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ABSTRACT

The City of Los Angeles Hyperion Treatment Plant (HTP) has conducted a multiphase
study of thermophilic anaerobic digestion to meet federal (Part 503 Biosolids Rule) and
local (Kern County ordinance) requirements for Exceptional Quality Class A biosolids.
The study consisted of five Phases of full-scale testing.

A designated battery of six thermophilic digesters for digestion of 20% of HTP’s sludge
was used in Phases I and II (October 2001 — March 2002). The tests demonstrated
compliance with the Class A limits for fecal coliforms and Salmonella in a two-stage
batch process. However, fecal coliform densities in biosolids increased during post-
digestion, causing non-compliance with local regulations. Potential causes for fecal
coliform recurrence in thermophilic biosolids were: a) contamination by mesophilic

“biosolids; b) a large drop of the biosolids temperature which would allow

reactivation/growth of fecal coliforms.

The Phase 111 proicess (August — September 2002) was a continuous process with 90% of
the plant in thermophilic operation and the post-digestion train insulated between the

~ digesters and silos to maintain a high biosolids temperature. This process almost fully

complied with the Class A pathogen requirements for biosolids at the silos and the farm.
Recurrence of fecal coliforms during post-digestion did not occur.

The Phase IV process (October 2002) was a two-stage batch process that complied with
the time-temperature relation in Alternative 1 of the Part 503 Biosolids Rule. Complete
disinfection of fecal coliforms and Salmonella was achieved and both groups of bacteria
were non-detect in farm biosolids. Relatively high digestion temperatures, however,
caused unacceptable emissions of odors.

To reduce odor emissions from thermophilic operations, the digester temperatures in the
Phase IV process were lowered, which then became Phase V testing. The Phase V
process (November 2002) produced farm biosolids with non-detect levels of fecal
coliforms, Salmonella, helminth ova and enteric viruses. This process, therefore,
complied with Alternative 3 of the Part 503 Biosolids Rule.

The City of Los Angeles received the permit to land apply HTP’s Exceptional Quality
biosolids at its farm in Kern County on December 27, 2002, four days before the ban on
Class B biosolids became effective. Monthly testing in 2003 confirms that the standards
for Exceptional Quality biosolids are consistently being met.
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INTRODUCTION

The City of Los Angeles Hyperion Treatment Plant (HTP) has converted its digesters to
thermophilic anaerobic digestion for Exceptional Quality (EQ) Class A biosolids
production. This was motivated by a recent ordinance in Kern County that banned the
land application of Class B biosolids since January 2003. The objective, therefore, was to
implement a thermophilic anaerobic digestion process at HTP that would comply with the
federal regulations for Class A biosolids as well as with the regulations in Kern County
where the City of Los Angeles applies it biosolids.

The federal Part 503 Biosolids Rule specifies general and treatment-specific requirements
for compliance of biosolids with the Class A pathogen standards (U.S. EPA, 1993, 1994).

" The general requirement for all treatments is reduction of fecal coliforms to 1000 MPN/g

dry wt or Salmonella sp. to 3 MPN/4 g dry wt. Treatment-specific requirements are
specified in six Alternatives. Alternative 1 contains time-temperature relationships for
batch treatment that specify the required holding time as a function of temperature. Such
holding periods, however, can not be guaranteed in continuous processes, as small
portions leave the digester much earlier than the hydraulic retention time. Continuous
processes can satisfy Alternatives 3 or 4, which require demonstration of complete
disinfection of non-bacterial pathogens (helminth ova, enteric viruses) by digester
inflow/outflow analysis (Alt. 3) or absence of these pathogens in biosolids at the last
point of plant control (Alt. 4). The federal regulations are the basis of the Kern County
ordinance, however, this ordinance contains a few additional requirements. The most
important one is that both Class A limits for fecal coliforms and Salmonella sp. need to
be met, rather than only one limit. -

In December 2002, the City of Los Angeles received the permit for application of HTP’s
EQ Class A biosolids at the City’s farm in Kern County. This was achieved after a
research program of five phases of full-scale testing at HTP:

a) Phase I (Nov/Dec, 2001): Two- stage batch process (Alt. 1, 3), six digesters, holding
for 13 hrs.

~b) Phase II (Feb/Mar, 2002): Two- stage batch process (Alt. 1, 3), six digesters, holding

for 24 hrs.
c¢) Phase III (Aug/Sep, 2002): Two-stage continuous process (Alt. 3), full-scale.
d) Phase IV (Oct, 2002): Two-stage batch process (Alt. 1), full-scale.
e) Phase V (Nov, 2002): Phase IV process but at lower temperature (Alt. 3), full-scale.
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In several publications, we have discussed the results of Phases I and II as well as
literature reviews on thermophilic anaerobic digestions and economic and regulatory
evaluations (Ahring et al., 2001*°, 2002; Alatriste-Mondragon ef al., 2001, 2003*"; Cox
et al., 2003*"; Gavala et al., 2003; Iranpour et al., 2000*, 2001*°, 2002%¢ 2003%°, Oh ez
al., 2003; Shao et al., 2002). One important outcome of Phases I and II was that the Class
A limits were met in thermophilic anaerobic digestion, but increasing densities of fecal
coliforms in post-digestion biosolids caused non-compliance with the Kern County
ordinance.

In this contribution, the Phase III, IV and V full-scale operations at HTP are discussed

_regarding the following issues:

a) Disinfection of indicator (fecal coliforms) and pathogenic (Salmonella sp.) bacteria in
biosolids.

b) Disinfection of non-bacterial pathogens (helminth ova and enteric viruses) in
biosolids.

¢) Temperature profiling and the effect of insulation of HTP’s post-digestion train.

d) Fecal coliform regrowth studies:. -

‘e) Compliance with local and federal regulations at the farm.

BACKGROUND
Hyperion Treatment Plant

HTP is the main wastewater treatment facility for the City of Los Angeles, servicing a
600 square mile area with an approximate population of 4 million. The treatment process
consists of preliminary screening and enhanced primary treatment, a pure oxygen
secondary activated sludge process,-conventional and egg-shaped digesters, solid bowl
centrifuges for sludge dewatering, and biosolids digestion and post-digestion handling
(screening, centrifuge dewatering, storage in silos at the Truck Loading Facility, transport

_to the farm). The average daily flowrate is 360 mgd with a peak wet weather flowrate of

850 mgd. The plant produces approximately 800 wet tons of biosolids per day, all of
which are used for land application in Kern County.

Summary of previous tests at HTP (Phases I and II)

Phase I and Phase II tests were done in October/November, 2001, and February/March,
2002, respectively, with a designated battery of six thermophilic digesters and a post-
digestion train dedicated to these digesters. The thermophilic battery and post-digestion
train were isolated from other, mesophilic operations at HTP. A two-stage batch process

_(Figure 1) was employed to comply with the time-temperature requirement of Alternative

1 of Section 503.32. The first stage was continuous at a mean hydraulic retention time
(HRT) of 13 days and an average temperature of around 136 %F. The second stage batch
operation (guaranteed holding of 13 hours in Phase I and 24 hours in Phase II) was at
average temperatures of 130.2 °F in Phase I and 128.2 °F in Phase II. Due to problems
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with the steam supply to the digesters, these temperatures were a few degrees below the
ones required by Alternative 1.

The Phase I and Phase II results were similar. The two-stage batch digestion process

effectively reduced fecal coliforms and Salmorella sp. to below the EPA limits for Class
A biosolids (Figures 2 and 3). Salmonella sp. in biosolids remained below the Class A
limit of 3 MPN/4 g dry wt at all sampling locations in the post-digestion train and at the
farm for land application. Fecal coliforms in biosolids remained below the Class A limit
of 1000 MPN/g dry wt at all sampling locations in the post—dlgestlon train, except in
biosolids at the Truck Loading Facility where densities of over 10° MPN/g dry wt were
found (Figure 4). Likewise, elevated densities of fecal coliforms were found in biosolids
at the farm.

It is important to note that the biosolids were still Class A according to the federal
regulations because the Salmonella density was below the Class A limit. However, the
Kern County ordinance also required fecal coliform densities to be below the Class A
limit. The recurrence of fecal coliforms in silo and farm biosolids, therefore, caused non-
compliance with local regulations and additional investigations were conducted to
determine the cause and possible solutions.

Temperature profiling along the post—digestion train demonstrated a large drop of the
temperature Average biosolids temperatures in the truck at the Truck Loading Facility
were 108.3 °F in Phase I (Figure 1) and 105.8 %F in Phase II. The temperature drop

- occurred mainly between the centrifuge and the silo, and it was identified as a factor that

probably contributed to the re-occurrence of fecal coliforms in biosolids at the Truck
Loading Facility and the farm. Another possible cause was attributed to contamination of
thermophilic biosolids with mesophilic biosolids, although QA/QC procedures were
followed to have a dedicated thermophilic process train during Phases I and II.

MATERIALS AND METHODS
Phase III process description

During August and September, 2002, HTP temporarily employed seventeen out of twenty
egg-shaped digesters for thermophilic anaerobic digestion and six conventional low
digesters for mesophilic anaerobic digestion in a two-stage continuous process (Figure 5). -
Each digester has a capacity of approximately 2.5 million gallons and an internal draft-
tube mixing system. The Phase III process treated the plant’s total feed sludge of
approximately 3.0 mgd primary sludge and 0.8 mgd of thickened waste activated sludge:

a) In the first stage, approximately 90% of the sludge was digested in 15 thermophilic
digesters at an average temperature of 130°F and a mean HRT of 10.9 days. First
stage digesters were heated by steam.

'b) In the first stage, approximately 10% of the sludge was digested in 6 mesophilic

digesters at an average temperature of 95. 3%F and a mean HRT of 39 days.
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. ¢) Inthe second stage, the digested sludges from the first stage were mixed in two

blending digesters at a mean HRT of 1.3 days and an average temperature of 124.5°F.

d) Post-digestion processing included. The post-digestion train was insulated from the
outlet of the digesters up to the silos at the Truck Loading Facility. The silos were
emptied each day at 11:30pm to 12:30pm the next day for transport of the biosolids to
the farm.

Phase IV process description
After completing the conversions and solving the problems with steam supply, the
digester were operated in a two-stage continuous/batch process as illustrated in Figute 6.

The Phase IV process contained:

a) A thermophilic first stage of 16 digesters that were operated in a continuous mode at
an average temperature of 135.5 °F and a hydraulic retention time of about 10.5 days.

~ b) A thermophilic second stage of 4 digesters that were operated in a batch mode to

comply with the time-temperature requirement of Alternative 1. The guaranteed
holding time was 16 hours, which required a treatment temperature of 133.3 °F.
Continuous measurements indicated that the minimum temperature in any of the
batch digesters during the entire test period was 133.8°F.

Phase V process description

The Phase V process was the same as the Phase IV process (Figure 6), but operated at a

lower temperature:

a) A thermophilic first stage with fifteen digesters (one was out of service), operated in a
continuous mode. The average temperature was 126.8°F at a mean hydraulic retention
time (HRT) of 9.9 days. . ‘

b) A thermophilic second stage with four digesters, operated in a batch mode. The
holding time was 16 hours at an average temperature of 126.6°F.

Sampling and analytical procedures

All analyses were performed by the Environmental Monitoring Division at HTP and
BioVir Laboratories (Benicia, CA) according to the requirements of the Part 503

Biosolids Rule:

a) Fecal coliform: Parts 9221-B and 9221-E in “Standard Methods for the Examination
of Water and Wastewater”, 18™ edition (APHA, 1992).

b) Salmonella sp.: Parts 9260-D in “Standard Methods for the Examination of Water
and Wastewater”, 18" edition (APHA, 1992). -

¢) Viable helminth ova: U.S. EPA (1987).

d) Enteric viruses: D 4994-89 (ASTM, 1992).

e) Total solids: Part 2540-G in “Standard Methods for the Examination of Water and
Wastewater”, 18™ edition (APHA, 1992).
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At each sampling event, the sample temperature was measured in the total solids sample
immediately after collection.

RESULTS
Phase II1

Process performance was evaluated by analysis of biosolids at the Truck Loading Facility

" and the farm as the locations most important for compliance with the Class A indicator

and pathogen requirements. The results are summarized in Table 1. At the Truck Loading
Facility, which contains 8 silos, 30 out of 32 samples from more than 2 weeks of testing
complied with the Class A limit for fecal coliforms of 1000 MPN/g dry wt. Fecal
coliform densities were at least 10 times below the limit in 75% of the samples, and at
least 100 times under the limit (non-detect) in 58% of the samples. The two exceedances
were only slightly above the limit, and could be correlated to low biosolids temperatures.

7 out of 8 biosolids samples at the farm complied with the Class A requirement for fecal
coliforms. The density in complying samples was below 25 MPN/g dry wt, including 6
samples with no detectable fecal coliforms (<6.8 MPN/g dry wt). A comparison of fecal
coliform densities at the farm and corresponding densities at the Truck Loading Facility
indicates that the number of fecal coliforms were in general comparable. Hence,
reactivation and/or growth of fecal coliforms during transport to the farm, which
normally took about four hours, is not a'reason for concern.

Salmonella sp. were not detected in biosolids at the farm at a detection limit of
approximately 1.6 MPN/4 g dry wt (Table 1), and, consequently, all samples were below
the Class A limit of 3 MPN/4 g dry wt. Disinfection of Salmonella sp. was complete and
no reactivation and/or growth of Salmonella sp. occurred in biosolids during post-

~ digestion processing at the plant and during transport to the farm. These results confirm

the findings of Phase I and II tests that the Class A standards for Salmonella sp. are easily
met and maintained.

Viable helminth ova were present in primary at a concentration of 1 ovum/4 g dry wt, but
they were non-detect (<1 ovum/4 g dry wt) in farm biosolids. Likewise, the number of
enteric viruses decreased from 69 PFU/4 g dry wt in primary sludge to non-detect (<1
PFU4 g dry wt) in farm biosolids.

The average biosolids temperature in the digester outflow and the silos were the same
(around 125 °F), indicating that little or no cooling of biosolids occurred during Phase II1
post-digestion processing. This was confirmed by measurements of the temperature
profile along the post-digestion train, as shown in Figure 5. It can be seen that insulation
was very effective in maintaining a constant biosolids temperature (124 — 125 °F) up to
the silos.

Regrowth tests were performed with biosolids collected during Phase III from the Truck
Loading Facility and the farm on September 18, 2002. Fecal coliform densities in these
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. samples at the time of collection weré less than 10 MPN/g dry wt (Figure 7). Subsequent

storage of these samples in the laboratory at approximately 75 OF did not result in an
increase of the fecal coliform density over a period of at least 140 hours.

Phase IV

The Phase IV process was the configuration originally planned for demonstrating
compliance with local and federal requirements for EQ biosolids. At this time (October,
2002), the steam supply to the digesters was sufficient to comply with the time-
temperature requirement for batch holding in Alternative 1. Biosolids at the farm as the
location of final use were almost daily sampled over a period of 2 ¥, weeks. Fecal
coliforms and Salmornella sp. in farm biosolids were non-detect in all samples and,
therefore, the farm biosolids were Class A (Figures 8a and b).

Though not required for Alternative 1 in the Part 503 Biosolids Rule, the Phase IV
process was also tested for destruction of non-bacterial pathogens. Primary sludge
contained enteric viruses at a density of approximately 40 PFU/4 g dry weight, but they
were non-detect (<1 PFU/4 g dry wt) in farm biosolids. Helminth ova could not be
detected in farm biosolids or in primary sludge.

During Phase IV testing, a sharp incréase of odorous emissions from thermophilic

- operations was noted. Analysis of the digester gas showed a sharp increase of the

production of methyl mercaptan when the digester temperature was raised to meet the
time-temperature requirement of Alternative 1. Prevention of odor emissions is an
important priority of the City of Los Angeles. Hence, it was decided to reduce the
digester temperature with the rationale that Phase III testing at lower temperature still
achieved Class A pathogen reductions but without unacceptable odor emissions from
thermophilic operations.

Phase V

This Phase of testing became necessary because the time-temperature requirement of
Alternative 1 would not be met after lowering the digester temperature. Hence,
compliance with Alternative 3 was required. Testing during November, 2002,
demonstrated that fecal coliforms and Salmonella sp. were still non-detect in farm
biosolids (Figure 9), despite the lower digester temperature. Helminth ova and enteric
viruses were also non-detect in farm biosolids. The Phase V process, therefore, met both
the federal and local regulations.

DISCUSSION AND CONCLUSIONS

~ Except for a few exceedances, the Phase III process complied with the Class A

requirements for fecal coliforms and Salmonella in silo and farm biosolids. Likewise,
complete destruction of helminth ova and enteric viruses or absence in the final product,
required when using Alternative 3, was demonstrated. An important outcome of Phase III
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was, therefore, that fecal coliform densmes in biosolids remained below the Class A limit
during post-digestion processing. Recurrence of fecal coliforms, previously observed
during Phases I and 11, did not occur during Phase III. This can possibly be attributed to a
combination of the two following factors:

a) During Phase III, the entire plant was in thermophilic operation after the first stage
digesters. This would greatly have reduced the risk of contamination of thermophilic
biosolids with mesophilic biosolids, which usually contain high densities of fecal
coliforms. Although several plant walk-throughs during Phases I and II did not reveal
locations where contamination of the designated thermophilic train could have
occurred, complete isolation of this train from other, mesophilic operations would be
difficult to ensure. High pressure effluent (slip injection) and polymer (centrifuge
dewatering), added during all full-scale tests to HTP’s post-digestion biosolids, did
not contain fecal coliforms; these additions were therefore ruled out as contamination
sources during Phases I and II.-

b) Insulation of the post-digestion train during Phase III and later phases prevented the
large temperature drop in post-digestion biosolids, that was observed during Phases I
and II without insulation. The importance of the temperature during post-digestion
processing is related to the maximum temperature for growth of fecal coliforms and
Salmonella sp. (either those surviving digestion or those introduced by
contammatlon) If it can be assumed that the maximum temperature for growth
generally is in the range of 113 — 122 °F, which seems to be a reasonable estimate
(APHA, 1992; Neidhardt, 1987), then it follows that maintaining a biosolids
temperature of greater than about 122°F would prevent the reactivation and/or growth
of fecal coliforms and Salmonella sp. during post-digestion processing.

Further evidence that the Phase III process effectively prevented the recurrence of fecal
coliforms was obtained from regrowth. tests. In contrast to centrifuge and farm biosolids
from Phases I and II (e.g., Cox et al., 2003%; Iranpour et al., 2002°, 2003b), no regrowth of
fecal coliforms occurred during storage at ambient temperature of silo and farm biosolids
from Phase III

Another important outcome of the Phase III process was that the disinfection results were
better than at first expected considering that:

' a) the digestion temperature was a few degrees below the target temperature of 131 OF;

b) the second stage received large amounts of fecal coliforms from the first stage
mesophilic digesters;

c) the HRT was relatively short for the whole process, and in particular in the second
stage digesters;

d) a small part of biosolids received treatment for a period significantly shorter than
mean HRT (short-circuiting, Farrell et al., 1988).

The disinfection efficiency is related to the temperature and duration of treatment, for

instance as quantified by the time-temperature relation of Alternative 1 of 40 CFR 503.32
for batch treatment. As could be expected from complying with this relation, the Phase
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- IV process reduced fecal coliforms and Sa/monella sp. according to and even better than

the Class A pathogen reduction requirements. The same disinfection was achieved,
however, when during the Phase V the temperature was reduced while maintaining the
same holding time. This is an indication that the time-temperature relation of Alternative
1 is conservative and that the Class A pathogen reduction requirements can be met under

less stringent conditions. Reducing the temperature for disinfection may provide the

advantages of savings in the energy costs for heating as well as a reduction of odor
emissions from thermophilic operations. Alternatively, the holding time may be reduced,
which would provide a more efficient use of the digester capacity. Presently, further
experiments are being conducted to determine the effect of temperature on disinfection
and the production of odor.

ACKNOWLEDGEMENTS

The authors would like to acknowledge the management and Class A Task Force
members from City of Los Angeles Bureaus of Sanitation and Engineering.

REFERENCES

Ahring, B.K., Mladenovska, Z. Iranpour R., Westermann, P. (2001%). New perspectives
of thermophilic anaerobic dlgestlon Proc 74" Annual Water Environment
Federation Technical Exposition and Conference, October 13- 17 2001.

Ahring, B.K., Mladenovska, Z., Iranpour, R., Wetermann, P. (2001 ). State of the art and
future perspectives of thermophlhc anaeroblc digestion. Proc. (Part 1) IWA 9™
World Congress on Anaerobic Digestion, September, 2001, Antwerpen, Belgium.

Ahring, B.K., Mladenovska, Z., Iranpour, R., Westermann, P. (2002). State of the art and
future perspectives of thermophilic anaerobic digestion. Water Sci. Tech. 45
(10):293-298.

Alatriste-Mondragon, F., Gavala, H., Iranpour, R., Stenstrom, M.K., Ahring, B.K. (2001).
Biodegradation and toxicity of phthalate esters during the anaeroblc digestion of
- wastewater sludge. Proc. 74™ Annual Water Environment Federation Technical
Exposition and Conference, October 13-17, 2001, Atlanta, Georgia.

Alatriste-Mondragon, F., Iranpour, R., Ahring, B.K. (2003"’) Toxicity of di-(2-
ethylhexyl) phthalate on the anaeroblc digestion of wastewater sludge. Water Res.
37:1260-1269.

Alatriste-Mondragon, F., Samar, P. Iranpour R. (2003 ). Bench-scale studies on
anaerobic co- dlgestlon of sewage sludge with organic wastes. Proc. 7 75" CWEA
Annual Conference, Apnl 22-25; 2003, Ontario, California.

APHA (1992). Standard Methods for the Examination of Water and Wastewater, 18™ ed.,
Washington, D.C.

ASTM (1992). D-4994-98, Standard Practlces for Recovery of Viruses from Wastewater
Sludges. Annual Book of ASTM Standards: Section 11 — Water Environmental
Technology, ASTM, Philadelphia, PA.

Cox, H.ILJ. et al. (2003%). Recurrence of fecal coliforms in Class A biosolids. Water
Environ. Res. (submitted).

Copyright ©2003 Water Environment Federation. All Righis Reserved.



WEFTEC® 2003

Cox, HH.I, Soung, T., Lee, 1., Mohamed, F., Iranpour, R., Kearney, R.J. (2003b).
Reactivation/growth of indicator and pathogenic bacteria in production of
Exceptional Quality Biosolids at HTP. Proc. CWEA 7 5™ Annual Conference, April
22-25, 2003, Ontario, California. '

Gavala, H., Alatriste-Mondragon, F., Iranpour, R., Ahring, B.K. (2003). Biodegradation
of phthalate esters during the mesophilic anaerobic digestion of sludge.
Chemosphere (in press). A

Iranpour, R., Moghaddam, O., Stenstrom, M.K., Miller, D., Yaghmaei, S. (2000%). Of:
Preventing Growth of Pathogens in Pasteurized Digester Solids. Water Environ. Res.
72:251. .

Iranpour, R., Oh, S., Kim, H., Ruiz, M., Marashi, S., Gardner, K., Eldridge, M., Shao,
Y.J., Moghaddam, O., Garnas, G., Varsh, V., Langley, J., Wilson, J., Ahring, B.K.
(2000°). Full scale thermophilic digestion of sludge waste at City of LA’s Terminal
Island Treatment Plant: success story. Proc. 73" Annual Water Environment
Federation Technical Exposition and Conference, October, 2000, Anaheim,
California.

Iranpour, R. et. al. (2000°). Full-scale thermophilic operations at CLA plants: Past and
Present Successes. Proc. 73™ Annual Water Environment Federation Technical
Exposition and Conference, October, 2000, Anaheim, California.

“Tranpour, R., Oh, S., Kim, H., Shao, Y.J., Hagekhalil, A., Schafer, P., Stenstrom, M.K_,

Ahring, B.K. (2001%). Legal standards for municipal sewage plant biosolids
disinfection: Application to production of Class A Exceptional Quality. Proc. 74
Annual Water Environment Federation Technical Exposition and Conference,
October 13-17, 2001, Atlanta, Georgia.

Iranpour, R. et al. (2001b). Changing mesophilic to thermophilic operation at Teminal
Island Treatment Plant. Proc. CWEA 73™ Annual Conference, April, 2001, Palm
Springs, California. :

Iranpour, R., Oh, S., Kim, H., Eldridge, M., Marashi, C., Shao, Y.J., Wilson, J.,
Stenstrom, M.K., Ahring, B.K. (2001°). Startup and stabilization of thermophilic
digestion at TITP. Proc. WEF/AWWA/CWEA Joint Residuals and Biosolids
Management Conference, February 21-24, San Diego, California.

Iranpour, R., Zermeno, M., Paracuelles, R., Stenstrom, M.K., Ahring, B.K. (2001d).
Successes and failures of thermophilic anaerobic digestion of municipal wastewater
sludges around the world. Proc. WEF/AWWA/CWEA Joint Residuals and Biosolids
Management Conference, February 21-24, San Diego, California.

Iranpour, R., Von Bremen, H., Oh, S., Moghaddam, O., Stenstrom, M.K., Ahring, B.K.
(2001°). Economic analysis of mesophilic and thermophilic anaerobic digestion.
Proc. WEF/AWWA/CWEA Joint Residuals and Biosolids Management Conference,
February 21-24, San Diego, California.

Iranpour, R., Cox, H.H.J., Shao, Y.J.; Moghaddam, O., Kearney, R.J., Deshusses, M.A.,

Stenstrom, M., Ahring, B.K. (2002%). Changing mesophilic sewage sludge digestion
into thermophilic operation at the Terminal Island treatment plant. Water Env. Res.
74: 494-507.

Iranpour, R., Cox, H.H.J., Oh, S., Soung, T., Alatriste, F., Ardent, T., Chang, S.,
Moghaddam, O., Fan, S., Mundine, J., Kearney, R.J. (2002b). Full-scale thermophilic
anaerobic digestion at the Hyperion Treatment Plant: experiments for the production

Copyright ©2003 Water Environment Federation. All Righis Reserved.



WEFTEC® 2003

of EQ biosolids. Proc. 75" Annual Water Environment Federation Technical
Exposition and Conference, September 28-October 2, 2002, Chicago, Illinois.

Iranpour, R., Oh, S., Cox, H.H.J., Samar, P., Taylor, D., Mohamed, F., Hagekhalil, A.,
Kearney, RJ. (2002 9. Effects of dewaterlng on bacterla inactivation: centrifuge
simulation and field tests at the Hyperion Treatment Plant. Proc. 75™ Annual Water
Environment Federation Technical Exposition and Conference, September 28-
October 2, 2002, Chicago, Illinois.

Iranpour, R., Shao, Y.J., Oh, S., Kim, H., Soung, T., Kearney, R.J. (2002%). Experience
with several modes of full-scale thermophlhc dlgestlon operations at Terminal Island
Treatment Plant. Proc. CWEA 74th Annual Conference, April 2-5, 2002,
Sacramento, California.

_Iranpour, R., Cox, H.H.J, Mohamed, F., Taylor, D., Coates, F., Ardent, T., Fan, S.,

Kearney, R.J. (2003%). Productlon of exceptlonal quality blosohds at Hypenon
Treatment Plant. Proc. 75" Annual CWEA conference, April 22-25, 2003, Ontario,
California.

Iranpour, R, Cox H.H.J, Oh, S., Ardent, T., Mohamed, F., Netto, H., Fan, S., Kearney,
R.J. (2003°). Occurrence of fecal cohform and Salmonella followmg thermoph1hc
digestion and post-digestion processing at HTP. Proc. WEF/AWWA/CWEA Joint
Residual and Biosolids Management Conference, February 19-22, 2003, Baltimore, -
Maryland.

Iranpour, R., Taylor, D., Cox, H.H.J: (2003°). Biosolids regulatlons in the United State
and European Union. Proc. WEF/AWWA/CWEA Joint Residual and Biosolids
Management Conference, February 19-22, Baltimore, Maryland.

Farrell, J.B., Erlap, A.E., Rickabaugh, J., Freedman, D., Hayes, S. (1988). Influence of
feeding procedure on microbial reductions and performance of anaerobic digestion.
J. Water Poll. Control Fed. 60: 635.

Neidhardt, F.D. (1987). Escherichia-coli and Salmonella typhimurium. Volume 1 and 2,
Am. Soc. Microbiol., Washington, D.C.

Oh, S., Samar, P., Iranpour, R. (2003). Centrlfuge dewatering of mesophilic and
thermophlhc digested sludges. Proc. 75™ CWEA Annual Conference, April 22- 25,
2003, Ontario, California.

* Shao, Y.J., Kim, H., Oh, S, Iranpour R Jenkins, D. (2002). Full-scale sequencing batch

thermophlhc anaerob1c sludge dlgestlon to meet EPA Class A biosolids
requirements. Proc. 75" Annual Water Environment Federation Technical
Exposition and Conference, September 28-October 2, 2002, Chicago, Illinois.

U.S. EPA (1987). Occurrence of pathogens in distribution and marketing municipal
sludges. EPA 600/1-87-014.

U.S. EPA (1993). The Standards for the Use and Dlsposal of Sewage Shludge (Title 40 of
the Code of Federal Regulations, Part 503). Federal Register 58 FR 9248 to 9404.

U.S. EPA (1994). Plain English Guide to the EPA Part 503 Biosolids Rule. EPA/832/R-
93/003.

Copyright ©2003 Water Environment Federation, All Rights Reserved.



‘pBrIesSay SIYBIY Iy “uoheiaps- JUSWLIOIAUT I91RAL £0076 1UBUAdOD

dwnd ebpn|s

4,92 [

L\
JawAjod
pan|ig

4sqie
usaIos ulel} g

" lemiam
L0 PIO

alenuUs) -

9l# ebnyus) dwnd ayesjep

.G D0
4, 9611 4, L°C21

uonoalu dig

do G°0LL

dwnd obpnjs

u_o 2CL /

~do ¥'ECL

¢ abeyg | obejg
4, 7'8CL 4, G€1L

(uopensur oN) sdanjeradurd |, wonsagdip-1sod pue uonerddQ 193931 — I pue  aseyq °J oInsiyg

€002 ¢OZ.143M



"poAlEsay SIUBN (Y “UoHRISpa JUSWILOIAUS JBIBA £0076 JbuAdon

9jeq

@

-—

(0)
1

000} =3WIl ¥ SS€JD

abpnjs pajsabiqg

SVYML

abpn|s Alewld

¢0+30°L

y0+30°L

90+30°L

80+30')

0L+30°L

(m Aap B/NdIN) wojjod [eday

uonsISI(J Yajey I3V PUe 310Jog SULIOJI[O)) [8I9] - I aseyd T d1n3sig

€002 s03143M



c0/Ge/e

" "peaiasay SIS IV (UONEBISPS ] JUSWILIOHAUT] J81BAA £007O BUAdOD

9jeq
Nd\ow\m co/el/e ¢0/0L/e ¢0/S/¢ 2¢0/8¢/¢ 20/eele
‘, — e — 0
£ =Jur] vy sse|d \ 1
aBpn|s pa}sabiq | — g
ol
abpn|s Alewilid +
| )
SYML| —— |
T
0¢

(3m Aip B #/NdIN) ejjauowijeg

uonsISI(] Yajeq J9)JV pUvV dI0Jog vjjauouing - I aseyd °¢ 2IngLj

€002 g0 L43M



€c/e

‘panIssay SIBIY |1V "UCHEBIOPS 4 JUBLILOHALT ISIBAA £0020 UbUAdoD

L Ledoamd. ] L 1 | ] J ! I 1 S 1 I | L ! Jord 1 I i I I L L ! ] i + °
_________________________________________________

abnyLijuad I8y \

X=X=X L 20+30')

0001 = J1WI] V SSE[D

ols

AV

¥0+30°L

»IIMM\F
Q

wie

/

L\ o0

4

80+30°L

(3m Aip B/NdIN) wiojijo9 [eoay

. SpI[osoIg UonSISIP-1S0J UI SWLIOJI[0)) [€I9] - [[9Seyd b 2In3Ij

€002 ¢03149M



"pansesay SIUBIY I "UCHEISRS S JUSWUOIALT IS1BAA £00Z0 WBUAdoD

abnjus
sa 9

0 4, 5621
za Aiepeg
4, G2l
. ) 4,5621
4, T LEL J do
3 Aispeg % 1a Aiepeg
(Buipua|q) mm_us_w osawjoway W_W@ w_w@ @ n_o €'Go

_ 0 Miepeg

(woyemsuy) saanyerodura I, wonsaSi(-1so4 pue uonerdQ 193s981( - I1I aseyd 'S oSy

abpn|s owsy L

abpnis osepy )

£002-¢03LddM




perssey SIUB Iy "UOHBISRS ] JUSIUOIAUT th\sﬁ 20026 WbuAdoD

(ebeys pug) 19)sabip yojeg G

123

olls

Siomie

(oBeys 3s1) J93sebip snonuyuoy

Ayjise bujusalog - abnjnua)n

3 Aieyeg . Za Aispeg

<

3 éj
té«
4
Pric N

A

ez

x

1q Aispeg

)
3

& @ B
S g

TN

(4
o)
\

ncﬁ«uomo I1938931(J - A pPuUB AJ dseqd °9 2aIn3rg

€002 O3 143M




passesay sIYB |V "UoREIEpRS ] JUBWLCHAUT JBIRAA £00Z9 1BUAdOD

(4noy) aw abeioyg

091 oVl 0zl 00} 08 09 ob 02 0
| ! { ! | ! I _\
uueq

@ o— & o
ol o
B 8
(¢
oliIs ..OI....
: 3
-
001 mm
=
‘ )
Z
«©
Q.
0001 <
000} = Wil v sse[)d s

00001

- (4, 0L) SPI0SOIg u0NSISIQ-1S0d UT SULION0D) [299 JO Y013y - [IT 95eyd °L InSid

€002 03 143M




I

‘penasay Siybly Iy ‘UonEIaps - JUBLUUCIAUT IBTRAL £00Z0 WUBLUAdOD

ajeq
SzZ/0L  €Z/0) 1Z/0L  6L0L  ZLOL  SLOL  €LOoL  LL/Ob 6/01
I L J I i A ) —‘
T
o
. 3
A i - )
oL =3
=
=)
3
n
=
00l m
NN
Q
Q.
-
<
3
000l <&
0001 = }wi| v/ sse|9
00001

SPI[0SOI{ WLIR,] Ul ULIOJI[0)) [8I9,] — A] ¥seyq -8 9In3ij

€002 03 143M



‘porissay SJUbYY |y “uopeIaps 4 UsWUOKAUT J8lBA S007G WbBUAdOD

2

Sz/0l €z/0) 12/0) 61/01 L1101 S1/01 €L/01 L1/01 6/01

! L l ) i I I O
-
3

il

- S
e
A )
=
U
<
£
€ @
€ =)Wl v sse|D ..Am.
2
K=~

14

S

SPI[OSOIg ULIE] UI B[[PUOWES — AT oseqq “qg 2InS1y

€002 03 143M



‘DOAIOSSY SIUBIM I "UCREIBRS ] JUSWILCHAUT 181BM £0020 WBLAdoD

ajeq
SLZL  OoWZL  S/ZL 0/l SZ/LL 0Z/LL SWLL  OWLL  S/LL LEOL
| [ [ 1 | | ! | —\

o

L 0

ol o

(o)

o

o

=

=

-00L @

=

e

=

«Q

0001 m.

000} =)WI] Y Sse|d

i

00001

SPI[OSOIY ULIE ] UI WLIOJI[0)) [€I9,] — A 9seqd B 2In31y

€002 03.143M



‘paniesay SIUBY |1y "UOREISPS ] JUSWILOUALT J9TBA £00Z0 UBUAdeD

ajeq
GLiZL 0L/ZL G/cL oc/LlL Gga/Ll 0c/L) L OL/LL GiLl LE/01
L | i { | )i | Il O
L8
3
E‘\EE-H B o
-
[49]
b =
Q
=
e
£ = Jwi] vy ssed &
Q.
3
- .V w
1

SPI[OSOI{ ULIEJ Ul E[[oUom[es — A seyd °q¢ 2In31g

€002 03143




"UMOUS JOU s)nsay "L0-Z}-6 PUe §-6 U0 sBunse} yum palspeiul 20-1 -6 PUB $-6 U0 YIJOS [BOM8IT
UMOYS JouU synsay 'sjooojold o} Bulpioode jou s|dwes q

"O|Is PS}edIpU| BY} JE PapeO)] YonJ} Wolj pajos|jod sem ajdwes e |

M AIp B $/NdIN Ui “ds ejjsuowijes ' AIpB/NJIN Ul SWIOY(0D [B0S) {4, Ul sainjeiedwa]

S3JON
SMJIA O8Ug
BAQ WuiweH
{1inoig)e|jsuowies
(aw3z)elsuouies |  uiey
LLLIOJ|0 [ED3
dwa jualquy
ainyeladwa |
w000 [eos4
alnelodwa | 8 0IIS
LLLIOJ|00 [e08
ainjeladws | Lols
WoL[00 [E0D
ainjeladwa | oals
ULIOH[09 [E98
ainjeladwa ], g ols
LWIOH| 00 [e09
ainjeljedwa | v ols
Wiojljoo [eas e
simeedwey | ¢OIS
wioyoo [gaed |
einjeladius | cons
ULIO}I|00 [e0s 4
alnjeladwa ] L olis
SNJIA oleug
. - BAQ QuiwsH abpnig
. og 8¢ < 6¢ €Ll §5op (inoig)eleuowles | frewuy
. - 9y 9 €T 9l g¢ (awa)eljsuowies
nyl POM any uol MuL Pem en] uop SNUL pap siskjeuy woneso
61/6 8L/6 L6 91/6 ZiLi6 L1/6 oL/6 6/6 G/6 Vi6
€ J99M 2 99M L Moapm

sameradws |, pue s)uno)) [eLd)deqUoN/[eLId)dey — I11 9seyd °I dqelL

£002 03 143M




