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ABSTRACT

The removal of PCBs in each major unit process of publicly-owned sewage
treatment works (POIWs) was quantified so that the removal efficiency results
may be applied to other POIWs. Two POIWs, differing widely in size and in
influent PCBs loading, were each sampled on a 24~hour basis for 7 to 10 days.

The overall PCBs removal efficiencies achieved were 83 to 89 percent,
slightly lower than the suspended solids removal efficiencies achieved at the
two plants. The steady-state PCBs removal efficiency of each unit process was
strongly correlated to the corresponding suspended solids removal efficiency.
In addition, large day-to-day variations in unit process PCBs removal efficien-
Cies were correlated to variations about the mean influent PCBs and BOD con-
Centrations.

Although reasonable PCBs material balances were achieved for one of the
two plants, PCBs removed from the wastewaters of the other plant could not be
accounted for in the sludges. PCBs loss by volatilization from the secondary
treatment processes was discounted as an important mechanism, the result of
explicitly analyzing the air emitted fram the activated sludge aeration tanks.
The quantities volatilized were very small fractions of the PCBs removed from
the wastewaters.

ii.
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1.0 SuMARY

The removal of PCBs in publicly-cwned treatment works (POTWs) was quanti-
fied by sampling each of two POTWs on a 24-hour basis for 7 and 10 days respec-
tively. The sampling was designed to yield PCB removal efficiencies for each
major unit process (primary sedimentation, secondary trickling filter and clari-
fication, secondary activated sludge and clarification, and tertiary polishing
lagoon) so that the results may be applied to other POIWs with different combina-
tions of major unit processes. Mass balances and engineering design and operating
data for the unit processes at the two surveyed POIWs are included in this report,
with comparisons to "typical" process data, to facilitate the application of
these PCB removal results to other POIWSs.

One of the two POIWs surveyed was the Winston Thomas STP at Bloomington,
Indiana. The raw sewage to this 3.6-mgd plant includes the discharge (to the
Bloomington municipal sewer system) of a major user of PCBs, which accounts for
the high level of PCBs in the influent to this POTW. The other POTW surveyed
was the Back River Wastewater Treatment Plant at Baltimore, Maryland. Although
several minor industrial dischargers of PCBs are served by this 180-mgd POIW,
the PCBs in the influent are more generally attributable to diverse industrial
and domestic sources typical of a heavily-industrialized urban area.

Consistent with the sources of PCBs in the sewage to these two plants were
the types of PCBs found in the samples of wastewaters and sludges. Aroclor 1016,
the PCB used by the capacitor manufacturer at Bloamington, was identified as the
PCB in the POIW samples. The PCBs in the Baltimore POTW samples were more dif-
ficult to identify and to analytically determine, since their chromatograms did
not directly correspond to standards for cammercial PCB mixtures. Identification
of the PCBs in the Baltimore samples was aided by mass spectrographic analysis.

The sampling procedures at the POIWs were designed to avoid partitioning of
the PCBs, since PCBs strangly adhere to surfaces on sample bottles or on suspended
solids. Hence, individual samples were collected on an hourly basis (1,241 from
Bloomington and 1,035 from Baltimore), and shipped to the laboratory, where they



were carefully composited (into 71 composites from Bloamington and 55 from Balti-
more) and extracted with a hexane/methylene chloride mixture to ensure that all
of the PCBs would be included in the extracts. The extracts were concentrated
and subjected to gas chromatographic analysis for PCBs.

Replicate sampling and analysis at each POIW resulted in a standard deviation
for each daily P(Bs concentration measurement of 23 percent of the concentration,
which includes the errors introduced by sampling, compositing, extracting, concen-
trating, and chramatographic analysis. The sampling and 24-hour compositing pro-
cedures followed did not appreciably add to the measurement uncertainties introduced
by the laboratory procedures.

The average PCBs concentrations in the POTW influents were 145 ug/1l at the
Bioomington POTW, and 15 ug/l at the Baltimore POTW. The overall PCBs removal
efficiencies achieved were 88 + 2 percent for the Bloamington POTW, 89 * 3 percent
for the activated sludge side of the Baltimore POTW, and 83 + 4 percent for the
trickling filter side of the Baltimore POTW. These overall values are slightly
lower than the suspended solids and BOD removal efficiencies achieved by the two
plants.

The PCBs concentrations at each station in the Baltimore POTW exhibited no
greater day-to-day variability than could be attributed to the measurement uncer-
tainty. The influent PCBs concentration at the Bloomington POTW, however, varied
much more widely, as it is sensitive to the day-to-day variations of the pre-
dominant industrial dischargers. This influent variability was reflected through-
out the treatment system, although the system capacity provided same damping. For
the Bloomington POIW primary system, the PCBs removal efficiency (n) was found to
depend upon the influent PCBs concentration (C, ug/l) and upon thé influent BOD
concentration (B, ma/l): ’

n,% = 53 + 33C§{EZ§5§)- 68(@_53522)

Similarly, the day-t6-day PCBs removal efficiency for the Blcamington POTW
secondary system was found to depend upon the influent PCBs concentration:

_ C - 56
n,g = 49 + 38( = ) .




A summary of the steady-state removal efficiencies for the individual unit
processes at the two POIWs is:

Bloamington Primary System 53 + 9%
Bloomington Trickling Filter System 49 + 6%
Bloomington Final Lagoon 31 + 14%
Baltimore Primary System 46 + 13%
Baltimore Activated Sludge System 82 + 5%
Baltimore Trickling Filter System 71+ 7%

Four of the above six individual unit process PCBs ramoval efficiencies
were strongly correlated to the corresponding unit process suspended solids
removal efficiencies:

n..%-65
_ sS,
One of the other unit processes was the Bloomington POIW final lagoon, which
exhibited a low apparent PCBs removal efficiency most probably because "old"
PCBs in the lagoon sediment were being resuspended and discharged (the PCBs
waste load to this POIW was higher in previous years).

The other unit process not agreeing with the above correlation was the
Baltimore POIW primary system, which only achieved a 29 percent suspended solids
removal efficiency. The much higher PCBs removal efficiency is postulated to
result fram an alternate mechanism; e.g., scum removal.

Although reasonable PCBs mass balances were achieved for the Bloomington
POIW, the PCBs removal from the Baltimore POIW wastewater could not be accounted
for by the PCBs found in the sludges. The discrepancy in the Baltimore POTW
primary system could be explained by the alternate scum removal mechanism.

Two  potential mechanisms were postulated for the disappearance of PCBs from
the Baltimore POTW secondary treatment process: biodegradation and volatilization.



Since volatilization, if significant, would result in the direct re-release
of PCBs to the environment, a two-part experimental program was conducted to
explicitly determine the quantity vaporized. Laboratory experiments similating
the Baltimore POIW aeration basins were conducted, followed by in-situ measure~
ments at the Baltimore POTW using a gas collection apparatus which isolated a
portion of the aeration basin. PCBs were indeed recovered from the air samples,
but the quantities were no greater than an equivalent 0.033 pounds per day from
the entire Baltimore POIW aeration basins. These quantities volatilized were
very small fractions of the PCBs quantities in circulation in the mixed liquor
or of the quantities removed from the wastewaters, and wolatilization was dis-
counted as an important mechanism for the removal of PCBs from wastewaters in
POTWs.

Biodegradation of Aroclor 1242, as indicated by disappearance in the labora-
tory experiments, was of sufficient magnitude to explain the disappearance of PCBs
fram the secondary treatment processes at the Baltimore POTW. No direct measure-
ments of biodegradation rate were made, however, so that the disappearance mechanism
still remains unresolved.



2.0 INTRODUCTION
2.1 Background

The U.S. Environmental Protection Agency (EPA) is currently involved in
the pramilgation process for establishing effluent standards for toxic pollutants.
EPA has set forth final effluent standards for direct dischargers of polychlori-
nated biphenyls (PCBs), under Section 307 (a) of the Federal Water Pollution
Control Act Amendments of 1972 (FWPCA, PL92-500) in the Federal Register (42 F.R.
6532, Feb. 2, 1977). In the course of technical and econamic studies to support
the proposed direct discharge standards for PCBs, it became evident that substantial
quantities were being discharged to publicly owned treatment works (POIWs). EPA
has authority under Section 307 (b) of the FWPCA to regulate the discharge of
pollutants to POTWs if the pollutants are toxic and disrupt the operation of the
POIW, or else pass through the POIW without sufficient treatment. The study des-
cribed in this report was therefore conducted to determine the efficacy of PCBs
ramoval by POIWs.

2.2 Z_X_Qp_roadm

The approach in this study was to collect hourly samples, on a 24-hour
basis, for 7 and 10 consecutive days, respectively, at each of two secondary POIWS,
and to analyze for PCBs the daily camposite of the 24 hourly samples. The primary
objective was to measure the PCBs removal efficiency of each wastewater unit oper-
ation at these plants, such that the results might be projected to many other
POTWs which may have different design combinations of the wastewater unit operations.
The choice of the two POIWs for this study was based upon three major factors:

1. That the two treatment plants would have, between them, a good
representation of the major wastewater unit operations - primary
sedimentation, activated sludge secondary treatment, trickling
filter secondary treatment, and secondary clarification.

2. That there would be a sufficient concentration of PCBs, at least
in the POTW influent for each of the two plants, to avoid undue



3.

2.3

analytical difficulties and/or imprecision of the results. A
nominal target for the influent PCBs concentration was a minimum
of about 10 ppb, so that the expected lower concentrations after
POTW treatment could be differentiated from the influent concen-
tration with same precision.

The geographic location of the POIWs with respect to the Versar analytical
laboratories, or in proximity of transportation facilities; to awoid
delays between sampling and laboratory extraction and analysis. In addi-
tion, the plants must be large enough to require constant operator atten—
tion and to provide reliable laboratory analyses of classical parameters
(BCD, suspended solids, etc.).

Two POIWs were chosen for study in response to the above factors:

The Winston Thamas Sewage Treatment Plant, Bloomington, Indiana, was
sampled for ten days fram Septamber 20th through September 29, 1976.
This 3.6 mgd plant services (among other sources) the campus of Indiana
University at Bloamington, and most important, the Westinghouse Electric
Corporation capacitor manufacturing plant at Bloomington, a significant
user of PCBs.

The Back River Wastewater Treatment Plant, Baltimore, Maryland was
sampled for seven days from October 1lth thrcugh October 18, 1976. This
180 mgd plant services mostly damestic waste sources in the City and
County of Baltimore, but also (amounting to a significant wastewater quan-
tity) the manufacturing waste sources of this industrialized city which
by preliminary sampling was shown to contain significant quantities of
PCBs.

Potential Sources of PCBs to the POIWs

2.3.1 The Bloamington POTW

The major potential source of PCBs to the Bloamington POTW is

the discharge to the municipal sewage system of the Westinghouse Electric
Corporation capacitor manufacturing plant in Bloomington. This plant exclusively
uses Aroclor 1016 as the capacitor dielectric fluid. Test results of the plant
discharge, reported by Westinghouse, are:

-6~



Discharge Flow, Aroclor 1016 Aroclor 1016
Date (1975) gallons per day Concentration, ppb Quantity, lbs/day
1/9 189,481 3,900% 6.16
2/3 162,069 526 0.71
3/1 134,924 964 1.08
4/30 118,637 268 0.27
5/30 106,177 1,930 1.71

*Average of two determinations:

2.3.2 The Baltimore POIW

more POTW have been identified.
Broening Highway, Baltimore, which in the past manufactured submarine cables

using Polycin 146, a two—camponent potting campound which contains up to 20 per-
The total PCB use did not exceed 140 pounds for

cent by weight of Aroclor 1254.

the inclusive 1972-1975 period. Cables manufactured after 1975 utilized a non-

PCB potting campound.

4,600 and 3,170 pgb.

Three potential minor industrial sources of PCBs to the Balti-
One is the Western Electric facility at 2500




A second potential industrial source is the General Electric
transformer repair shop at 920 E. Fort Avenue, Baltimore » which has reportedly
ceased the use of PCBs as of July 1, 1976. This facility historically handled
about. three PCB-containing transformer repair jobs each year (only about 5 per-
cent of all transformers contain PCB dielectric fluid). A typical transformer
would contain 200 to 300 gallons of fluid. The PCBs were purchased as needed
in 55-gallon drums, and were not stored in large quantities. During an EPA
survey on March 4, 1976, prior to the cessation of PCB usage at this facility,
a PCB concentration of 205 ppb was measured in an oil separator which discharges
to the municipal sewage system.

The third potential industrial source is the Westinghouse
Electric transformer repair shop in Baltimore. There is continuing repair of
6 to 8 PCB~containing transformers per year, each of which require about 500
gallons of fluid. The PCB fluid is ordered as needed in 55-gallon drums.
During an EPA survey on March 5, 1976, a PCB concentration of 630 ppb was
measured in a final sump, franﬂaewashingandsteam—cleanj.nga_reas, which dis~
charges to the municipal sewage system.

In industrialized areas such as Baltimore, it would be expected
that other sources of PCBs would be from the past general usage of PCB-based hy-
draulic fluids and heat-transfer fluids in manufacturing operations. Another
potential source to both Bloomington and Baltimore is toilet tissue and other
paper products; present~day tissue products which contain recycled paper, are
reported to contain 1 to 3 ppm of PCBs. Other general paths of PCBs into municipal
sewage include fallout from the atmosphere and storm water runoff from urban areas.

2.4 Structure of This Report

The first sections of the body of this report contain descriptions
and engineering characteristics of the unit processes in the two POTWs, with
details of the specific sample collection locations, and with the operating
histories during the survey periods. The next section describes the sampling
procedures employed, the handling and transport of the samples, the campositing



of the samples at the Versar laboratory, and the analytical procedures employed
at this laboratory for determining PCBs. Next, ‘the data is presented for the
PCBs analyses, and the results are analyzed with respect to the PCBs removal
accamplished by each unit process, as influenced by the POTW operating conditions
ard other factors. PCBs material balances are presented for each POIW. The final
section of this report is a presentation and discussion of data for the explicit
determination of PCBs volatilized from the Baltimore POTW.



3.0 DESCRIPTIONS AND OPERATING DATA FOR THE POTWS

3.1 The Bloamington POTW

The Winston Thomas Sewage Treatment Plant in Bloomington, Indiana,
is a 3.6 mgd plant which features primary sedimentation, trickling-filter
secondary treatment, and a polishing lagoon. Figure 1 is a schematic drawing
of this POTW.

3.1.1 Plant Influent

The plant influent consists of the flow from three trunk sewers,
plus two plant return flows which are added to one of these sewers. The two
return flows, shown on Figure 1, are the sludge from the secondary clarifiers
(3), and the supernatant from sludge digester No. 3 (B), which is the last of
four digesters in series. There is no access to measure or sanmple the influent
flow before the influx of the two return flows. Moreover, it was judged that
mixing among the three influent trimk sewers was not effective upstream of the
two aerated grit chambers (which have scum removal capability). Hence, the in~
fluent flow rate and sampling station (identified as Point 1 on Figure 1) was
selected dJdownstream of the degritters. Samples from this station were collected
fram a manhole just downstream of the plant's magnetic flow meter. However, since
the calibration of the plant's flow meter was questionable, the influent flow rate
was independently measured with a rectangular suppressed weir in conjunction with
a Manning flow meter. It is this independent flow measurement that is the primary
measurement for this study, rather than the plant's meter.

3.1.2 Primary Clarification

As Figure 1 shows the flow fram the degritters is split to
two banks of rectangular primary clarifiers, each with three independent tanks.
Each of the six basins is approximately 15 feet wide by 95 feet long, with a
water depth of about 10 feet. The volume of each basin is 105,000 gallons,
and the total primary clarifier volume is 630,000 gallons. The surface area

-10~
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per basin is about 1,420 square feet, and the total area for all six primary
basins is 8,500 square feet. At a naminal total flow of 3.6 mgd, the average
detention time is 4.2 hours and the average overflow rate is 420 apd/sq. ft.

During all of the survey period at the Bloamington POTW, however,
the north bank of primary clarifiers had only two of the three basins in opera-
tion. The northern-most basin (the furthest fram the south bank of clarifiers)
was dry, with maintenance being performed on the sludge collectors. However,
it was apparent that the flow through the north bank was greater than through
the south bank, probably due to asymmetry of the flow channels - the south bank of
clarifiers was the original set, with the north bank added in a later plant
expansion. Both banks, however, have the same basin dimensions. The actual
hydraulic loading during the survey period is shown in Table 1. The detention
time varied from 1.9 to 5.0 hours, and the overflow rate varied from 310 to 915
gallons per day per square foot. In camparison, a typical design parameter for
achieving good primary clarification of mmicipal wastewaters is 800 to 1,200
gpd/sg. ft. average overflow rate (where "good clarification” is 50 to 60 per
cent suspended solids removal and 30 to 35 per cent BOD removal).d) According
to an alternate reference, primary sedimentation before trickling filters typically
has a detention time of 2.0 to 2.5 hours or has an overflow rate of 600 to 900
ged/sq. £t. %) It appears that despite the hydraulic unbalance betweer the
two banks of clarifiers during the survey period, adecuate capacity existed
in each bank to achieve good primary clarification.

The effluent fram each bank of primary clarifiers was measured
and sampled in the chamnel which runs across the three basins. 2 rectancular
weir in conjunction with a Stevens Headstace Recorder and stilling well was
used to measure flow from each bark. These sampling and flow measuring
stations are identified in Figure 1 as Point 2 (north bank of primary clarifiers)
and as Point 3 (south bank).

Three independent measurements of plant flowratas were made at
the Bloamington POTW: the influent to the primary treatment system (including
return flows), the sum of the north and scuth primarv effluents, and the

-12-



Table 1 - hydraullc loading, Bloanington POIW Primary Clarifiers

Day 1 2 S 5 6 7 8 9 10 Average

Avg. Daily Plow, nxd:
North 2.13 2.11 1.39 1.78 2.11 1.91 2.29 2.29 2,29 2,60* 2.09
South 1.68 1.52 1.60 1.52 1.52 1.34 1.75 2.00 2,06*] 1.75 1.67

Avg. Detention, hrs:
North 2,37 2.39 3.62 2.9} 2,37 2.64 2,20 2,20 2,20 1.94 2.41
South 4.50 4.9 4.7} 4,98 4.98 5.65 4.32 3.79 3.67 4.32 4.53

Avy. O/F Rate, gpxi/ft:
North 750 743 490 627 750 672 806 806 806 915 116
south 394 156 375 356 3156 314 410 469 483 410 392

—g '[_

*alculatad by Difference, fram ‘fotal Flow Measirdnent



effluent fram the final lagoon. Since no direct measurements were made of
return flows, sludge flows, or bypassed flows at the Bloamington POTW, no
corrections to the plant flow rates could be made for individual unit pro-
cesses. Table 2 shows the comparison among the independently-measured flow
rates - although significant daily differences occur, the averages for the
first eight days of the survey period are very close to each other.

A gate at the end of each of the two primary effluent channels,
upstream from the sampling and measuring stations 2 and 3, is used by the
plant personnel to bypass excess flow around the secondary treatment system.
Although no quantitative measure of bypassed flow was made, the gates were
opened dquring eight days of the ten—day survey period:

Day Hours of Secondary Bypass
1
2
3 10
4
5
6
7 10
8 19
9 7
10 20

3.1.3 Trickling Filter

The combined flow from the primary clarifiers (except for that
bypassed) is fed to a trickling filter bed via two siphon dosing tanks and
fixed nozzles. Each dosing tank feeds a distinct half of the bed, but there
is no physical boundary in the bed nor is there a separation of drainage from
the two halves of the bed. The total trickling filter bed, with stone media,
has a surface area of about 1.5 acres, a depth of about 9 feet, and a volume
of 588,000 cubic feet. The filter is a one-pass low-rate unit with no recycle.
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Table 2 - Camparison Among Indepencdently-Measured Flow Rates,

Bloamington POTW

North Primary Effluent Plus Plant Influent, Finali Effluent,
Day Scuth Primary Effluent, mcd mgd mod
1 3.81 2.595 3.11
2 3.63 3.45 3.16
3 2.99 3.72 3.59
4 3.30 3.05 3.88
5 3.65 3.19 3.62
6 3.25 3.04 3.20
7 4.04 4.06 3.74
8 4.29 3.94 4.06
9 — 4.35 4.03
10 - 4,35 4.20
Average,
Days 1-8 3.62 3.43 3.33
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The hydraulic loading of the bed at the nominal flow of 3.6 mgd is 2.4 mgd/
acre, within the "typical” range of 1 to 4 mgd/acre. (1,2) During the
Bloamington survey period, the average BOD concentration of the trickling
filter influent (the primary effluent) was about 150 mg/l. At a nominal flow
rate of 3.6 myd, the organic load to the trickling filter was 4,500 pounds
per day of BOD, or 7.7 pounds of BOD per day per thousard cubic feet. This

is at the lower end of the range of the organic loading for "typical” low-rate
trickling filters, 5 to 25 lbs. BOD/day/l,000 cu. ft. (172

Periodically, the Bloomington trickling filter is flooded to
kill filter fly larvae; and also periodically an insecticide is sprayed on the
bourdary walls of the filter.

A sampling station (Point 6 on Figure 1) was established in a
well just downstream of the trickling filter, upstream of where the flow divides
to the several secondary clarifiers. However, hourly samples were not collect-
ed at Point 6 (as they were at Points 1, 2, 3, 4, and 5). Instead, a sanple
was taken from Point 6 once every 8-hour shift during the sampling period.
Downstream of this sampling station, but upstream of the clarifiers, the under-
drain from the sludge drying beds (C on Figure 1) is returned to the main
plant stream.

3.1.4 Secondary Clarification

There are four secondary clarifiers at the Blocmington POTW:
the two original rectangular basins and the two circular clarifiers which
were added later. The approximate dimensions of each rectangular clarifier
basin are 20 feet wide by 65 feet long by 10 feet deep; each circular clarifier
is approximately 54 feet in diameter with depths from 10 feet at the sidewall
to 14 feet at the center. The total volume of all four secordary clarifiers is
660,000 gallons, and their total surface area is 6,600 square feet. The
volume of the circular clarifiers is 2.5 times the volume of the rectangular
clarifiers; and the surface area of the circular clarifiers is 75 per cent
more than the surface area of the rectangular clarifiers. Since no flow
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measurement for individual basins could reasonably be made, the entire group
of four secondary clarifiers was treated as an aggregate in this study. The
sludge from the secondary clarifiers (A in Figure 1) is returned to the head
of the plant.

At the nominal flow rate of 3.6 mgd, the detention time is
4.4 hours and the overflow rate is 550 gallons per day per square foot. In
camparison, "typical" final clarification following trickling filters is
characterized in the literature by average overflow rates of 400 to 600

gpd/sq. ft. 1, or alternately of 800 to 1,000 gpd/sq. £t. %)

After the overflows fram the four secordary clarifier basins
are rejoined, a sampling station (Point 4 in Figure 1) was established in a
wet well. Downstream of this sampling station, the water is pumped to the
polishing lagoon. There are two pumps, one running continuously and the other
running intermittently according to the level in the wet well. Each pump is
equipped with a running-time meter; readings were recorded during this survey.
Although there are provisions for bypassing a portion of the secondary clarifier
effluent directly to Clear Creek (the receiving stream) instead of to the lagoon,
no water was bypassed during the survey period.

3.1.5 Polishing Lagoon

The polishing lagoon is rectangular in shape and has a surface
area of 16.5 acres. The depth of water, to the sludge-sediment layer, was
roughly measured in this survey at about 5 feet. The influent spills into the
lagoon at its northeast corner and the final effluent to Clear Creek is at the
southeast corner. In this southeast corner, a dam isolates a small section of
the lagoon, with weirs for the influent to this secticn and for the final
effluent. A chlorine solution is added to the water in this section. The
final effluent flow rate was measured with a suppressed rectangular weir in
conjunction with a Manning flow meter, and a sampling station (Point 5 in
Figure 1) was established for the final effluent.

The effective volume of the Bloomington polishing lagoon is
approximately 27 million gallons. At a nominal flow rate of 3.6 mgd, the
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detention time is 7.5 days. Typically, detention times of 7 to 30 days are
found for facultative lagoons.(2) At an average BOD concentration of 50 mg/1
for the influent to the Bloamington lagoon, the organic loading (at the
nominal 3.6 mgd) is about 1,500 pounds per day, or about 90 pounds of BOD per
day per acre. The organic loading for "typical" facultative lagoons is, in
camparison, 20 to 50 pounds of BOD per day per acre.(2)

Six grab samples of sludge fram the bottaom of the lagoon were
taken on September 20, 1976, using a Petersen dredge. The sampling stations
(see Figure 1) were as follows:

Point 10 - North East Quarter (nearest to inlet)
Point 11 - East Central

Point 12 - South East Quarter (nearest to outfall)
Point 13 - South West Quarter
Point 14 - West Central

Point 15 - North West Quarter

3.1.6 Sludge Processing

The collected sludge from the primary clarifiers (D in
Figure 1) was sampled (one grab sample cn September 20, 1976) fram one of the
three piston pumps, Point 7 in Figure 1. This primary sludge is pumped to
Digester Ne. 1, and then Digesters No. 2, 4, and 3 (in that order) are used in
series. Digesters No. 1 and 2 are each about 50 feet in diameter and 33 feet
high, with volumes for each of about 500,000 gailons. They have gas mixers
and sludge heating via an external pump-around circuit. Digesters No. 4 and
No. 3 are each about 40 feet in diameter; No. 4 is about 25 feet high with a
velume of 240,000 gallons, and No. 3 is about 32 feet high with a volume of
300,000 callons.

The supernatant from Digester No. 3, ke last in series, is
returned to the head end of the plant (B in Figure 1). The digested slucce
from the four anaerobic digesters is periodically sent to the bank of 18
drying beds, each with a capacity of 30,000 gallens. The underdrain frem the
drying beds (C of Figure 1) is returned to the influert to the secondary
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clarifiers. Dried sludge from the beds is presently being stockpiled at the
Bloomington plant, since landfilling or soil conditioning use has been dis-
oontinued because of the high PCBs content of this sludge.

No direct measurements were made of the flow rate of primary
sludge or of its concentrations of total suspended solids and wvolatile solids.
However, the total suspended solids in the sludge may be estimated from the
difference between the TSS in the plant influent (average of 300 mg/l) and the
TSS in the primary effluent (average of 100 mg/l). At a nominal wastewater
flow rate of 3.6 mgd, the primary sludge solids would amount to 6,000 pounds
per day. At a typical volatile solids content of 0.7 for primary sludge, (3)
the volatile suspended solids loading to the digesters would be 4,200 pounds
per day. Moreover, a typical primary sludge solids concentration of 3 per
cent ) implies a primary sludge volume for Bloomington of 24,000 gallons per
day. Using these estimated digester loadings in conjunction with the total
digester volume at Bloamington of 1,540,000 gallons (or 206,000 cubic feet)
results in an hydraulic retention time of 64 days and in a volatile suspended
solids loading of 0.020 pounds per day per cubic foot. In comparison, "typical"
primary sludge low-rate digesters have hydraulic retention times of 30 to 60
days and volatile suspended solids loadings of 0.04 to 0.1 pounds per day per
cubic foot. (2,3) Typical high-rate digesters have 10 to 20 days retention times
and VSS loadings of 0.15 to 0.40 pounds per day per cubic foot. (%’

Using "typical" values for anaerobic digesters of 40 per cent
digestion of volatile solids and of 17 cubic feet of digester gas generated
per pound of digested volatile solids,(3) the gas production at Bloamington
is estimated as 29,000 cubic feet per day.

3.1.7 Operating Data

The hydraulic data for the Bloomington POIW, measured by the
EPA field crew during the survey period, were presented in Tables 1 and 2.
Table 3 lists the suspended solids and BOD. data, supplied by POTW personnel,
during this period.

5

-19-



Table 3 - Total Flow and Suspended Solids and BOD Analyses, Bloomdngton POTW

_OZ_

Day of Survey Period Flow-Weighted
! 3 3 7 5 4 7 g g U] Averaqge
Total Flow, myd 3.81 3.63 2.99 3.30 3.65 3.25 4.04 4.29 4.35 4.35 3.77
85, mg/1:
Primary Influent 255 292 328 204 256 507 212 396 184 244 283
Primary Effluent 103 128 100 120 24 50 80 116 155 120 102
Trickling Filter F(€. 65 104 70 56 - - 53 98 108 72 81
Sec. Clarifier Eff. 23 16 11 42 - -- 25 84 58 24 40
Final Lagoon EF. 5 q a 12 3 5 25 a2 20 20 15
B(IJS, mg/1:
Primary Influent 240 240 313 250 220 305 220 330 173 203 246
Primary Effluent 108 170 155 152 144 148 114 182 97 150 141
Trickling Filter Eff. 55 46 86 97 -~ - 54 95 73 63 72
Sec. Clarifier Eff, 44 35 54 45 - - 47 69 39 33 46
Final Lagoon Eff. 21 2] 22 20 24 14 23 32 16 16 21




3.2 The Baltimore POTW

The Back River Wastewater Treatment Plant in Baltimore, Maryland, is
a 180 mgd POIW which has parallel trickling filter and activated sludge
secondary treatment units after a common primary treatment unit. Figure 2 is
a schematic drawing of this POIW.

3.2.1 Plant Influent

During the sampling period of October 11-18, 1976, the influent
raw sewage to the plant had an average daily flow of 179 million gallons. 2
sample of this raw sewage, upstream of any return flow additions, is regqularly
taken by plant perscnnel from the influent chamber. Sampling station No. 1
was established at this same position.

Three return flows are added to the raw sewage upstream of the
primary clarifiers. The overflow from the sludge elutriation tanks (labeled
"A" in Figure 2), which averaged 1.9 mgd, is added at the influent chamber.
Return flow (B) is the sludge from the secondary clarifiers on the trickling-
filter side of the plant (these clarifiers are called humis tanks). This flow
averaged 0.9 mgd, and joins the main plant influent downstream of two parallel
bar screens. The third return flow (C), the overflow from the sludge thickener,
which is added downstream of the degritters, averaged 14.6 mgd. The total
flow into the primary clarifiers averaged 196 mgd (approximately 200 mgd) .
Sampling station No. 2 was established at this point (shown in Fiqure 2), which
coincides with a sampling station regularly used by plant personnel, and with
plant flowmeters which measure the flow rates into each of seven parallel
primary clarifiers.

3.2.2 Primary Clarification

The seven circular primary clarifiers are each 12 feet deep
at the sidewall and 21 feet deep at the center. Clarifiers No. 1 and No. 2
are each 200 feet in diameter, and each has a volume of 3,520,000 gallons and a
surface area of 31,400 square feet. Clarifiers No. 3, 4, 5, 6, and 7 are each
170 feet in diameter, with a volume of 2,550,000 gallons and a surface area of
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22,700 square feet. The totals for all seven clarifiers are 19,790,000 gallons
volume and 176,300 square feet surface area. At an average total flow of 200
mgd, the average detention time is 2.37 hours, and the average overflow rate

is 1,130 gpd/sq. ft. The total flow is usually divided among the seven
clarifiers so that both the detention time and the overflow rate are the same
for all: the average flow to each of Clarifiers No. 1 and No. 2 is naminally
35.6 mgd, and the average flow to each of Clarifiers No. 3, 4, 5, 6, and 7 is
naminally 25.7 mgd.

However, Clarifier No. 7 was out of service during the sampling
period of October 11-18, 1976. The hydraulic loadings for the remaining six
clarifiers during this period are listed in Table 4.

During the high flow period in the diurnal cycle, the flow
peaked at about 117 per cent of the average daily flow, with corresponding
effects upon the clarifier loadings.

In camparison, a typical design parameter for achieving good
primary clarification of municipal wastewaters is 800 to 1,200 gpd/sq. ft.

average overflow rate. (1) According to an altemate reference, (2) the following
primary sedimentation data are applicable:
Detention Time, Overflow Rate,
Hours gpd/sq. ft.
Before Activated Sludge Seconcary 0.75 - 1.0 1,000 - 1,500
Before Trickling Filter Secondary 2.0 - 2.5 600 - 900

It appears, then, that with the one clarifier out of service
during the sampling period, the remaining clarifier capacity may have been
marginal for achieving good primary sedimentation.

A total of about 2.1 mgd of primary sludge is removed from
the primary clarifiers (labeled "D" in Figure 2). Of the 198 mgd of overflow
from the clarifiers, about 1.7 mgd are removed and used as plant flushing water
(E). The remaining primary effluent flows by gravity down a long channel along-
side the trickling filter bed, and several cross-connections feed approximately
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150 mgd to the bed. Sampling station No. 3 (shown in Figure 2) was established
in the long channel, approximately midway along the bed. The approximately 46
mgd of primary effluent, remaining in the channel after the trickling filter
influent is withdrawn, continues flowing in the channel to the activated sludge
process units. By summer of 1977, the flow of primary effluent to the activated
sludge process will be increased to 60 mgd.

3.2.3 Trickling Filter

The trickling filter is a one-pass low-rate unit with no re-
cycle. The total bed area is 30 acres, and is filled to a depth of 8.5 feet
with trap rock of 1 to 2 1/2 inch size. The total bed volume is 11,110,000
cubic feet. Most of the bed is fed by 50 rotary distributors, each 157 feet
in diameter. One of these distributors has a flow range of 4.02 to 8.04 mgd,
while the other 49 each has a range of 1.34 to 2.68 mgd. The remainder of the
trickling filter bed is fed by 5,830 fixed nozzles.

The hydraulic loading of the entire bed, at the average flow
(during the sampling period) to the bed of 150 mgd, was 5 mgd/acre, compared
to the "typical” range of 1 to 4 mgd/acre. (1,2) During the sampling pericd,
the average BOD concentration of the trickling filter influent (the primary
effluent) was 154 mg/l. At an average flow rate to the trickling filter of 150
mgd, the organic load to the filter was 193,000 pounds per day of BOD, or 17.3
pounds of BOD per day per thousand cubic feet. This value is within the range
of the organic loading for "typical" low-rate trickling filters, 5 to 25 lbs.
BOD/day/1,000 cu. ft. (1,2)

3.2.4 Secondary Clarification (After Trickling Filter)

Two streams are withdrawn fram the main effluent fram the
trickling filter, upstream of the humus tanks. About 13.4 mgd is withdrawn as
dilution water (labeled "G" in Figure 2) for the primary sludce; and about 1.4
myd (labeled "H") is withdrawn as elutriation water. The remaining 135 mod of
trickling filter effluent flows to five parallel secondary clarifiers, called
"humus tanks" at the Baltimore POIW. Four of these tanks (Nos. 1A, 1B, 2a,
and 2B) are rectangular, each with dimensions of 143 feet by 276 feet by 10
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feet deep. Each has a surface area of 39,500 square feet and a volume of
2,950,000 gallons. The fifth humus tank (No. 3) is circular, with a diameter
of 170 feet, a depth ranging fram 11 to 17.5 feet, a surface area of 22,700
square feet, and a volume of 2,230,000 gallons. The totals for all five
secondary clarifiers are 180,700 square feet surface area and 14,030,000
gallons volume. At an average total flow of 135 mgd, the average overflow
rate is 750 gpd/sg. ft., and the average detention time is 2.49 hours. The
total flow is actually divided among the fiwve clarifiers so that the overflow
rate is the same for all (750 gpd/sq. ft.). The average flow to each of the
rectangular clarifiers is 29.6 mgd, and the average flow to the circular clari-
fier is 17.0 mgd. The detention times, therefore, are 2.39 hours in the
rectangular clarifiers and 3.15 hours in the circular clarifier.

In comparison, "typical" final clarification following
trickling filters is chavacterized in the literature by average overflow rates
of 400 to 600 gpd/sq. ft., ) or alternately of 800 to 1,000 gpd/sq. ft. 2

The sludge fram the humus tanks (labeled "B") is returned to
the head of the plant. This flow averaged 0.9 mgd during the survey period.
A grab sample of this sludge was taken (at Point 8 in Figure 2) for PCB analysis.

A sampling station (Point 6 in Figure 2) was established just
downstream of the circular humus tank. The plant personnel regularly take
samples at this same point.

The combined overflow from all five humus tanks is submitted
to chlorination before discharge to Back River. As Figure 2 shows, there is
a cross-connection which allows this treated water to be alternately discharged
to the Bethlehem Steel Campany treatment facility at the Back River Plant;
after settling and chlorination; this treated water is then used by Bethlehem
Steel at Sparrows Point.

3.2.5 Activated Sludge System

The primary treatment effluent which is not fed to the trick-
ling filter is subjected to activated sludge secordary treatment. Sampling
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point 4 was established at the end of the long channel fram the primary
clarifiers, just upstream of the activated sludge units.

The activated sludge process at the Baltimore POIW consists
of two parallel units, each with two aeration tanks and two secondary clari-
fiers. As Figure 2 shows, there is a common return sludge line for the two
units. Each of the four aeration tanks is actually a set of two rectangular
basins: the influent (primary effluent) and the return sludge are both fed at
the head of one basin, the mixed liquor flows to the end of that basin, and
is then turned 180 degrees into the second parallel basin. These units are
conventional activated sludge, with the flow closely approximating plug flow.
Each basin is 386 feet long and 30 feet wide, with a mixed-liquor depth of
15.3 feet. Each of the four aeration tanks (consisting of two basins) has a
volume of 346,000 cubic feet, or 2,590,000 gallons.

Aeration tanks No. 3 and No. 4, and the corresponding final
clarifiers No. 3 and No. 4, are very recent additions to the plant. During
the survey period of October 11-18, 1976, the total settled sewage (activated
sludge influent) feed rate to Units No. 3 and No. 4 averaged 29.5 mgd. From
OCctober 11-17, the total settled sewage feed rate to Units No. 1 ard No. 2
averaged 16.1 mgd; these two units were taken out of service for renovation
after October 17th.

3.2.6 Secondary Clarification (After Activated Sludge)

The mixed liquor from aeration tanks No. 1 and No. 2 flows to
two parallel circular clarifiers, each 126 feet in diameter, with a surface
area per tank of 12,500 square feet and with a volume per tank of 1,330,000
gallons. Similarly, each of the two circular clarifiers downstream of
aeration tanks No. 3 and No. 4 is 180 feet in diameter, with a surface area of
25,400 square feet per tank and with a volume per tank of 2,300,000 gallons.

For all four activated sludge units together, an average of
0.94 mgd. of settled sludge was wasted. This sludge (labeled "F" in Figure 2),
is added to dilution water from the trickling filter before mixing with the
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primary sludge prior to treatment in the sludge thickener. A grab sample (No.9
on Figqure 2) was taken of the return sludge, and another (Mo. 10) of the mixed
liguor from aeration tank No. 2, for PCB analysis.

Table 5 lists average operating data for the two activated
sludge units, for the survey period. Also listed in this table are "typical”
design ard operating data for the conventional activated sludge process,
including final clarification. In most respects, the operation of the acti-
vated sludge units at the Baltimore POIW was within the ranges for "typical"
operation.

A sampling station (No. 5 on Figure 2) was established in the
camon channel for the overflow from all four secondary clarifiers. This
treated water flows to the Bethlehem Steel Campany plant at Sparrows Point,
where it is used as cooling water. As Figure 2 shows, there is a cross-
connection which allows this treated water to be alternately discharged (after
disinfection) to Back River.

3.2.7 Sludge Processing

The right-hand side of Figure 2 shows the sludge processing
operations at the Baltimore POTW. Primary sludge (labeled "D"), averaging 2.1
mgd, flows through high rate degritters, and then is combined with a total flow
of 13.1 mgd, made up of 0.9 mgd of wasted activated sludge (F) and of 12.2
mgd of dilution water from the trickling filter (G). The combined 15.2 mad
flows to 6 parallel sludge thickeners (two additional thickeners were out of
service during the sampling period). The thickened sludge from all thickeners
amounted to 0.57 mgd during the sampling period; the thickener overflow ("C"
in Figure 2) of 14.6 mgd is returned to the head of the plant. A grab sample
of thickened sludge (Point 11 on Figure 2) was obtained for PCB analysis.

There are six anaerobic high-rate sludge digesters in parallel,
to which the thickened sludge is added. These digesters are maintained at 90
to 95°F with external recirculation and heat transfer circuits. The gas from
one of the digesters was passed through a PCB-adsorbing colum, which was then
subjected to analysis. This is labeled as Point 13 on Figure 2. The total gas
production from the digesters is normally 1,500,000 cubic feet per day; at the
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Table 5 - Activated Sludse Operating Data, Baltimore POTW

Tanks ¥o. 1 & No. 2 Tanks No. 3 & No. 4 ~rypical” Data(r?
Influent Flow, mgd 16.15 29.56
Influent SS, mg/l 120 120
In€luent BCD, mg/1 154 154
Return Sludge Flow, mgd 4.31 7.49
Air Usage, million CF/day 36.30 49.75
MSs, mg/l 1,475 1,858 2,000~,2500 4
MLVSS, mg/2 990 1,250+
ML 3.0., my/i 5.6 4.0
Sludge Volume Index, al/g 87.4 84.0 s0-100 (4!
E€fluent SS, mg/l 8.5 8.9
BEfluent BOD, mg/l 1.3 14.7
Sludge Recycle, § of Influent 26.7 25.3 251e8) 15 55(102)
Aeration Decention Time, hrs. 6.08 3.35 e-8'1) 1512 4p®)
Sludge Retention Time, davs 1.9 2.7 5-15¢)
Organic Loading, 1b BOD/day/lb MLSS 0.326 0.475 0.2-0.5(%%)
F/M, 1b BOD/day/Ib MIVSS 0.485 0.708 0.3-0.3
Volumetr:c Ioading, lb BOD/day/1000 CF 29.9 55.0 <a0'¥
Clarifier Load:ing, lbs solids/day/sc.ft. 1.8 10.5 20-30'%
Air Supplied, CF/Ib BOD removed 2,890 1,440 800-1,50044), 768-1,000 %
Air Supplied, CF/gallon total flow 1.78 1.34 0.4-1.5@ p5.5-2%4)
SS Reroval Bf<iciency, Per Cent 92.9 92.6 85-95 )
BOD Removal Efficiency, Per Cemt 92.7 90.5 85-95 (L
Clarifier Overflow Rate, god/sq. £z. 820 730 400-800 '’ ,800-1, 900 (¢’
Clariier Detention Time, Ars. 3.12 2.98 2-3@
WEVSS for Temks No. 3 & No. 4 estimated, based upcn same MIVSS/MLSS ratio as Tanks Xo. 1 and No. 2.

=20~




time of this survey, the production was 893,000 cubic feet per day. Scame is

used for heating of the digesters and plant buildings. The digested sludge was
withdrawn at an average rate of 0.62 mgd Quring the sampling period. A grab

sample (Point 12 in Figure 2) was obtained for PCB analysis.

An average of 1.4l mad of elutriation water (labeled "E")
fram the trickling filter, plus about 0.34 mgd of filtrate from the sludge
vacuaum filters, are added to the digested sludce, for a total of 2.37 mgd
influent to two elutriation tanks in series. A polyvmeric flocculant is also
added to the elutriation tanks. The overflow frem the final elutriation tank
(labeled "A"), amounting to 1.94 mgd, is returmed €0 the head of the plant.

Additional polymer is added “o conditicn the 0.43 mcd of
transfer sludge prior to vacwm filtraticn. The filter cake, averaging 469
tons per day, with a solids content of 19.1 ver cent, is then transportad to
sanitary landfiil.

Table 6 is an approximate material balance of the Baltimore
PCIW, both for fluid Zflow and for solids. The balances may not exactly check
cut because of imprecision in measuring flows ané concentraticns, and because
larce capacities (e.g., sludce in the aeraztors, in the thickeners, and in the

édigesters) may have resulted in ncn-steacy-state data for the survey pericd.

3.2.8 Operatinc Data

Table 7 lists the hydraulic, suspended solids, ard orcanic
loading data for the Baltimere POTW during the sarvey zeriod, as surplied by
the POIW perscrnel.
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Table

6

Fluié Flcw and Solids Balances, Baltimore POTW

Solids in
Flow Rate, SS Core., Strean,

Stream Identification (Figure 2) med mc/1 Pounds/Tay
Raw Influent Sewage 176.6 165* 243,000
(A) Elutriation Tank CverZlow Retumn 1.94 229(a) 3,700
(B) Humis Tank Sludge Return 0.89 1,7%0 13,300
(C) Thickener Cverflcw Retirm 14.64 229(a) 27,900
Primary Treatment Influen= 194.1 * 178* 287,000
(D) Primary Siudge o Thickaner 2.09* 4,220 73,300
Primary Treatoent ZfIluenc 192.0 134> 214,000
(E) Flushing Water Drawn Of= 1.63 134* 1,900
Trickling Filter Influent 144.5 134* 161,000
(G) Diluticn Water to Thickener 12.19* 41* 4,200
() Elutriarvicn Watsr <o Zlut. Tarnks 1.41% 41* 500
Bums Tank Influent 131.0 41* 44,700
Humis Tank Cverflew (Z£5lvent) 130.1 29* 31,400
Infivent o Activarad Slucdce Units 45,71* 120% 45,8600
Remum Slucdge ©w Aerators 11.80~ 7,930 780,000
Influent o Act. Sludce Clarifiers 57.31 1,720% 825,000
Effluent £xom Acz. Sludce Clarifiers 44.77 g 3,400
(F) Wastad Aczivared Sludce o Thickener C.%4 7,930 €2,300
Total Return & Wasted Activatad Sludce 12.74% 7,930 841,C00
Tetal Influent to Thickener 1s5.22 1,100 129,800
Thickened Siucge o Licester 0.37 43,300(k) 208,300
Digestec Sludge to Elutriaticn 0.82* 33,900 175,200
Filtered Sludce Cake to lLandfill — — 172,000

*Measurad by Baltimcrs 20TW

(a)Estimated Ecual SS Concentraticn for
(b)Measured by Versar

Straams AL
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Table 7 ~ Flow and Suspended Solids and BOD Analyses, Baltimore POTW

Day of Survey Period

Flow-Weighted

1 2 3 4 5 6 7 8 Average
Flow Rate, mqgd:
1. Plant Influent 189.8 | 188.8 } 183.2 | 184.2 }182.3 | 174.2 ) 169.4 | 176.6 181.1
2. Primary Influent 207.3 | 206.3 | 200.7 | 201.7 | 199.8 | 191.7 | 186.9 | 194.1 198.6
3. ‘fTrickling Pilter Influent | 157.6 [ 156.1 | 153.0 | 151.8 | 150.8 | 141.8 | 137.7 | 159.8 151.1
4. Activated Sluige Influent 46.0 46.2 43.8 46.2 45.9 45.9 45.4 30.2 43.7
5. Activated Sludge Effluent 45.2 45.2 42.9 45.3 45.0 45.0 44.3 29.2 42.8
6. Humus Tank Effluent 141.9 | 140.5 | 140.1 | 136.3 | 135.1 | 126.0 | 121.7 { 143.7 135.7
7. Plant Effluent to River 114.9 | 103.9 - - 76.6 73.3 68.8 72.8 85.1
Suspended Solids, my/1:
1. Plant Influent 188 187 -— 254 168 206 137 167 187
2. Primary Influent 180 152 104 224 196 228 180 156 177
3. Trickling Filter Influent 200 90 40 164 92 140 168 178 134
4. Activated Sluige Influent 140 104 36 176 96 136 120 152 116
5. Activated Sludge Effluent 9 4 4 19 6 12 9 8 9
6. Hums Tank Effiuent 41 18 7 50 14 34 37 32 29
7. pPlant Effluent to River 18 18 13 29 20 25 26 3 22
BOD., my/l:
1. Plant Influent 138 146 179 151 91 176 200 179 157
2. Primary Influent 119 130 183 154 - 218 196 183 168
3. Trickling Filter Influent 132 124 148 115 171 208 166 148 151
4. Activated Sludge Influent 142 126 187 146 82 199 162 187 151
5. Activated Sludge Effluent 10 6 16 14 6 22 13 18 13
6. Humus Tank Efftuent 7 5 20 24 22 48 18 20 20
7. Plant Fffluent to River 6 2 18 22 6 22 13 18 10




4.0 PROCEDURES FOR PCBS SAMPLING AND ANALYSIS

4.1 (ollection, Transport, and Compositing of Samples

Table 8 summarizes the stations at the two POIWS for the cotlectiun ul

samples for subsequent PCB analysis. The sample station locations are shown on
Figure 1 for Bloomington and Figure 2 for Baltimore. The main wastewater streams
at the plants (BL~1 through BI~5, and BA-1 through BA-6) were sampled once each
hour, 24 hours per day for the duration of the sampling periods, into individual
100-ml graduated glass bottles. The sampling periods were 10 days at Bloamington
and 7 days at Baltimore. For stations BL-6 and BA-7, one sample was collected
into a quart bottle once each 8-hour shift for the duration of the sampling period.
Each of the sludge and sediment samples (BL~7, BL~8, BL~10 through BL~15, and BA-8
through 12) was a single grab sample collected in a quart bottle. Each individual
wastewater, sludge, and sediment sample was collected in its own bottle, which had
previously been cleaned and dried. Teflon or aluminum foil cap liners were used.
The field crew preserved each sample with a 37 per cent formalin solution (1.5 ml
per 100 ml of sample).

The digester gas sample (BA-13) was an adsorbent colum through which
digester gas at a controlled ard measured flow rate was passed for a measured
time period.

The 1,241 individual samples at the Bloomington POTW were collected
by an EPA field sampling crew from the Evansville, Indiana, field office of
EPA Region V. The preserved samples were refrigerated and shipped via air
freight once each day to Washington National Airport, and then transported by
Versar personnel to the Versar Springfield, Virginia, laboratories where they
were again placed under refrigeration. The total transport time from the

Bloomington POTW to the Versar laboratory was about 6 hours. The EPA Region V
Chain of Custody Procedures were adhered to.

The 1,035 individual samples at the Baltimore POTW were collected by
a Versar field sampling crew. The preserved samples were transported once
each day (a 2~hour trip) to the Versar Springfield, Virginia , laboratories where
they were placed under refrigeration.
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Table 8 - Summary of Sampling Stations

(BL = Bloamington, BA = Baltimore)

Type of Number of
Station Description of Sampled Stream Samples* Samples
BL~-1 Primary Influent H 240
BL-2 North Primary Effluent H 240
BL~3 South Primary Effluent H 240
BL~4 Secordary Clarifier Effluent H 240
BL~5 Final Lagoon Effluent H 240
BL-6 Trickling Filter Effluent S 30
BL~7 Primary Sluige G 2
BL~8 Digested Sludge G 3
BL-10,11,12,13,14,15 | Lagoon Sediment (6 locations) G 6
Ba~1 Plant Influent E 168
BA~-2 Primary Influent H 168
BA-3 Trickling Filter Influent H 168
BA~4 Activated Sludge Influent H 168
BA~5 Activated Sludge Clarified Effluent H 168
BA-6 Trickling Filter Clarified Effluent H 168
BA~7 Final Effluent S 21
BA~8 Sludge, Trickling Filter Clarifier G 1
BA~9 Sludge, Activated Sludge Clarifier G 1
RA~10 Mixed Liquor fram Aerator G 1
RA-~11 Thickened Sludse G 1
BRA~12 Digested Sludge G 1
BRA-13 Digester Gas A 1

* Type of Samples:

H - Hourly, 24 per cday
S - Once each 8-hour shift, 3 per cay
G - Single grab sample during sampling period

A - Adsorbed from gas stream, once during sampling period
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At the Bloamington POIW, each of the wastewater samples (BL-1 through
BL-5) was (roughly) volumetrically proportiocned according to the hourly plant
influent flow rate, on the basis of 100 ml for each sample for the maximm
hourly flow rate, using the graduations on the sample bottles. At this small
plant, the field crew had relatively easy manual access to the flow channels
to permit this partial filling operation. At the much larger Baltimore POIW,
however, the field crew was forced to use a bottle holder at the end of a long
pole to reach the wastewater in the channels, prohibiting the partial filling
of a bottle. Hence, all wastewater samples fram Baltimore were full bottles.

The basic sampling procedure followed at both Bloomington and
Baltimore ag designed to strictly avoid any technique which might partition
PCBs. Since PCBs adhere to the glass surfaces of bottles, and strongly adhere
to finely-divided suspended solids in the wastewaters, each sample was collected
in a clean and dry bottle without pre-rinsing of the bottle in the wastewater
stream, without emptying part of a collected sanple fram a bottle (which pre-
cluded flow proportioning at Baltimore), and without any transfer of sample
between bettles. This basic principle of avoiding PCBs partitioning was the
reason for individual sample bottles to be shipped to the laboratory, as opposed
to the conventional procedure (used for parameters other than PCBs) of com-
positing in the field. Such compositing would have biased the results by
leaving PCBs in the original collection bottles.

For each main sampling station (BL~1 through BL~5, and BA-1 through
BA-6), 24 indivicdual samples were collected for each day of the survey period.
The 24 samples were cambined by adding all of each sample to the daily composite.
The composite aqueous sample was then extracted with the hexane/methylene
chloride, at a volumetric ratio of 2:1 (aqueous:organic). The organic extract
was then concentrated by evaporation, to 10 ml. Each of the grab samples was
similarly extracted and concentrated.

After campositing, the number of samples subsequently extracted,
ooncentrated, and analyzed was 126 (71 from the Bloomington POIW, and 55 from
the Raltimore POTW).
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The daily camposite PCBs samples fram the Bloomington POTW correspond
with the daily flow, suspended solids, and BOD data. However, the PCBs samples
from the Baltimore POIW were collected (and camposited) for 24 hours starting
at 12 noon - the first "day" was 10/11/76 - 10/12/76. The flow, suspended
solids, and BOD data from the Baltimore POIW were reported for each day starting
at 12 midnight on 10/11/76.

4.2 Analysis of Samples from the Blocmington POTW

After concentration of the organic extract to 10 ml, one ul was
injected into a Hewlett Packard Model 5710A gas chromatograph, with a colum
of 1.5 per cent OV-17 plus 1.95 per cent QF-1 100/120 GOQ, operated at a
temperature of 210°C.

A quantitative calibration curve was obtained by injecting 1, 5, and
10 ng of Aroclor 1016 and measuring selected peak areas. Upon camparison of
sample chramatograms with calibration chramatograms of Aroclor 1016, an un-
ambiguous identification was made that the PCBs in the sample were, in fact, the
same isomers, in appropriate proportions, as those in Aroclor 1016. Figure 3
shows an Aroclor 1016 calibration chramatogram and a typical sample chromatogram. 211
Bloomington samples showed the characteristic peaks of Aroclor 1016. In
addition, the grab sediment samples from the Bleomington polishing lagoon
(BL~10 through BL~15) showed qualitative evidence of Aroclor 1232 in minor
amounts.

Since the wastewater samples from Bloomington yielded chromatograms
that were virtually identical to those of Aroclor 1016 standards, the total
PCBs in the samples were calculated as Arocler 1016, by calibration with known
quantities of Aroclor 1016 standards.

Five of the composited samples were re-analyzed after passace through
a florisil clean-up colum. The peak areas of the original and the cleaned-
up sets only differed bv an average of 20 per cent, with no observable bias.
This 20 per cent difference is roughly the same as the two~-sigma confidence
interval obtained in serial replicates of standards:
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d Standard

10 ng Aroclor 1016

—

9/23/76 Camposite Sample BL-1,
Bloamington, POTW Influent

Figure 3
Chramatograms of Standard and of Typical Bloomington Sample
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Aroclor 1016 Concentration in 20 Confidence
Standard, ng Calibration Std, ppb Interval, Per Cent
20 + 18
5 100 + 25
10 200 + 18

Since there was no apparent interference with the analysis for
Aroclor 1016 PCB isomers, the potential for analytically-significant losses
during florisil cleanup was avoided. All Bloomington samples were therefore
analyzed using single extraction and concentration.

Experience in PCB analysis at the Versar laboratory predicts a
recovery of PCB from the samples to be in excess of 72 per cent of the amount
present. The data reported is the amount extracted with no correction applied
for recovery efficiency.

4.3 Analysis of Samples fram the Baltimore POIW

The extraction, concentration, and gas chramatograph procedures for
the Baltimore POIW samples were essentially the same as those for the Bloamington
POIW samples. A major difference existed, however, in the identification and
quantification of the PCBs in the Baltimore samples: there was no standard of
a comercial PCB mixture which yielded a chromatogram directly comparable to
a sample chromatogram. The Baltimore chromatograms displayed a mixture of PCB
isomers, unlike the "fingerprint" of individual cammercial mixtures such as
Aroclors 1016, 1232, 1242, 1248, 1254, or 1260. Figure 4 is a typical chroma-
togram of a Baltimore POTW sample. In this case, mono-, di-, tri-, and other
chloro isamer peaks were identified by their relative retention times (RRT) on
chramatographic colums in camparison with standard PCB isomers (not cammercial
mixtures) obtained fram Monsanto. Remaining peaks on the sample chromatograms,
not matching the peaks of the standard pure iscmers available for comparison,
were then matched with the peaks from standard caommercial mixtures (Aroclors
1016, 1232, 1242, 1248, and 1254).
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———— — PCB Peak No. 1

AVAREE G

Figure 4 - Chromatogram of Typical
Baltimcre POCTW Sample
(BA-1, 10/20/76)
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Careful scrutiny of all peaks on the sample chromatograms allowed a
number to be eliminated from consideration as PCB peaks, since the same peaks
appeared in blanks and were ascribed to solvent constituents. Aroclor 1232
was eliminated because of its very minor past and present use and unlikelihood
of its significant appearance in the Baltimore wastewater.

Standards and selected Baltimore samples were also subjected to mass
spectrametric analysis at the Naval Research Laboratory Finnigan Model 3000
spectrameter. The hexane extracts of Eaitimore POIW samples verified the pre-
sence of mono—chloro, di-chloro, tri-chloro, tetra-chlorwo, and penta-chloro
biphenyls, and same indication of higher mass clusters. Only two unknown
clusters with masses of 231 and 282 were observed. This indicates a significant
lack of potential interference fram unknown species in the gas chromatographic
analysis.

Two peaks on the sample chromatograms were selected as representing
PCBs. These peaks, identified on Figure 4, had retention times of 153 to 160
seconds (Peak No. 1), and of 254 to 261 seconds (Peak No. 2), relative to an
Aldrin retention time of 175 seconds under the same conditions.

Peak No. 1 in the Baltimore sample chromatograms corresponds in
retention time with the major peak in chromatograms of both Aroclors 1242 and
10l6. In the Aroclor 1242 standard, the area under this peak represents 48
per cent of the total area urder all peaks; in Aroclor 1016, 33 percent. This
peak also is fairly representative in terms of retention time (a qualitative
measure of the number of chlorines in the PCB iscmers) - about one-third of the
other peaks in the Aroclor 1242 standard have lower retention times, and about
one-half in the Aroclor 1016 standard.

Peak No. 2 in the Baltimore sample chromatograms corresponds in
retention time with the next-largest peak in the Aroclor 1242 standard (it
accounts for 16 percent of all the area in the standard chromatogram). Peak
No. 2 is also present in the Aroclor 1016 chramatocram, but to a smaller degree.
About one~third of the other peaks in the Aroclor 1242 standard have greater
retention times than Peak No. 2; this peak is the last significant peak in the
Aroclor 1016 standard chromatogram.
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Together, Peaks No. 1 and No. 2 account for 64 percent of the total
area under the Aroclor 1242 standard, and cover both lower - and higher -
chlorinated isomers. The sum of the areas of these two selected peaks was
therefore used for calculation of PCBs concentration in the Baltimore POTW
samples, and the concentrations are reported as Aroclor 1242 concentrations.

Of the 52 sample chramatograms (including 10 replicates), three were
rejected because the retention times of the selected peaks fell outside the
ranges quoted previously. These were Station BA-3, Day 5; and Station RA=4,
Day 4 (both replicates).

The replicate results (after rejection of three analyses) are pre-
sented in Table 9. The pooled estimate of the standard deviation (with 9 degrees
of freedom) is 21.6 percent of the mean concentration. This is twice the
standard deviation (10 percent) obtained in measuring concentrations of standard
Aroclors in water.
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Table 9 - Precision of PCBs Measurements
Baltimore POTW

-z~

Station BA-1 BA-2 BA-2 BA~3 BA-5 BA-6 BA-6
Day 1 1 2 3 5 6 7
Replicate A: PCBs, ng/1 13.45 | 16.23 | 14.20 | 13.17 | 1.96 | 2.84 3.16
Replicate B: PCBs, ug/l 11.14 - 17.12 5.87 | 1.93 | 2.06 -—
Replicate C: PCBs, ug/1 11.40 15.60 _— —_— 1.83 - 2.36
Mean: PCBs, jg/l 12.00 | 15.92 | 15.66 9.52 | 1.91 | 2.45 2.76
Standard Deviation, pg/1 1.26 0.45 2.07 5.16 { 0.07 | 0.55 0.57
Std. Dev. as Pct. of Mean | 10.6 2.8 13.2 53.4 3.6 | 22.5 20.5

Degrees of Freedam 2 1 1 1 2 1 1

Note: Replicate C is a repeat chromatogram of the same concentrate as Replicate A;
Replicate B is a chromatogram of a repeat extraction and concentration as
Replicate A.




5.0 PCBs DATA AND ANALYSIS OF RESULTS

5.1 PCBs Concentration Data

Tables 10 and 11 (respectively) list the PCBs concentrations for the
Bloomington POIW and for the Baltimore POIW. The PCBs concentrations at Bloam-
ington are an order of magnitude higher than at Baltimore, the result of the
discharge of Aroclor 1016 by the Westinghouse capacitor plant to the Bloomington
sewer system.

5.1.1 Analysis of Variance in Concentration Data

The mean concentration of PCBs at each station, and the day-
to-day standard deviation for each station, are presented in Tables 10 and 11.
At this stage, one additional data point was rejected - the result for Baltimore
POIW Station BA-4 on Day 3, which was 18.7 ug/1 PCBs. With this data point
included, the standard deviation about the mean for Day 3 was 4.66 ug/l; without
this data point, the standard deviation was 2.08 ug/l. The value of the F
statistic of (4.66/2.08)2 = 5.03, with 5 and 4 degrees of freedam for numerator
and denominator respectively, is significant at the 90 percent confidence level,
justifying rejection of this data point.

It is apparent from Tables 10 and 11 that much greater day-to-
day variability occurred at Bloomington than at Baltimore. The pooled estimate
of standard deviation for all stations at the Bloamington POTW was 42 percent
of the respective mean, while it was 20 percent at the Baltimore POTW. The much
higher day-to—day variability in the data of the Bloamington POIW is explained
by the high dependence of the influent PCBs concentration upon a single indus-
trial discharge, which indeed does vary widely in time (as demonstrated by the
discharge data in Section 2.3.1). Conversely, the sources of PCBs to the
Baltimore POTW are much more diffuse, and the plant influent PCBsS concentrations
do not vary significantly from day-to-day.

The high day-to-day variability in the Bloamington POTW primary
influent PCBs concentration (S = 59 percent of the mean) is reflected in the
high variability in the PCBs concentrations in the North and South primary
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Table 10 - PCBs Concentrations, pg/l as Aroclor 1016
Bloomington POTW
BL~-1 BL-2 BL-3 BL~2,BL-3 BL-4 BL-5
North South Average Secondary Final
Primary Primary Primary Primary Clarifier Lagoon
Station Influent Effluent Effluent Effluent Effluent Effluent
Day 1 222 68 108 88 26 11
Day 2 236 100 62 81 26 22
Day 3 124 64 56 60 22 28
Day 4 216 74 84 79 28 18
Day 5 84 38 68 53 34 30
Day 6 280 56 42 49 36 14
Day 7 50 38 38 38 24 12
Day 8 54 46 46 46 20 10
Day 9 110 42 24 33 22 14
Day 10 72 34 28 31 20 16
Mean 145 56 56 56 26 18
S, Std. Dev. 85 21 26 21 6 7
S/Mean, % 59 37 46 37 21 39




Table 11

PCBs (oncentrations, g/l as Aroclor 1242
Baltinore POIW

.—g v-

BA-1 BA-2 BA-3 | A~4 | BA-3, BA-4 |  BA-5 DA-6
Trickling Activated Avg. Tnflucnt Activated Humus
Station Piant Primary Filter Sludye to Scaondary Sludge Tank
Influent _;_Igﬂ_lpiw_k_}nfhxant _Jnfluent Vrocesses | BFflunt | Bffluent
Day 1 12.0 15.9 5.6 7.2 6.4 1.7% 2.95
Day 2 14 .8 15.7 9.3 11.9 10.6 1.34 .98
bay 3 14.2 16.7 9.5 - 3.5 0.9% 2.37
Day 4 15.9 18.8 11.4 — 11.4 1.93 2.39
Day 5 17.1 16.5 ——- 6.6 6.6 1.91 2.81
Day 6 18.¢0 19.2 11.7 9.0 15.4 1.85 2.45
Day 7 13.7 11.9 5.6 7.1 - .4 1.55 2.76
Mean 15.1 16.4 8.9 8.4 .8 1.63 2.53
S, Std. Dev. 2.1 2.4 2.7 2.1 .2 0.35 0.33
S/Mean, % 14 15 30 22 25 L 22 13




effluents (S = 37 and 46 percent, respectively), although same damping may have
occurred. The standard deviation about the mean for the Bloomington secondary
clarifier effluent PCBs concentration is only 21 percent, indicating that the
trickling filter and secondary clarifiers provide sufficient capacitance for
PCBs so that wide day-to-day swings in the PCBs concentration influent to this
secondary treatment process are considerably damped. The PCBs concentration in
the final lagoon effluent varies much more widely, with a standard deviation of
39 percent of the mean. Since the lagoon detention time is so large, 7.5 days,
it would be expected that day-to-day swings in the lagoon influent concentration

(the primary effluent bypassed around the trickling filter as well as the secondary
clarifier overflow) would be completely damped. The wide day-to—day variability
of the lagoon effluent concentrations are probably attributable to day-to-day
differences in wind-induced turbulence in the shallow lagoon which cause resus-
pension of PCB-laden fine solids.

The mean PCBs concentrations for the North and South primary
effluents at the Bloomington POIW were the same - 56 ug/l. Although the over-
flow rate in the North bank of primary clarifiers was considerably higher, the
overflow rates of both banks were well within the guidelines for good primary
clarification (no independent measures of suspended solids removal are available).
It is therefore assumed that both banks of clarifiers did indeed have equivalent
PCBs effluent concentrations, and the daily averages are listed in Table 10.

The day-to-day differences between BL-2 and BL-3 therefore provide a direct
measure of the total uncertainty in sampling, compositing, extracting, ccacen-
tration, and chramatographic analysis:

Day 1 2| 3] 4 5 6 10
std. Dev., ug/l 28 | 271 6| 7} 22 |10 }|o0o] o] 13 4
Std. Dev., $of Mean | 32 | 33| 9| 9| 40 | 20 f o} o] 39 | 14

(¥

The pooled estimate of the standard deviation is 24.5 percent
of the mean concentration. This represents the total imprecision in each PCBs
concentration data point at Blocamington.
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Similarily, it may be assumed that the P(s concentrations are
equivalent for the Baltimore POIW stations BA-3 and BA-4 (the trickling filter
influent and the activated sludge influent, respectiwvely). Both stations are in
the same wastewater channel, and the mean PCBs concentrations are very close:
8.9 and 8.4 ng/l. Moreover, the data of Table 7 show that the mean concentra-
tions of suspended solids at the two stations (134 and 116 mg/1) and of BODs at
the two stations (151 and 151 mg/l) are also close. Table 11 lists the average
PCBs concentrations for these two stations. The day-to~day differences between
BA-3 and BA-4 provide a direct measure of the total uncertainty in sampling,
campositing, extraction, concentration, and chramatographic analysis:

Day 1 2 6 7
Std. Dev., ug/l 1.1 1.8 1.9 1.1
Std. Dev., % of Mean 18 17 18 17

The pooled estimate of the standard deviation is 17.5 percent
of the mean concentration. This represents the total imprecision in each PCBs
concentration data point at Baltimore. Pooling this value (with 4 degrees of
freedom) with the Bloomington value of 24.5 percent (with 10 degrees of freedam)
yields an overall imprecision in each PCBs concentration data point, for both
POIWs, of 22.7 percent of the concentration. This value is essentially the
same as the standard deviation, 21.6 percent, of replicate extraction, concen-
tration, and chromatographic analysis (as derived in Section 4.3). Hence, the
sampling and 24-hour compositing procedures followed at these two POIWs did not
appreciably add to the measurement uncertainties introduced by the laboratory
procedures.

When the pooled standard deviation of measurement, 22.7 percent,
is campared with the day-to-day standard deviations at each station in Table 11,
it is apparent that the PCBs concentrations at the Baltimore POIW did not vary
significantly fram day to day. The same camparison made with the day-to-day
standard deviations at each station in Table 10, however, indicate that only the



secondary clarifier effluent (Station BL-4) remained relatively the same; and
that the PCBs concentrations at the other Bloamington POIW stations did vary
significantly from day to day.

5.1.2 Uncertainty in Derived PCBs Removal Efficiencies

The PCBs removal efficiency for any treatment process (or for
any series cambination of processes) is defined as n = 100(1 - QE/CI) ’

where: = PCBs removal efficiency, percent

n
CE = PCBs concentration in effluent
C

T = PCBs concentration in irnfluent.

Based upon error theory,

2 2
(4n)? = (%2— ) (AcI)2 + (iﬂ ) (aC) 2,

I g
Where ACI and ACE are (respectively) the measurement errors in PCBs concentration
in the influent and effluent, and where An is the resultant error in the calcu-
lated removal efficiency.
If the percent errors are the scme for CE and CI, e.g., if ACE,/CF_, = ACI/CI =
4C/C, the errcr in the calculated removal efficiency is

An = 100v2 (AC/C) (100 - n).

it

Since &C/C = 0.227,

an

0.321 (100 - n).

The uncertainty in the PCBs remcval efficiency thus depends
not only upon the uncertainty in PCBs concentrations, but upon the valve of
reoval efficiency itself:

n, s 10 |25 |50 |75 |90 | 95
sn=an, % |29 | 24 | 16 8 3 2

The hicgher the efficiency, therefore, the better known it is.
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Sn, the standard deviations for the removal efficiency (listed above)
apply to daily values, since they are based upon the uncertainty in daily
PCBs concentration values. Sn is a measure of the uncertainty in each daily
removal efficiency value. When, as in this study, several days' data are ob-
tained so that several values of the removal efficiency n exist, the average
removal efficiency is more precisely known than is each daily value. The
standard error of the mean PCBs removal efficiency (Sn) over N days is:

g~ =Sn_An_0.321

/N /N /N 200 -
5.2 Owverall PCBs Removal Efficiencies

The overall PCBs removal efficiencies for each of the two POIWs is
derived from the mean PCBs concentrations at the plant influent and effluent.
The values, along with * ?.sﬁ confidence limits, are listed in Table 12. Also
in Table 12 are the corresponding removal efficiencies achieved for suspended
solids and for BOD (from the data of Tables 3 and 7). The PCBs removal
efficiencies are comparable to, but slightly less than, the corresponding
removal efficiencies for suspended solids and for BOD. There is very little
doubt, based upon these overall plant data, that POTWs do in fact effectively
remove PCBs fraom wastewaters.

5.3 PCBs Removal in Primary Sedimentation

5.3.1 The Bloamington POTW Primary System

Table 13 lists the daily PCBs removal efficiencies in the
Bloomington POIW primary system, derived from the concentration data of Table
10. The mean removal efficiency is 53 percent. Listed next in Table 13 are
the daily values of the influent PCBs concentration from Table 10; and a
normalized version of this concentration about the mean influent concentration
of 145 ug/l. Figure 5 shows that the PCBs removal efficiency depends upon
the influent PCBs concentration - the higher the influent concentration, the
higher the efficiency. The straight line of Figure 5 has the equation

N = 48.5 + 33 (C-145)/145.
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Table 12 - Overall Removal Efficiencies

PCBs Removal Suspended Solids BODS
Treatment Efficiency, Removal Efficiency, Removal Efficiency,
POTW Systems Percent Percent Percent
. All, Including
Bloomington Final Lagoon 88 + 22 95 91
. Primary and
Bloamington Secondary 82 + 4 86 81
. Primary and
Baltimore Activated Sludge 89 £ 3 95 92
Baltimore Primary and 83 + 4 84 87

Trickling Filter
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‘Table 13

Removal Efficiencies, Bomlngton oW

V2 3 oA s 6 e 9 10 Mean
Prinary Syston:
nixng, 60 66 52 0 37 2) 24 15 70 517 53
¢, Influent 0Clis, npg/l 222 234 124 216 04 280 50 54 110 12 145
(C-145) /145 10.53 10.63 -(. 14 th.49 ~0.42 0.9} ~0. 06 -0.6} -0.24 ~0.50 0.00
An -i7 -21 5 - 16 (RE} -3 $22 121 '8 ile 0
n' Ny, ¢ 1) 15 57 al 51 Heé 106 16 8 73 53
B, Influent DOD, my/l 240 240 i1} 250 22 305 220 130 i1} 201 249
(53-249} /249 -0.04 ~.04 10.26 0.00 .12 10.22 -0, 12 i0.33 ~0. 3t -0.18 0.60
Ayt -1 -3 tid 0 -4 s -8 122 ~-21 -12 0
Wk, 8 o a2 L s LA Ay b6 e se f ST 6) 53
Secondary _System:
ni'Chs, 10 68 63 65 6 27 3 51 13 15 49
C, Influent (Mg, pg/l g 1] 60 19 53 19 1] 46 33 31 56
(C-56) /56 10.57 10.45 10.07 10.4] -0.05 -0.13 ~-.32 -0.18 ~-0.41 -0.4%5 0.00
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An explanation for this dependence is the PCBs damping capacity
of the primary clarifiers - in the clarified water, in the settled sludge, and
upon the structural surfaces of the clarifiers. Thus, a temporary higher-than-
average PCBs concentration in the influent would not immediately and proportion-
ately be observed in the effluent, resulting in a temporary higher apparent PCBs
removal efficiency.

This damping phenamenon is demonstrated by the day-to-day con-
centration variations in Table 10. Although the standard deviation for the
primary influent is 59 percent, the standard deviation for the average primary
effluent is only 37 percent.

The next line in Table 13 is a correction to each daily PCBs
removal efficiency, to normalize the efficiency to an average influent PCBs
ooncentration of 145 ug/l. This correction is An = - 33 (C-145)/145. Next,
in Table 13 is the normalized efficiency, n' =n + An.

A similar exercise is next perfaormed, using the influent BOD
concentration from Table 3 as the independent variable. Figure 6 shows that
n', the PCBs removal efficiency (already normalized for its dependence upon the
influent PCBs concentration), is dependent upon the influent BOD5 concentration.
The equation of the straight line in Figure 6 is

5

n' = 59.0 - 68 (B-249)/249.

One explanation of this dependence is that the higher the BOD concentration,
the more soluble the PCBs may be in the water phase, thereby inhibiting the
direct removal of PCBs with solids via the primary clarification process.
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The correction (for influent BOD concentration) is made to
each daily PCBs removal efficiency by 4An' = + 68 (B - 249)/249; and then the
normalized efficiency is calculated by.n" =n' + An'. The mean for the normal-
ized PCBs removal efficiency is not changed by this stepwise multiple regression
process. A predictive equation for the daily PCBs removal efficiency at the
Bloamington POTW primary -system is:

~ c-145)\ _ __ (B - 249
”’53+33(‘_"145) 68("“249")

The day-to-day standard deviation of NpcRs’ the raw PCBs
removal efficiency, is 21.3 percent (with 9 degrees of freedam). The day-to-
day standard deviation of n"PCBs’ the PCBs removal efficiency normalized for
the daily variations in the primary influent PCBs and BOD concentrations, is
14.3 percent (with 7 degres of freedam). The predicted standard deviation in
the PCBs removal efficiency (from Section 5.1.2) at n = 53 percent is 15.1 per-
cent. Hence, the residual variance in the daily values of n" is attribut-

PCBs
able to the uncertainties in the measured PCBs concentrations.

For the 10-day average PCBs removal efficiency, the standard
error of the mean is 14.3/v'10 = 4.5 percent. The two-sigma confidence
interval arcund the normalized PCBs removal efficiency for the Bloomington POTW
primary system is therefore 53 * 9 per cent.

5.3.2 The Baltimore PCTW Primary System

Since the day-to-day variations in the PCBsS concentrations
are attributable to the measurement uncertainties, the mean concentrations will
be used to derive a PCBs removal efficiency. This efficiency is 100(1 - 8.8/
16.4) or 46 percent. The predicted standard deviation (from Sectien 5.1.2) at
n = 46 percent is 17.2 percent, and the standard error of the 7-day mean is
17.2/Y/"7 = 6.5 percent. The two-sigma confidence interval is therefore 46 = 13
percent for the Baltimore POIW primary system PCBs removal efficiency.



5.4 PCBs Removal in Secondary Treatment

5.4.1 The Bloamington POIW Trickling Filter System

Table 13 lists the daily P(Bs removal efficiencies for the
Bleamington POIW trickling filter system, derived fram the concentration data
of Table 10. The mean removal efficiency is 49 percent. In a similar fashion
to the regression analysis in Section 5.3.1, Table 13 also lists the PCBs con-
centrations influent to the secondary system, and their normalized versions.
Figure 7 shows the strong dependence:

n =49 + 38 (C - 56)/56,

which is explained by the same damping capacity arguments made for the primary
system. As Table 10 indicates, the day-to-day standard deviation in the
secondary effluent is 21 percent, damped fram the 37 percent for the secondary
influent.

The correction is An = - 38 (C-56)/56, and Table 13 lists
daily values of the normalized efficiency, n' =n + 4n.

The day-to-day standard deviation of Nocps’ the raw removal
efficiency, is 16.9 percent (with 9 degrees of freedam). The comparable number
for n'PCBs’ the removal efficiency normalized for the daily variations in the
secondary influent PCB concentration, is 9.8 percent (with 8 degrees of freedam).
The predicted standard deviation in the PCBs removal efficiency (from Section
5.1.2) at n = 49 percent is 16.3 percent. The residual variance in the daily
values of n'PCBs is attributable to the measurement uncertainties.

The standard error of the 10-day mean is 9.8/v10 = 3.1
percent, and the two—-sigma confidence interval around the normalized PCBs
removal efficiency for the Bloamington POIW secondary system is therefore
49 = 6 percent.

5.4.2 The Baltimore POIW Secondary Systems

The PCB removal efficiencies (based upon the mean concentra-
tions of Table 11) and the associated reliability estimates, are as follows:
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Activated Sludge Trickling Filter
System System
PCBs Removal Efficiency, % 81.5 71.2
Predicted Std Deviation, % 6.0 9.2
Std Exror of the Mean, % 2.2 3.5
20 Confidence Interval, % *4.5 *7.0

5.5 PCBs Removal in the Bloaomington Final Lagoon

The day-to—day standard deviation of the final lagoon effluents
(Table 10) is 39 percent, indicating that measurement uncertainties do not
account for all of this variability. However, the detention time in the lagoon
is too large for any effects of the lagoon influent variability (or of bypassed
flows) to be seen at the effluent. The effects of wind or other factors are
more likely to be important.

Based upon the mean PCBs concentrations of Table 10, the PCBs removal
efficiency for the final lagoon is 31 percent. The efficiencies calculated
from daily concentrations have a standard deviation about this mean of 22 percent.
The standard error of the 10 - day mean is 22/ v10 = 7.0 percent, and the two -
sigma confidence interval around the mean removal efficiency is 31 ¥ 14 percent.

5.6 Correlation of Unit Process PCBs Ramoval Efficiencies

A summary of the PCBs removal efficiencies for the umit processes
is as follows:

"pcps, * Ngs, ®
Bloomington Primary System 539 64
Bloomington Trickling Filter 49 =+ 6 61
Bloamington Final Lagoon 31 + 14 62
Baltimore Primary System 46 + 13 29
Baltimore Activated Sludge 81.5 = 4.5 93
Baltimore Trickling Filter 71.2 £ 7.0 77




Also listed above are the corresponding suspended solids removal efficiencies.
The PCBs removal efficiency is plotted against the suspended solids removal
efficiency in Figure 8. Points for four of the six unit processes fall very
close to the straight line:

Npegg = 53.5 + 75 Nss = &5

—

According to this line, Npcgs is samewhat lower than Ngge This result is the
expected one, since it is well known from prior studies (e.g., of pulp ard
paper wastewater treatment) that PCBs are adsorbed onto suspended solids. If
the PCBs were uniformly distributed on the solids, then the model for PCBs
removal would predict that the partition of PCBs between overflow and under-
flow in each solids-separation process (including the secondary clarifiers)
would identically follow the solids partition; e.qg., that Npeps = Nsse 1IN
practice, more PCBs became adsorbed onto the finer solids, which are more
difficult to remove, so that Npeps - Nsst However, the only way for Nochs to

be greater than Ngg is for another removal mechanism to be effective. In the
case of the Baltimore POIW primary system, where Npeps = 46 percent and ngg = 29
percent, the only feasible alternate mechanism for PCBs removal is scum

removal. Unfortunately, data are not available either for the PCBs concentration
in the primary scum nor of the scum flow. The only related data are the follow-
ing measurements of fats, oils, and greases (FOG):

FOG, mg/1 FOG Removed,
Date Plant Influent Primary Effluent 1lbs/day
10/14/76 76.0 56.0 33,600
10/17/76 39.1 14.5 38,300
10/18/76 22.2 11.2 17,800

Based upon these data, an average of 30,000 pounds per day of FOG are
removed in the primary system. Same of this FOG would be adsorbed onto solids,
and some would be in the primary scum.
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The other data point on Figure 8 not falling close to the correlation
line is that for the Bloamington POIW final lagoon. The evidence that Npcpg <
nss may be explained by a resuspension of PCB~laden fine solids via wind-
induced turbulence, resulting in a lower apparent Npcps* The smallest particles,
which would likely remain resuspended, would have a relatively large quantity
of PCBs adsorbed because of the high specific surface area. However, these
smallest particles would not as strongly affect the solids removal efficiency,

which is on a weight basis rather than a surface area basis.

Moreover, much of the PCBs in the lagoon sediment, which may be re-
susperded, reflects prior years of operation, when the waste load of PCBs to
the POIW was higher, and when this waste load consisted of PCBs other than
Aroclor 1016. Evidence of higher-chlorinated PCB isomers was fc .xd in the
chromatograms for the lagoon sediment analyses.

With the above explanations, then, for the two unit processes not
following the general correlation, the conclusion reached for the other four
unit processes is that the removal of PCBs does closely follow the removal of
suspended solids. It should be remembered, however, that day-to-day effects
are also important - specifically the influent PCBs concentrations for both
primary and secondary systems, and the influent BOD concentration for primary
systems.
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6.0 PCBs MATERIAL BALANCES

6.1 The Bloamington POIW

Since the sludge from the secordary clarifiers at the Bloomington
POTW is returned to the head of the plant, the PCBs and the suspended solids
that are removed from the wastewaters must be in either the primary sludge
(Sampling Station BL~7) or in the lagcon sediment (Sampling Stations BL~10
through Bi~15). The predicted ratio of PCBs to dry solids in these two
locations may be derived by difference, fram the average wastewater data of
Tables 3 and 10:

Primary Sludge Lagoon Sediment
PCBs in Influent, ug/l 145 26
PCBs in Effluent, ug/l 56 18
PCBs Removed, ug/1l 89 8
3S in Influent, mg/1 283 40
SS in Effluent, mg/l 102 15
SS Removed, .mg/l 181 25
?sgas Pmi , pom dry weight 492 320

Two grab samples of raw primary sludge (Station BL~7) were taken, one
on September 20, 1976, and the other on Sept.ember 30, 1976. The results of the
sludge analyses, in pom PCBs (dry weight) were, respectively, 409 and 361. The
experimental average of 385 ppm is 22 percent:less than the predicted value of
492 ppm. The difference is of the same size as the measurement errors involved.
Alternately, some of the PCBs removed in the primary system at the Bloamington
POIW may have been in the removed scum rather than in the removed solids.

Six grab samples of lagoon sediment were taken on September 20, 1976,
at different locations in the pond. The results of the sediment analyses, in
pEm PCBs (dry weight) were:
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BL~10 5,340

BL~11 1,410
BL~12 2,300
BL~13 1,360
BL~14 1,440
BL~15 2,680

The measurement average of 2,420 ppm is more than 7 times the predicted value
of 320 ppm. One possible explanation of this discrepancy is that frequent by-
passes of the secondary treatment system occur at Bloamington, resulting in
rrimary effluent being pumped to the lagoon along with secondary effluent.
Again using wastewater values fram Tables 3 and 10, the predicted PCBs content
of the lagoon sediment from bypassed flow is:

SS in lagoon influent 102 mg/1
SS in lagoon effluent 15 mg/1
SS removed in lagoon 87 mg/1
PCBs in lagoon influent 56 ug/1
PCBs in lagoon effluent 18 ug/1
PCBs removed in lagoon 38 ug/1
_m_Psng Removed 437 ppm dry weight

This predicted ratio of PCBs to suspended solids is also much lower than the
experimental ratio for the lagoon sediment. Hence, the frequent bypass of the
secondary treatment system cannot be responsible for this discrepancy.

A probable explanation for this discrepancy is the reasoning given
in Section 5.6 - that the PCBs in the lagoon sediment are "old" PCBs reflecting
prior years of POIW operation rather than current operation. A PCBs material
balance around the lagoon is therefore complicated by the differences in PCB
loadings of present—day influent and effluent vs. prior—day sediments.

An additional explanation is that the sediment solids degrade into
gaseous and other end products over extended periods of time. As the quantity of
solids decrease, with time, the ratio of PCBs to solids in the sediments increases.
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Three additional grab samples were obtained at Bloomington. These
were of primary sludge at several stages of digestion:

Sludge fram First Digester in Series 735 ppm PCBs (dry wt.)
Sludge from Second Digester in Series 891 ppm PCBs (dry wt.)
Sludge fram Final Digester in Series (BL-8) 674 ppm PCBs (dry wt.)

The average of 767 ppm PCBs (dry weight) in the digested sludge is twice the
value obtained for raw sludge upstream of the digester (385 pmm). Two possible
explanations are that:

1. The suspended solids content is reduced (by a typical 30 percent)
via digestion of the volatile solids, therebv significantly increasing
te PCBs content in the remaining digested sludge solids; and that

2. The higher PCB content of digested sludge may reflect a higher PCB
content in older raw primary sludge (fed to the digester prior to

the ten-day survey pericd). The residence time in these digesters
may be in the order of 60 days.

aAlthough plans were made for the digester gas to be sampled for PCBs
(Station 9 in Figure 1), this sampling was not performed at the Bloamington
POTW.

It is concluded that reasonable PCBs materials balances were obtained
for the Bloamingtan POIW primary system and primary sludce processing.

6.2 The Baltimore POIW

6.2.1 Measurement of PCBs in Sludges

Single grab samples of sludges, collected at the Baltimore
POIW, resulted in the following experimental data:

Point 3 ot 8 Poine 11 ] Poinzm 12
Hgms Tank 2cz. Slucce Thickened | Digestad
Slcdce (Setied Sicdge) Slxice Sludze
Solids Content of Sludce, Percent J.24 3.69 4.39 3.26
2CAs, ug/1 in wet sludce 32 16 £30 813
P3s, tom dry weight of solids 3 7 i 25
112.74 {%ctal) o = P
Sludge flow, md 2.893 ) 0.944\(was:e) 3.37 0.52
i mvis 14.89 (toeal) -
in 81 2 2 ‘ 1
PC8s in Slucdge, lbs/day 0.24 '9.36 ¢ =) 3.23 $.22
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6.2.2 Primary System
The average quantity of PCBs in the digester influent and
effluent is 3.7 pounds per day. A PCBs balance around the sludge thickeners
(just upstream of the digesters, see Figure 2 and Table 6) may be estimated M2<<
to derive the PCBs in the primary sludge:

Flow, mgd PCBs, Mg/l PCBs, lbs/day

Effluent fram Thickeners:

Thickened Sludge 0.60 750 3.7
Thickener Overflow 14.64 ~ 8 1.0
Influent to Thickeners:

Dilution Water 12.19 ~ 3 0.3
Waste Activated Sludge 0.84 46 0.4
Primary Sludge 2.09 230 4.0

In camparison, the PCBs quantity removed from the 198.6 mgd
of primary wastewater, at a concentration difference of 16.4 - 8.8 = 7.6 ug/1,
would be 12.6 pounds per day, or three times the quantity estimated to be in
the primary sludge. This finding is independently and qualitatively substanti-
ated by the comparison of PCBs removal efficiency, 46 percent, with the sus-
perded sclids removal efficiency, 29 percent, which indicates an altermate
mechanism (like scum removal) for removing PCBs in the primary system at the
Baltimore POIW.

As shown previously, the PCBs/solids ratio measured for digested
sludge (sampling station 12 in Figure 2) was higher than for the thickened sludge
feed to the digester (sampling station 11). These results are consistent with a
loss of solids in the digestion process, which typically is about 30 percent. A
digester gas sample was collected (at point 13 in Figure 2), and subsequent anal-
ysis revealed no measurable PCBs in the digester gas.
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6.2.3 Secondary Systems

In the secondary treatment processes at the Baltimore POIW,
the following quantities of PCBs were removed from the wastewaters:

Flow, PCBs Removed, PCBs Peroved,

mod ug/1 1bs/day
Activated Sludge System 42.8 7.2 2.6
Trickling Filter System 135.7 6.3 7.1

The comparable values derived from PCBs measurements of the secondary sludges
were 0.36 pounds per day in the waste activated sludge and 0.24 pourds per
day in the hums tank (trickling filter) sludge.

Two potential mechanisms for explaining the unaccounted-for
PCBs in the secondary treatment systems at the Baltimore POIW are biodegradation
and volatilization.

A pilot study of the activated sludge process was conducted
by Tucker, Saeger, and Hicks, using several Aroclors @ . Both biodegradation
and volatilization rates were reported. The biodegradation rates were as follows:

Cl, | Initial Conc, | 48-hr Degradation, Degradation Rate,
PC3 Mixture % ug/1 % 1g/1/hr
Aroclor 1221 21 667 8l + 6 11.3 £ 0.8
MCS 1043 30 667 56 £ 16 7.8 2.2
Aroclor 1016 41 667 33 14 4.6 £ 1.9
Aroclor 1242 42 667 26 = 16 3.6 2.2
Aroclor 1254 54 667 15 = 38 2.1+ 5.3

The detenticn time of the wastewater in the aerators of the
Baltimore POTW activated sludge units is 3.4 to 6.1 hours. At the Aroclor
1242 and 1254 degradation rates from the above pilot stidy, a PCBs concentration
reduction of 7 to 22 ug/l might be expected. This is sufficient to account for
all of the PCBs concentration reduction actually achieved across the activated
sludge wnits, from 8.5 to 1.6 ug/l.
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In this Tucker study, the 48-hour disappearance of PCBs, due
to volatility, was 3.6 to 6.1 percent of the initial quantity, which was 667
Hg/liter. M This vaporization rate was therefore 0.50 to 0.85 ug per hour per
liter. Another batch activated sludge study, conducted by Kaneko, Morimoto, and
Nambu, resulted in a vaporization rate of 3 percent per hour: 15 percent of the
PCBs vaporized in 3 hours and 65 percent in 20 hours.'® In this study the initial
PCBs concentration was 10 ug/l, so that the vaporization loss was about 0.3 ug per
hour per liter.

A mass balance model for PCBs in Lake Michigan resulted in the
cbservation that evaporation and/or codistillation was a significant process by
which PCBs are transferred to the atmosphere from agqueous solution. ) The
evaporation rate constant for Aroclor 1254 in aqueous solution at ambient temper-
ature (298°K), where the vapor pressure of Aroclor 1254 is 7.7 x 10°° mm Hg, was
evaluated both from kinetic theory and from empirical Lake Michigan data as
2.5 x 10 !! 1bs/hr/ft?. Applying this rate constant to the Baltimore trickling
filter, with a surface area of about 220 x 10°square feet, results in an evapora-
tion rate of 40 pounds per hour. Hence, the 7.1 pourds per day (0.3 pounds per
hour) of PCBs removed from the wastewater by the trickling filter process could
evaporate to the atmosphere. A very large air/water interfacial area is also
provided (by design) in the activated sludge umits, for evaporation of PCBs to
take place.

At the Baltimore POIW activated sludge units, the detention time

of the wastewater in the aerators is 3.4 to 6.1 hours. At a vaporization rate of
0.5 ug per hour per liter (typical of the two pilot studies referenced above),
a reduction in PCBs concentration of 2 to 3 ug/l might be expected. This is
less than the experimentally-determined PCBs concentration reduction across
the activated sludge units, from 8.8 to 1.6 ug/l; and is several times less
than the expected rate of PCBs biodegradation.
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7.0 EXPERIMENTAL STUDY CF PCBs VOLATILIZATTION

The mechanisms of PCBs volatilization to the atmosphere, and of PCBs biodegra~
dation, arepotentialwaystoexplainthedisappearanceofPCBsinthesecmdary
treatment processes at the Baltimore POIW. It was important to explicitly deter—
mine the quantity (if any) of PCBs vaporized, as this mechanism results in direct
re-release of PCBs to the environmment rather than capture, disposal, or destruc—
tion. A two-part experimental program was carried out - first in the laboratory
in a bench-scale aeration unit, and then in situ at an aeration basin at the
Baltimore POTW.

7.1 Laboratory Experiments

The laboratory experiments were conducted with the same volume-
specific air rate as in the Baltimore POIW aerators. At Baltimore, an average
of 86.05 million cubic feet per day (2.44 million cubic meters per day or 3.59
million cubic feet per hour) were supplied to the aerators, which have a total
volumne of 1.38 million cubic feet. The volume-specific air rate used as a
scaling parameter was then 3.59/1.38 or 2.60 wolumes of air per hour per volume
of mixed liquor.

The PCBs removed from the wastewaters at the Baltimore POIW activated
sludge units were 7.2 lbs/day, of which 6.8 lbs/day (3,100 grams per day) were
not accounted for by the PCBs in the secondary wasted sludge. If all of the
missing PCBs had vaporized, the average PCBs concentration in the air would
have been 3,100/2.44 = 1,260 micrograms per cubic meter, or 1.26 micrograms per

liter of air.

Six laboratory experiments were conducted, with air (or nitrogen)
sparged through a test liquor. The incoming gas was first passed over activated
charcoal to ensure its purity. The exiting gas was passed through a train of
two 100 ml ethylene glycol impingers for capture of PCBs. As a safety precaution,
the final waste gas was passed through another activated cha.rcoal trap. Upon
campletion of each experiment, the contents of the two impingers were cambined
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(together with washings from the sampling train) and analyzed. The test liquor
for each experiment was also analyzed for PCBs after aeration. Initial PCBs
analyses (prior to aeration) were conducted for Runs B-1 through B-4.

These samples were analyzed in a different manner from the previous
wastewater samples. One liter of the test liquor was extracted with 500 ml
petroleum ether rather than hexane-methylene chloride to remove the interfering
peaks found in the earlier reagent blanks. The samples were then concentrated,
placed on Florisil colums and eluted with 200 ml of 6 percent diethyl ether-
petroleum ether and concentrated to 10 ml in iso-octane for injection into the
electran capture gas chramatograph. The carbined ethylene glycol contents of
the two impingers were diluted with water, extracted with 50 ml petroleum ether
and concentrated for injection.

Chramatographic conditions were modified from those used for the
previous analysis of the water samples. The retention times were increased to
provide better separation for the more wolatile peaks and the sensitivity
increased ten-fold.

The first series of laboratory runs, A-1 and A-2, were conducted
using distilled water, spiked with 100 ug/l of Aroclor 1242, as the test liquor.
For the other four experiments, B-1 through B-4, the test liquor was a synthe-
sized mixed liquor made by adding returm sludge to influent wastewater (e.g.,
primary effluent) in the 20.5/79.5 ratio which existed during the survey period
at the Baltimore POIW. The return sludge and the influent wastewater were
separately obtained fram the Baltimore POIW at Stations 9 and 4 respectively
(Figure 2). The return sludge was aerated at all times prior to the laboratory
experiments.

Experiment No. B-1l was a direct simulation of the full-scale aeration
basins. For Experiment No. B-2, the synthesized mixed liquor was spiked with
an additional known quantity of Aroclor 1242 prior to aeration. Experiment B-3
and B-4 were similar (respectively) to Experiments B-l and B-2, except that two
steps were taken to prevent biodegradation as a competing mechanism (to vapor-
ization) for PCBs disappearance. First, nitrogen was used instead of air as
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sparging gas for Experiments B-3 and B-4. Second, the synthesized mixed liquors
for these two experiments were autoclaved at 250°F and 15 psig for 20 minutes
and cooled while sealed, prior to the evaporation experiments.

The conditions and results for the six experiments are in Table 14.
For Run A-2 where distilled water, at 40°C, spiked with 100 ug/1l of Aroclor 1242
was the test liquor, the vaporization rate was about 2.7 ug/hr per liter of
liquor, or about 2.7 percent of the initial quantity per hour. The vaporization
rate in Run A-1, where the test liquor was maintained at 9°C, was much lower -
about 0.15 ug/hr/1 or 0.15 percent per hour.

For Runs B-1 through B-4, where synthesized mixed liquor was used,
the average vaporization rate was about 0.06 ug/hr per liter of liquor, about
0.4 percent of the initial quantity per hour, or about 0.023 ug per liter of
gas. These rates are much lower than those cbtained using water instead of
synthesized mixed liquor, a result consistent with the premise that PCBs would
adsorb onto solids, thereby inhibiting vaporization. However, these vaporization
rates cbtained from mixed liquor are also lower than the results of Kaneko'®
and Tucker”) in batch activated sludge wnits.

Gomparison between the runs using air and mixed liquor on the one
hand, with those using nitrogen and autoclaved mixed liquor on the other hand,

indicates that the vaporization rates are significantly lower when steps were
taken to prevent biodegradation.

7.2 In-Situ Experiments at the Baltimore POTW

Having cbserved the vaporization of PCBs from activated sludge under
laboratory conditions an air sampler for the activated sludge aeration basin was
constructed. The sampler was designed to isolate a portion of the surface of
the aeration basin by submerging a 12 inch diameter tube six inches below the
surface to insure a liquid seal but not to inhibit liquid circulation. A
diagram of the apparatus appears in Figure 9 with its placement in the aeration
basin. Air was drawn into the impinger train through a funnel with a diameter
of 8-3/4 inches placed four inches above the mixed liquor level in the aerator.
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Table 14

Laboratory Vaporization Runs

Run Nurber
A-] A-2 B-1 B-2 B-3 B4
Test Licuor:
Total Volume Prepared, ml 600 600 4,000 4,000 4,000 4,000
Distilled Water, & by vol. 100 100 .
Settled Wastewater, § by vol. 79.5 79.5 79.5 79.5
Retum Sludge, % by vol. 20.5 20.5 20.5 20.5
Aroclor 1242 Added, ug 60 60 400 400
Temperature of Ligquor, °C 9 40 16 16 16 16
Liquor Autoclaved? No No No No Yes Yes
Liquor Withdrawn for Analysis, ml 0 0 1,000 1,000 1,000 1,000
Liguor Aerated, ml 600 600 3,000 3,000 3,000 3,000
Aroclor 1242 in Liquor Aerated, ug 60 60 300 300
Gas Spargec:
Gas Used Air Air Air Air N, N,
Flow, liters/hour 1.56 1.56 7.80 7.80 7.80 7.80
Duration, hours 6.0 6.0 6.0 6.0 6.0 6.0
Total Flow, liters 9.36 9.36 46.8 46.8 46.8 46.8
PC3s Quantities, ug:
Test Ligquor Prior to Aeration (60) (60) 16.8 172.8 10.2 302.4
Test Ligquor After 2eration 57.0 22.8 22.2 127.2 13.2 302.6
Impingers 0.53 9.55 0.68 2.4 0.33 0.83
Unaccounted for 2.5 32.4 ~0 43.2 ~0 ~0
PCBs Vaporization Rate:
wg/hour 0.088 1.59 0.113 0.400 0.055 0.139
ug/liter ligquor/hr 0.147 2.65 0.038 0.133 0.018 0.047
ug/liter of gas 0.057 1.02 0.015 0.051 0.007 0.018
Percent of Initial Quantity/hr 0.15 2.7 0.67 0.23 0.54 0.046
Unacoounted for PCBs:
ug/hour 0.42 5.4 ~0 7.2 -0 -0
ug/liter liquor/hour 0.7 9.0 ~0 2.4 -0 ~0
Percent of Initial Quantity/hr 0.7 15.0 ~0 4.2 ~0 ~0
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FIGURE 9, IN-SITU SAMPLER
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A ring was positioned under the funnel, draining into a metal can, to catch any
condensate and entrained droplets. The air flowrate through the impinger train
was maintained at 10 SCFH (283 liters per hour). Since the total air flow at
Baltimore in aeration tanks 3 and 4 was about 1,500,000 SCFH (42,500,000 liters
per hour, and the total surface area of these basins is 37,000 square feet, the
average air emission rate was 1,150 liters per hour per square foot of surface.
The 12-inch diameter collection tube isolated 0.785 square feet of surface, so
that about 900 liters per hour of air were emitted through the collector. The
excess air (900 - 283 or about 600 liters per hour) was released through a side
vent through a water seal of 2 inches depth. '

However, the air at the Baltimore POIW is sparged fram a header along
ane side of each aeration basin, and there is a visually apparent gradient of
air emission across the 24-foct basin surface. The collector tube was situated
close to the sidewall at the same side as the air header, so that the actual
air captured was greater than the overall average.

The collector was positioned at the head of one aeration tank, 27.5
feet downstream from the mixing of influent wastewater and return sludge. The
total length of each tank (consisting of two basins) is 672 feet.

The impinger train consisted of three impingers in series, each con-
taining 100 ml of ethylene glycol. After each rnm, the funnel and all tubing
in the train was washed, and combined with the impinger contents and with the
contents of the metal can (which turned out to be negligible). The PCBs
analysis was conducted in the same manner as in the preceding laboratory experi-
ments.

Two runs were made at the Baltimore POIW, on February 23 and 25, 1977.
PCBs in the impinger train were identified, and the quantitative results (which
show excellent agreement between the two runs) are as follows:
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1/23/77 2/25/71
Run duration, hours ' 3.5 6.0
Air flow through train, l/hr 283 283
Total air through train, liters 990 1,700
PCBs collected, ug 0.68 1.17
PCBs, ug/hr 0.194 0.195
PCBs, ug/liter air 0.00069 0.00069

The PCBs collected per liter of air, 0.0007 ug, is one-twentieth the
quantity in the laboratory experiment (0.015 ug in Run B-1) similating the POIW
aerators.

During these runs, liquid samples were also collectzd at several
stations around the activated sludge units. Three samples (each 220 ml) were
collected at each station and composited on February 23rd, and four samples
(each 220 ml) were collected at each station and camposited an February 25th.
The results of analyses for PCBs (in ug/l) are in Table 15, along with plant
operating flows for these periods and derived PCBs quantities. During these
runs, aeration basins land clarifiers) 1 and 2 were out of service, and the
sludge recycle ratio was much higher than in the previous survey period.

During the February 25th run, mixed liquor samples were collected at
the head of an aeration tank (near the air collector), at the mid-point along
the tank length (at the end of the first basin of two in series), and at the
tail of the second basin. The flow in the tanks approximate plug flow, so that
appreciable loss of PCBs via any mechanism should result in a PCB concentration
decline along the tank length. The data in Table 15 indicate no apparent decline.

The quantities of PCBs (Table 15) in the system illustrate the fact
that the system has a large capacitance for PCBs. As the return sludge is re—
circulated, about 3 pourds per day of PCBs are recirculated. In comparison,
the PCBs in the influent wastewater amounted to less than 0.2 pounds per day
during these runs. Since the PCBs concentrations in the influent wastewater
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Table 15

Baltimore POIW Activated Sludge System, 2/77

(Aeration Basins #3 and #4)

2/23/77
12:15-3:45 p.m.

2/25/77
9:30 a.m.-3:30 p.m.

Flow Rates:
Influent Wastewater, mgd
Total Sludge, mgd
Return Sludge, mgd
Waste Sludge, mgd
Mixed Liquor, mgd
Air Flow, million SCFH
PCBs Concentration, ug/l
Influent Wastewater
Effluent from Secondary Clarifier
Secondary Sludge
Mixed Liquor: Head
Mid-Point
End
Average
PCBs Quantity, lbs/day
Influent Wastewater
Effluent from Clarifier
Waste Sludge
Return Sludge
Mixed Liquor to Clarifiers

19.1

10.1
8.7
1.1

27.8
1.49

0.61

0.25
42.9
22.0

22.0

0.097
0.040
0.392
3.10
5.10

18.9
9.7
9.1
0.9

28.0
1.43

1.25

1.48
29.5
19.1
16.6
21.0
18.9

0.197
0.234
0.222
2.24
4.41




was very low for these few hours (0.8 to 1.3 ug/l) compared to the average 8.8
ug/1 measured in the previous 8-day survey period, the secondary clarifier
effluent contained PCBs attributable not to the PCBs influent during these few
hours but to the PCBs accumilated previously in the recirculating mixed liquor.
Hence, while PCBs removal efficiencies during these time periods, calculated
from influent and effluent concentrations, were 59 and -18 percent; the PCBs
removal efficiencies for the secondary clarifier were 99 and 95 percent (based
upon mixed liquor and effluent PCBs quantities).

7.3 Conclusions

The quantities of PCBs in the air emitted from the liquid surface
were determined to be 0.00069 ng per liter of air from the in-situ measurements.
Since the total air flow at the plant was 1.46 x 10° SCFH, or 990 x 10° liters
per day; the equivalent quantity of PCBs vaporized is 0.68 grams per day, or
0.0015 pounds per day. Ewven at the higher vaporization rate found in the labo-
ratory Experiment B-1 (0.015 ug/liter air), the equivalent quantity of PCBs
vaporized would be 0.033 pounds per day. Either of these quantities is a
small fraction of the quantity of PCBs in recirculation in the mixed liquor
(3 1bs/day), and is atso a very small fraction of the quantities unaccounted-
for during the previous 8-day surwey (6.8 lbs/day). It is therefore concluded
that vaporization of PCBs is not an important mechanism for removal of PCBs

from wastewaters in activated sludge systems (and by analogy in trickling filter
systems) .

The circumstantial evidence, therefore, points to biodegradation as the
predaminant mechanism for PCBs destruction in secondary systems. However, nc direct
measurement was made at the Baltimore POIW to explicitly determine biodegradation
rate. A comparison of laboratory experiments B-2 and B-4 indicates that in the
former experiment, where biodegradation might have occurred, indeed 25 per-
cent of the initial PCBs were removed other than by volatilization. In experiment
B-4, where biodegradation was specifically inhibited, no significant quantities
of the PCBs disappeared.



The Aroclor 1242 disappearance rate in experiment B-2 was 2.4 ug/l/hr;
results entirely consistent with those of Tucker et al., which were 3.6 ug/l/hr,
for Aroclor 1242.(7) If the expected initial Aroclor 1242 concentration ({(fram
the quantity added) of 300 ug/l is used rather than the measured 172.8 ug/1,
the disappearance rate for experiment B-2 is 9.5 ug/l. As stated in Section 6.2.3,
these PCBs biodegradation rates (from laboratory and pilot studies) are sufficient
to account for the PCBs concentration reduction achieved across the secondary
treatment processes at the Baltimore POTW.

These results indicate that biodegradation of PCBs may occur in
secondary treatment processes in POIWs. Until biodegradation is Xxpiicitly
determined, such as by using Cj4-labeled PCBs, as opposed to a hypothesis
based upon disappearance, the mechanism for disappearance must remain an open

question.
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