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EXECUTIVE SUMMARY

BACKGROUND

Based on the recommendations for future studies outlined in our Interim Report I
(distribution on December, 2000), the staff from the Appli—e'd Research Group (ARG) in
collaboration with UC Riverside and UC Davis conducted additional testing with
biofilter (BF) and biotrickling filter (BTF). These tests cover the effect of removal
efficiency (RE) for high volatile organic compounds (VOCs) in three phases:

Phase I: Gasoline injection, October 2000
a. With pH =1-2 at BTF(week of 16-20, October)
b. With pH = 7-8 at BTF (week of 24—31, October).

Phase II: Gasoline and Mixture (methylene chloride and trichloroethylene (TCE))
injection, November 2000

Phase III: No injection, December 2000

and both filter media remains unchanged in all the experiments. The injection rate of
gasoline was 50 ul/second and the injection rate of mixture of methylene chloride and
TCE was 25 pl/second. Immediately after the injection, the concentration of non-

halogenated VOCs was increased.

The inlet concentration of benzene, toluene, total xylenes, dichloromethane, chloroform,

trichlqroethylene, tetrachloroethylene, and dichlorobenzenes were beyond method
detection limit (MDL).

The overall results indicate that despite the large increase in VOCs loading BF
performance remains similar to removal of VOCs concentrations in natural flows at
headworks. This shows any upset or shock in influent concentration of VOCs at HTP

plant does not have any major effect on VOCs removal for BF. BTF VOCs removal
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efficiency stayed low as in previous experiment and in some cases the removal become

WOrse.

Biofilter / VOCs removal

VOCs removal efficiencies varied greatly, also depending on the experimental
conditions. Average values and ranges of removal efficiencies as well as the range of
inlet concentrations during each experimental period are summarized in Table ES-1.
Throughout the entire experiment fairly good removal of non-chlorinated VOCs

(benzene, toluene and xylenes) were observed with removal efficiencies between 20-100%.

Removal efficiencies of non-chlorinated VOCs were about the same when increasing the
concentration during spiking experiments. The removal of chlorinated VOCs were
initially poor (day 29-59). However, spiking with toluene or gasoline seemed to improve
biodegradation of these compounds. One possible explanation could be that extra supply
non-chlorinated VOCs stimulates the growth of a multi-species heterotrophic population,

which is also capable of removing chlorinated VOCs.

Spiking with chlorinated VOCs (dichloromethane and trichloroethylene) had an adverse
effect on the biodegradation of the spiked compounds, as well as on other VOCs in

general. This strongly suggests a toxic effect of dichloromethane and trichloroethylene at

elevated concentrations in the biofilter.

Biotrickling filter / VOCs removal

Average VOCs removal data are presented in Table ES-2, which were calculated from
individual measurements. In some cases VOCS concentrations were higher at the outlet
than at the inlet (negative removal efficiency). This is believed to be due to a combination
of fluctuating VOCS concentrations in the headworks’ air, a 5-10 min delay in sampling
between the inlet and outlet, and possibly absorption/desorption effects. Throughout the
entire experimental period of 280 days, removal of VOCs were poor, irrespective of
experimental conditions. No removal of xylenes and any of the chlorinated hydrocarbons

were observed. Moderate but significant removal of toluene and benzene occurred when



a neutral pH in biotrickling filter was maintained (days 46-133). This emphasizes that pH
control is required for VOCs removal, but other factors play a role as well because
relatively biodegradable compounds such as xylenes and dichloromethane were not

removed at a neutral pH.

The objective of the VOCs spiking experiment was to stimulate VOCs removal, either by
enhancing the growth of VOCs-degrading microorganisms or by induction of specific
enzymes. The concentrations of benzene, toluene, xylenes, dichloromethane and
trichloroethylene were increased by two to three orders of magnitude, but no
improvement of removal was observed (Table ES-2). VOCs removal requires the
presence of microorganisms capable of VOCs biodegradation, as well as environmental
conditions that stimulate their activity. At this point it is not clear why the spiking
experiment failed in enhancing VOCs removal. Toxicity of the VOCs during the spiking
experiments can be ruled out as the literature has presented examples of biodegradation

in biotrickling filters at much higher concentrations.
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1. INTRODUCTION

Based on the recommendation for future studies outlined in our interim Report, the Applied -
Research Group (ARG) staffs in collaboration with UC Riverside and UC Davis staff conducted
several testing in biotrickling filter (BTF) and biofilter (BF). "The purpose of these testing was to
investigate the effect of high volatile organic compoﬁnds (VOCs) concentration in performance of
BTF and BF. These testing were performed in three phases: —
e Phasel: During the month of October 2000 (gasoline injection)

c. With pH =1-2 at BTF(week of 16-20 October)

d. With pH = 7-8 at BTF (week of 24-31 October).
"o Phase IL: During the Month of November 2000 (gasoline and Mixtures; mixture of methylene
chloride and trichloroethylene (TCE) injection)
- o Phase IIIl. During the month of December 2000 with no injection: T e e
All other parameters suc'h as, moisture content, nutrient rate for BTF, sprinkling rate for BF, higH—
pressure effluent (HPE) feed rate for BTF, gas flow.rate for both. BF-and-BTF; both filter media - -
reméiné unchanged. The injéction rate of gasoline was 50 pl/second and the injection rate of
- mixture of methylene chloride and TCE (Mixtures) was_25_pl/second. Immediately after the
injection, the concentration of non-halogenated VOCs was increased. An overview of the set-up and

specific experiments with the biotrickling filter and biofilter is presented in Table 1.

Table 1. Time course of experiments with the biotrickling filter (BTF) and biofilter (BF)

Day Reactor Experiment

0 BTF & BF Start (4-3-2000) standard operation. No pH control in the BTF.

46 BTF Start pH control in the BTF. .

71 - BTF & BF CO, tracer studies.

133-136 BF Spiking of toluene.

190-227 BTF & BF Spiking of gasoline (source of benzene, toluene and xylenes).

211-227 BTF & BF Spiking of dichloromethane and trichloroethylene.

254 BTF & BF Complete performance analysis: H,S, organic sulfur compounds,
VOCs, and odor.

14



2. MATERIAL AND METHODS

2.1  Experimental Set Up

Samples were collected by connecting 10 L Tedlar bags to the inlet and outlet air-ducts. Over-
pressure in the air-ducts was sufficiently high to fill the bags without other ineans and 8-9 L of
sample air was collected in about 3-4 min. VOCs analysis were done by the Air Laboratory of
Environmental Monitoring Division (EMD) according to modified EPA méthod TO-14 using a GC

with photoionization and eiectrolyte conductivity detection. The method detection limit was 0.5

ppbv for most VOCs and up to 2 ppbv for others. Vinyl chloride, vinylidene chloride, carbon’

tetrachloride, 1,1-dichloroethane, 1,2-dichloroethane, benzylchloride and methylchloroform were

. always below the detection limit.

. . ——.ExXperiments with the pilot-plant units started on April 3, 2000 (day 0 in grapHs), on which day both

reactors were inoculated with recycle liqhid of H,S-degrading biotrickling filters. The biotrickling
filter also received raw influent water from the plant. The biofilter and biotrickling filter treated the
same air from the headworks’ building at empty bed gas residence times (EBRT) of 20-50 s-and 15-
25 s, respectively. The fluctuations observed in the. gas flow rates were probably due to slight
variations of the pressure in the inlet air, and for the biofilter also to increasing head losses across
the packed bed. The biotrickling filter was initially operated without pH control. After 46 days,
automatic pH control was initiated to maintain a pH above 7.0.

Long-term performance of the reactors was determined on a (semi)-daily basis with determination
of the gas flow rate and the pressure drop and analysis of H,S inlet and outlet concentrations. For
the biotrickling filter, also the recycle liquid pH, the secondary effluent feed rate, the purge rate and
caustic soda consumption were recorded. VOCS removal was determined on selected days over the
entire experiment,

Concentrations of selected VOCs were temporarily increased in spiking experiments with the
objective to stimulate their removal. This was done by continuous feed of the (liquid) VOCs into the

main air stream to the biofilter and biotrickling filter using a Master flex pump

15



3. RESULTS AND DISCUSSION

3.1 Long term hydrogen sulfide removal (October ~December 2000)

With the addition of gasoline and mixtures the removal efficiency of hydrogen sulfide did not
change for both BF and BTF. The same trends were observed for hydrogen sulfide as reported in
Interim Report I. The removal efficiencies for both systems were in range of 99 to 100 percent.
Two graphs of long term performance of hydrogen sulfide for both BF and BTF are shown in
Figures 1 and 2.

3.2 VOCs Results
3.2.1 Phase I: Volatile Organic Compounds (VOCs) Removal (October 2000)
3.2.1.1 Biofilter

3.2.1.1.1 Nonhalogenated VOCs

With the addition of gasoline, no major changes were observed for removal of non-halogenated
VOCs for BF. The average removal efficiencies for benzene, toluene and total xylenes (BTX) were
68, 66.7 and 44 respectively. . However, during the second week (10/24- 10/30), a small decrease
was observed in BTX removal. These trends are shown for BTX graphs for biofilter. This is a good
indication that an increase in inlet concentration of these compounds would not have any major

effect on their removal. Figures 3 through 5 répresent the removal of nonhalgenated VOCs in BF

for Phase I of this study.

3.2.1.1.2 Halogenated VOCs

With the addition of gasoline, The average removal efficiencies for dichlorobenzene (25.5%) and
methylene chloride (76.1%) increased significantly. Still no removal was observed for
tetrachloroethylene and chloroform. It should be reminded that the addition of gasoline has no effect

in inlet concentration. Figures 6 through 9 represent the removal of halgenated VOCs in BF for
Phase I of this study.

16



3.2.1.2 Biotickling Filter

3.2.1.2.1 | Nonhalogenated VOCs , A
With the gasoline addition, the removal efficiencies for nonhalogenated VOCs are still poor.
Attempt was made to control the pH from within the range of 1-2 to the neutral pH (7-8) for the last .
week of October for BTF. Although there was a slight improvement, but overall the removal
efficiency did not change. Figures 10 through 12 represent the removal of nonhalgenated VOCs in
BTF for Phase I of this study '

3.2.1.2.2 Halogenated VOCs

With the gasoline addition, the removal efficiencies for halogenated VOCs are still poor. Attempt'
was made to control the pH from within the range of 1-2 to the neutral pH (7-8) for the last week of
October for BTF. Although there was a slight improvement, but overall the removal efficiency did

not change. Figures 13 through 16 represent the removal of halgenated VOCs in BTF fdr Phase I of
this study.

322 .‘n,Ph,ase,II: Volatile Organic Compounds (VOCs) Removal (November 2000)
3221 Biofilter | |

At this phase of study with the addition of gasoline with the rate of 50 ul / second, a mixture of
solution of methylene chloride and trichloroethylene (TCE) was added to the inlet of both BF and
BTEF with the rate of 25 ul / second. The following shows the result at this phase of study.

3.2.2.1.1 Nonhalogenated VOCs

With the addition of gasoline and Mixture, the removal of non-halogenated VOCs for BF were
decreased. The average removal efficiencies for BTX were 17, 26 and 40 respectively. However,
during the second week (11/13- 11/15), a small decrease was observed in BTX removal. These
trends are shown for BTX graphs for biofilter. These results indicate that the addition of Mixture
has poisoned the bacteria responsible for biodegradation of BTX compounds. Figures 17 through 19

represent the removal of nonhal genated VOC:s in BF for Phase II of this study.

3.2.2.1.2 Halogenated VOCs
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With the addition of gasoline and Mixture, the average removal efficiencies for all of these
compounds decreased drastically. This is probably due to the same effects as mentioned before.

Figures 20 through 23 represent the removal of halgenated VOCs in BF for Phase II of this study.

3.2.2.2 Biotrickling Filter

3.2.2.2.1 Nonhalogenated VOCs

With the gasoline addition and Mixture, the removal efficiencies for nonhalogenated VOCs are still
. poor. Attempt was made to control the pH from within the range of 1-2 to the neutral pH (7-8) for
the last week of October for BTF. Although there was a slight improvement, but overall the removal
efficiency did not change. Figures 24 through 26 represent the removal of nonhalgenated VOCs in
BTF for Phase I of this study. |

3.2.2.2.2 Halogenated VOCs
With the gasoline addition and Mixture, the removal efficiencies for halogenated VOCs did not alter
at all. Figures 27 through 30 represent the removal of halgenated VOCs in BTF for Phase II of this

Study' : L pmEmimemre nage s 8 I¥es L UommeeeeesT e P

3.2.3 Phase III: Odor, Hydrogen Sﬁlfide, Organic Sulfur Compounds, and Volatile
Organic Compounds (VOCs) Removal, December 2000
At this phase of study, the gasoline and Mixture injection was stopped and both systems return to
normal operation. Based on the recommendation by WERF committee and also to fullfil the
requirement set by South Coast Air Quality Management District (SCAQMD) on Research Permit
issued to BF, the series of testing were performed in both BF and BTF. The target constituents were
hydyogen sulfide, odor, organic sulfur compounds (mercaptans), and VOCs. Performance
Analytical Laboratories (PAL) performed the analyses of hydrogen sulfide and mercaptans. The
Odor panel analyses conducted by Odor Science & Engineering, Inc. (OS&E). Upon the arrival the
samples were analyzed by dynamic dilution olfactometry using a trained and screened odor paned
of 8 members. The samples were quantified in terms of dilution-to-threshold (D/T) ratio and odor
intensity in accordance with ASTM Methods E-679-91 and E-544-99, respectively. The odor
panelists were asked to describe the odor character of the samples at varying dilution levels. The

removal efficiencies for odor and hydrogen sulfide are 98 to 100% respectively. . The removal

18



efficiencies for other mercaptans are varying. No conclusion can be made for removal of other
mercaptans. Figures 45 and 51 represent the odor removal for BF and BTF tgken on 13 December
of 2000. Figures 46 through 50 represent the removal of mercaptans for BF taken on 13 December
of 2000. Figures 52 through 56 represent the removal of mercaptans for BTF taken on 13
December of 2000.

3.2.3.1 Biofilter

3.2.3.1.1 Biofilter-Nonhalogenated VOCs |

The removal of non-halogenated VOCs for BF was increased. The average removal efficiencies forl
benzene, toluene and total xylenes were 44, 71 and 50 respectively. Figures 31 through 33 represent

the removal of nonhalgenated VOCs in BF for Phase III of this study.

3.2.3.1.2 Biofilter-Halogenated VOCs

The average removal efficiencies for all of these compounds return to normal condition. The
removals for dichlorobenzene still high (50%) but the removal for methylene chloride decreased.
This is probably due to stabilization time for bacteria after Mixture addition. Figures 34 through 37
represent the removal of halgenated VOCs in BF for Phase III of this study.

3.2.3.2 Biotrickling Filter
3.2.3.2.1 Biotrickling Filter -Nonhalogenated VOCs

The removal efficiencies for nonhalogenated VOCs are still poor. Effectively no removal was

observed later in BTF. Figures 38 through 40 represent the removal of nonhalgenated VOCs in BTF
for Phase III of this study.

3.23.2.2 Biotrickling Filter-Halogenated VOCs

The removal efficiencies for halogenated VOCs did not alter at all and still remains poor. Figures 41

through 44 represent the removal of halgenated VOCs in BTF for Phase III of this study.

19
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4. CONCLUSIONS

The overall results indicate that in.spite of large increase in VOCs concentration, the BF
performance remains the same as for natural VOCs concentration at headworks. This shows any
upset or shock in influent concentration of VOCs in HTP plant does not have any major effect on
BF removal. At this time, we are in a good situation to :3;/aluate the BTF performance. As
mentioned, the change in concentration of BTX compounds did not have any effect for their
removal. As mentioned in Section 6 of Interim Report, perhaps it is appropriate to stimulate the
VOCs removal. To both systems specific bacteria should be added that are specialized in VOCs

removal.
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