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Introduction 
Dioxins are some of the most harmful man-made chemicals. In Japan, there are many 

dioxin-contaminated sites around incineration facilities, wilh the degree of contamination reaching 
over 8,000 pg/g of soil. Conlaminated soil has been collected and slocked in special holding slrage 
where it will be held unfil the toxicity has decreased to below the environmental guide line or it can 
be treated by remediation methods. 

In general, dioxins are preseni in the soil at low concentrations and are widely distributed over 
the land surface. These low concentrations in the soil, however, translate into high concenlralions in 
the human body as the dioxins pass through the food chain. 

Therefore, effective methods for the treatment of soils conlaminated by dioxins are necessary. 
Physico-chemical freatment methods using large amounts of energy and requiring the construction 
of special facilities have been tested, but as of yel there is no quick, effective method that can be 
applied to the remediation of dioxin-contaminated soil. Physico-chemical methods are expensive 
and lime-consuming when used for soils with only low to moderate levels of contamination. 

Biological methods, for example the use of microorganisms for the degradation of dioxins, can 
be particularly appropriate for remediation because Ihey do nol require special facilities and they can 
treat large amounts of contaminaled soil on sile. These methods, however, are comparatively slow 
when applied on a large scale. 

Last year, at this Congress, we reported the isolation of a fungus Acremonium sp. from 
dioxin-contaminated activated sludge that would degrade highly chlorinated dioxins (1). Under 
aerobic conditions this fungus can over 90% degrade chlorinated dioxins within l-day. The 
degradafion percentage did not vary with the degree of chlorination of each dibenzo-p-dioxin and 
dibenzofuran. The degradafion products from octachlorinated dibenzo-p-dioxin (OCDD) were 
identified as heptachlorinated dibenzo-p-dioxin and 1-, or 2-hydroxy dibenzo-p-dioxins. It seems 
that OCDD is degraded by a de-chlorination reaction and then the aromatic rings are oxidized. The 
temporary accumulation of letrachlorinaled dibenzo-p-dioxins, which was reported for dioxin 
degradation under anaerobic condilions, was nol observed during this reaction. The toxicity ofthe 
dioxins was rapidly reduced by the action of Acremonium sp. This observation indicated that 
Acremonium sp. can possibly be used for bioremediation of dioxin-contaminated soil. 

We conducled two experimenls; degradation under rotary cultivation (the minimum scale for a 
bioreactor) and a static cullure degradafion test (lo simulate in situ treatment). The 
dioxin-contaminated soil was added directly lo the medium and acted upon by Acremonium sp. in 
the medium. In this report we discuss the use of Acremonium sp. for the degradation of dioxins in an 
actual sample of contaminated soil. 
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Materials and Methods 
Soil The soil used in the sludy was an aclual contaminated soil taken from the area surrounding the 
incineration planl in Nose Cily, Osaka, Japan. It was found lo contain approximately 10,000 
pg-TEQ/g (lotal dioxin concenfration in soil approximately 800,000 pg/g) based on dala obtained in 
our laboralory. The soil was found lo contain 20% organic matter based on the loss of weight 
resulting from healing al 600°C. Before use in the experimeni, the soil was dried and passed Ihrough 
a 2-mm mesh sieve. Pre-treated soil was slored in a desiccator unlil use. 
Rotary cultivation system A schematic representation of the reactor system is shown in Fig. 1. 
Batches of six 50 ml erienmeyer flasks were placed in a baffle, sited on a callus cultivation 
apparatus and agitated in an incubator. For the static cultivation the flasks were placed in the 
incubator withoul agitation. 

Side Front 

Figure I. Schematic diagram ofthe rotary cultivation system used for the degradation of dioxin. 

Cultivation condilions The medium for use in the degradation lests conlained glucose, 1.0 g; 
lignin, 0.1 g; (NH4)2S04, 0.2 g; NaCl,0.2 g; K2HPO4, 0.1 g; MgS04-7H20, O.l g; CaCOj, 0.2 g and 
0.1 ml of a trace elemenl solufion (FeS04-7H20, 0.01 g; MnCl2-4H20, 0.01 g; ZnS04-7H20, 0.01 g 
per 10 ml of disfilled waler) per 100 ml of distilled waler. The pH was adjusied to 7.0 wilh 
hydrochloric acid. To make the solid medium, purified agar 1.5% was added lo the above medium. 
The cultivation temperature was kept al 35°C and conditions were kept aerobic by use of a cotton 
plug. A portion of culture (20 g) including soil was placed in each flask. 
Preparation and atialysis procedure After cultivation, the culture medium, including the soil, 
was freeze dried, and then extracted wilh toluene in a soxhlet exfractor. The toluene (50 ml) was 
then dried over anhydrous sodium sulfate, washed with sulfuric acid and subjected lo silica gel (3 g) 
column chromaiography. The dioxins were eluted wilh 150 ml of hexane, and the volume was 
decreased lo 100 pl. 

One microliter out of 100 pl was analysed by a GC-MS apparatus (ThermoQuest GCQ plus 
equipped wilh a TRACE GC 2000) sel fo GC-MS/MS mode (2). As a result of these procedures, 
approximately 100% of spiked dioxins were recovered from the cullure medium. Degradation ofthe 
dioxins was estimated from the decrease in the GC-MS/MS peak areas for the letra- lo 
octachlorinated dibenzo-p-dioxins and dibenzofiirans. 
Chemicals PCDD/PCDF STANDARD MIXTURE EDF-4931 (Cambridge Isotope Laboratories 
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Inc.) was used for the quantification of the dioxins. The other chemicals used in this experimeni 
were all laboralory grade. 

Results and Discussion 
Rotary cultivation Under sterilized condilions, the effect of soil on the degradation of dioxins was 
estimated. The rafio of soil to medium was varied belween 40 and 90 % (w/v). The weight of 
inoculum was fixed al 8 mg (dry weight). The mixture was agitated at 54 rpm for 36 hr. When the 
soil conieni in the medium was increased, the extent of dioxin degradation was found to decrease. 
We were nol able to selecl a soil-lo-medium ratio, based on degradation efficiency, but wilh soil at 
70 % ofthe medium content (resulting in 45% degradation) the mixture was found lo agitate well 
(low viscosity) and we selected these conditions for the nexl tesl. 

The optimum agitation speed and size of inoculation were eslimated. The degradation efficiency 
remained constant up lo approximately 30 rpm and then decreased. A degradation of 65% was 
achieved in relation lo the lotal dioxins. The agitation speed was fixed al 30 rpm, and the initial 
inoculation amounl was varied belweem 5 mg and 40 mg. Finally, 85% of lolal dioxins were 
degraded when 35 mg of inoculum was used (Fig 2). However, cullivalion under non-sterilized 
condilions resulted in about 20% less degradation than under sterilized conditions. Wild strains of 
fungus were nol observed by lighl microscopy. It seems that this decrease was not caused by 
contamination with wild strains of fiingus. Possibly it was caused by the solubilization of dioxins in 
soil particles by the effecl of autoclaving. 
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Figure 2. Effecl of initial inoculation weight on the degradation of dioxins 

Static cultivation Under sterilized conditions, the effect ofthe amount of soil on the degradation 
ofthe dioxins was estimated. The ralio of soil lo medium^ was varied belween 10 and 80 % (w/v). 
The weight of inoculum was fixed 8 mg (dry weight). The mixtures of soil and medium were 
incubated for 14 days al 35°C. When the soil conient was increased the extent of degradation ofthe 
dioxins was found to decrease. However, with a water content of over 40 %, the degradation 
perceniage was 30 %. We selected a soil lo medium ratio based on a degradation efficiency of 40 % 

The weight of inoculum was estimated. The initial inoculation weight was varied between 5 mg 
and 40 mg (dry weight). Finally, under sterilized conditions, when 35 mg of Acremonium sp. was 
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inoculated in the medium, 45% of the tolal dioxins were degraded (Fig 3). However, under 
non-slerilized condilions, wilh less than 30 mg of inoculum, the perceniage degradation was 
decreased. Under the lighl microscope many wild strains of fungus olher than the cullure medium 
were observed. When the weight inoculated was inadequate .Acremonium sp. may be overrun by 
wild strains. 

We thought 45 % degradation was nol enough. We then tried fed-batch cullivalion. Thirty five 
mg (dry weight) of Acremonium sp. was added every 6-days lo the culture medium. After the first 
inoculation, the perceniage of dioxin degradation was increased and reached 75%. A second 
inoculation was not effeclivein dioxin degradation in this experiment. However, using Fed-batch 
cultivation, dioxin degradation was promoted as is shown in Figure 3. 

lOOi I I I lOOr 
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Figure 3. Effect of initial inoculation weight 
on the degradation of dioxins. 
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Figure 4. Effecl of fed-balch cultivation 
on the degradation of dioxins. 

These data indicated that Acremonium sp. can remove about 80 % of dioxins from aclual 
dioxin-contaminated soil both wilh and without agitation. After treatment with Acremonium, about 
20 % ofthe dioxins were not removed from the contaminated soil, ll is possible that this resulted 
from adsorption ofthe dioxins on soil particles which hindered the approach Acremonium sp. and its 
enzyme systems, 

Acknowledgements 
Our study was supported by the Ministry of Heallh and Welfare in Japan and the Regional 

Science Promoter program (RSP) in Hokkaido, Japan. We would like to lhank Dr. Ikuo Souda of 
Kanagawa Prefecture Environmenlal Research Cenler for helpful discussions. 

References 
1. Nakamiya, K., Yosizaki, K. and Furuichi, T, (2000) Organohalogen compounds, 45, 468. 
2. Kemmochi Y., and Arikawa A., (1999) Organohalogen compounds, 40, 160. 

ORGANOHALOGEN COMPOUNDS 
Vol. 54 (2001) 237 


