ - oa/2). this f ract ion for P C B analys is 
aliJted wtth 200ml <n-Hexane -̂  CH .C I , . vA/ - 1/1) 

MIxtura Co lumn 
4g slUca -*̂  10a acidic Silica ( 4 4 % H,SO.) 

* 2 a Sil ica •*• 5o Na ,SO. 

a. 80ml rv-Haxana prawaahlng 
b. aampta elut ing wttt i 24Snnl n-Haxane 

Flortall Co lumn 
16g FtorlaJI (1 •» water ) + 5g Na ,SO. 

a. 200ml rvHaxane praM/ashlrtg 
b. sample eluted wi th 200ml n-Hexane 
c. Col lect ing 300ml CH.CI , for 

PCDD/Fs analysis 

Remove to 2 0 M 1 minlvtnl wtth 
Ni t rogen How 

H R Q C - H R M S 

Figure I Clean-up procedure of PCDD/Fs analysis 

3. Results and Discussion 

The PCDD/Fs pattern of unleached fly ash is shown in figure 3 and all homologues aje present in 
sufticient amounts. It was suitable for the leaching experiment. The homologue profile of leachate from 
the fly ash without soil is plotted in figure 4. Obviously all homologues have been leached by the LAS 
water at considerable amounts (figure 4) much more than that leached by the pure water. 

10000 

8000 • 

% 6000 • 
c 

4000 

2000 

• ; • : • • • • ; : • • • 

f-.;::;. 
;:;•• if-

:::;• 

:JP1 

•.••:::•:••••••::•:::.:•:;•••••:•::• 

fH 
; : !•';'••• 

::::lsv< 

-1 
;;:;:;:;: 

i 

~ • - I 

••;•:•• 

|;ir-f'|iH 
[̂l-
iEip^:t.l.JHII:l 
;|||:;:lK-I'f-''lBISi 

1 

P
C

D
D

 

H
xC

D
D

 

H
pC

D
D

 

O
C

D
D

 

TC
D

F
 

P
C

D
l-

H
xC

D
F

 

H
pC

D
F

 

. 1'' 
: . . : . : : : ; • : • . 

• : l r 

:;;fc. 

5 

8 

Figure 3 PCDD/Fs pattem of the unleached tly a.sh 
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In fact the content of PCDD/Fs in the leachate by pure water is nearly nothing. This re.sults indicate the 
transport of particles is not so important to the leaching of PCDD/Fs in the fly ash and .soil. The 
mechanism can be explained that LAS above the critical micelle concentration (CMC=0.5g/l) as 
cosolvent enhance die water solubility of PCDD/Fs. 

Figure 4 PCDD/Fs pattem of the leachate from tiie fly ash leached through die 4cm and 18cm .soil 
column and leachate with LAS and pure water without .soil 

From figure 4, the pattem of PCDD/Fs congeners in the leachate i.s surprisingly shifted to high 
chlorinated PCDD/F.s which is in contrast to the corresponding water .solubility of the PCDD/Fs. The 
concentrations of higher chlorinated PCDD/Fs are far above tiieir water solubility '*''. 
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Figure .5 shows the results if a .soil column of 4cin length was added following the fly ash 
column. Again significant amounts of PCDD/Fs could be measured in the leachate. In the .soil column of 
IScm length, the content of PCDD/Fs is not so high, but the amount of thc congeners is also higher 
than their solubility. This fact are also found in the leaching report by the fire-e.xtinguishing water '. All 
ot the.se leachiiii; results for LAS water are ditt'erent from the findiniis for leachins with distilled water 

•fo clear the PCDD/Fs profile in column, the leaching experiment using IScm .soil column was 
pert'ormed. Figure 5 shows the pattein of leachate anil distribution of rcDD/Fs congeners in different 
soil depth. The high chlorinated PCDD/Fs like he,\a-. hepta- and octa-CDD/Fs break through the 
column whereas the tetra- and penta- homologues are not leached to that extent. This tlnding is 
consistent with the results ot the leachates. 

The content of PCDD/Fs congeners in the column is decreasing from the top to the bottom. For the 
column of 4cm length, the content of PCDD/Fs is nearly same as that in the top of IScm length column, 
but a significant ma.ximum in one layer could not be ob.servetl (Figure 5). An ultimate breakthrough 
could he postulated for the.se compounds. 

In conclusion, the abnormal behaviour of the PCDD/Fs under leaching condition with LAS water in 
tills study can be explained that Ihe surfactant LAS enhance Ihe water .solubilily. tlvery year, a large 
amount of deieigcnt containing LAS was u.sed and then discharged to the .soil, watei' and .sediment, i.e. 
via .sewage sludge. It must be mentioned thai the .solubility enhancement to the high toxic pollutants 
like PCDD/Fs and po.ssibly other compounds with similar properties will result in u rapid tianspoiiation 
and lead to .severe environmental problems. 
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