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Abstract—The objective of this research was an evaluation of amendments for supplementing organic matter for
composting of diesel-contaminated soil. The materials used for this study were soil and sewage sludge, which was
added as amendments for supplementing organic matter. The ratios of contaminated soil to these materials were 1: 0.1,
1:0.3,1:05, and 1:1 as wet weight basis. Experiments with only additives were carried out as control, and biocide
control experiments were also tested by the addition of HDEgradation of diesel was affected by the sewage sludge
mix ratio, and the most rapid degradation of TPH was observed in the mix ratios of 1:0.3 and 1:0.5 of contaminated
soil to sewage sludge. However, excess addition of these materials did not necessarily facilitate degradation rate.
Appropriate mix ratio for effective degradation was 1:0.5 as a wet weight, and 98.1% of TPH was degraded during
the composting period. In biocide control experiments, 8.3% of TPH removal of diesel oil occurred, while 95.3% of
TPH was removed in experiment without adding biocide. This indicated inactivation of microbial activity for degrading
diesel oil was not completely occurring although significant suppress of microbial activity was observed. Carbon
dioxide evolution rate and dehydrogenase activity were matched with the degradation of diesel oil well.
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INTRODUCTION two categories such @ssitu and ex-situdepending on whether
excavation of the sail is required or not [Wang and Bartha, 1994].

Soil and groundwater contamination due to the leakage of under- There are several ways of bioremediation for excavated soils,
ground storage tanks (UST) has become a serious environmentiaicluding landfarming, bioslurry treatment, and composting. Of these
problem. Most fuel oils consist of complex hydrocarbons and con-treatment options, composting has advantages over the other types
tain components hazardous to human health. Soil contaminated withf technologies because it involves relatively low capital cost and
fuel oils, therefore, must be treated in a proper manner. At presengiperating costs, simple operation and design, and relatively high
more than 137,000 releases from USTs have been confirmed byeatment efficiency. Also, composting has general advantages that
USEPA [Fan and Tafuri, 1994]. In the united states alone, there areontaminants are not transferred to other environmental media and
about 37,000 Superfund candidates, 80,000 sites covered under thiee cost is low relative to other treatment alternatives. On the other
Resource Conservation and Recovery Acts (RCRA), and 25,00Band, a potential disadvantage of composting over other bioreme-
Department of Defense sites in need of remediation [USEPA, 1998[diation techniques is the requirement of a large quantity of amend-
In response to these situations, the 1984 reauthorization of the RCR#&ents. These amendments can significantly increase the volume of
mandated that the USEPA regulate USTs used to store motor fuetee compost [Freeman and Harris, 1995; USEPA, 1996]. Compost-
and hazardous chemicals. However, soil and groundwater contaning can also be integrated into a treatment train [USEPA, 1996].
ination by USTs was seldom quantified in Korea. The Soil Envi- Although composting of yard wastes, municipal wastewater sludge,
ronment Preservation Act was enacted in 1996, but criteria for thend municipal soil waste has been performed for decades, com-
fuel oil contaminated soils are not yet established in Korea. Thereposting of soils contaminated with hazardous materials is still an
fore, research on remediation technology for the fuel oil contami-emerging technology. Composting has been demonstrated to be ef-
nated soil is required for management and remediation. fective in biodegrading explosives and PAHSs (polynuclear aromatic

Remediation technologies for contaminated soils can be dividechydrocarbon) in soils during full-scale applications [Berg and Eggen,
into physical/chemical and biological technologies. Biological re- 1991; USEPA, 1996]. Park [1996] studied the applicability of com-
mediation (bioremediation) is emerging as the most cost-effectiveposting for degrading phenolic compounds. Several researchers have
treatment for hydrocarbon polluted sails, especially when the condemonstrated the possibility of composting of soils contaminated
taminated is a medium-distillated fuel such as diesel-oil, jet fuel,with petroleum hydrocarbons [Beaudin et al., 1996; Stegmann et
and No. 2 heating oil; and remediation options also can divided intal., 1991]. Thermal treatment of petroleum contaminated soil re-
mediation by a fluidized bed desorber at higher temperature was
*To whom correspondence should be addressed. carried out by Lee et al. [1999]. Hwang et al. [1998] and Oh et al.
E-mail: asbrhur@yahoo.co.kr [1999] also studied thermal degradation of waste in which source

307



308 J. M. Hur and J. A. Park

materials and reusable oil are recovered. In contaminated soil conFable 1. Characteristics of soil and sewage sludge used for this

posting, organic amendments including manure, yard wastes, and study

food-processing waster are often added for the contaminated soilpgrameters Soil  Sewage sludge
composting to increase the amount of nutrients and readily degraq-M oisture content (%) 133 66

able organic matter which are normally deficient in soil [Potter et Field capacity (%) 26, 76.4

al., 1997; USEPA, 1996]. The ratio of contaminated soil to organic Volatile solids (%) 5 A 452
amendments is important because a high ratio may retard or inhibit > ) -

microbial activity [Thomas et al., 1992]. The major organic amend- P . . 6.8 7;8
ments used in other studies were manure and yard waste. Munici-Cation exchange capacity 171 34.3
pal sewage sludge has great potential as energy and nutrient source (_meq/ 1009 d_ry matter)
in contaminated soil composting because of abundant organic mat-Ultimate analysis C 0.32 8.85
ter and inorganic nutrient. However, the effect of sewage sludge H 0.28 2.42
addition on the contaminated soil composting and proper mix ratio o 1.92 32.70
of sewage sludge was not available. Stegmann et al. [1991] studied N 0.06 1.04
the effect of compost addition on the composting of diesel contam- S 0.02 0.19
inated soil. But proper mix ratio of compost can vary depending Ash 97.4 54.€
on the kinds of compost, compost age, and concentration of dieselHeavy metals Pb 111.9 80.1
oil. Therefore, appropriate mix ratio of contaminated soil to these  (mg/kg dry matter) Zn 408.7 211.6
organic amendments should be identified. Cu 124.6 371.4
Diesel oil of the major fuel oil is widely used as fuels for com- Ni 113.2 44.0
mercial trucks, railroad locomotives, and industrial engines. Diesel Ccd N.D®? N.D.

oiI'is a}lso 'used as solvent to clean moving parts because the pag’o:loo_(c +H+N+S)-Ash

affins in diesel oil form a waxy coat that protects the metal Partsy o =Not Detected.

from corrosion. Widespread use of diesel oil may result in numer-

ous occurrences of diesel-contaminated soil, although information

for diesel-contaminated soil is not currently available in Korea. Therekanes up to 17 carbons in length are liquids, but alkanes with 18 or
fore, diesel oil was selected as representative petroleum hydrocamore carbons in length are actually solids at room temperature. The
bon for this research. The main objective of this research is to evakoil was collected from the top 15 cm of the sail surface in an open
uate the effects of organic amendments on the degradation of diesghrd. The collected soil was air-dried and passed through a 2 mm
oil, and to find the optimum mix ratio of sewage sludge with con- sieve. The portion of sand, silt, and clay in the soil was 59.5%, 23%,

taminated soil. and 17.5%, respectively. The texture of the soil was classified as a
typical sandy loam according to USCS [Fuller and Warrick, 1985].
MATERIALS AND METHODS Table 1 shows the characteristics of soil, and sewage sludge used
in this study. As shown, the soil contains organic matter of 2.6%.
1. Materials Sewage sludge contains a significantly larger amount of organic

Diesel oil was obtained from a gas station in Seoul. Average conmatter compared to the natural soil (45.2% and 43%, respectively).
tent of n-alkanes ranging from C10 to C20 was 23.5%. Normal al+ield capacity is defined as water content after a certain period of

Flowmeter Charcoal
= tube
{1

—> Air out

l

Air in Contaminated
soil

Ba(OH) NaOH Humidification
? chamber

Fig. 1. A schematic diagram of experimental setup used for this research.
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gravity drainage, and optimum moisture content for microorgan- Miligrams CO=(B—V)xNxE
isms has been estimated from the field capacity. The field capacity
of the soil was 26.1%, and sewage sludge was 76.4%.
2. Experimental Apparatus and Conditions

Experimental apparatus used for this research consisted of a r
actor, two CQremoval traps, a humidifier, and a tap for collector
CGO, evolved from biodegradation. Carbon dioxide was removed

Where B is volume (mL) of acid to titrate the blank, V is vol-
ume (mL) of acid to titrate the G@ollected sample, N is Normal-
ity of acid, and E is equivalent weight, which is 22. The amount of
pC'OZ evolved in all experiments was corrected by subtracting CO
evolved by the degradation of organic matter in the only additives.
by reaction with soda lime, from the incoming air so that i@GO ’Dghydrogenasg gctivity was mea.lsured spectrqphotomet.rically by
the exiting air was attributed entirely to decomposition. An air-tight using characteristic TTC (2,3,5-triphenyltetrazolium chioride) re-

; duced to TPF (triphenylformazan). Dehydrogenase activity also

glass vessel of 2 liters was used. \olatile compounds from the r®aas corrected by using the data of the only additives. A five-tube

tor were collected by using a gla;s tube cgnta!nlng charcoal. Chay PN technique was used to estimate the number of hydrocarbon
coal tube was replaced to determine volatilization rate at each sam-

pling interval. Evolved CQwas continuously trapped in a solution of Utiizing microorganisms [Song and Bartha, 1990].
4 N NaOH [Stotzky, 1979]. The experimental apparatus was placed
in an incubator in which temperature was maintained at 20 in or-
der to minimize effect of exterior temperature variation. A sche-, _. .

L . . I 1. Biodegradation
matic diagram of experimental setup is shown in Fig. 1.

The aeration rate to meet the oxygen concentration of 5 to 15%. Eﬁect of sewage squIge mix ratio on the degradation of diesel
o . . oil is shown in Fig. 2. Diesel concentration was expressed as TPH
by volume is in the range of 100 mL/min was chosen for this re-

search. Fresh diesel oil was spiked at 10,000TPH (total petroleum h total petroleum Hydrocarbons). Significant .degrada'tlon OT TPH
as observed in the early stage of composting reaction (within 15

drocarbon) mg/kg sample on dry basis. In order to minimize incom-

A, . L : ays) in all sewage sludge addition experiments. After significant
plete distribution of diesel oil in the sample, an appropriate amqungegradation of TPH occurred in first 15 days, residual TPH was

basis. Samples were mixed thoroughly after application of OlieseFegraded slowly compared to the early stage. Degradation of diesel

. . . was affected by the sewage sludge mix ratio and the most rapid de-
oil and placed in the reactor. Moisture content of sample was con- radation of TPH was observed in the mix ratios of 0.3 and 1.°
trolled at 70% of field capacity based on previous studies [Fran-g f inated soil ud he mi o F1- ‘
kenberg, 1992; Peramaki and Blomker, 1997]. Sewage sludge cor?—'5 of contaminated soil to sewage sludge. In the mix ratio of 1: 1

tains readily degradable organic matter as well as abundant nitr contaminated soil to sewage sludge, degradation of TPH was rela-

gen and phosphorus. Therefore, sewage sludge has a great potcle“rll?ly slow compared to mix ratios of 1:0.3 and 1 : 0.5 of contam-

- . L L ||?ated soil to sewage sludge.
tial to be used as energy and nutrient sources in bioremediation o I

. . . . ) Table 2 shows total TPH removal, volatilization and degrada-
contaminated soil. The ratios of contaminated soil to sewage SIUOIgﬁon in this research. \olatilization-corrected TPH degradation was
were 1:0.1.1:0.3, 1:0.5, and 1:1 as wet weight basis. Also, @ ' 9
sludge-only experiment without mixing contaminated soil was car-
ried out to find degradation rate of diesel oil in only sludge. In case ]
of 1:0.5 mix ratio, a biocide control experiment by addition of HHGCl Z 10000 4
of 2,000 mg/kg also was performed to discriminate chemical anc g

RESULTS AND DISCUSSION

12000
3 —o— Sludge only

—=—No sludge

—a—1:0.1

biological degradation. g 30001 e 1:0.3

3. Sampling and Analytical Methods 2 6000 - —%—1:0.5
o

——1:1

An incubation period of 30 days was selected, and sampling wa
carried out at day 0, 4, 9, 15, 22, and 30. After sampling, moistur(faf 4000 -
contents of the sample were immediately measured to convert alé

alytical data from wet weight basis to dry weight basis. Carbon di- 2000
oxide collection trap was replaced at day 1, 2, 4, 6, 9, 15, 22, an 0
30 in order to monitor initial rapid degradation of diesel oil. __ 3000
The soxhlet extraction and then GC analysis methods were use-g 2500 § —o—Sludge only

—8—No sludge

to analyze the TPH from the samples. The soxhlet extraction pro<

cedure was followed in accordance with the method modified by® 2000 —a—1:0.1
Namkoong [1988] except for the concentration step. Recovery effi- 1500 103
S - —x—1:0.5

ciencies were in the range of 91 to 94% when the sample was e:En ‘
tracted for 16 hours. In case of 4 hours and 8 hours extraction, rez 1000 -
covery efficiencies was relatively lower than those of 16 hours, which §

—o—1:1

was below 90%. An excess of Barium chloride (3 N) was used tc§ o T R
precipitate the carbonate as Ba@Odetermination of COevolved. 0 S = —3
After adding a few drops of phenolphthalein indicator the unneu- 0 5 10 15 20 25 30 35

tralized alkali was titrated with 1 N HCI. The following formula TIME(days)

was used to calculate the amount of, @@lved. Carbon dioxide  Fig. 2. Variation of volatilization corrected TPH and sum of nor-
uncollected NaOH was titrated as blank. mal alkanes in the sewage sludge addition study.
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Table 2. Total removal, volatilization, and degradation in the sew-  this experiment, the first order degradation rate was 0.072/day, which
age sludge addition study was significantly large compared to no sludge experiment.
Thomas et al. [1992] suggested that addition of organic amend-

Mix ratio Total removal Degradatioh ' ' _
Sludge only 98.2 958 m'ents. co.uI.d increase degradation ra'te of target contaminants, l?ut
might inhibit degradation rate depending on the amount of organic

No sludge 66.6 64.5

1:01 88.1 86.0 amendments added. The carbon source must not represent a pref-

1 ' 0'3 TPH 99'0 98.1 erential carbon source which presents degradation of the target con-
T : : taminants [LaGrega et al., 1994]. In other words, when the added

1 : 0.5 99.5 98.1 carbon source was preferentially degraded over target compounds,

1:1 95.9 94.6 microbial activity for degrading contaminants may have been in-

Sludge only 99.8 99.1 hibited [Cookson, 1995]. In this research, it is considered that sew-

No sludge 75.3 73.9 age sludge added as carbon source had not been used as a compet-

1:01 95.7 93.9 ing energy source, but has increased degradation rate of the diesel

Normal alkanes . . . . .

1:0.3 100.0 99.9 oil. This fact was induced from high degradation rates of sewage

1:05 100.¢0 99.9 sludge addition experiments compared to the no sludge study.

1:1 99.7 99.7 Normal alkanes were degraded more rapidly than TPH and total

degradation also was significantly higher than TPH as shown in

a-
These values were calculated from the result of the 30 days ex=. ” .
y ﬁ:lg. 2. At the same condition, removal of normal alkanes was in

imental period. ; :

Eﬁ:en;invzlf : Srls\l ere calculated from the result of the 22 davs e the range of 95.7 to 100%, and degradation was in the range of 93.9
erimental beriod YS %0 99.9%. Significant differences in degradation of hormal alkanes
P P ' were not observed in various mix ratio experiments exceptthe 1:0.1

mix ratio study. Although percent degradation in the mix ratio of
the greatest when sewage sludge was mixed in the ratios of 0.3 pdrt 0.1 of contaminated soil to sewage sludge was the lower among
and 0.5 part to 1 part contaminated soil on a weight basis. The inthe sewage sludge addition experiments (93.9%), it was still greater
tial TPH levels in the mix ratios of 1:0.3 and 1: 0.5 of contami- that that of no sludge experiment (73.9%). These results indicated
nated soil to sewage sludge were 10,685 mg/kg and 10,839 mg/ka.
respectively. After 30 days, TPH concentration decreased to 20
mg/kg and 209 mg/kg, respectively. These present a 98.1% degr:
dation of TPH during the composting period. The first-order deg-
radation rates indicated that most active degradation of TPH oc

—&— Sludge only
—B— No sludge

g/kg)

curred in the ratios of 1:0.3 and 1 : 0.5 of contaminated soil to sludgr g —A—1:0.1
(k=0.120/day for 1 : 0.3 mix ratio, k=0.124/day for 1 : 0.5 mix ratio). f —*%—1:0.3
This is about three times larger than that of no sludge experimero i :‘1“

where sludge was not added (k=0.037/day). This also means thi
the addition of sewage sludge was very effective for the degradag
tion of diesel oil contaminated oil. Demque et al. [1997] reported;
that the first order removal rate of diesel in land treatment of sanc
contaminated with the concentration of 10,000 mg/kg was 0.099,
day. The first order removal rate of diesel oil in 1:0.3 and 1:0.5
mix ratio experiment (k=0.136/day for 1:0.3 mix ratio, k=0.145 TIME(days)
for 1 : 0.5 mix ratio) was significantly larger compared to the result
of Demque et al. [1997]. This means that the addition of sewagt 00— dge omly 51 No sludge
sludge was very effective for the degradation of diesel oil in con-g A 1:01 s 1:03 e
taminated oil. o 250 "y 10 o110

In the mix ratio of 1 : 1 in which the most amount of sewage sIudgeE 200 g _a
was contained, TPH showed degradation from an initial concentraa ’ =
tion of 11,326 mg/kg to 615 mg/kg at the end of the 30-day com-;
posting period. This indicated that 94.6% of TPH was degradecE
during 30 days. In 1: 1 mix ratio experiment, degradation rate was<
0.096/day, which is relatively small comparedto 1:0.5and 1:0.32
mix ratio experiments. These results implied that degradation 0'§
diesel was enhanced by addition of sewage sludge. However, d®
gradation rate of TPH was not necessarily enhanced as the amot
of sewage sludge added increased, which indicates a proper m
ratio of contaminated soil to sewage sludge could exist. In case c.
1:0,1 mix ratio, TPH concentration exhibited a value of 1,410 mg/Fig. 3. Variation of TPH and cumulative TPH in off-gas in sew-
kg after 30 days, which indicates a degradation of about 86.0%. In age sludge addition study.

GAS(mg/kg)

10 15 20 25 30 35
TIME(days)

March, 2003



Effect of Sewage Sludge Mix Ratio on the Biodegradation of Diesel-Oil in a Contaminated Soil Composting 311

that normal alkanes were preferentially degraded compared to oth&0 mg/kg until 9 days, and then decreased dramatically. This is an
components in TPH [De Jonge et al., 1997]. Normal alkanes in thénverse proportion to the result of TPH removal and degradation,
mix ratios of 1:0.3 and 1 : 0.5 of contaminated soil to sewage sludgeyhich indicates active degradation activity in the early stage of com-
especially, were completely degraded in composting period of 22osting may result in initial high volatilization loss. In the mix ratio
days. This degradation pattern in these mix ratios was in line withof 1 : 0.1 of contaminated soil to sewage sludge and no sludge ex-
the results of TPH degradation. The first order degradation rate alsperiment without adding sewage sludge, volatilization loss contin-
indicated preferential degradation of n-alkanes. In the mix ratio ofued to the concentration of 30 to 50 mg/kg until 30 days. These re-
1:0.5, degradation rate of n-alkanes was 0.252/day, which wasults show that appropriate sewage sludge addition in contaminated
about two times larger than that of TPH. In addition, degradationsoil will increase degradation rate of TPH as well as decrease vol-
rate was 0.183/day and 0.188/day for sludge only experiment andtilization loss of TPH.
1:1 mix ratio experiment, respectively. Cumulative volatilization loss shows more distinctly the differ-
2. \Volatilization of Diesel Oil ence of the amount of TPH volatilized depending on sewage sludge
Fig. 3 illustrates a variation of TPH and cumulative TPH in off- mix ratios as shown in Fig. 3. In the mix ratio of 1:0.3, cumula-
gas. \olatilization tended to increase rapidly in the early stage ofive volatilization loss was increased dramatically until 4 days and
composting. For the 1: 0.3 mix ratio experiment, TPH of about 1.5changed little thereafter. Mix ratio experiments of 1:0.5and 1:1
mg/kg was volatilized until 4 days and then after volatilization loss showed a rapid increase until 9 days and changed little thereafter.
pattern of TPH decreased sharply to about 10 mg/kg. Similar vol-Continuous increase of volatilization loss in mix ratio 1:0.1 and
atilization loss pattern was observed in the mix ratios of 1 : 0.5 ancho sludge experiments was observed until the end of the compost-
1:1 of contaminated soil to sewage sludge. In these experimentsg period. Consequently, total cumulative amount lost by volatil-
volatilization of TPH was observed in the concentrations of aboutization was equal to 2.1% of initial TPH concentration, which in-
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Fig. 4. Variation of cumulative normal alkanes in off-gas in sewage sludge addition study.
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dicated the greatest among the sewage sludge addition experimeriis.Biochemical Parameters
Total volatilization losses in all sewage sludge addition experiments Carbon dioxide generation rate showed a similar trend with TPH
were in the range of 0.9 to 2.4%, which indicated contribution of degradation. In other words, as TPH concentration decreased, the
volatilization on removal of diesel oil in contaminated soil was much amount of CQevolved increased. In general, G&olution rate
less significant than that of degradation. Pitrowski et al. [1992] sughas been used as an index representing microbial activity because
gested that volatile compounds comprise approximately 30% oft is a by-product from organic compound degradation. In sewage
diesel oil by weight and so volatilization may have accounted for asludge addition, except 1 : 0.1 mix ratio experiment, &©lution
loss of 30% of the TPH contamination from the soil. increased dramatically until 4 days which was initial stage of com-
Fig. 4 indicates that normal alkanes in volatilized TPH mainly posting due to active degradation of TPH at the same period. The
consisted of components in the range of C10 (normal decane) toumulative amount of carbon dioxide evolved shows more dis-
C16 (normal hexadecane). Especially, normal alkanes ranging frortinctly the effect of depending on the addition of sewage sludge as
C10 to C14 were significantly larger than C15 and C16 in volatil- presented in Fig. 5. Total amount of G3®olved was 11,241 mg/
ization loss. This is caused by the difference of vapor pressure. Dkg and 11,271 mg/kg in the mix ratios of 1:0.3 and 1: 0.5, respec-
Jonge et al. [1997] reported normal alkanes ranging from C16 tdively. Which degradation of TPH was the greatest among the sew-
C20 were not lost by volatilization. In the mix ratio experiment of age sludge addition experiments? In case of 1: 1 mix ratio experi-
1:0.1 of contaminated soil to sewage sludge, as its molecular weighment, total amount of C@volved was 7,194 mg/kg and this val-
increased, volatilization of individual normal alkanes decreasedue was lower than that of 1 : 0.3 and 1 : 0.5 mix ratio experiments.
Besides, in other mix ratio experiments including 1: 0.3, 1: 0.5 andThis result agreed with the difference of TPH degradation under
1:1, normal alkanes were lost by volatilization until 4 days, andthe same conditions. Also this indicated microbial activity for de-

changed little thereafter. grading TPH in 1: 1 mix ratio study was lower than that of 1:0.3
and 1: 0.5 mix ratio experiments. In case of 1: 0.1 mix ratio study,

14000 CG, evolution rate in the early stage of composting was not dis-
& 12000 | +f"(:"1'g“ only —m TO Z'“"g” e criminated with control experiment without adding sewage sludge,
£ _f oS o T x which indicated degradation of TPH was more slow than that of
g 100007 e . other mix ratio studies. Although total Cévolved in the 1:0.1
: 8000 - P e mix ratio study was the lowest among the sewage sludge addition
E 6000 | :5 T e o study, it was about two times greater than that of no sludge addi-
S 4000 | X" o o tion. This means that addition of organic amendment including sew-
; 2000 - ) . s I age sludge facilitated degradation of diesel oil. Considering TPH
2 o z‘ b ""'* - . degradation and total amount of G®olved, it is desirable to mix

0 5 10 15 20 25 30 35 sewage sludge in the ratios of 0.3 part or 0.5 part to 1 part contam-

TIM E(days) inated soil.

2000 - Dehydrogenase activity was matched with cumulativea@@unt
| o .?I::lge only +T~u sludge . yvell as shown in Fig. 5 Dramatip increase .of dehydroggnasg activ-
2= ‘f s 11:?3 . . ity was monitored until 9 days in the studies which mixed in the
z g S00- ) ' - ”:x ratios of 1: 0.3, 1: 0.5 and 1 : 1 contaminated soil to sewage sludge.
8 ?_, 4000 - ¢ - x P Thereafter, dehydrogenase activity decreased because of the exhaus-
&= 3000 - s tion of TPH due to the degradation. In case of 1: 0.1 mix ratio study,
E E 2000 - . i ’ o e slight increase of dehydrogenase activity was observed after 9 days,
- 000k g § a but the pattern of increase was relatively less remarkable compared

ol - e to other mix ratio studies. No sludge study had little change in de-
5 10 15 20 25 30 35 hydrogenase activity during the composting period. Dehydrogenase
TIM E(days) activity in 1: 0.5 mix ratio study increased to about 1}28PF/
2 60 g, which was the most notable increase. In other words, microbial
NS activity for degradation TPH could be regarded as the higher among
E z S0r the sewage sludge addition study because dehydrogenase activity
5 % 40 + due to the degradation of organic matter in sewage sludge was meas-
g S 30k - ured and corrected by the mix ratio of contaminated soil to sewage
2 5 , Cm Noshdge —a 1:01 sludge. This is the same pattern with cumulative amount ¢f CO
5 e 20 ¢ 4 e 1:03 . 1:0.5 evolved. Dehydrogenase activity measurement could represent TPH
g : 10 o o111 degradation and G@volution rate well. Dehydrogenase activity
a M 0T» ‘ , ‘ ‘ ‘ ‘ indicated addition of sewage sludge had rapidly increased micro-
; 0 5 10 15 20 25 30 35 bial activity in soil/sludge mixtures. This means that organisms in
TIME(days) sewage sludge are metabolically active and may contribute to deg-
Fig. 5. Variation of cumulative CO, evolved, dehydrogenase activ- ~ radation process of diesel oil. Martens et al. [1992] reported the ac-
ity, and the number of hydrocarbon utilizing bacteria in tivity of soil enzymes may be inhibited by addition of certain or-
sewage sludge addition study. ganic amendments of such sewage sludge since it contains signifi-
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cant amount of metals. Initial number of hydrocarbon utilizing bac-the ratios of 1:0.3 and 1:0.5 as wet weight bases judging from
teria existed about $MPN/g in sewage sludge mix studies, while degradation of TPH (98.1%) and biochemical parameters. The most
it existed about TMPN/g in control study. Fan and Tafuri [1994] effective mix ratio, however, was 1 : 0.3 when considering the de-
suggested effective degradation of the target contaminants can ocrease of contaminated soil to be treated due to the addition of sludge.
cur if number of hydrocarbon bacteria is in the range®efG@FU/ \olatilization losses of diesel oil were in the range of 0.9 to 2.4%,
g. In this research, the number of hydrocarbon utilizing bacteria metvhich indicated that volatilization was not a significant removal
this condition. Irregular variation of the number of hydrocarbon uti- mechanism in composting of diesel oil. Individual n-alkanes rang-
lizing bacteria was observed in all sewage sludge addition experiing from C10 to C16 were lost by volatilization. Especially, normal
ments, although slight increase was observed. alkanes ranging from C10 to C14 were significantly volatilized to
4. Biocide Control C15 to C16. Biochemical parameters such as carbon dioxide and
Degradation of diesel oil did not nearly occur in the biocide con-dehydrogenase activity were desirable to monitor the degradation
trols, while significant degradation diesel oil was observed in theof diesel oil because these parameters were well matched with the
experiments without biocide. This indicated microbial activity for diesel degradation.
degrading diesel oil was severely suppressed by the addition of bio- Removal of TPH was 8.3% in biocide control, and biocide con-
cide. Removal of TPH in the biocide control was 8.3%, while 99.5%trol experiment, degradation contributed to about 70% of TPH re-
of TPH was removed in experiments without adding biocide at themoval. This was a relatively large value compared to volatilization
same condition. In biocide controls, dehydrogenase activity increaselbss, which indicated inactivation of microbial population by bio-
slightly and small amount of G@vas also evolved. This indicated cide was not completely occurring though significant suppression
differentiation of biological and chemical/physical degradation wasof microbial activity was observed.
not feasible, although contribution of biodegradation on diesel oil
reduction was relatively large. Incoming air and incomplete inacti- REFERENCES
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