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INTRODUCTION

Hazardous and obnoxious Odors and their quantifi-
cation and control have been of concern for many
years due to strict air quality regulations and increa-
sing public concern with health and environmental
deterioration. Quantification of odor has traditionally
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been a subjective phenomenon, unless specific com-
pounds could be identified. Classically, hydrogen
sulfide emissions have served as the prime indicator
of wastewater treatment plant (WWTP) odor nui-
sances (Bowker, 1989; Taylor, 1989; WPF, 1995).
WWTP sludges may be especially problematic as
sources of odor when delivered to an ultimate dispo-
sal site, i.e. a co—disposal sanitary landfill.

One such permitted municipal solid waste facility,
which is located at Lancaster, PA, USA, receives
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4,500 tons/day of materials, with an estimated 15%
of the weight represented by wastewater sludges
received from more than 20 different sources (Regan,
1998). The operators of this facility have been con-
cerned about odors associated with sludge disposal
for several years. Personnel at the facilities suspected
that the most offending sludges were represented by
relatively few of the sludges received. However, mo-
nitoring and characterization of the gaseous emis-
sions from specific sludges along with potential
means for their control where unsatisfactory. This
paper focuses on the characterization of hazardous
odor emissions from sludge and practical methods of
control.

MATERIALS AND METHODS

The overall objective of the project was to study
the formation and control of hazardous odor emis-
sions from selected sludges under conditions similar
to those at the municipal waste facility. Components
of the odor were identified with an HP5890 gas chro-
matograph equipped with a 5972 mass selective de-
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tector. Organic species were quantified with the GC/
MS, while hydrogen sulfide concentrations were de-
termined with the Draeger Chip Measuring System
(CMS). Drager CMS consists of two key compo-
nents: the gas selective chips and the analyzer. Ap-
proximately 0.2 to 0.5 liters of air from the sample
was passed through the Drager CMS. The GC/MS
was calibrated for hydrogen sulfide from the results
of the Drager CMS tests.

Sludge samples were collected in one gallon sealed
containers. These samples were transported from the
solid waste facility and stored at 4°C within a secon-
dary sealed 5—gallon plastic container. The initial
headspace analysis was performed within 24 hours.

Experiments were carried out to determine the
effectiveness of various oxidants on the hazardous
odor compounds in the headspace. To make sure the
process was not oxidant limited, air from the head-
space in the one gallon sample container was bubbl-
ed through a gas diffusing stone in the oxidant con-
taining liquid as shown in Fig. 1. The gas was col-
lected and the odor compounds remaining were iden-
tified and quantified with the GC/MS and CMS.

250 mL septic bottles were used as odor control
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Fig. 1. Schematic of the odor scrubbing process.
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reactors. Untreated sample bottles contained 100 g of
sludge. Deodorant treated reactor bottle contained 10
and 50 g of deodorant along with the 100 g of sludge.
In the case of deodorant, one of the most common
and popular products for domestic usage was chosen
for the experiment. The other reactor bottles contain-
ed 30 and 50 g of 3% hypochlorite solution added to
100 g of sludge. These samples were used to deter-
mine the chemical effectiveness at controlling odors
directly from the sludge. Sample odor analysis was
performed by injecting 500 pL. from the bottle head-
space into the GC/MS.

A unitless odor index (ODI) was defined by the
author and used to compare the strengths of the slud-
ge odors by dividing the concentration of the com-
pound in the headspace, Cheadspace i ppb, by the odor
threshold, Cereshola i1 ppb:

ODI= CheudSPace/Clhreshold ( 1 )

The relative strength of an odor is dependent upon
both the conversion of that compound in the air and
the sensitivity of the human olfactory system. The
sensitivity of the human olfactory system was assum-
ed to be proportional to the odor threshold of each
compound. Odor threshold values are commonly cit-
ed in the literature (Bowker, 1989; Cecil, 1992; WPF,
1995). Therefore, the total odor intensity from the
sludge was assumed to be directly proportional to the
threshold values and concentration (Cheremisinoff,
1994; WPF, 1995).

RESULTS AND DISCUSSION

Hydrogen sulfide, methanethiol, dimethyl sulfide,
dimethyl disulfide, and dimethyl trisulfide were
found to be the major hazardous odor generating
compounds in the sludge. The five major odor com-
pounds are sulfur-containing compounds. The con-
centration of these compounds varied over time as in
Fig. 2. The average concentration of the odorous
compounds in the headspace is shown in Table 1.

Preliminary methods to reduce the gaseous con-
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Fig. 2. Concentration of hazardous odor compounds from
sludge sample.

Table 1. Average concentration of the odorous compounds
in the headspace of the sludge container

Hydrogen Methan- Dimethyl Dimethyl Dimethyl

sulfide  ethiol sulfide disulfide trisulfide
Average
concentration 445 1928 151 68 6
(ppm)

centration of the odorous compounds with hydrogen
peroxide and hypochlorite solutions are shown in
Fig. 3. Water scrubbing reduced the concentration of
hydrogen sulfide and dimethyl sulfide but did not
significantly affect the concentration of methanethiol
or dimethyl disulfide. Removal efficiencies of hydro-
gen sulfide and dimethyl sulfide were increased
when the odorous gas was passed through a 50% sol-
ution of hydrogen peroxide. However, methanethiol
and dimethyl disulfide was not removed to any mea-
surable extent. The three—percent solution of hypo-
chlorite achieved 99% removal or greater for all of
the odorous compounds. Based upon the success of
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Fig. 3. Removal efficiency of water, hydrogen peroxide,
and hypochlorite on the odorous compounds from
the headspace of a sludge sample.

the initial hypochlorite treatment, attempts were
made to treat the raw sludge with hypochlorite.

The odor index associated with each compound
was calculated for each test. The cumulative odor
index value for each sludge was then calcualated by
adding the chemical specific ODI values as shown in
equation 2.

ODISludge = ODIhydmgen sulfide + ODIme(hanethiol
~+ ODLiimethyt sutfice + ODldimetny1 disulfide
~+ ODlgimethy! trisulfide (2)

A comparison of the cumulative odor index gen-
erated over thirty days from untreated sludge, deo-
dorant treated sludge, and hypochlorite treated sludge
is shown in Fig. 4. The untreated sample had the
highest initial odor index value. This represents a
significant short term and long term odor problem for
the solid waste disposal facility.

The sludge treated with 10% to 30% deodorant
was nearly as odorous as the untreated sample. Even
in this very concentrated application the deodorant
did not destroy the odorous compounds from the
sludge but only provided a chemical masking. The
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Fig. 4. Hazardous and obnoxious odor emissions from un-
treated sludge, deodorant treated sludge and hypo-
chlorite treated sludge.

deodorant also adds to the volatile organic compound
(VOC) emissions from the landfill.

The third sample treated with a 3% hypochlorite
solution showed no measurable odor. More impor-
tantly, the characteristic increase in odor was pre-
vented. The short term and long term odor problems
associated with this sludge were eliminated with the
hypochlorite treatment method.

CONCLUSIONS

Sludge treatment techniques do not adequately de-
stroy hazardous odor emanating from sludge. Cur-
rently no technologies exist to deal with the intense
odors at the sludge disposal facilities.

Primarily hydrogen sulfide, methanethiol, dimethyl
sulfide, dimethyl disulfide, and dimethyl trisulfide
cause the odors from the sludge. A 3% solution of
hypochlorite eliminated these compounds in the gas
phase. The hypochlorite also reduced the odor from
the sludge to below detectable limits immediately
after treatment and for a period of up to 30 days
thereafter.

Hypochlorite is relatively inexpensive and readily
available, especially at wastewater treatment facili-
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ties. Chlorination of sludge should be considered for
particularly noxious odors in the wastewater treat-
ment facility or for selective odor control of incom-
ing noxious sludge at solids waste disposal facilities.
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