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EXECUTIVE SUMMARY

Concentrations of selected nutrients, trace metals, and anthropogenic organic compounds were
monitored in the effluent of the Massachusetts Water Resources Authority (MWRA) Deer Island
Wastewater Treatment Plant as well as in the influent and effluents of the new Deer Island Pilot
Wastewater Treatment Plant as part of the MWRA Harbor and Outfall Monitoring Project.

Bimonthly 24-h composite samples of the Deer Island effluent were collected between June 1993 and
November 1994. The samples collected between June 1993 and November 1993 were analyzed for
Ag, Cd, Cr, Cu, Hg, Ni, Pb, and Zn; an extended list of 40 polynuclear aromatic hydrocarbons
(PAHs); C,, to C,, linear alkyl benzenes (LABs); 20 polychlorinated biphenyl (PCB) congeners; and
16 persistent chlorinated pesticides. Starting in December 1993, samples were also analyzed for
Clostridium perfringens, Mo, and stable isotopes of nitrogen and sulfur. Also beginning in December
1993, discrete grab samples were collected for nutrient analysis. These samples were analyzed for
the major forms of nitrogen (NH,, NO,, NO;, total dissolved inorganic nitrogen, particulate organic
nitrogen), and phosphorus (PO,, total dissolved phosphorus, and particulate organic phosphorus), plus
dissolved silica, biogenic silica, and dissolved and particulate organic carbon.

The pilot plant influent plus the effluents of the primary and secondary treatment channels were
sampled during five test events in 1993 and 1994. Sample collections and analyses were carried out
as described for the Deer Island effluent measurement program. '

The trace metals and organic contaminant analyses were carried out using ultratrace techniques
capable of providing detection limits in the low parts-per-trillion (ng/L) for organic compounds and
low parts-per-billion (ug/L) for trace metals. Analytical methods that are routinely used for nutrients
in seawater and effluents were used.

Effluent Characterization

Toxics — Concentrations of organic and metal contaminants in the Deer Island effluent were similar
in 1994 to concentrations reported in 1993. Contaminant concentrations measured in the effluent
between December 1993 and November 1994 ranged as follows: 13-32 pg/L for total PAHs;

17-110 ng/L for total PCBs; 0-74 ng/L for total chlordanes; 2-68 ng/L for lindane; and 7.5-22 ug/L
for total LABs. Re-analysis of samples containing high concentrations (> 10 ng/L) of dieldrin
demonstrated that the high concentrations observed in 1993 were the result of an unknown interferant.
Confirmed concentrations of dieldrin were generally <5 pg/L. Concentrations (in pg/L) of metals
ranged as follows: 3-8.6 for Ag; 0.4-1.4 for Cd; 1.7-11 for Cr; 48-111 for Cu; 0.1-0.26 for Hg;
5-25 for Mo; 4.6-9 for Ni; 6-26 for Pb; and 70-136 for Zn.

Organic compound concentrations were generally lower than EPA acute aquatic life criteria in the
undiluted effluent. Concentrations of p,p’-DDT consistently exceeded the EPA chronic criteria, and
dieldrin, endrin and heptachlor occasionally exceeded the criteria. Ag and Cu were consistently
higher than the available marine aquatic life criteria in the undiluted effluent. Hg and Pb consistently
exceeded the chronic marine criteria, while Zn was occasionally in excess. Based on the effluent
dilution that will occur at the diffuser, it is expected that contaminants now exceeding the marine
criteria will be diluted well below the applicable criteria within a few hundred meters of the diffuser.
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Thus, violations of aquatic life criteria are not expected when the discharge is relocated to
Massachusetts Bay.

Concentrations of total nitrogen, ammonia, nitrate plus nitrite, total phosphorus, and phosphate
concentrations in the Deer Island primary treatment plant effluents in 1994 were similar to
concentrations previously reported. The concentrations (in uM/L) ranged as follows: 750-1750 for
total nitrogen; 650-1500 for dissolved nitrogen; 600-1300 for ammonia; and 220-270 for particulate
nitrogen. Ammonia contributed the largest fraction (50-70%) to total nitrogen and comprised
70-90% of the total dissolved nitrogen. Phosphate concentrations were also similar to those reported
previously and ranged (in ug/L) as follows: 50-160 for total phosphorus; 25-140 for total dissolved
phosphorus; 20-85 for phosphate; and 12-25 for particulate phosphate. Total and dissolve
phosphorus increased during the late half of 1994 and particulate phosphorus was relatively constant
during the sampling period. The increases in late 1994 were thus due to dissolved forms, primarily
increases in the dissolved organic phosphorus concentrations. Dissolved Si concentrations were
relatively constant, although decreases were evident in the summer months. Biogenic Si
concentrations were low (<21 pM) and contributed <10% to the total biologically available Si
concentrations in the effluents. The concentrations of dissolved and particulate organic carbon were
about equal in the effluent; the dissolved form consistently comprised about 60% of the total organic
carbon in the effluents.

Daily and monthly variability in the treatment plant effluents was evident as reported previously in
Uhler er al. (1994). The daily and monthly variability was not sufficient to mask seasonal trends,
particularly for the nutrients. Seasonal trends were evident for PAHs, chlorinated pesticides such as
DDTs and lindane, and PCBs. PAH concentrations were highest in the winter/spring period and PCB
concentrations were low in the summer and early fall. When detected, the concentrations of
chlorinated pesticides were relatively constant, but showed occasional spikes that were 5-10 times
higher than the typical concentrations measured in the effluent. Seasonal trends in the metals data
were not evident, although Mo increased from 10 to 20 ug/L between March and July. Cu, while not
showing a distinct seasonal trend, did consistently increase in concentration between June 1993 and
November 1994. The concentrations of nutrients were generally higher in the summer when the flow
in system was lower. Si concentrations generally decreased in the summer when effluent flows were
lower.

Loading — The estimated input of contaminants and nutrients to the Boston Harbor/Massachusetts
Bay system is consistent with estimates developed in 1993 by Alber and Chan (1994) and by Shea
(1993a). Because of relatively higher concentrations in the effluents, on a mass basis, nutrients
contributed the largest loading. Inputs ranged from 32 metric tons (mtons) nitrite/year to 8220 mtons
total nitrogen/year. Other estimates of loading were 1230 mtons phosphorus/year; 2250 mtons
dissolved silicate/year, and 27,000 mtons total organic carbon/year. Nutrient loadings estimated for
1994 are at the lower end of the range provided in Alber and Chan (1994).

Organic contaminant inputs ranged from <10 Kg total chlordanes and lindane/year to 11,000 Kg
PAHs/year. The latter is more than twice what Shea (1993a) estimated for 1993. LAB was
discharged at about 7990 Kg/Yr. Dieldrin loading was about 1 Kg/year and PCBs were discharged at
about 26 Kg/year.

Of the metals, Cu and Zn were discharged at the highest rate, 38 and 44 mtons/year, respectively.
All other metals were discharged at <7500 Kg/year; Cd was discharged at 370 Kg/year. Hg loading
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was estimated to be 75 Kg/year, a rate about three times less than previous estimates, and is directly
related to the implementation of clean metals sampling protocols and methods with appropriately low
method detection limits. The Cu loading is about 25% higher than estimated for 1993. Other than
these two elements, loading of metals is similar to the previous recent estimates.

Effluent Tracers — Principal component analysis was used to determine that the PAHs in the effluent
were primarily petrogenic in nature, as reported previously in Uhler ez al. (1994). The principal
component analysis indicated that these compounds grouped very tightly except in the
November/December time periods and were dominated by low-molecular-weight compounds similar
to refined petroleum products. The LABs were similar in composition throughout the 18 months,
even though the concentration systematically declined from 30 to 15 pg/L between mid 1993 and mid
1994. The N/P ratio in the effluents, typically 16, is consistent with the terrestrial source of the
organic material. Similarly, the stable isotope nitrogen and sulfur isotope ratios of particulate matter
filtered t;rpm the effluent are typical of terrestrial sources. The "N ranged from 0 to 2%
(average=2-5%o) and the 6*S ranged from 4 to 8 %o (average=>5.8 %0). In terms of effluent tracers,
the sulfur isotopes probably can be used more effectively than nitrogen due to the larger difference in
the ratio relative to seawater, and the fact that the ratio appears to respond less to productivity and
bacteria degradation. Clostridium perfringens spores in the effluent were also measured and ranged
between 1 and 4 x 10* spores/100 mL.

Pilot Treatment Plant

Treatment Plant Effectiveness — The preliminary tests of the secondary biological treatment process
conducted in 1994 showed that the removal efficiency of the primary and secondary treatment process
was variable. Removal efficiencies appear to depend on the concentrations in the influent, the
operational status of the treatment plant, and specific contaminant or nutrient species. Even though
there is significant variability among the various tests, the results are encouraging in that the
concentrations of several toxic contaminants (i.e., Hg, Cu, PCBs, PAHs, organic carbon [by
extension cBOD]) that are of concern in the receiving waters of Massachusetts Bay will be
substantially reduced through secondary treatment. Other contaminants (i.e., total nitrogen, certain
pesticides, and Mo) will not be substantially reduced through secondary treatment. Because the
operational aspects of the pilot treatment plant were still being optimized in 1994, evaluations to
confirm the findings from 1994 should continue, with the specific objectives to optimize the treatment
process, and to quantify the variability in treatment efficiency and relationship to operation conditions.

Relative to the primary effluent, the biological secondary treatment in the pilot plant was found to
have very high removal efficiency (>85%) for total PAHs, total PCBs, Cu, Pb, and particulate
organic carbon. High removal efficiencies (70-85%) were evident for total LABs, total DDTs, Ag,
Hg, Zn, total phosphorus, and dissolved organic carbon. Chlordane, Cd, Cr, and Ni showed
intermediate (20-70%) removal efficiency, while lindane, Mo, total nitrogen, dissolved Si, and
biogenic Si were inefficiently (<20%) removed by the secondary treatment. A single test of the
Chemical Enhanced Primary Treatment (CEPT) process in December 1993 suggests that the relatively
high removal efficiencies for many of the chemical contaminants could be obtained using this process.
Further tests are required to provide definitive conclusions regarding the efficiency of this treatment
relative to the primary and full secondary treatment. These preliminary pilot plant data are consistent



with, if not slightly better than, the removal efficiencies used in the EPA Supplemental Environmental
Impact Statement for the MWRA Massachusetts Bay outfall to make predictions of impact.

Loading — The preliminary removal efficiencies identified from the pilot plant secondary treatment
process suggest that toxic contaminant loading to Massachusetts Bay will be substantially reduced.
Relative to the 1994 loading estimates, contaminant reductions approximating the removal efficiencies
listed above can be expected. Of special note is the very high removal efficiency of dissolved and
particulate organic carbon (~90% relative to the present primary effluent). This reduction is
expected to have significant impacts on the cBOD in the effluent and thus oxygen demand in the
receiving waters. The significant reductions in loading that are expected from full secondary
treatment must also be considered relative to monitoring the sediments for contaminants. Because of
the reduced loading rate and the expected dilution of the effluent by the diffuser, it may take several
years before significant changes in the contaminant concentrations are detected in the sediments. It is
questionable whether extensive annual nearfield or bay-wide sediment monitoring will detect
significant changes over short time scales. Thus, annual measurements of contaminants in the
sediments should be considered a low priority. Sufficient information on inputs of contaminants could
be realized through a more focused sample collection at stations very near the diffuser.

Effluent Quality — The pilot plant results suggest that the quality of the effluent will be excellent,
especially with regard to priority pollutants. Only a few metals or organic compounds will exceed
EPA marine water quality criteria within the secondary effluent prior to discharge. The contaminants
(Cu, Hg) that exceed the criteria will be diluted within 10s to 100s of meters of the diffuser to
concentrations well below their applicable aquatic life water quality criteria. Because the contaminant
concentrations in the effluent are expected to be low and the dilution rate is expected to be high,
increases in the concentrations of the organic and metal contaminants in the water column will be
very difficult to detect. Because of this, the outfall monitoring program should focus on confirming
the plume dynamics and verifying the predicted dilutions. Chemical measurements in the effluents
and use of validated dilution models should be the standard for this program rather than a focus on
measuring concentrations in the receiving waters. Furthermore, measurements in the sediments and
biota in the vicinity of the diffuser will be the most cost-effective method of evaluating fate and the
potential for impact.

Secondary Effluent Characteristics — In addition to reducing contaminant concentrations in the
effluent, there will probably be other benefits of secondary treatment. The ratio of nitrogen to
phosphorus (N/P), for example, will likely increase from about 16 to as much as 30 when, relative to
nitrogen, phosphorus is more efficiently removed from the effluent. As a result of this differential
removal, the quality of the MWRA sewage sludge as fertilizer will likely increase as more phosphorus
is transferred to the sludge. The altered N/P ratio is expected to have little effect on the productivity
of receiving waters because the system is clearly nitrogen limited. In contrast, more efficient removal
of toxic compounds may degrade the quality of the sludge, although increases in the amount of sludge
produced by the secondary treatment will likely ameliorate the magnitude of such increases.
Regardless, any adverse changes should be detected by the MWRA sludge monitoring program.

Furthermore, the data from the secondary treatment process suggest that this treatment is likely to
change the characteristic fingerprints of the LAB and PAH analytes relative to the present primary
discharge. Principal component analysis of the data demonstrates a clear separation of the secondary
effluents from the pilot plant influent and primary effluents. Such changes in source characteristics
may enable the signature of the secondary effluent to be traced more effectively within the receiving
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environment. Characterizations must therefore continue to ensure that the signature is adequately
determined.

Monitoring — The anticipated low concentrations of contaminants in the secondary effluent clearly
suggests that the monitoring program focus on the effluent quality rather than on the receiving water
quality. Because of the predicted low concentrations of contaminants and the expected dilution rates,
detecting toxic contaminants in the water column will become extremely difficult, except in the plume
immediately adjacent to the diffuser, and the ability to measure changes in the sediments and biota,
particularly in the farfield, will decrease. Reductions in organic carbon loading will substantially
reduce oxygen demand in the receiving waters but, as projected from ongoing water column studies,
nutrient loading to the system will not change much.
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1.0 INTRODUCTION

Wastewater from the greater Boston metropolitan area is treated at two primary treatment plants
located on Deer Island and Nut Island in Boston Harbor. The sewage effluent from both plants is
presently discharged near the mouth of the Harbor just off the Deer Island facility (Figure 1). As
part of the Boston Harbor cleanup, the Massachusetts Water Resources Authority (MWRA) is
upgrading these treatment facilities through improvements to the primary treatment facilities at both
Deer Island and Nut Island (completed in 1990), and through construction of a new primary and
secondary treatment facility at Deer Island that will treat both the Deer and Nut Island flows. When
completed, these upgrades are expected to significantly improve the quality of the effluent that will be
discharged from these treatment facilities at the present Deer Island outfall and from the new ocean

outfall located in Massachusetts Bay.

As part of the Harbor and Outfall Monitoring Project comprehensive baseline assessment, in 1993 and
1994, the MWRA conducted bi-monthly monitoring of the effluent from the Deer Island plant and
evaluations of the effluent from the MWRA 1 MGD pilot treatment plant that became operational near
the end of 1993. The former study was designed to characterize the nature of the primary effluent
being discharged into the Harbor and Massachusetts Bay; the latter study was designed to evaluate
removal efficiencies and improvements to effluent quality that can be expected when the new Deer
Island primary and secondary treatment plants become operational. This report summarizes the
monthly effluent characterization samples that were collected between June 1993 and November 1994,
and presents the results of pilot treatment plant studies that were completed in December 1993 and in
June and July 1994,

The objectives of the effluent characterization monitoring were to evaluate

® Selected trace metal and persistent anthropogenic organic contaminant concentrations in the
effluent. The trace metal and organic contaminants of particular concern in the MWRA
effluent are listed in Table 1; these compounds are of interest because established EPA
Water Quality Criteria exist for them or they have been detected in the MWRA effluent or
otherwise found in receiving waters or sediments of Boston Harbor and Massachusetts Bay
or can serve as tracers of sewage effluents. )

®  Effluent nutrient concentrations plus other parameters related to eutrophication issues.
Discharge of nutrients in general, and nitrogen in particular, can influence the primary
productivity of coastal ecosystems and can lead to eutrophic conditions in the receiving
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Table 1. Organic and trace metal analytes for the Deer Island effluent characterization task.

Polynuclear Aromatic Hydrocarbons

Naphthalene (N)
C,-C, naphthalene
Biphenyl (BI)
Acenaphthylene (AE)
Acenaphthene (AC)
Fluorene (F)

C,-C, fluorenes
Phenanthrene (P)
Anthracene (A)

C,-C, phenanthrene/anthracenes

Fluoranthene (FL)

Pyrene (PY)
C,-fluoranthene/pyrene (FP1)
Dibenzothiophene (D)

C,-C, dibenzothiophenes
Benz[a]anthracene (B)
Chyrsene (C)

C,-C, chyrsenes
Benzo{b}fluoranthene (BB)
Benzo[k]fluoranthene (BK)
Benzo[elpyrene (BE)
Benzo[a]pyrene (BA)
Perylene (PER)
Indeno[1,2,3-¢,dlpyrene (IP)
Dibenz[a, h]anthracene (DA)
Benzolg,h,i]perylene (BP)

Linear Alkyl Benzenes
Phenyl decanes (C,;)
Phenyl undecanes (C,,)
Phenyl dodecanes (C;,)
Phenyl tridecanes (C,3)
Phenyl tetradecanes (C,,)

Polychlorinated Biphenyls
214"C12(8)

2,2°,5-Cj5(18)
2,4,4’-C;3(28)
2,2°,3,5°-C,(44)
2,2°,5,5°-C,(52)
2,3’,4,4’-C,,(66)
3,3’,4,4-C,(77)
2,2’,4,5,5’-C5(101)
2,3,3°,4,4’-C5(105)
2,3°,4,4°,5-C5(118)
3,3,4,4°,5- C15(126)
2,2°,3,3°,4,4’-C,(128)
2,2°,3,4,4°,5°-C((138)
2,2°,4,4°.5,5'-C(153)
2,2°,3,3

22’34

2,2'’,3,4

2,23,

»

-

*,3,3°,4,4°,5-C,(170)
,, » 74,75 5’ —Cl7(180)

’ ’1 ’ 5$5’ 6- Cl7(187)
,2°,3,3°,4,4°,5,6-Cg(195)
2,2°,3,3°,4,4°,5,5°,6-C4(206)
Decachlorobiphenyl—C 110(209)

Trace Metals
Silver (Ag)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Mercury (Hg)
Molybdenum (Mo)
Nickel (Ni)

Lead (Pb)

Zinc (Zn)

b

[}

Nutrients
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waters if discharged in excess. Available effluent nutrient data were limited to selected
measurements of dissolved inorganic forms (ammonia, nitrate, nitrite, and orthophosphate),
total Kjeldahl nitrogen, and total phosphorus concentrations (Alber and Chan, 1994). These
measurements were not sufficient for the water quality model being developed by MWRA.
Thus, beginning in December 1993, MWRA initiated bi-monthly monitoring of the Deer
Island effluent for all major nutrient forms (Table 1) and selected other parameters (e.g.,
Clostridium perfringens spores and stable isotopes of nitrogen and sulfur) that provide
additional information on the transfer of effluents throughout the receiving environment or
into organisms.

Short-term (e.g., 2-3 day) variability in the concentrations of effluent contaminants and
nutrients. Two-day interval, twenty-four hour composite bi-monthly samples of Deer Island
effluent were collected each month beginning in June 1993. The objective of this effort was
to monitor for short-term fluctuations in the concentrations of the target metals, organic
compounds, nutrients, and the tracers in the waste stream. Short-term fluctuations could
indicate episodic inputs of contaminants that might otherwise be overlooked using a one-time
sampling strategy. Changes in nutrient forms could also be evaluated.

Long-term (e.g., monthly and seasonal) changes in the concentrations of effluent
contaminants and nutrients. Monthly sampling of effluent was conducted to determine if the
composition of the effluent was seasonally influenced. For example, certain organic
compounds such as pesticides might be used more frequently during certain months of the
year, possibly resulting in seasonally elevated concentrations of such compounds in the
effluent.

Monthly and annual contaminant-specific loading to Massachusetts Bay. Effluent flow data
(measured by MWRA), coupled with the contaminant and nutrient concentration data,
provide a means for calculating loadings of contaminants and nutrients into the Harbor and
Bay. These data provide one type of long-term gauge for measuring change in inputs to the
Harbor/Bay system as waste stream treatment practices change. :

Possible chemical “fingerprints” that might be unique to the effluent or suggest potential
sources of the contaminants in the effluent and changes that may occur as a result of the
secondary treatment process. The presence and distribution of metals and organic
compounds in the effluent, if unique, can be useful for tracking the fate of the discharge
plume and some of the contaminants in the aquatic environment. Similarly, a characteristic
pattern in the distribution of certain contaminants might suggest a source or type of source
for the effluent. For example, the distribution of polynuclear aromatic hydrocarbons
(PAHs) reveals the predominant type of petroleum hydrocarbons in the waste stream which,
in turn, could be linked to a source or source type. Changes in these signatures may occur
as treatment processes or treatment levels are modified. Thus, an understanding of the
effect of such changes on the source signals is needed.

Comparability of the results of effluent analysis between ultra-trace metal and organic
contaminant techniques, and standard methods used to support National Pollutant Discharge
Elimination System (NPDES) methods. This objective was addressed in the 1993 annual
effluent characterization study (Uhler et al., 1994) and is not elaborated in this 1994 report.



The MWRA pilot treatment plant was constructed to enable MWRA to conduct evaluations of the
operational characteristics of new primary and secondary treatment plants, and to evaluate other
treatment alternatives such as Chemically Enhanced Primary Treatment (CEPT) to ensure that MWRA
achieves the highest effluent quality from the Deer Island treatment plant. The pilot plant was
designed to mimic the new primary plant and secondary plant. Its two treatment channels allow the
evaluation of different operational modes, for example CEPT and also the biological secondary
treatment processes. The CEPT capability was completed in late 1993 and the secondary capability
was completed in the spring of 1994. Details of the treatment plant design and operations can be

found in the draft report CP-201 Pilot Plant One Year Operations Plan (MWRA, 1993).

Understanding how well the various treatment processes perform is central to the utility of the pilot

treatment plant. Thus, the objectives of pilot treatment plant studies were to

® Evaluate the effectiveness of the pilot treatment plant primary and secondary treatment for
removal of metals, organic contaminants, and nutrients.

® Estimate the effluent quality that will be achieved when full secondary treatment is
implemented.

Meeting these objectives required that the influent to the pilot plant, as well as the effluents from the
various treatments, be sampled and analyzed. Because sampling in support of the pilot treatment
plant’s operations was undertaken in concert with the plant shakedown, operational and facility
interruptions were experienced during the sampling period. For example, between March and July
1994, during shakedown of the secondary treatment plant, BOD and total suspended solids data
suggested that full secondary treatment was not being achieved. Further evaluation determined that
the aerators and impellers were not operating as expected. Plant improvements were thus
implemented and completed in late 1994 (M. Hall, MWRA, personal communication, February
1995). Because of the small number of tests completed, estimates of removal efficiencies presented in
this report must be considered preliminary and may nbt fully reflect the improvements in effluent
quality that will be achieved when the new primary and secondary treatment plants are fully

operational.



2.0 METHODS
2.1 Sample Collection
2.1.1 Deer Island Effluent

Beginning in June 1993 and continuing through November 1994, effluent samples from the Deer
Island treatment plant were collected each month by MWRA personnel. Twenty-four-hour composite
samples were collected using Isco automated samplers. Each month, two composite samples were

collected two days apart. The composite effluents were subsampled as follows:

® 2 L for trace organic analysis (PAHs, pesticides, PCBs)

® 500 mL for trace metal analysis (Ag, Cd, Cr, Cu, Ni, Pb, Zn); Mo analysis was added in
December 1993

® 500 mL for Hg analysis

® Clostridium perfringens (added in November 1993)

Beginning in December 1993, ‘discrete grab samples were collected for analysis of nutrients, stable
nitrogen and sulfur isotopes. Additional efﬂﬁent was also collected for use as matrix spike quality
control samples. The composite samples for contaminant analysis were stored on ice and shipped by
courier to the Battelle Ocean Sciences laboratory. The nutrient samples and other effluent tracer
samples were filtered as necessary immediately after collection, the aqueous phase was preserved with
chloroform, and the samples were shipped at ambient temperature to the University of Rhode Island.
Clostridium perfringens samples were shipped on ice to Biological Analytical Laboratory, Inc. in
North Kingston, RI. Particulate matter for stable isotope analysis was collected on a filter and frozen.
Samples were dried at Battelle, then transferred to the Marine Biological Laboratory (MBL) for

analysis.

All bottles for the trace metals and the Hg analyses were rigorously cleaned in dilute, high-purity
acids to ensure that extraneous contaminants were not added to the samples. For the metals, acids '
used to preserve the samples were included in the bottles when they were transferred to the control of
MWRA. Samples for organics analysis were collected in 2-L amber-glass I-Chem bottles. Liquid

phases for nutrient analysis were stored in polyethylene or glass, as appropriate to the parameter of



interest. Clostridium perfringens samples were collected in 250-mL polypropylene bottles that

contained sodium thiosulfate, a chlorine neutralizer.

The composite samples were processed and analyzed for total metals (Ag, Cd, Cr, Cu, Hg, Mo, Ni,
Pb, and Zn), an extended list of 40 PAHs, C,, to C,, LABs, 20 PCB congeners, 16 chlorinated
pesticides (Table 1), and subsamples for Clostridium perfringens spores. Grab samples were collected
on the day that the Isco samplers were deployed for measurement of nutrients. Duplicate samples for
all nutrient forms were collected. The grab samples were processed for measurement of dissolved
and particulate organic carbon (DOC and POC, respectively); the major forms of nitrogen (particulate
nitrogen, NH;, NO,, NO,, total dissolved nitrogen, and dissolved organic nitrogen [by difference]);
phosphate (dissolved PO,, total dissolved phosphorus, dissolved organic phosphorus [by difference],
and particulate organic phosphorus), and two forms of silicate (dissolved and biogenic). Dissolved
inorganic nutrients and total dissolved nitrogen and phosphorus were filtered through 0.4-um
Nuclepore filters; DOC and POC/PON samples were filtered through Whatman GF/F glass-fiber
filters (details of the filtration steps can be found in the appendices to West and Doering (1994).
Biogenic silica samples were filtered through poretic filters. The samples for metals, organic
contaminants, and Clostridium perfringens analysis were iced and shipped to the analytical
laboratories for final processing, analysis, or archival. Samples for Clostridium perfringens analysis
were delivered to BAL within 24 h of collection. Samples for metals and organic compounds were
shipped on the second day of collection. Samples for nutrients were either shipped within 24 h or on
the second day of collection. Once received, processing required to meet EPA holding times and to
otherwise ensure the integrity of the measurements was completed (e.g., samples for organic

compounds were extracted within 14 days and Hg was analyzed within 30 days).

2.1.2 Pilot Treatment Plant

Table 2 summarizes the sample collection dates, sample types, and number of samples collected for
these studies. The first study was conducted in December 1993 and was designed to examine the
efficiency of contaminant removal using CEPT. During this experiment, MWRA added 30% ferric

chloride, a byproduct of titanium oxide production. Pilot plant sampling continued during the



Table 2. Sample collection dates, type, and number for the pilot treatment plant studies.

12/7/193 | Influent NA? 1 1 1 NR3 1
12/7/193 | 1° Effluent NA 1 1 1 NR 1
12/7/93 | CEPT* NA 1 1 1 NR 1

6/1/94 Influent 39405853 1 1 1 NR NR

6/1/94 | 1" Effluent | 39405739 1 1 1 2 NR

6/1/9 39405743 1 1 1 2 NR

6/3/94 influent 39405854 1 1 1 NR NR
6/3/94 | 1" Effluent | 39405740 1 1 1 2 NR

6/3/94 | 2" Effluent | 39405844 1 1 1 2 NR

7/15/94 | Influent 39407263 1 1 1 2 NR
7/15/94 | 1" Effluent | 39407265 1 1 1 2 NR

7/15/94 | 2’ Effluent | 39407267 1 1 1 2 NR

7/29/94 | Influent 39407918 1 1 1 2 NR
7/29/94 | 1° Effluent | 39407920 1 1 1 2 NR

7/29/94 | 2" Effluent | 39407922 1 1 1 2 NR

'Separate |ds were assigned to each grab sample
Not assigned

Not requested

‘Chemically Enhanced Primary Treatment




summer of 1994, with four sampling events of the biological secondary process being completed in
June/July. No additional sampling events were conducted in 1994 because the pilot plant was
undergoing modifications. MWRA did not request nutrient analysis of influent samples for thé two
June 1994 studies.

" During each sampling event, automated Isco samplers were used to collect 24-h composite samples
from the pilot plant influent (except as noted in Table 2) plus the effluents of the primary and
secondary treatment channels. The MWRA TRAC personnel collected all samples and performed the
sample filtration for all dissolved nutrient samples. The composite samples were processed and
analyzed for the same metals, PAHs, C, to C,, LABs, PCB congeners, chlorinated pesticides,
nutrienfs, and effluent tracers that were measured in the effluent samples. Sample processing and
storage bottles were the same as described for the effluent samples. No samples were processed for
stable nitrogen and sulfur isotope analysis during the pilot plant studies. Only three samples were

collected (December 1993) for Clostridium perfringens spore enumeration.

2.2 Sample Analysis

The methods used to analyze the samples are described in detail in Shea (1993b), Albro et al. (1993),
and West and Doering (1994). The methods are briefly summarized below and the method detection
limits (MDLs) are listed in Table 3. The interested reader is referred to the above-referenced
Combined Work/Quality Assurance Project Plans (available from MWRA upon request) for additional

details on the sample analysis.

Metals and Organic Contaminants — Because the concentrations of most target metals and
anthropogenic organic compounds in the MWRA effluent are known to be in the low nanogram-per-
liter range for organics and in the low microgram-per-liter range for metals (Uhler er al., 1994),
samples were analyzed using methods that have been specially modified for measurement of ultra-
trace levels of contaminants in fresh and marine water matrices. These concentration ranges were
consistently achieved during the analytical program, although selected organic analytes fell below the
listed MDLs. '



Table 3. Method Detection Limit (MDL) goals.

Parameter MDL Goal NPDES MDL'
Metals (ng/L) (pg/L)
Ag (silver) : 0.50 10.0
Cd (cadmium) 0.50 4.0
Cu (copper) 0.50 10.0
Cr (chromium) 1.0 10.0
Hg (mercury) 0.005 0.2
Mo (molybdenum) 0.50 80.0
Ni (nickel) 1.00 10.0
Pb (lead) 0.50 1.0
Zn (zinc) . 2.00 6.0
Organic Analytes (ng/L) (ng/L)
Polychlorinated biphenyls (PCB) (as congeners) 1 500
Linear alkyl benzenes (LAB) 50 NA
Polynuclear aromatic hydrocarbons (PAH) 10 10,000
Pesticides . 1 50-100
Nutrients _ (M) (M)

Dissolved NH, 0.04 NA
Dissolved NO, 0.02 ’ NA
Dissolved NO, 0.02 NA
Dissolved PO, 0.02 NA
Dissolved Si 0.04 NA
Dissolved organic carbon 30 NA
Dissolved organic nitrogen 2 NA
Particulate organic phosphorous 0.6 ‘NA
Particulate organic carbon 4 NA
Particulate organic nitrogen 3 NA
Particulate organic phosphorous 0.02 NA
Biogenic Si 0.04 NA

INPDES contaminant MDLs are typical MDLs reported by MWRA in their NPDES
monitoring

reports; the listed contaminant MDLs meet the EPA Contract Laboratory Program (CLP)
requirements. '
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The extraction techniques for organic contaminant analysis followed EPA Method 3510; sample
cleanup and instrumental analysis techniques—modifications or derivations of several standard EPA
methods—are those from the National Oceanic and Atmospheric Administration (NOAA) National
Status and Trends (NS&T) Program (Table 3). Over the last eight years, these methods have been
developed and refined by Battelle, NOAA, and the National Institute of Standards and Testing (NIST)
scientists to support the low-level contaminant measurement requirements of the NS&T program, and

they have become the methods of choice for many monitoring programs.

Methods for the determination of trace metals in effluent are standard EPA techniques modified for
ultra-clean analysis. Total recoverable metals were determined following modified EPA
600-01-79-020m Section 4.1.4; Ag, Cd, Cu, Ni, Pb, and Zn were determined by graphite furnace
atomic absorption spectrometry (GFAAS). Total recoverable Mo was determined using modified
EPA Method 246.2 techniques while Hg was measured using cold vapor atomic absorption
spectroscopy (CVAAS). Required MDLs for the effluents were consistently met and no nondetectable

results were obtained.

Nutrients — Albro et al. (1993) describe the analytical methods used to measure the nutrients that
were common with the MWRA Harbor and Outfall Monitoring Project 1992-1994 baseline water
quality monitoring program. The major change in using these methods for influent and effluent
sampling was the sample dilution required to bring many of the analytes into the linear working range
of the method. Analytical methods for parameters that were not measured as part of the 1992-1994
water quality monitoring program are described in detail in West and Doering (1994). Method
detection limits, which were consistently met during the effluent analysis program, are shown in
Table 3.

2.2.1 Trace Organic Contaminants

Influent and effluent samples were serially extracted for PAHs, LABs, chlorinated pesticides, and
PCBs following EPA Method 3510. Each 2-L effluent sample was transferred to a 3-L separatory
funnel. The sample bottle was rinsed with dichloromethane (DCM) and the rinseate was added to the

separatory funnel to ensure that any organic compounds adhering to the wall of the bottle were
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scavenged. The appropriate chlorinated hydrocarbon, PAH, and LAB surrogate internal standards
were added to the sample, and the sample was serially extracted three times with 120-mL portions of
DCM. The first phase of extract cleanup was accomplished following modified EPA Method 3610.
The extract was passed through a 20-g alumina column and eluted with 50 mL of DCM. The filtrate
was reduced in volume to about 1 mL using Kuderna-Danish and nitrogen concentration techniques;
the concentrated extract was further cleaned using size-exclusion (gel permeation) high-performance
liquid chromatography (HPLC) (modified EPA Method 3640). The gel permeation HPLC cleanup
removes common biogenic contaminants that can interfere with low-level instrumental analysis. The
post-HPLC extract was concentrated to approximately 0.5 mL under nitrogen, recovery internal
standards were added, and the final extract was split for analysis: one half for PAH and LAB
analysis; the other half was solvent-exchanged with isooctane and used for PCB and pesticide

analysis.

Sample extracts were analyzed for PAH and LAB compounds by selected ion monitoring (SIM) gas
chromatography mass spectrometry (GC/MS) following a modification of EPA Method 8270. PAH
compounds were determined by monitoring for the most intense parent jon plus one confirmation ion
for each target compound. LAB compounds ‘were determined as five separate LAB groups (those
with alkyl chains containing 10, 11, 12, 13, and 14 carbon atoms) by monitoring the characteristic
LAB m/z 91 molecular ion during the GC/MS analysis and summing the structural homologues within
each group (Eganhouse et al., 1983). Pesticides and PCB congeners were analyzed by capillary gas
chromatography with electron capture detection (GC/ECD) using EPA Method 8080, modified to

include additional analytes. All analytes were quantified using the internal standard method.

Note on the 1993 Dieldrin Analysis — The 1993 dieldrin results (Uhler ef al., 1994) and analyses
completed through mid 1994 suggested the presence of surprisingly high levels of dieldrin in some
samples. To resolve whether the determined concentrations were indeed due to dieldrin, or to some
unknown interferant, confirmatory analysis was conducted on one set of sample extracts collected and
analyzed during 1994 (Table 4). The samples were selected on the basis of the reported
concentrations of dieldrin (i.e., concentrations > 10 ng dieldrin/L) and over the seasons that the
apparently high dieldrin concentrations were reported. Eight samples from the winter (January and

February) and late spring/summer (May through August) of 1994 were analyzed. Both samples
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Table 4. Summary of Dieldrin Data Determined by GC/ECD, November 1994.

Determined Dieldrin Concentration (ng/L)

Original Analysis Re-Analysis
Sample Month Rep#1 Rep #2 Rep #1 Rep #2
1-94 54 46 2.5 Not analyzed
2-94 26 30 2.1 Not analyzed
5-94 19 20 22 Not analyzed
6-94° 49 36 3.1 Not analyzed
7-94 (early) 53 56 1.6 Not analyzed
7-94 (late) 66 87 4.0 Not analyzed
8-94 53 49 3.7 5.0

*Replicate 1 is the pilot treatment plant influent; Replicate 2 is Deer Island effluent.
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collected in August 1994 were reanalyzed. No spring or fall samples were analyzed because the

reported dieldrin concentrations for those samples were low.

Samples were analyzed by simultaneous dual-column gas chromatography with electron capture
detection (GC/ECD). In this analysis, the injected sample is automatically split between two GC
columns of different retention characteristics (a DB-5 and a DB-1701 phase column), and the data for
the two columns/analyses are compared. Confirmation of dieldrin is achieved if similar results are
obtained on both columns (e.g., dieldrin identified and quantified at similar levels). Dissimilar data
(e.g., significant concentrations of dieldrin identified on the DB-5, but not on the DB-1701) would
indicate that the concentration determined in the primary analysis (with the DB-5 column) was not due
to the target analyte, but instead was due to some unknown compound having the same primary GC

column retention time as the target analyte.

The results of the original 1994 analyses and those from the re-analyses are reported in Table 4.
These data are for the primary (DB-5) column analyses. As can be seen in this table, different values
were determined in the re-analyses than in the original analyses, even with same type of column. The
large peak that had originally been identified as dieldrin was, in the re-analysis, resolved from where
dieldrin elutes and, therefore, was not identified as dieldrin. Improved identification and
quantification of dieldrin was achieved on this re-analysis than previously experienced. However,
daily and weekly operating variability in the instruments is such that the ability to separate the
dieldrin from the interfering peak may not always be achieved. Thus, confirmatory analysis should
be a standard operating procedure for this analyte. Confirmatory analysis for dieldrin was conducted

on all other 1994 samples.

The high concentrations of dieldrin reported in the 1993 Effluent Characterization Report (Uhler e
al., 1994) should not be used when evaluating the baseline data for the MWRA Deer Island effluent.

Because the high 1993 values are suspect, only the 1994 data are evaluated in this present report.

Selected pilot plant samples (an influent, primary effluent, and secondary effluent) were also re-
analyzed. As observed with the Deer Island effluent samples, the re-analysis did not confirm high
dieldrin concentrations and did not identify dieldrin these samples. As a result, all dieldrin results for

the pilot plant were considered suspect and the data are not reported here.
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2.2.2 Trace Metals

The sample preparation procedures defined by EPA (Section 4.1.4 of 600-01-79-020, March 1983)
for determining total recoverable metals were used for the metals analysis of the effluent. For all
metals except Hg, 100 mL of the sample was spiked with 5 mL of hydrochloric acid and the sample
was reduced in volume by evaporation to ~10-20 mL. The solution was then filtered through a
Nuclepore 0.4-um membrane. To increase sensitivity, the filtrate was not diluted back to 100 mL.
To reduce sample contamination, all sample preparation was performed in a Class-100 clean room,
and all sample containers and sample preparation equipment were rigorously cleaned according to the
procedures of Patterson and Settle (1976). All effluent samples were directly analyzed by GFAAS for
Ag, Cd, Cr, Cu, Mo, Ni, Pb, and Zn. Mo was analyzed by EPA Method 246.2.

A modification of EPA Method 245.1 was used for Hg analysis. The samples were prepared by
digesting approximately 50 mL of sample with KMnO, and K,S,0; and reduced to elemental Hg with

SnCl, Hg measurements were made using CVAAS.

2.2.3 Nutrients

Dissolved Inorganic Nutrients — Concentrations of dissolved inorganic nutrients were determined on
samples that were passed through a 0.4-um Nuclepore membrane filter. The concentrations of
ammonia, nitrate, nitrite, silicate, and phosphate were measured colorimetrically on a Technicon II
Autoanalyzer which simply automates standard manual techniques for the analysis of nutrients. The
analysis of ammonia was based on the technique of Solorzano (1969) whereby absorbance of an
indophenol blue complex is measured at 630 nm. Nitrite was measured by the method of
Bendschneider and Robinson (1952). The total of nitrate and nitrite was determined by reducing all
nitrate in the sample to nitrite and analyzing for nitrite as above. The concentration of nitrate was
obtained by difference. The reduction is accomplished using a cadmium column (Morris and Riley,
1963). The analysis of phosphate was based on the molybdate blue procedure of Murphy and Riley

(1962). The colorimetric analysis of silicate was based on that of Brewer and Riley (1966).
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Particulate Carbon and Nitrogen — Particulate matter was collected on a Whatman GF/F glass-fiber
filter. The organic carbon and nitrogen content of the particulate matter on the filters was determined
by igniting the filter at high temperature (1050°C) in a Carlo Erba Model-1106 CHN elemental
analyzer. The combustion releases carbon and nitrogen in gaseous forms which are then quantified

using gas chromatography with a thermal conductivity detector.

Dissolved Organic Nitrogen and Phosphorus — The concentration of dissolved organic nitrogen or
phosphorus can not be measured directly. The dissolved organic concentration of these parameters is
currently determined as the difference between the total dissolved concentration and total dissolved
inorganic concentration in the sample. The procedures by which the concentrations of dissolved
inorganic nitrogen and phosphorus are obtained are describe above. The method of Valderrama
(1981) was used to determine the concentrations of total dissolved nitrogen and phosphorus. This
wet-chemical technique utilizes persulphate to oxidize organic nitrogen and phosphorus to nitrate and
phosphate. The concentrations of the latter were then determined colorimetrically on a Technicon

Autoanalyzer, as described above.

Dissolved Organic Carbon — Dissolved organic carbon was determined by persulphate digestion
(Lambert and Oviatt, 1986) using an O.1. Model-700 TOC Analyzer. Some doubt concerning the
accuracy of this method has been voiced in the literature and recent work suggests that the higher
concentrations obtained by high-temperature combustion more nearly reflect true levels of DOC in
nature (Sugimura and Suzuki, 1988). The method that was used for the analysis of effluents was
intercalibrated with an Ionics high-temperature combustion instrument. This study demonstrated that
both fresh- and salt-water samples agreed to within 6%. Thus, bias is not suspected in these effluent

samples and internal consistency with the water column monitoring program is retained.

Particulate Phosphate — Methods used to measure particulate phosphate were modified from
Solorzano and Sharp (1980). The filter containing the particles was placed in a scintillation vial,

2 mL of 0.017 M MgSO, was added, the sample was dried and baked at 450°C. HCl was then added
and the phosphorus in the sample was determined colorimetrically as described for the inorganic

phosphate analysis.
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Biogenic Silica — Particulate matter for determination of biogenic silica was extracted using a wet
alkaline digestion (Knauss ef al., 1983). Particulates retained on a 0.4-um Poretics membrane filter
were digested with 0.2 N NaOH and neutralized with 0.2 N HCL. The silica dissolved by this
procedure was measured colorimetrically using a Technicon II Autoanalyzer and biogenic silica

concentrations were calculated.
2.2.4 Clostridium perfringens

Clostridium perfringens spores were enumerated by membrane filtration, using serial half-log dilutions
of the effluent, according to the procedure developed by Bisson and Cabelli (1979). The effluent was
filtered using sterile filtration apparatus and membrane filters that had been rinsed with sterile
phosphate-buffered saline (PBS). The filters were incubated for 18-24 h at 44.5°C, exposed to

ammonium hydroxide, and the C. perfringens colonies counted and recorded.
2.2.5 Stable Isotopes

All effluent samples were filtered with glass-fiber filters (Whatman GF/F, nominal pore size 0.7 pm).
After acidification to remove carbonate and desiccation in scintillation vials at 60°C, stable isotopes of
particulate nitrogen (**N) retained on the filters were analyzed by mass spectrometry. The samples
were then flash-combusted at 1800°C in an evacuated gas manifold and the resulting gases were
routed via a helium carrier flow to a cryogenic trap to separate the water, carbon dioxide, and
nitrogen gases. '*N was analyzed using a Finnigan Delta-S mass spectrometer and the excess “N in

each sample was detected by comparing the '*N/"N against an air reference.

Sulfur isotope (*S) measurements were made on a separate sample, which was dried and combusted
in a sealed tube with potassium nitrate to oxidize sulfur species to sulfate salts. The sulfate salts were
digested in an acid solution, which was filtered and to which 10% barium chloride solution was added
to precipitate sulfate as barium sulfate. The barium sulfate was recovered by filtering the solution
through ash-less filters which are subsequently combusted in crucibles. Finally, the residual barium
sulfate ash was treated with vanadium pentokide and elemental copper, and transferred to a vacuum

apparatus. Upon heating, sulfur dioxide is released, cryogenically trapped on the vacuum line, and
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analyzed for S using a Finnigan MAT 251 isotope ratio mass spectrometer. The excess *S in each

sample was determined by comparing the 34S/*’S against a Canyon Diablo Triolite meteorite reference.

2.3 Data Treatments

2.3.1 Effluent Data

Effluent data were treated as described in Uhler ez al. (1994). Individual sample and monthly mean
contaminant and nutrient concentrations plus effluent flow were plotted as a function of sampling
month to evaluate temporal trends. Monthly loading estimates from the Deer Island treatment plant
were estimated by multiplying the mean monthly contaminant or nutrient concentration times the mean
flow rate for the two sample collections each month. The calculated monthly inputs between
December 1993 and November 1994 were used to estimate the annual loading of the various
contaminants and nutrients from the Deer Island treatment plant. The most recent 12-month period
was chosen for this calculation because it represents the most recent information on this effluent and
is not biased by including an unbalanced set of seasonal data (i.e., from two summer periods and one

winter period).

The annual loading of contaminants from the Deer Island facility was estimated using the following

assumptions:
e The average of the two effluent flow measurements taken at the time of effluent
sampling is representative of that entire month.
o The average concentration of contaminants measured in the effluent for a given month

is representative of the entire month.
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The annual loading for each contaminant of interest was calculated from the equation
L Kg) = [Z (C;, X F}

where
L, is the annual loading of contaminant in kilograms

C,,, is the average concentration of contaminant i in the effluent measured in month m
in Kg/gal; m ranges from December to November

E,, is the average effluent flow at Deer Island in millions of gallons per day (MGD)
for the days that the effluent samples were collected for analysis in month m
This simple calculation allows a first-order estimate of the inputs of anthropogenic contaminants to the
Harbor and Bay, and provides a basis for comparison of contaminant loadings that have been

estimated by other investigators.

Estimates of 1994 effluent loading to the Massachusetts Bay/Boston Harbor system were compared to
previous estimates (Alber and Chan, 1994; Shea, 1993a) by assuming that effluent concentrations in |
the Nut Island effluent were the same as those from Deer Island. The effluent flow to the Boston
Harbor/Massachusetts Bay system was then proportioned between the two treatment facilities based on
the running 12-month flow average of 255 and 128 MGD reported by MWRA for Deer Island and
Nut Island, respectively (MWRA NPDES NEWS, November 1994). Based on these assumptions, the
Deer Island effluent loading estimates were increased by a factor of 1.5 to account for the total

loading from both facilities.

2.3.2 Pilot Treatment Plant Data

Results from the pilot treatment plant study are reported as concéntrations in the influent and
effluents. The focus of the data treatment was on estimating removal efficiencies for the various
parameters during primary and secondary treatment, and on éxamining conversions among the various
nutrient forms. Preliminary estimates of contaminants and nutrient loading to Massachusetts Bay,
after the secondary treatment becomes operational, were also made based on the 1994 loading

estimates and the removal efficiencies of the secondary treatment relative to primary treatment.
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The efficiency of the contaminant and nutrient removal process was examined using the following

formula:

R, = ((C-C,)/C;)x 100
where
R, is the removal efficiency
C, is the influent concentration
C.is the effluent concentration (either primary or secondary)

the constant 100 expresses the ratio as a percentage

The same formula was used to estimate remove efficiencies between the primary and secondary

treatment trains of the pilot treatment plant.

2.3.3 Principal Components Analysis

Principal components analysis (PCA) is a multivariate data anaiysis tool for creating data matrices that
distinguish similarities/differences in patterns (analyte distributions) between individual samples, and
that determine the influence each variable (analyte) or set of variables has on that pattern. PCA is
especially useful for uncovering underlying patterns that may not be obvious from a visual analysis of
the data. This technique helps determine how samples may be related and which characteristics of the
samples define their relationship. The Ein*Sight (Infometrix, Inc.) pattern-recognition software
package was used to perform PCA analysis of the PAH and LAB data from the effluent samples.
Initially, the effluent data (PAH) from June 1993 through November 1994, as well data from the
analysis of several common fuel products, were explored with PCA. The PAH and LAB data from
the pilot plant study were then included with the effluent data to emphasize any potential differences

in the analyte distributions that may be attributed to the treatment processes.
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3.0 RESULTS AND DISCUSSION
3.1 Effluent
3.1.1 Flow

The daily effluent flow rate from the Deer Island treatment facility is characterized by base flows
overlain with periodic high flow events (Figure 2). The base flow exhibits seasonal behavior, with
lower flows occurring in the summer and higher flows in the winter/spring. Careful examination of
the sample collection dates in 1993 and 1994 shows that the base flows from the Deer Island facility
were well represented. In addition, a number of high-flow events were sampled, although no samples

were collected during the periodic major increases in flow that are apparent from the data.

The flow data for the sampling periods are shown in Figure 3. The results show that the flows in the
winter/spring period were generally higher than in the summer/fall period. The ratio (1.32) of the
average flows for the sample collection dates between December 1993 and May 1993, and June
through November 1994 shows that the winter/spring flow was ~ 1.5 times the flow during the

summer/fall period.

3.1.2 Trace Organic Contaminants

The temporal variability of the organic compounds measured between June 1993 and November 1994

are considered in this section.

PAHs — PAHs in the environment have two primary sources. The lighter weight, more volatile

2- and 3-ring petrogenic PAHs result from spills or chronic input of refined and unrefined petroleum
products. The heavier pyrogenic 4-, 5-, and 6-ring PAHs are derived from the combustion of fossil
fuels. The total PAH concentrations (sum of all PAHs listed in Table 1) in the Deer Island effluent

samples is presented in Figure 4.
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Figure 3. Deer Island flow rates on the days that the effluent samples were collected.
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Figure 4. Temporal response in PAH (upper) and LAB (ower) concentrations in Deer Island
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range of concentrations between the two sampling days for each month are shown.
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The highest total PAH concentrations were measured in January and February 1994, averaging

30 pg/L. During the first nine sampling events (i.e., June 1993 through February 1994), variability

in PAH concentrations was more pronounced than during the second nine months (March-November
1994). Despite variabilities in concentration, the distribution of the individual PAH compounds was

relatively consistent between samples (Figure 5). In each case, the low-molecular-weight petrogenic

PAHs dominate the distribution. The presence of these compounds in the effluent is probably related
to the input of refined fuel products. The major pyrogenic PAHs are also present in the effluent, but

at lower concentrations.

To help distinguish differences in analyte distribution among the samples, PAH data were subjected to
PCA. PAH data for a variety of fuel products were included with the effluent data to determine
whether the analyte distributions for the field samples resembled the distributions for common fuel
products. To minimize variability based solely on differences in concentration, all data were
normalized to the analyte having the highest concentration in each sample. The PCA analysis of
PAHs separated the samples into two distinct clusters (Figure 6). Some seasonal variability was
detected in these analyses, including the separation of the 1993 October and the 1993 and 1994 |
November samples from most of the other data points. Additionally, the August/September/October
samples generally fall along the periphery of the tightly clustered group of samples. Subtle
differences in analyte distributions may be caused by variations in input to the system which may be
related to seasonal lifestyle changes. The petroleum products most closely related to the samples are
all representative of mid range distillates (e.g., fuel oil, fuel oil #2 and #4, residual fuel oil, and

marine diesel fuel).

LABs — LABs are precursors used in the production of linear alkylbenzene sulphonate surfactants
(LAS), common in domestic detergents (Eganhouse ez al., 1983; Takada and Ishiwatari, 1990; Takada
and Ishiwatari, 1991. Unreacted LABs remain in the detergent product as impurities or result from
desulfonation of LAS. LASs are easily oxidized and, therefore, do not persist in the environment.
Because LABs are more resistant to oxidation, they are used as a chemical tracer for domestic wastes.
Total LAB concentrations are presented in Figure 4. Like the PAHs, the first nine samples had
higher concentrations of LABs than the last nine effluent samples collected. Although the
concentrations varied over time, they ranged between a high of 40 ug/L in November 1993 to

7.5 pg/L in July 1994. Careful examination of the time trends suggests that LABs systematically
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Figure 5.

Relative PAH distributions in selected effluent samples. Data is normalized to the
compound of highest concentration in each sample. The compound names in order of

presentation are: Naphthalene (N), C,-naphthalenes (N1), C,-naphthalenes (N2), C,-naphthalenes (N3), C,-
naphthalenes (N4), Biphenyl (DI), Acenaphthylene (AE), Acenaphthene (AC), Fluorene (F), C1-fluorenes (F1), C,-
fluorenes (F2), C,-fluorenes (F2), C,-fluorenes (F3), Phenanthrene (P), Anthracene (A), C,-phenanthrene/anthracenes
(P1), C,-phenanthrene/anthracenes (P2), C,-phenanthrene/anthracenes (P3), C,-phenanthrene/anthracenes (P4),
Fluoranthene (FL), Pyrene (PY), C,-fluoranthene/pyrene (FP1), Dibenzothiophene (D), C1-dibenzothiophenes (D1),
C,-dibenzothiophenes (D2), C;-dibenzothiophenes (D3), C,-dibenzothiophenes (D4), Benz[alanthracene (B), Chrysene
(C), C,-chrysenes (C1), C,-chrysenes (C2), C,-chrysenes (C3), C4-chrysenes (C4), Benzo[b]fluoranthene (BB),
Benzo[k]fluoranthene (BK), Benzo[elpyrene (BE), Benzo[a]lpyrene (BA), Perylene (PER), Indeno[1,2,3-¢,d]pyrene
(IP), Dibenz[a, klanthracene (DA), Benzo[g, k,i]perylene (BP).
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Figure 6. Principal components analysis (PCA) of PAHs in Deer Island effluents and common

fuel products.

Key to fuel product abbreviations: jet fuel A (JA), jet propulsion 4 (J4), jet propulsion 5 (J5), kerosene
(K), regular gasoline (GR), unleaded gasoline (GU), premium gasoline (GS), fuel oil (FO), residual fuel

oil (RFO), diesel fuel marine (DFM), fuel oil #2 (F2), water soluble fraction of jet propulsion § (J5,wsf),

water soluble fraction of reclaimed fuel oil (FOR,wsf), water soluble fraction of diesel fuel marine
(DFM,wsf).
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decreased from about 30 pg/L in mid 1993 to 10-15 pg/L in mid 1994. The concentrations of LABs

remained relatively constant over the last half of 1994 (Figure 7).

Chiorinated Pesticides — Although the target chlorinated pesticides have been banned in the United
States, they are still persistent in the environment, entering waste streams as a result of illegal use or
chronic release from old deposits. Figure 8 shows the concentrations of selected chlorinated
pesticides in the effluent during the sampling period. Except for May and June 1994 samples, which
averaged ~ 50 ng/L, concentrations of total chlordane (heptachlor + heptachlorepoxide +
cis-chlordane + transnonachlor) were relatively constant (<20 ng/L) throughout the sampling period.
Concentrations of total DDT (the sum of parent and all breakdown products) ranged from 7 ng/L to
160 ng/L; the highest concentrations were detected in the summer/fall of 1994. During the
summer/fall sampling period, the distribution of the individual DDT components changed such that a
higher percentage of the total was comprised of the parent compounds 2,4’-DDT and 4,4’-DDT,
suggesting that a fresh source of DDT was being introduced to the system. Low concentrations of the
pesticide were detected in the November 1994 effluent samples. With the exception of a spike in the
September 1994 sample, lindane concentrations were relatively constant, averaging 10-15 ng/L.
Hexachlorobenzene was detected sporadically throughout the sampling program, with spikes in June

and July 1993, October and November 1993, and September and October 1994.

As discussed previously, the very high dieldrin concentrations in the effluents in 1993 could not be
confirmed on reanalysis. Thus, the average dieldrin concentrations in the effluent are much lower
than previously reported. Confirmed concentrations in the effluent were generally <5 pg/L and
frequently <2 pg/L (Figure 8). A clear seasonal signature was not evident due, in part, to the

nondetectable results for several samples.

PCBs — This group of commercially produced compounds has a wide range of industrially desirable
characteristics, including flame resistance, electrical properties, and chemical stability. Because of
their unique properties, the demand for PCBs was once high, and they were manufactured and
distributed in large quantities. Despite being banned 20 years ago, PCBs are still found in effluent
streams. PCB formulations are made up of various combinations of 209 congeners (biphenyl

molecule with chlorine atoms in different positions on the bipheny! rings).
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Figure 7. Relative LAB distributions in selected effluent samples. Data is normalized to the
compound of highest concentration in each sample.
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Twenty of these congeners were monitored in this effluent study — the same congeners monitored in

the NOAA Status and Trends Program.

Total PCB concentrations (sum of 20 congeners) detected in the effluent samples are presented in
Figure 9. Concentrations ranged from 20 to 110 ng/L, with the distribution generally favoring the
more water-soluble compounds With lower levels of chlorination (Figure 10). The highest
concentrations were detected in the summer/fall months while the lowest concentrations occurred in

the winter/spring period.

3.1.3 Trace Metals

The concentrations of Ag, Cd, Cr, Cu, Hg, Mo, Ni, Pb, and Zn were measured in the Deer Island
effluent because they not only reflect anthropogenic inputs and are metals of concern for the receiving
waters, but they also represent different potential natural, industrial, and municipal sources to the
waste stream or may be used as relatively unique tracers of the effluent in the receiving waters (e.g.,
Ag [Sanudo-Wllhelmy and Flegal, 1992; Bothner et al., 1994]). Additionally, the U.S. EPA has
established marine water quality criteria (acute and, in most cases, chronic) for these metals because

of concern for potential ecological impacts due to chronic exposure to these metals.

The concentrations of each trace metal in the effluent stream were relatively constant during the
18-month sampling period (Figures 11a, 11b, and 11c). For each sampling month, the mean
concentration for each two-day sampling event is depicted by the mid point of the bar. The bar
represents the range (high to low) between the two measurements. During the 1993-1994 sampling
period, the concentration ranges for each trace metal in the effluent were: 1.75-8.57 ug/L for Ag;
0.29-1.42 pg/L for Cd (a value of 8.7 ug/L was measured on 6/1/94, but is considered suspect as it
is well outside of all other concentrations reported); 1.65-10.9 ug/L for Cr; 48-111 ug/L for Cu;
0.08-0.29 pug/L for Hg; 4.8-25 ug/L for Mo; 3.8-12 pg/L for Ni; 5.8-26 ug/L for Pb; and 67-136
pg/L for Zn. Comparison of the June 1, 1994 date for the two programs found wide disparity.
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Figure 9. Temporal response in PCB concentrations in Deer Island effluent from June 1993 to

November 1994. Mean concentration (rectangle) and the range of concentrations
between the two sampling days for each month are shown.
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Figure 11a.

Temporal response in metals concentrations (Ag, Cd, Cr) in Deer Island effluent
from June 1993 to November 1994. Mean concentration (solid symbol) and the
range of concentrations between the two sampling days for each month are shown.

34



120
Marine Acute: 2.9 pg/L T T .

100 R 5
= - | - * TL Ny
?g 80 .--.!.. Il' ~‘\ Oi "L * I
= e [ N ;

— 60 - '!._:;! %~ I:
') SR
o ]
o 40
&
20
0 1993 | ' ' : . '19.94: : : :
e S O a B O » O c o 5 5 > £ 3 v a B =
5338685222835 28¢6 2

0.30 T :

0.25 Marine Acute: 2.1 ug/L -

) Marine Chronic: 0.025 pg/L
S 020 {7 | AR T —] *
> 015 | & — 4= —T ] 5}
(0] 010 - "‘-' .‘.i'
= ]

0.05

0.00 ' — 1998 | | : — : : 19.94 : : : .

E 5 » & B 2 Q@ € & 5 § > £ 3 © o B =
3386285822833 2480 32

30
= o
B .
2 20 e T
: FERE
* man i ta
= 15
2 i
L 10 I"""i‘

) oo
= 5 ‘.
0 ! 19931 1 | ! L s . . 19'94 - I
E 5 9 @ B > Q c & 5 5 > c 35 o o 85 >
2 52 30238sS¢8 228352 80 8

Figure 11b. Temporal response in metals concentrations (Cu, Hg, Mo) in Deer Island effluent
from June 1993 to November 1994. Mean concentration (solid symbol) and the
range of concentrations between the two sampling days for each month are shown.
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Figure 11c. Temporal response in metals concentrations (Ni, Pb, Zn) in Deer Island effluent
from June 1993 to November 1994. Mean concentration (solid symbol) and the
range of concentrations between the two sampling days for each month are shown.
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No dramatic temporal trends were noted for any of the metals. However, concentrations of Cr and
Cu appear to be slightly lower in the late fall and winter than in the summer. Between April and July
1994, Pb concentrations consistently increased; this trend was not evident in 1993. Concentrations of
Mo in the effluent also increased consistently during 1994. Whether this represents a temporal trend
or is part of a seasonal cycle can not be determined until more data are available. The observed
concentrations may also be due to changes in the treatment plant operations or changes in discharge to
the MWRA wastewater. Note that the summer/fall increase in Pb and Mo concentrations coincides
with the lower flow rates during this period. Concentrations of Ni are fairly consistent during the

sampling period but slightly higher concentrations were evident in 1994 relative to 1993.

As reported in Uhler ez al. ( 1994), the concentrations of métals in the effluent are similar to
concentrations measured in 23 effluents from the greater New York City area in 1992 (EPA, 1991)
using comparable sampling methods, and “clean” processing and analysis procedures. Measured total
recoverable values in the New York area in early 1991 ranged as follows across a variety of sewage
treatment levels: 0.2-16 ug/L for Ag; 0.1-2.6 ug/L for Cd; 10-100 ug/L for Cu;

<0.004-0.15 pg/L for Hg; 1-14 pg/L for Pb; 2-70 pg/L for Ni; and 15-175 pug/L for Zn.

3.1.4 Nutrients

The temporal trends for the various nutrient forms in the Deer Island primary efﬂﬁent samples
collected between December 1993 and November 1994 are considered in this section. Each major
nutrient (nitrogen, phosphorus, silicate) plus organic carbon is discussed separately. The data
represent the concentrations in the primary effluent prior to MWRA’s conversion to the new Deer

Island primary treatment plant in January 1995.

Nitrogen — Total nitrogen (the sum of the particulate and total dissolved nitrogen) in the Deer Island
primary effluent ranged between 740 and 1740 pM in the 24-hour composite samples (Figure 12).
Differences in the total nitrogen concentration in the daily 24-hour composites samples collected three
days apart generally varied from 25 uM to 350 uM. Such variability can be expected given the

variability in the daily flows and nuances in the treatment process. Note that for three sample
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collection periods, data for a single sample are included in the data set because of failed collection,

loss of samples during analysis, or suspected total dissolved nitrogen values.

Concentrations of total nitrogen in the effluent show a clear seasonal response. The winter/spring
(December-May) concentrations, averaging 983 + 182 uM, were lower than the summer/fall
(June-November) concentrations which averaged 1433 + 194 pM. This tend corresponds inversely

with the flows measured in the winter and summer periods (see above).

Examination of the nitrogen forms comprising the total nitrogen concentration reveals that 50-70% of
the nitrogen discharged in 1994 was in the form of ammonia (Figure 12). Concentrations of ammonia
in the effluent ranged between ~300 and 1200 uM. The day-to-day and seasonal variability of
ammonia was similar to the range for total nitrogen. Because of the large proportion (70-90%) of
ammonia in the total dissolved nitrogen, the temporal variability of ammonia is similar to that for
total dissolved nitrogen (Figure 13). Clear seasonal differences can also be noted in the ammonia
data; the average summer concentrations (970+ 174 uM) were higher than the average winter

concentrations (664 + 228 uM).

Concentrations of particulate organic nitrogen in the Deer Island effluent ranged between 180 and

300 uM (Figure 12). Concentrations of particulate nitrogen increased over the year (~ 100 to

~250 pM) and averaged 200 + 55 pM. Concentrations measured during the winter/spring period
averaged 162 + 228 uM compared to 239 + 41 uM during the summer. Particulate organic nitrogen
contributed 14-21% of the total nitrogen in the effluent.

The concentration of nitrate + nitrite (Figure 13) in the effluent was low (<25 uM), except in March
when these nitrogen forms contributed ~ 125 uM to the nitrogen in the effluent. This high
concentration of nitrate + nitrate was associated with a distinctly low concentration of ammonia
relative to the other sampling months. The summer/fall nitrate + nitrite concentrations, consistently
ranging between 3 and 9 M, were lower than concentrations measured during the winter. The
winter/spring concentrations averaged 40 + 45 pM and the summer/fall concentrations averaged 5.9
+ 1.7 uM. The high winter/spring nitrate + nitrite concentrations are primarily due to the March
peak, although the other samples measured during this period are clearly higher thah during the latter

part of the year.
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Alber and Chan (1994) summarized recent data on total Kjeldahl nitrogen (TKN) in the effluents from
the Deer Island and Nut Island sewage treatment facilities. TKN measures organic nitrogen plus
ammonia. Alber and Chan reported that the average 1993 TKN and ammonia concentrations in the
Deer Island effluent were 1593 + 278 and 682 + 176 uM, respectively. The sum of the nitrate +
nitrite was 53 + 40 uM (conversion from mg/L to uM assumes that the results are reported as
nitrogen). This average encompasses the range of concentrations measured in 1994, although the
1994 results appear to be low relative to the 1993 data. Statistical comparisons of these data sets
were not conducted due to the limited number (n=6) of samples reported by Alber and Chan, because
of differences in analytical methods used to estimate total nitrogen concentrations, and due to the
seasonal nature of the 1994 concentrations. Alber and Chan’s data suggest that ammonia constitutes
approximately 43% of the total nitrogen discharged, while the 1994 data suggest that ammonia
contributes a slightly higher fraction (50-70%) of the total nitrogen discharged from Deer Island.
This difference may again be related to the analytical methods or to operational nuances at the

treatment facility.

Phosphorus — Total phosphorus concentrations in the Deer Island effluent (Figure 14) display a
seasonal pattern similar to that discussed above for nitrogen (i.e., higher in the summer/fall than in
the winter/spring). Note that there is a steady increase in the total and dissolved phosphorus
concentrations that characterize the second half of 1994. There is no indication in the data that the
concentrations will return to those measured in late 1993 and early 1994. The reasons are not clear
but, as in the case of nitrogen, the differences are probably related to different flows rates and

possibly to the amount of runoff entering the collection system.

Because particulate phosphorus concentrations do not vary with season, they are consistent throughout
the year. The summer/fall increase in total phosphorus is entirely due to dissolved forms of this
nutrient. Inorganic phosphate comprises ~50% of the total dissolved phosphorus, a finding that is
particularly evident during the summer and fall. Dissolved phosphorus in the effluent during the
winter/spring period was ~60-75% of the total phosphorus concentration and was dominated by
inorganic phosphate. A clear decrease in the contribution of inorganic phosphate to the dissolved
phosphorus concentrations is evident in the summer/fall period - organic forms increase. This .
decrease can be attributed to an increase in the dissolved organic phosphorus concentrations as

determined from the difference between total dissolved phosphorus and phosphate.
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Total phosphorus concentrations in the effluent ranged from 14 to 227 uM. The average total
phosphorus concentration (86 + 45 uM ) in 1994 was slightly iess than the 1993 average
concentration (116 + 36 uM) reported by Alber and Chan (1994). The average total phosphorus
concentrations were 54 + 19 and 118 + 41 uM for the winter/spring and summer/fall periods,
respectively. In March, the total phosphorus concentration was significantly lower and corresponds to
the lower ammonia and higher nitrate + nitrite concentrations that were also observed. The reasons
for this are not clear but could relate to excess runoff. Flow rates were high in the days immediately
preceding the sampling (Figure 2) and could be associated with storms or spring melt of the record

snowfall experienced in New England during the winter of 1993/1994.

In 1994, phosphate concentrations in the Deer Island effluent ranged between 220and 88 uM

(average = 55 + 20 uM) and compared favorably with the 1993 average concentrations

(67 + 25 uM) reported by Alber and Chan (1994). The average phosphate concentration reported by
Alber and Chan is similar to the 1994 summer/fall concentrations (71 + 12 uM) which were about

50% of the average winter/spring concentration (39 + 11uM).

Silicate — In the effluent, the biologically available forms of silica, which include dissolved silica and
biogenic particulate silica, were dominated by dissolved Si (92-96% of the total biologically available
silicate). The concentration differences over the close spaced sampling periods differed by only a few
pM. Concentrations of dissolved Si (Figure 15) in the effluent were relatively constant (110-175 uM)
over the course of the year which is consistent with the concept that Si is more closely associated with
the source water than with the sewage component of the effluent. The average dissolved Si
concentration was 151 + 21 uM. In contrast to nitrogen and phosphorus nutrients, dissolved silica
concentrations decreased in the summer/fall period (143 + 17 uM) relative to the winter/spring
period 158 + 8 uM, respectively). Biogenic silica ranged between 4 and 21 M, with an annual
average of 7.1 + 3.8 uM. Little seasonal difference was noted (6.6 + 1.8 uM in the summer/fall
versus 7.6 + 4.9 uM in the winter/spring) although the variability in the winter/spring period was

greater.

Organic Carbon — The seasonal variability of the dissolved, particulate, and total (sum of dissolved
and particulate) organic carbon concentrations (Figure 16) was similar to that of nitrogen (i.e., lower

in the winter/spring relative to the summer/fall). Variability within the closely spaced sample
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collections was generally <15 uM. Concentrations of total organic carbon in the effluent rangéd
between 35 and 80 mg/L throughout the year. In 1994, concentrations of dissolved and particulate
organic carbon averaged 57 + 15 and 24 + 7 mg/L, respectively. Seasonally, the particulate organic
carbon respectively averaged 21.1 + 5.8 and 27.2 + 6.4 mg/L in the winter/spring and summer/fall
periods, while the dissolved organic carbon averaged 25.6 + 6.4 and 39.6 + 6.2 mg/L, respectively,
in the winter/spring and summer/fall. As the indicated by these average concentrations, the dissolved
component of the total organic carbon concentrations was generally higher than the particulate
fraction. During the summer/fall period, the contribution of dissolved organic carbon increased

relative to the total concentration.

Nutrient Ratios — The molar ratio of total nitrogen to total phosphorous (TN/TP) and dissolved
inorganic nitrogen (DIN)/PO, during the year (Table 5) was close to the expected Redfield ratio (16).
A high total nutrient ratio (TN/TP) was obtained for the March samples and high dissolved phase
ratio (DIN/PO,) was calculated for the December 1993 through March 1994 samples. Lower values
were obtained for the summer/fall period and the lowest ratios were for the November 1994 samples.
The deviations from the Redfield ratio may be due to typical seasonal responses or related to changing

flow rates and runoff.

Seasonal Changes in Sources to the MWRA Water Collection System — If it is assumed that the
concentrations of nutrients and contaminants in the major sewage sources are relatively constant
throughout the year and that the treatment plant operates with the same efficiency year-round, the
lower winter/spring concentrations of nitrogen, phosphorus, and organic carbon suggest that the
sewage load entering the system in the winter is diluted with water that contains low concentrations of
these nutrients. Conversely, the higher concentrations in the summer/fall suggest that the amount of
low-nutrient water entering the system decreases. This supposition is supported by the lower effluent
flow rates in the summer. The response of Si is the inverse of the other nutrients (i.e., high in winter
and low in summer), suggesting tﬁat this nutrient is not linked to the sewage input but rather to
sources of water that contain higher silicate concentrations in the winter than in the summer. This
response is consistent with the influx of stormwater runoff and melting snow (the winter of 1994 was
characterized by record snow fall). Thus, silicate in the system may be more influenced by sources

other than sewage.
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Table 5. Molar ratio of total nitrogen (TN) to total phosphorous
(TP) and dissolved inorganic nitrogen (DIN) to
phosphate (PO,) in the Deer Island primary effluent in

1994,

Month TN/TP DIN/PO,
December 1993 16.3 24
January 1994 16.6 19.8
March 1994 30.5 21.2
April 1994 16.4 15.5
May 1994 15.3 . 15.4
June 1994 13.9 16.4
July 1994 13.9 16.5
August 1994 14.1 14.1
September 1994 13.8 12.2
Novemebr 1994 8.4 10.2
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The supposition that the seasonal concentrations in the effluent can be explained by differences in
flow rate can be further evaluated using the ratio of the average winter/spring (W/S) concentrations to
the average summer/fall (S/F) concentrafions in the effluent. The expectation from this calculation is
that contaminants that respond strictly to seasonal changes in the flow would have ratios that are
similar to the ratio of average seasonal flows. Thus, by comparing these ratios with the ratio of
effluent flow for the same periods, information on the relative correspondence between the seasonal
flow and measured concentrations can be realize. The assumption is that, if the contaminants are
entering the system in association with the major flows, the ratios would be similar to the flow ratio
as long as no other process or source was operating to add or remove contaminants disproportionately
to the flow. If the ratios are different, then factors other than flow affect the concentrations including
changing source types or strengths. Further, if concentrations are inversely related to flow (i.e.,
higher concentrations with lower flows) and in the same proportion as the flow, the inference would
be that the contaminant is not associated with the source responsible for decreased flows in the
system. That is, a decrease in the water entering the system would reduce the dilution in the system
and increase contaminant concentrations. Conversely, if flows decrease and concentrations also

decrease, the contaminant is likely associated with the water source causing the lower flow.

Table 6 shows the ratio of the W/S and S/F periods for the major contaminants in the effluent. The
flow ratios were about 1.5 for the 1994 sampling dates and 1.32 based on the daily flows from Deer
Island. Comparing the contaminant rates to these flow ratios suggests that the seasonal differences in
total nitrogen, total dissolved nitrogen, ammonia, particulate nitrogen, total organic carbon,
particulate organic carbon, Cu, and Cr are inversely proportional to the flow differences. Thus, the
seasonal variability in the concentrations of these parameters is strongly related to reductions in inflow
of water that does not contain substantial concentrations of these contaminants (i.e., water that dilutes
the major sources of sewage is not present in the S/F period). For total PAHs, LABs, and lindane,
the seasonal concentrations appear to be directly proportional to the flow changes. Thus, these
compounds are probably associated with water that dilutes the other sewage-related contaminants
rather than being more associated with the sewage sources. Furthermore, the fact that the PAH
distributions are clearly petrogenic in nature suggests that street runoff is the likely source of these

contaminants; this is consistent with the snow and rainfall patterns that characterized 1994.
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Table 6. Comparison of ratio of the average winter/spring (December to May) and
summer/fall (June to November) contaminant concentrations in the Deer
Island effluents between December 1993 and November 1994 to the ratio of
effluent flow. Analytes that respond proportionately to the flows are

highlighted.

Flow (Daily data) 0.76
Flow (Sample collections) 0.7
PAH 0.73
PCB 3.74
LAB 0.69
Chlordanes 0.85
Lindane 0.75
DDTs 2.43
Ag 0.83 1.2
Cd 1.06 0.95
Cu 0.74 -

Cr 0.71

Hg 0.9

Mo 0.48

Ni 0.87

Pb 0.81

Zn 0.95

Total N 0.69

Total dissolved N ~0.68

NH, : 0.68

NO, + NO, 6.8 0.15
Particulate organic N 0.68

Total P 0.46 2.17
Particulate P 0.82 1.22
Phosphate 0.55 1.83
Dissolved Si 1.11 0.9
DOC : 0.65 1.54
POC 0.77

TOC 0.7
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The ratios for total phosphorus, DDT, chlordanes and PCBs indicate that the concentrations of these
contaminants are higher in the summer relative to the effluent flow. These contaminants may be
associated with fertilizer applications or pest control, or activities that are generally more common in
the spring and summer months. Mo is another element that clearly has a higher ratio than the flow
rates and, therefore, suggests sources other than sewage. Other analytes that do not respond in
proportion to the flows are dissolved and biogenic Si, nitrate and nitrite, the metals Ag, Cd, Hg, Pb,
and Zn.

Although not definitive, the analysis described above has the potential to determine whether
contaminants in the effluent are associated with the major sewage inputs or are responding to other
sources such as street runoff or other more concentrated seasonal sources such as pest control or lawn
fertilization. The collection of high quality, low-detection-limit data will continue to provide the
ability to identify significant effects of the flow rate on concentrations of contaminants, thus providing
an additional diagnostic tool for identifying potential sources of contaminants and also for

understanding the temporal response of the primary treated effluent discharged from Deer Island.

3.1.5 Clostridium perfringens

Clostridium perfringens is an obligate-anaerobic bacterium that naturally inhabits the intestines of man
and other mammals, and is commonly associated with sewage wastes. Concentrations of Clostridium
perfringens spores were measured in 19 Deer island effluent samples collected between December
1993 and November 1994. This organism is useful as a sewage tracer because each cell produces a
metabolically inactive endospore which can survive in a dormant state outside the intestine when
conditions preclude bacterial growth. The spores are resistant to most wastewater chlorination
procedures and can survive in aquatic environments for long periods of time (Bisson and Cabelli,
1979; Davis and Olivieri, 1984; Hirata er al., 1991).

Concentrations of C. perfringens spores in the Deer Island effluent decreased from ~4.0 X 10° per
100 mL in December 1993 to ~1.0 X 10* per 100 mL in May 1994. Concentrations remained near
the lower end of the range for the remainder of the study (Figure 17). The reason for the decrease is

not clear because lower flow rates with an equal input of the spores would result in higher
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from December 1993 to November 1994.
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concentrations; no treatment plant improvements were completed and operational procedures remained

essentially the same throughout the study period.

3.1.6 Stable Isotopes

Nitrogen — The stable nitrogen isotope ratio in the 10 samples of Deer Island effluent collected
between December 1993 and November 1994 ranged between 0 and 1.9%o. Clear seasonal trends
were not evident in the data. The average ratio — 1.12 + 0.6 %o (Figure 18) — is only slightly
higher than the §"°N ratio for terrestrial materials, which is generally near 0%o, the ratio for
atmospheric nitrogen (Peterson and Fry, 1987) and slightly lower than for marine organic matter (3.7

to 6.5%o) that sinks out of the euphotic zone (Altabet, 1988).

The nitrogen isotope ratios for 1994 Deer Island primary effluent samples are slightly less than those
reported for particles in primary treated effluent discharged off the coast of southern California
(Sweeney et al., 1980); these ratios ranged from 2.0 to 3.0%o and averaged 2.5%0. The ratio for the
effluent is about three times lower than the nitrogen isotope ratio (3.3 %o) reported for a single sludge
sample collected from the Deer Island facility (Giblin et al., 1992). The stable nitrogen isotope ratios
for New York/New Jersey sludges sampled in 1991 ranged from 0.6 to 5.8 %0 and averaged 3.4

+ 1.8%0 (Hunt et al., 1993). Although most of the stable nitrogen isotope data available for
comparison are from sludge materials, it is expected that the ratios for primary treated sludge would
be similar to the ratio for the particulates remaining in the primary effluent because biological
processes that can alter the ratios are not involved in the primary treatment. The fact that the 1994
ratios from the Deer Island plant are slightly lower than those from sludges may be indicative of

differences in treatment or regional signatures in the source material of the sewage.

Sulfur — Three (March, June, and November) of the ten stable isotope samples collected from the
Deer Island primary effluent in 1994 were too small to provide useful data. Sulfur stable isotope
ratios ranged from 4.5 to 8.4%o. and averaged 5.8 + 1.3%0 in 1994 (Figure 18). These values are
consistent with the sulfur isotopes ratios for terrestrial vegetation; these ratios average between +2
and +6%o, and are distinct from ratios for marine plankton and algae which range between +17 and

+21%o (Peterson and Fry, 1987). The Deer Island primary effluent particles are slightly more
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Figure 18. Temporal response in stable nitrogen (upper) and sulfur (lower) isotope ratios in
Deer Island effluent particles from December 1993 to November 1994.
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enriched in 6*S than southern California sludge particles measured in the early 1980s (four samples
of primary treated sludge ranged between -0.2 and +0.1 [Sweeney and Kaplan, 1980]) and also 1991
New York/New Jersey sludge samples in which sulfur stable isotope ratios ranged from 1.9 to 5.5 %o,

and averaged 3.2 + 1.1%0 (Hunt ez al., 1993).

The clear separation of the sulfur isotope ratios for the effluent particles from the marine ratios make
this isotope ratio a strong candidate for tracing the effluent discharge in Massachusetts Bay. The
isotope ratio of nitrogen is less attractive as a tracer of the effluent particles because it is subject to
significant modification by primary productivity (Altabet, 1988) and, more importantly, to bacterial
degradation processes (Saino and Hattori, 1980; 1985). Use of both nitrogen and sulfur isotope ratios
in the 106-Mile Site monitoring program demonstrated that the characteristic signatures of these
elements, when used together, provided the ability to trace the particle transport in this deepwater
environment (Hunt et al., in press) and also into organisms (Van Dover et al., 1992). It is
recommended that both parameters be considered as potential tracers of the particulate matter from
the MWRA effluent in Massachusetts Bay, particularly in the sediments near the outfall and possibly
in the organisms collected routinely near the outfall. Such information would be useful, should the
need arise, to determine if any responses in the sediments or organisms are due to the MWRA

discharge.

3.1.7 Contaminant Loading

The estimates of contaminant and nutrient inputs to Massachusetts Bay presented in this section are
based only on the 1994 Deer Island effluent data. Loading estimates for contaminants and nutrients
that are available from Alber and Chan (1994), Uhler er al., (1994), and Shea (1993a) are for the
combined Deer and Nut Island effluent. The annual loading for selected organic contaminants frém
Deer Island and the combined discharge are presented in Table 7. These analytes (or analyte groups)

were chosen based on their level of detection in the effluents.

PAHs — The annual loading of total PAHs from Deer Island was calculated as 7270 Kg/year. About
56% of this loading was due to naphthalene and its alkyl homologues. Loading rates into

Massachusetts Bay ranged from 270 Kg/month in November 1994 to a high of 1091 Kg/month in
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Table 7. Comparison of 1994 organic contaminant loading (Kg/yr) from Deer Island to
previous studies.

LPAH 7,338 5,414 NA NA 4,700
ENaphthalenes 4,080 3,692 NA? NA NA
Pyrene 78 49 117 59 NA
Benzo[a]pyrene 15 8 | 4 23 6.3 NA
LLAB 5,324 NA NA 7,990 | NA NA
LDDT 21.6 NA NA 32 NA NA
4’ 4-DDT 4.0 2.0 NA 6 NA NA
LChlordane 4.6 NA NA 7 | NA NA
Lindane 49 4 NA 7 NA NA
Dieldrin 0.77 NA NA 1.2 NA NA
LPCB 17 18 NA 26 NA 36

IEstimated by assuming the contaminant concentrations in the Nut Island effluent are the same as the
Deer Island effluent and flow proportioning the loading based on the December 1993 to November
1994 flows (Deer Island 255; Nut Island 128 MGD), Deer Island loading estimate was multiplied by
1.5 to get the loading from both treatment plants.

22-methylnaphthalene estimated at 1,473 Kg/yr

55



March 1994. In February, petrogenic naphthalenes comprised 61% of the total PAHs; in January the
contribution from petrogenic naphthalenes was 59%. Pyrene, a dominant pyrogenic PAH,
contributed approximately 78 Kg/year; the highest loading rates occurred during March and April
1994. Benzo[alpyrene is an analyte of interest because it is potentially carcinogenic; loading was
calculated at 15 Kg/year. The combined loading estimate for the Deer Island and Nut Island facilities
(Table 7) suggests that PAH loading was higher in 1994 than previously estimated. Pyrene and

benzo[a]pyrene loading estimates were 2-3 times higher than estimates by Alber and Chan (1994).

Pesticides and PCBs — The total annual DDT loading from Deer Island in 1994 was 22 Kg/year.
The parent compound, 4,4’-DDT, contributed 18% of the total loading. Total chlordane and lindane
loadings were 4.6 and 4.9 Kg/year, respectively. The heaviesf loadings, however, were at different
times of the year; chlordane loading was highest in May and June, while lindane contributions were
greatest in September. Input of dieldrin is estimated at 0.77 Kg/year. This value takes into account
adjustments made on dieldrin concentrations in individual samples based on extract re-analysis. The
loading for PCBs was 17 Kg/year. The estimated PCB loading from both treatment plants was
slightly less in 1994 compared to 1993. Because of error propagation and variability in day-to-day

operations and flow rates, these differences are probably insignificant.

Trace Metals — The annual input of metals associated with the Deer Island effluent in 1994 is
summarized in Table 8. Because the concentrations of all nine metals were measured quantitatively in
each sample and were found to be well above the method detection limits, the loading estimates are

not biased by nondetectable results and are considered fully representative of the metals loading.

In 1994, the input of metals from Deer Island to Massachusetts Bay ranged from 29,610 Kg/year for
Zn to 51 Kg/year for Hg. Estimated 1994 inputs of Cu, Pb, and Zn from Deer Island are in
reasonable agreement with those developed by Alber and Chan (1994), the most recent compilation of
loading estimates to the system. However, the Hg loading data reported by Alber and Chan (1994)
appears to be at least four times higher than estimated using the 1994 Hg data. Poor quality control
and very high method detection limits, both of which have recently been identified for many
dischargers (EPA, 1993), contribute to overestimates of Hg in the effluent and are probably the

reason for the discrepancy.
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Table 8. Comparison of 1994 metals contamiant loading (Kg/yr) from Deer Island to previous

studies.

Ag 1.730 2,600

Cd 250 150 NA 370 NA 430
Cr 1,420 931 NA 2,100 NA 2.450
Cu 25,456 19,626 21,500 38,200 31,400 30,780
Hg 51 42 164 75 215 140
Mo 4,875 1,642 NA 7,300 NA NA
Ni 2,220 1,642 - NA 3,300 NA 4,800
Pb 3,900 3,198 4,320 6,000 6,100 5,670
Zn 29,610 23,645 31,460 44,400 43,800 37,630

IEstimated by assuming the contaminant concentrations in the Nut Island effluent are the same as the
Deer Island effluent and flow proportioning the loading based on the December 1993 to November
1994 flows (Deer Island 255; Nut Island 128 MGD), Deer Island loading estimate was multiplied by

1.5 to get the loading from both treatment plants.
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Examination of monthly loading rates (see the appendix for graphic representations) suggests that
there is a seasonal input signal that is primarily driven by changes in flow rates. For example,
monthly Zn loading over the sampling period parallels the effluent flow rate; the highest loading
occurs in the winter/spring. Most of the other metals (Ag, Cd, Cr, Hg, Ni, Pb) behave similarly,

although monthly variability can be large and can mask the seasonal response.

In contrast to the loading of these metals, Mo loading rates are lower in the spring when flows are
highest (~250 Kg/month in December through April and ~ 500 Kg/month through November).
Because the Mo concentrations were lowest in March, which also had the highest flow rates, the data
suggest that the high flows, associated with the melting of record snow fall and spring runoff, diluted
the concentrations of Mo in the effluent; this implies that Mo enters the system through sources that
are independent of the major water sources (i.e., the MWRA source waters and associated sewage
discharges).

Little seasonal influence on the loading of Cu was observed. Over the 18-month study period, Cu
loading increased consistently from ~ 1600 Kg/month in June 1993 to ~2000 Kg/month in
November 1994.

1994 estimates of the total input of Cd, Cr, and Pb from the Deer Island and Nut Island treatment
facilities are similar to those reported by Shea (1993a). However, Ag and Cu loadings are generally
higher while Hg, Ni, and Zn are lower. Shea’s 1993 estimates did not have the benefit of a full tear
of trace metals clean measurements in contrast to the seasonal cycle that was available for the 1994
estimates. Because of the seasonal trends and the continuous increase in Cu loading described above,
Shea’s estimates were probably skewed. The 10Wer Hg loading in 1994 is due to improvements in the
analytical data over the course of the study. Reasonably good agreement was found for two (Pb and
Zn) of the four metals that were common to Alber and Chan’s study. As observed for Shea’s 1993
estimates, the Cu loadings were higher in 1994 while Hg loading was about three times lower than the
Alber and Chan (1994) data. |

Nutrients — On a mass basis, nutrients constitute the largest contribution of contaminants from the
sewage treatment plants to Massachusetts Bay. Rather than toxic contaminant loadings on the order
of Kg/year, nutrients are loaded to the system in hundreds to thousands of metric tons (mtons)/year

(Table 9). In 1994, the largest loading of eutrophication-related nutrients from the Deer Island
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Table 9. Comparison of 1994 nutrient loading (metric tons/yr) from Deer Island to previous
studies. '

Deer Island 1 Deer Island Plus Nut Island*
Nutrient Form
1994 1993 1994 1993
Alber and Alber and
This Study Chan (1993) This Study Chan (1993)

Ammonia 3,710 4.430 3,570 6,240
Nitrite 21.3 33 32 95
Nitrate 125 274 190 425
Particulate Nitrogen 920 NA 1380 “NA
Total Dissolved Nitrogen 4,560 NA 6,840 NA
Total Nitrogen 5,480 8,760 8,220 11,470
Phosphate 339 806 810 953
Particulate Phosphorous 195 NA 290 NA
Total Dissolved 632 NA 950 NA
Phosphorous
Total Phosphorous 823 1,405 1,230 1,870
Dissolved Silicate 1,500 NA 2,250 NA
Biogenic Silicate 66 ' NA 100 NA
Particulate Organic 7910 NA 11,900 NA
Carbon
Dissoived Organic Carbon 10,300 NA 15,500 NA
Total Organic Carbon 18,300 NA - 27,500 NA

'Estimated by assuming the nutrient concentrations in the Nut Island effluent is the same in the Deer Island
effluent and flow proportioning the loading based on the December 1993 to November 1994 flows (Deer

Island 255; Nut Island 128 MGD), Deer Island loading estimate was multiplied by 1.5 to get the loading from
both treatment plants.

2As total Keldjhal nitrogen
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treatment plant was total organic carbon (18,300 mtons/year), of which 56% was contributed as
dissolved organic carbon. The loading of other nutrient forms from Deer Island ranged between

~20 mtons/year for particulate phosphorus to 5480 mtons of total nitrogen/year. Ammonia
contributed the largest fraction (68 %) of the total nitrogen discharged from this treatment plant. Total
phosphorus (65% as particulate) was added at 820 mtons/year and about 1600 mtons/year of silica

(96% dissolved) was discharged from Deer Island.

The loading estimates for Deer Island in 1994 were generally lower than the values estimated by
Alber and Chan (1994) (Table 9). The 1994 ammonia loading was ~85% and nitrite was ~40% of
the 1993 estimates. Total phosphorus and phosphate loadings were about 58% and 67% of the 1993
rate, respectively. The total loading estimated for both the Deer Island and Nut Island treatment
facilities was also less than the value reported by Alber and Chan (1994); this was expected given the
method of estimating the combined 1994 input. However, the differences appear to be smaller than
seen in the Deer Island effluent alone which may reflect poor assumption regarding the similarity of
the nutrient concentrations in the two effluents. In fact, Alber and Chan’s data support lower nutrient
concentrations in the 1993 Nut Island effluent relative to Deer Island. In addition, if the standard
deviation of the loading input reported by Alber and Chan are considered, then the 1994 estimates fall
within the 1993 loading range. These results emphasize the inherent variability in loading estimates

and suggest that the 1994 nutrient loading was probably similar to previous years.

Seasonal loading trends were not clearly evident for dissolved organic carbon, total dissolved
nitrogen, ammonia, or total nitrogen. In contrast, dissolved Si decreased from 147 mtons/month in
March to 70-90 mtons/month in the summer and fall months. Biogenic Si loading was variable,
although summer concentrations were less than early in the year. Total dissolved nitrogen, nitrate,
and nitrite were highly variable, as reflected previously in the concentration data. Total dissolved

phosphorus and phosphate loading generally increased in the summer relative to early in the year.

Loading Summary — Generally, the loading estimates for 1994 are consistent with estimates for
1993, although the Hg input was decidedly lower and the PAH input was higher in 1994. Similarly,
nutrient loading appears to be lower in 1994, but variability in the estimates precludes drawing
specific conclusions. Seasonal loading of many organic and metal contaminants is apparent; the

winter/spring high flow periods carry more contaminants than reduced flows in the summer and fall.
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The exceptions to this are certain pesticides (e.g., high chlordane loading in the early summer; high
lindane loading in the late summer) and Mo which is generally higher in the low summer flow.
Nutrient loading appears to be relatively constant, although Si loading decreases in the summer while

phosphorus inputs increase relative to the high flow period.

3.1.8 Comparison to Water Quality Criteria

One question that is regularly posed regarding the presence of anthropogenic chemical contaminants in
the effluent is “What are the potential environmental implications of these contaminants to the
receiving environment?” The answer to this question is extremely complex and beyond the scope of
this report. However, as a first-level evaluation, comparison of the effluent data to existing EPA
aquatic life criteria can help address this question. The marine acute and chronic aquatic life criteria,
the mean Deer Island effluent concentration over the 1993-1994 sampling period, and number of
times effluent concentrations were higher than either water quality criteria (assuming zero dilution)
are shown in Tables 10 (organics) and 11 (metals). The temporal relationships to effluent

contaminant concentrations and aquatic life criteria can be seen in Figures 4, 8, 9, and 11.

Trace Organics Compounds — None of the organic compounds in the 35 effluent samples analyzed
between June 1993 and November 1994 exceeded acute aquatic life water quality criteria (Table 10).
However, contaminant concentrations in the undiluted effluent were higher than the chronic aquatic
life criteria for p,p’ DDT, dieldrin, endrin, and heptachlor epoxide on one or more occasions. The
p,p’ DDT chronic criterion was exceeded most often (34 of 35 samples) and the average concentration
in the effluent was about nine times the chronic criterion. Dieldrin and endrin occasionally exceeded
the criteria. The average dieldrin concentration in the 12 samples with detectable concentrations was

2.4 ng/L, which is 40% above the chronic criterion.

Trace Metals — Hg and Pb concentrations in undiluted effluent generally were higher than the marine
chronic water quality criteria for most or all of the samples collected between June 1993 and
November 1994 (Table 11). The mean Hg concentration in the effluent was approximately six times

higher than the chronic aquatic life criterion. Pb concentrations were 40% higher than the chronic
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Table 10. Organic contaminant EPA aquatic life criteria (ng/L) and number of occurrences
where samples exceeded criteria in undiluted effluent.

‘Parameter
g arine Chronic
Pesticides |
Aldrin 1,300 NC 0.7 0 NC
p,p’-DDT 130 1 9.9 0 32
Dieldrin 710 1.9 247 0 83
Endrin 37 2.3 2.6 1 5
Heptachlor 53 3.6 0.7 0 1
Heptachlor Epoxide 53 3.6 1.3 0 3
Lindane 160 NC 14 0 NC
PAH
Acenaphthene 970,000 | 710,000 163 0 0
Fluoranthene 40,000 16,000 194 0 0
Naphthalene 2,350,000 NC 1350 0 NC
LPAH 300,000 NC 20,761 0 NC

"Number of exceedances out of 35 samples
2Average concentrations in the 12 samples in which dieldrin was detected.
3Exceedances based on 18 samples.
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Table 11. Metals EPA aquatic life criteria (ug/L) and number of occurrences where samples

exceeded criteria in undiluted effluent.

Parameter Marine Acute Marine Mean Number® of Number® of
Criteria Chronic Effluent Exceedances Exceedances
Criteria Concentration of Marine of Marine
Acute Chronic
Silver 2.3 NC? 4.86 34 NC
Cadmium 43 9.3 0.67° 0 0
Chromium 1100 50 3.99 0 0
Copper 2.9 NC 74.7 35 NC
Mercury 2.1 0.025 0.151 0 35
Nickel 75 8.3 6.30* 0 24
Lead 220 8.5 11.8 0 30
Zinc 95 86 87.0 7 14

'Number of exceedances out of 35 measurements over a 18-month period.
No established criterion.
3The suspected cadmium value was not included in the mean.

“The two suspected nickel values were not included in the mean or WQC exceedances.
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aquatic life criterion. Zn concentrations were higher than the chronic aquatic life criterion in 14 of 35

samples, although the mean effluent Zn concentration was only 1% higher than the criterion.

Cu concentrations exceeded the marine acute aquatic life criteria in all 35 samples collected; the mean
effluent concentration of Cu (74.7 ug/L) was 25 times higher than the criterion. Ag concentrations
in the effluent exceeded the acute aquatic life criterion 34 of 35 times, although the mean effluent
concentrations were only a factor of two higher than the criterion. Finally, Zn concentrations were
higher than the acute criterion in 7 of the 35 sampling events. All other metals were below the acute

criterion in the effluents.

Summary Remarks on the Aquatic Life Criteria — Selected metal and organic contaminants in
undiluted Deer Island effluent were found at concentrations that occasionally were higher than
established acute and/or chronic aquatic life criteria. Among the metals, Cu concentrations show the
greatest difference (a factor of about 25 higher) between the effluent concentration and the aquatic life
criterion. For the organic compounds, the concentrations of dieldrin in March, June, and August
samples exceeded the chronic aquatic life criteria by a factor of about 2—3. The p,p’ DDT exceeded
the chronic aquatic life criterion by a factor of 5—10, with one June sample exceeding the criterion
by a factor of ~60. The remaining metals and organic contaminants exceeded the established criteria

by more modest factors, generally less than a factor of five and then only occasionally.

In terms of environmental impact, concentrations of the contaminants in the undiluted effluent are not
paramount; rather, it is the concentration of the contaminants in the receiving environment, after
dilution with receiving water, against which the aquatic life criteria should be judged. Assuming that
the concentrations of metals and organic contaminants in the effluent are relatively invariant, the
expected 50- to 100-fold dilution of the effluent within a few tens to hundreds of meters of the
diffuser (Shea, 1993a) will ensure that all metals and organic contaminants will be diluted to
concentrations below established acute or chronic aquatic life criteria, and thus, in terms of the
aquatic life criteria, will pose little threat to organisms in the receiving waters. Furthermore, as
described in Uhler et al. (1994), nonconservative behavior of many of the contaminants may be
expected as the effluent mixes with seawater, additionally reducing the concentrations in the receiving

waters. Thus, planned dilution and chemical-physical transformation of biologically available forms
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of metals will further decrease the expected metals concentrations and organic chemicals well below

any applicable aquatic life criteria.

Lastly, the estimates comparing effluent concentrations to marine aquatic life criteria are based on the
present level of primary treatment and current concentrations of contaminants in the discharge. As
source-point reduction continues and as improvements to the primary treatment plant become
operational, and certainly when secondary treatment is phased in, further reductions the
concentrations of toxic compounds in the effluent can be expected, with concomitant decreases in
loadings to the system and reduced potential for exceeding applicable aquatic life criteria. The
potential for secondary treatment to reduce the present inputs of metals, organic contaminants, and

nutrients is considered in the next section.

3.2 Pilot Treatment Plant
3.2.1 Organic Contaminants

The concentrations of organic contaminants in the influent and effluents of the five pilot treatment
plant tests were generally similar (Table 12 ). Compounds were variably removed by the treatment
processes. In several cases, effluent concentrations were higher than the influent concentrations.
Analytical variability associated with the laboratory measurements is likely the reason for this because
the concentrations in the samples were usually. very low and measurement variability can be high for
low-level organic contaminant analysis. Increases in concentrations of contaminants during the
treatment process should not occur because there are no additions of these contaminants during the
standard secondary treatment process. The CEPT process does include addition of ferric chloride
certified for drinking water. Organic contaminants are unlikely to be associated with this compound.
Data from the CEPT test suggest that the addition of ferric chloride can effectively reduce the
concentrations of organic contaminants, although the removal efficiency appears to depend on the
compound class. For example, lindane appears to be slightly removed (20%) by this treatment
whereas the removal efficiency of DDT and chlordane is higher (50-60%). Removal efficiencies for

total PCBs, total PAHs, and total LABs were about 70% for this test.
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Table 12. Removal efficiency of organic contaminants during the pilot treatment plant studies.
Concentration units are in ng/L except for PAH and Lab which are in pg/L;
efficiencies are in percent. Suspect data and associated removal efficiencies are

shown in italics.

Influent 21.3 29.1 9.3 496 12
1° Effluent 14.5 21.4 9.9 31.5 9.9 16.9
CEPT 6.2 8.41 4.4 18.2 9.6 5.1
1° efficiency (%) | 32 26 -7 37 18 18
CEPT (%) 71 71 53 63 20 75
1° versus CEPT 57 61 56 42 3 70
6-1-94 Influent 16.6 42.9 10.3 57.3 10.8 11.3
1° Effluent 11.3 304 8.9 926 8.5 9.02
2° Effluent 2.03 104 18.6 34.6 6.6 5.25
1° efficiency (%) 32 29 14 -61 21 20
2° efficiency (%) 88 76 -61 41 39 53
1° versus 2° 82 66 -87 64 22 42
6-3-94 Influent 24.8 40.9 8.7 356 8.5 11.4
1° Effluent 6.99 21.5 8.6 157 10.2 19.8
2° Effluent 1.15 6 3.5 92.9 5.3 6.71
1° efficiency (%) 72 47 1 56 -20 -75
2° efficiency (%) 95 85 60 74 38 41
1° versus 2° 84 72 59 41 48 66
7-15-94 influent 30 62 1.2 73.7 8.8 8.21
1° Effluent 18.3 66 1.2 56.3 8.7 7.26
2° Effluent 0.439 0 3.4 4.4 15.6 1.51
1° efficiency (%) 39 -7 0 24 1 12
2° efficiency (%) 99 100 -163 94 -77 82
1° versus 2° 98 100 -183 92 -79 79
7-29-94 Influent 93.8 77 6.9 117 11.1 11.7
1° Effluent 20.2 47 0 98 10.4 6.89
2° Effluent 0.826 0 3.1 17 11.8 1.46
1° efficiency (%) | 79 39 100 17 6 41
2° efficiency (%) 99 100 55 85 -6 68
1° versus 2° 96 100 NA 82 -14 79

'CL,(52) was not included in the total concentration due to an analytical interference
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As suggested above and discussed in detail below, the removal efficiencies for organic contaminants
with the biological secondary treatment varies with the organic compound class. For the pesticides,
only DDT, chlordane, and lindane were detected in the influent and effluent samples. Of the
pesticides that could be detected and quantified, the removal efficiencies during primary treatment
varied from low (lindane and chlordane) to intermediate (DDTs). PCB removal was high in two of
primary treatment tests, while LAB removal was low. Removal of PAHs varied from 32%

(intermediate) to 79% (high).

For the secondary treatment process, removal efficiency of lindane was again low, while PCB, DDT,
and PAH removal efficiencies were high, especially if the July tests are considered most
representative of the expected secondary treatment plant operations. The secondary treatment data for
chlordane suggest that the removal efficiency is intermediate. However, the data set is too noisy to
develop more specific conclusions. LAB removal by secondary treatment was variable (41-82%) but,

in the July tests, was >68%.

compounds were removed with particularly high efficiency (>99%) in the July tests. Should this be
the typical operating efficiency, the secondary treatment will be very effective in reducing the input of
these organic contaminants from the MWRA discharge to Massachusetts Bay and, relative to the
present primary treated sewage, a substantial decrease in loading of contaminants from the MWRA

discharge will be realized.

Total DDT concentrations varied widely in the influent (50-360 ng/L). In spite of this, the secondary
removal efficiency was high, with three of the four tests producing secondary removal efficiencies of
75% of more. The primary removal efficiency ranged from 17 to 56 %; thus secondary treatment

effectively doubled the amount removed during primary treatment.

Chiordane concentrations in the influent were less variable than the DDT concentrations; influent
concentrations were 7-10 ng/L in four of the five tests. The primary treatment process was relatively
inefficient in removing these compounds (7-29%). The effectiveness of the secondary treatment is
difficult to evaluate because the secondary effluent concentrations in two of the four tests were higher
than the influent concentrations. The two tests with the expected lower concentrations in the

secondary effluent suggested that this process could remove ~50% of the chlordane entering the

67



treatment process. Further testing must be conducted to define the efficiency of the treatment in
removing these compounds. Such testing should include more field and laboratory replicates to

control the variability associated with the analysis.

Lindane removal was very low in both the primary and secondary treatment processes. The low
influent concentrations (8.5-12 ng/L) and the analytical variability resulted in higher concentrations of
lindane in the effluent than in the influent in two of the five tests. Concentrations in the primary
effluent were relatively constant, ranging from 8.5 to 10.4 ng/L. Given the apparent low removal
efficiencies for lindane, these concentrations may be reasonably representative of the Deer Island

effluent after both primary and secondary treatment.

PAH concentrations in the influent ranged between 16 and 94 pg/L. The high variability is expected
given the potential for urban runoff to enter the MWRA collection system. Secondary treatment was
very effective in removing PAHs; 80-98% of the PAHs in the primary effluent were removed by the
secondary process. Based on results of the limited testing, it is expected that secondary treatment will

significantly decrease PAH loading to Massachusetts Bay.

In contrast to PAHs, LAB concentrations in the influent to the pilot treatment plant were relatively
constant (8-21 pg/L). In four of the five influent samples, concentrations were in the 8-12 ug/L
range. LAB removal by secondary treatment was moderately effective; compared to the removal
efficiency of primary treatment, significantly greater removal was achieved by secondary treatment.
As suggested for PAHs, data from this limited set of tests suggest that secondary treatment will

substantially decrease the LAB loading to Massachusetts Bay.

PAH and LAB Cluster and Principal Component Analysis — Samples from the pilot treatment plant
(influent, primary and secondary effluent) were subjected to principal components analysis (PCA) to
determine if the level of sewage treatment affected the PAH and LAB analyte distributions, and to
determine if a different source signal may be expected when the secondary treatment plant becomes
operational. Included in this comparison were the results from the Deer Island primary treated
effluents sampled between June 1993 and November 1994. The combination of the two data sets
allowed comparison of the discharges during this period with discharges that can be expected from the

upgraded primary plant in 1995 and 1996 and the secondary treatment.
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Comparison of the two treatment plants clearly demonstrates that the normalized PAH distributions in
the pilot treatment plant influent and primary effluent are similar to the PAH distributions observed in
the 1993 and 1994 Deer Island effluents (Figure 19). The results suggest that primary treatment does
not substantially alter the signature of the source (influent) PAHs because a distinct separation
between the PAH distributions in the influent and primary effluent samples was not evident. The
influent and effluent of the primary plant clustered together on the basis of similar distributions of
low-molecular-weight PAHs, and relatively high concentrations of the alkyl homologues of

naphthalene, fluorene, phenanthrene, dibenzothiophene, and chrysene.

In contrast, the secondary effluent from the pilot treatment plant showed a clustering that is clearly
separate from both the parent influent and the primary effluent. In addition, the June and July pilot
treatment plant samples were widely separated from each other. June samples contained almost no
low-molecular-weight PAHs and analyte concentrations increased with increasing molecular weight.
The concentrations of most contaminants in the July samples were much lower than concentrations

measured in June.

PCA analysis of the LAB data generally did not identify a distinct separation of the pilot treatment
plant influent and primary effluent from that observed in the Deer Island effluent; the main reason for
this lack of separation is that the LAB PCA analysis showed a range in the distributions as previously
discussed. The pilot plant influent samples also generally fell within the grouping observed for the
Deer Island primary effluent. Only the July 29 influent sample separated from the main group of
samples and the primary sample, while falling within the general sample grouping, is clearly different
from the source sample. Thus, there is some suggestion that primary treatment may alter the source
signature for LABs. However, consideration of all the data that are available from these initial tests
does not generally support clear separation of the LAB signature from the parent source during

primary treatment.

Of the four secondary treatment samples that were analyzed for LAB, only the July samples separated
clearly from the main sample grouping (Figure 20). Although the separation of secondary treated
samples from the primary samples is not as clear as observed for the PAH data, the results are
sufficient to suggest that secondary treatment may change the LAB signature relative to the presently

discharged primary effluents.
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Figure 19. Principal components analysis comparing the PAH distributions in the pilot
treatment plant influent, primary and secondary effluents, and the 1993 and 1994
Deer Island effluents. Samples with the prefix s are secondary samples; those with p
are primary samples; I indicates the raw sewage input to the pilot plant; DI
designates the Deer Island samples.
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Figure 20. Principal components analysis comparing LAB distributions in the pilot treatment

plant influent, primary and secondary effluents, and the 1993 and 1994 Deer Island
effluents. Samples with the prefix s are secondary samples; those withp are primary
samples; I indicates the raw sewage input to the pilot plant; DI designates the Deer
Island samples. ‘
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The results of these initial pilot plant tests convincingly suggest that the secondary treatment process,
scheduled for operation at the MWRA Deer Island sewage treatment facility in 1996, will likely result
in alteration of the LAB and PAH source characteristics relative to present primary discharges and by
extension the past sludge discharges. If validated in future tests, these altered source characteristics,
if sufficiently consistent and statistically defined, could be used to trace the MWRA post-secondary
treatment inputs to Massachusetts Bay. Such changes, if not properly characterized, could also
confound future data interpretation of chemical input to the sediments and the historical signatures
recorded by the sediments. Thus, testing of the changes in source characteristics resulting from
secondary treatment should be continued once pilot plant design changes are completed. The
evaluations should be continued until an adequate database to describe variability across seasons and

operational conditions is developed.

Comparison to Water Quality Criteria and Receiving Water Concentrations — Table 13 compares
the organic contaminant concentrations measured in the pilot treatment plant primary effluent are
compared to the 1994 Deer Island effluent results, the ambient water column concentrations in
Massachusetts Bay, and the EPA water quality criteria. The concentrations in the pilot plant primary
effluent are generally within the range of values measured in 1994 in the Deer Island primary
effluent. The data set is too limited to determine if the new primary process will result in
significantly lower organic contaminant discharges to Massachusetts Bay. Continued evaluations of
the new treatment plant in 1994 will provide the best evidence for improvements in primary effluent

quality.

Concentrations of chlordane in the pilot treatment plant primary effluent in July 1994 were generally
less than reported ambient water column concentrations in Massachusetts Bay (Table 3-4).
Concentrations of PCBs and lindane were about five times higher than those in Massachusetts Bay,
while total DDT was 30-50 times higher than in Massachusetts Bay. Total PAH concentrations in the

primary effluent were about 200 times higher than in the receiving waters.
In contrast to the primary effluent, the July concentrations of organic compounds in the secondary

effluent from the pilot plant treatment (Table 13) were equal to or less than those in the receiving

water, except for total DDT, lindane, and total PAHs, which were only 5-10 times higher in the
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Tabje 13. Comparison of organic compound concentrations in the Pilot Treatment Plant
effluent with concentrations measured in the Deer Island effluent in 1994, ambient
concentrations in Massachusetts Bay, and EPA chronic water quality criteria. Pilot
plant results are the concentration range measured in the tests conducted in July

1994.
: .1994 Deer Pilot Plant Effluent | Ambient water | EPA Chronic
~ Island == | -Concentration (ng/L) | concentrations | . Water
Concentration _— ¢ iin ' Quality
-1 w20 |+ Massachusetts - - Criteria
3 ke § : : A AU de (llg/L) . :
PAH 12,900 - 18,300 & 440 & 41 to 97 a
32,000 20,200 830 ~ 1402
PCB 17 - 110 47 & 66 0&0 < 10! b
Chlordanes 0-75 0&1.2 3.1&34 ~ 413 c
DDTs 5-180 . 56 & 98 44 & 17 < 1.7 d
Lindane 2-16 8.7& 104 11.8& 1.6 t0 2.7 b
15.6
LAB 7,470 - 7,300 & 1,500 & NA b
22,370 6,900 1,500
Endrin ND ND ND < 0.4} 2.3

'Battelle (1992), 15 samples from Massachusetts Bay area
*Wade er al., (1987), one station sampled at two depths near the outfall site

3cis-Chlordane was the only compound detected at > 0.4 ng/L; value represents the concentration of

this compound

*No established chronic criteria for 3 PAH, Acute = 300,000 ng/L; chronic criteria for
acenaphthene = 710,000 ng/L, fluoranthene = 16,000 ng/L
®No established criteria
‘Heptachlor = 3.6 ng/L; Heptachlor Epoxide = 3.6 ng/L
,p’-DDT 1 ng/L
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effluent than in the receiving waters. LAB concentrations are not available for the waters of

Massachusetts Bay.

Given the rapid dilution that is expected from the diffuser system, the secondary treatment data
suggest that effluent concentrations will be diluted to ambient levels near the outfall. Comparison of
the effluent concentrations to available marine aquatic life water quality criteria indicates that
exceedances should not be expected. Because the contaminant concentrations in the receiving waters
will be low or, more likely, diluted into the present background concentrations, it is not

recommended that these compounds be included in the intensive monitoring of the receiving water.
Rather, the effluent monitoring program should be the major focus of the contaminant monitoring
effort; the fish, shellfish, and sediment monitoring components of program should detect significant or

unacceptable inputs to the system.

3.2.2 Trace Metals

Trace metal concentrations measured in the pilot treatment plant tests were relatively consistent for
the five tests conducted (Table 14). For most tests, lower concentrations were clearly evident in the
treated wastes relative to the influent concentrations. Unfortunately, several data points are suspect
(e.g., higher concentrations in the effluent than in the influent), which limits the ability to examine all
metals across all tests. Theoretically, increases in metal concentrations should not occur because the
system is essentially closed (no additions during treatment) and the method for total recoverable
metals should measure all metal forms. Examination of the analytical quality control data suggests
that several of the apparent discrepancies could be due to analytical variability. For example, the
effluent Hg concentrations were approximately twice the influent concentration for two (June 1 and
June 3, 1994) of the four tests. The analytical variability associated with the Hg analysis was
relatively high which could explain some of differences noted. Likewise, higher Mo in the secondary
effluent from the July 15, 1994 test, and Cr and Ni in the CEPT effluent from the December 1993
test could be an artifact of analytical variability. Other results are not easily explained by analytical
variability and are more likely the result of extraneous contamination during sample collection or
processing. The erratic nature of these high values suggests that random contamihation of the

samples may have occurred. It is especially difficult to estimate Cd removal because high values
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Table 14. Removal efficiency of metals during the pilot treatment plant studies. Concentration

units are in pg/L; removal efficiencies are in percent.

removal efficiencies are shown in italics.

Suspect data and associated

12-7-93 Influent 58 1063|588 |298 | 0.14 |13.1| 4.7 | 14.2 81
1° Effluent 436 | 0.5 | 386 | 1.71 | 0.084 | 11.9 | 3.7 7.6 70
CEPT 1.641 034 12921239 ] 002 |11.5] 5.7 2.8 51
1° efficiency (%) | 25 21 34 43 40 9 21 47 14
CEPT (%) 72 46 50 20 86 12 -23 80 37
1° versus CEPT 62 32 24 -40 77 34 -55 63 27
e A e e e
1° Effluent 43 | 0.51 51 31 | 011 [157} 4.8 7.6 112
2° Effluent 1.3 10451235 1.2 | 003 |13.6| 3.8 3.1 43
1° efficiency (%) 26 49 23 0 -77 10 -1 24 8
2° efficiency (%) | 77 55 65 60 51 22 20 69 64
1° versus 2° 70 12 54 60 72 13 21 59 61
e e e . .
1° Effluent 2.6 4.1 36 2.1 10.075]13.7 ] 5.1 6.3 63
2° Effluent 1.6 19 37 19 | 0.24 111.3| 3.8 3.8 59
1° efficiency (%) | 55 -5.6 48 31 31 24 24 26 27
2° efficiency (%) | 72 -389 | 46 38 -122 | 37 44 55 30
1° versus 2° 39 -362 -3 99 | -219 | 18 26 40 5
T R N e T =—— e R
1° Effluent 2.9 | 0.48 57 5.8 0.1 [236| 80 | 20.2 | 297 |
2° Effluent 045|139 | 6.8 2.7 10017286 5.3 1.1 25
1° efficiency (%) | 60 9 25 4.6 81 21 3 11 -195
2° efficiency (%) | 94 -162 | 91 56 97 4 94 95 75
1° versus 2° 84 -190 | 88 54 83 -21 93 95 [
oo s e o e e e —
1° Effluent 25 1024 31 7 0.059 12251 9.2 7.4 88
2° Effluent 0.64 10.031| 8.1 1.9 10.023]|24.5} 5.5 14 | 33
1° efficiency (%) | 17 74 59 8 93 6 | -58 91 50
2° efficiency (%) | 79 97 89 76 97 2 7 - 98 81
1° versus 2° 75 87 74 73 61 -9 41 78 62
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were detected in two of the five tests. Because unexplained high concentrations were found once each

for Ni, Pb, and Zn, interpretation of the results is difficult.

Examination of the test results that are not compromised by unexplained high concentrations suggests
that the secondary treatment process achieves high removal efficiencies (>75% from the influent) for
Ag, Cu, Hg, and Pb. Intermediate removal efficiencies were noted for Cr, Ni, and Zn, while low
removal efficiency was suggested for Mo. Due to variability in the analytical data, characterization of

Cd removal is problematic.

The CEPT test conducted in December 1993 suggests that metal removal efficiencies gfouped
similarly to the other treatment tests (primary treatment followed by biological secondary treatment).
High removal efficiencies were suggested for Ag, Hg, and Pb; intermediate removal efficiencies were
noted for Cd, Cu, and Zn; and low removal efficiency was found for Mo. Cr and Ni removal in the
CEPT process was difficult to characterize due to higher concentrations in the CEPT effluent relative
to the primary treatment. Reasons for the increase in Cr and Ni in the CEPT effluent are not clear
from this experiment, but could be related to analytical uncertainty or be related to the ferric chloride
used in the CEPT test. The ferric chloride used in this test was an industrial waste byproduct of
titanium dioxide production and can also contain significant concentrations of other metals,
particularly Cr (Brown et al., 1983). Experimental studies of the transport behavior of this waste,
following addition to seawater (Fox ef al., 1986), suggest that Cu and Cd are not effectively
scavenged by the Fe floc that forms when the ferric chloride is added to the seawater. If similar
effects occur when the ferric chloride is added to the sewage effluent, some metals may not be readily
removed by the flocculation process, and result in increased concentrations in the CEPT-treated
effluent. Additional tests and evaluations are needed to determine if this effect is real and, if so,

whether the chemical addition is contributing concentrations of Cr, Ni, or other metals to the effluent.

Furthermore, this single CEPT treatment test does not allow one to draw conclusions concerning the
effectiveness of this process relative to the planned biological secondary treatment process. The data
from this one test do, however, suggest that the CEPT process could be effective in reducing metal

concentrations in the sewage effluent.
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Comparison of the removal efficiency of the primary treatment process to the pilot treatment plant
results shows high variability among the metals and also among the five tests conducted.

Variability is to be expected in these test results due to daily nuances in the operational characteristics
of the plant, and also because the system was undergoing operational testing and shakedown and was
not necessarily operating consistently or at maximum efficiency. Thus, the specific removal
efficiencies estimated from these early tests must be considered preliminary. These initial tests do,
however, suggest that the new primary treatment process will be effective in removing a substantial
fraction of the metals entering the treatment plant. Although there is substantial variability in the
removal efficiencies, the tests generally indicate that primary treatment alone will remove a substantial
amount (~20 to ~90%) of the Ag, Cr, Cu, Hg, and Pb — metals that are considered to be particle
reactive. The primary treatment process appears to be relatively inefficient for removal of Cd, Mo,
Ni, and Zn. Comparison of the concentrations of metals in the pilot plant primary effluent with Deer
Island primary treatment plant effluent shows that the pilot plant concentrations are generally within
the range measured in 1993 and 1994 (Table 15). Insufficient data are available to suggest whether
or not the upgraded Deer Island primary treatment plant that came on line in January 1995 will result’

in lower metals loading to the Boston Harbor/Massachusetts Bay system.

Comparison of the metals removal efficiencies for the full treatment process (through secondary) is
subject to similar caveats expressed above. However, there are several observations that can be made
relative to expected improvements in metals loading to Massachusetts Bay when the secondary
treatment process becomes operational. The data from the tests conducted in 1994 show that
secondary treatment was consistently effective in the removal of Ag. Between 72 and 84 % of the Ag
in the influent was removed, regardless of the test or operational status of the facility. In contrast,
secondary treatment removed variable amounts of Cu (46-89%) in the four tests that were conducted.
Note that removal efficiencies were ~88% in the two July tests, when many of the operational
aspects of the facility had been optimized. Similar patterns were noted in the removal efficiency for
Hg, Pb, and Zn.

Variable removal efficiencies were observed for Cr, Mo, and Ni. Note that Pb removal was

apparently more effective when the influent concentrations were elevated. As shown in Table 14, the

secondary treatment can be expected to substantially lower the concentrations of most metals in the
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Table 15. Comparison of metal concentrations in the Pilot Treatment Plant effluent with
concentrations measured in the Deer Island effluent in 1994, ambient concentrations
in Massachusetts Bay, and EPA chronic water quality criteria. Pilot plant results

are the highest concentrations measured in the tests conducted in July 1994. Results
preceded with the ~ indicate the concentrations in the two tests were similar.

Ag 31-75 ~3 ~0.6 NA 2.3!
Cd 039-14 ~0.5 ~0.03 0.02 - 0.03? 9.3
0.02 - 0.3
Cr 27-11 7 ~2.7 0.10-0.18 50
Cu 48 - 111 57 ~8 0.1-0.3 2.9
~0.3
Hg 0.10-0.26 0.1 ~0.02 0.0005 - 0.0014* 0.025
~0.003?
Mo 5-25 ~22 ~28 NA NA
Ni 4.6 - 30* 9 ~35 0.26 - 1.6 8.3
~1.5
Pb 5.8-26 ~20 ~14 0.03 - 0.19 8.5
~0.2}
Zn 70 - 136 ~ 88 ~30 0.08 - 0.57° 86
~0.6°

'Chronic criteria are not available; value is the acute water quality criteria
“Battelle , 1992; Date from 15 samples
*Wade et al., 1987; Two sample depths from the outfall area analyzed in replicate
%21 of 23 samples are less than 9 pug/L
*One very high result (80 ug/L) was measured in one test
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Deer Island effluent and, thus, reduce loading to the system. The most notable decreases will be in

the Cu and Hg concentrations.

‘Speculatively, if the July test results are considered representative of the effluent quality that can be
expected from secondary treatment at the Deer Island treatment plant, then metal concentrations in the
effluent will be well below any applicable marine water quality criteria (Table 15). On the basis of
the two July tests, only Cu would be higher in the effluent than allowed by the EPA water quality
criterion and then only by a factor of 2-3. The only other metals that approach the chronic marine
water quality values are Hg and Ni which were respectively within ~70-95% and ~60% of the
published water quality criteria. Considering the predicted effluent dilutions of ~ 100:1 within
several meters of the outfall diffuser and 500:1 over the nearfield areas (Shea, 1993b), it is doubtful
that any exceedance of watér quality criteria will occur. In fact, if the effluent concentrations
measured in the pilot plant secondary effluent are achieved, increases in the ambient concentrations of
several metals will be difficult to detect except possibly in the plume immediately adjacent to the
outfall. The metals that are most likely to be detected above ambient concentrations are Zn, Ni, and
Cu. Thus, measuring metals in the receiving waters is not recommended for the long-term outfall
monitoring strategy. Rather, monitoring should focus on validating the initial dilutions and plume
behavior. Once validated, direct monitoring of the effluent concentrations and flow rates will be the
most cost-effective means of evaluating potential impact of metals. This, coupled with the planned
fish, shellfish, and sediment contaminant monitoring programs, should be more than sufficient to

detect adverse impact and assign cause.

3.2.3 Nutrients

Samples for nutrient analysis were collected during two test runs in June and two runs in July 1994.
The analytical results from these tests are reported in Tables 16 and 17. The average nutrient
concentrations for the two analytical replicates are shown for all parameters except the dissolved
inorganic nutrients, for which results represent a single analysis. For each of the elements (nitrogen,
phosphorus, silica, and organic carbon), dissolved forms, that cannot be measure directly, were
estimated as the difference between the total dissolved concentration and measures of the dissolved

inorganic species (i.e., dissolved organic nitrogen was calculated as the difference between the total
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Table 16.

Estimated removal efficiency for nitrogen forms during the 1994 pilot treatment plant
studies. Concentration units are in pM; removal efficiencies are in percent. For
nitrogen phases that have been calculated using measured values, negative results
indicate the data were within the analytical error of the methods. Removal
efficiencies for these phases are thus suspect and are shown in italics. Note that
positive efficiencies indicate removal by the treatment process; negative values
indicate increases within the treatment.

6-1-04 Influent NR | NR NR NR NR NR | NR NR
1° Eftluent 95 | 032 | 039 | o071 ] -50 916 | 281 | 1197
2° Effluent 958 | 041 | 1.1z | 1.53 53 013 | 111 | 1124
Toversus 2° (%) | 0.73 | 28 | -187 | -115 | 208 11| el 6
e T s e
I° Effluent | 1230 | 2.04 | 6.63 | 867 | 7.7 | 1231 | 302 | 1533
2 Effiuent | 1020 | 046 | 071 | 1.17 | 120 | 1150 | 181 | 1331
Pversus 2(%) | 17 | 77 89 87 1780 | 6.6 | 40 3
e e e e e b e e R
1° Effluent 627 | 1.07 | 071 | 036 | 407 | 1034 | 209 | 1243
2° Effluent 940 | 8.6 | 265 | 113 | 18 | 1133 | 36 1169
I° efficiency (%) | 17 | 1.8 16 25 18 | 102 | 282 | 139
2 efficiency (%) | -25 | -689 | 534 | 2243 | 55 16 | 88 19
1oversus 2° (%) | 50.1 | -704 | 473 | 3025 | 55 06 | 83 6
72994|  Influem | 930 | 086 | -0.44 | 042 | 193 | 1132 | 401 | 1533
1° Eftluent 046 | 111 | 06 | 051 | 170 | 1117 | 247 | 1364
2° Effluent 925 | 3.1 | 204 | 514 | 118 | 1048 | 338 | 1082
1° efficiency (%) | -0.7 -29 -36 -21 11.5 1.3 38.4 11
2 officiency (%) | 1.5 | -261 | 564 | -1124 | 39 74 | 92 29
1oversus 2° (%) | 2.2 | -179 | 440 | -908 31 62 | 86 21
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dissolved nitrogen and the inorganic species). This calculation was made for each sample and the
mean concentrations were then calculated. Measurement of the total concentrations were not included
in the analytical protocols. Thus, the total concentration of these elements was calculated as the sum
of the particulate forms and the total dissolved concentrations. The nutrient concentrations and
removal efficiencies of the forms that were calculated from measured data are labeled as calculated in
Table 16 and 17. Note that for several parameters the calculated concentrations are negative. This
reflects low concentrations of the calculated form in the samples and also the analytical variability
associated with the various measurements (variable and can range from O to 25 as the relative percent
difference). Note also that this seriously affects the estimated recovery efficiencies; thus, the

estimates based on these results can not be used.

Pilot treatment plant influent data were not collected for the June tests. Thus, the only removal
efficiencies that could be estimated were between the primary and secondary trains. For consistency,

this was also estimated for the other two tests.

Comparisons of the nutrient concentrations in the primary and secondary pilot treatment plant
efﬂuénts and the 1994 Deer Island primary treated effluents are presented in Table 18. The results
presented in this table suggest that, relative to concentrations in the primary effluent, the secondary
treatment process reduces the concentrations of total nitrogen, particulate nitrogen, total phosphorus,
dissolved phosphorus, phosphate, and both the dissolved and particulate forms of organic carbon.
Nitrate + nitrite may increase and the ammonia and silicate will be relatively unchanged with

secondary treatment.

The discussion that follows focuses more specifically on the removal efficiencies of each of the
nutrient forms measured during the pilot treatment plant studies conducted in 1994. Each of the

nutrient elements (nitrogen, phosphorus, silica, organic carbon) are discussed separately.

Nitrogen — In the two tests where pilot treatment plant influent concentrations were available, 19 and
29 percent of the total nitrogen was removed by the secondary treatment train (Table 16). Careful
examination of this table shows that most of the nitrogen removal resulted when the particulate phase
was removed, although there was also a small decrease in the total dissolved nitrogen concentration.

During the July 15 test, the net decrease in nitrogen during secondary treatment was about 274 uM.
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Table 18. Comparison of nutrient concentrations in the Pilot Treatment Plant effluents with
concentrations measured in the Deer Island effluent in 1994 and the range of ambient
concentrations in Massachusetts Bay.

Total Nitrogen

750 - 1750

1200 -1500

1100 - 1300

Dissolved Nitrogen

650 - 1500

900 - 1200

1000 - 1150

Ammonia

300 - 1300

625 - 1200

950 - 1000

NO, + NO,

2-120

05-9

1.5-11

Particulate Nitrogen

220 - 270

30 - 180

Total Phosphorus

50 - 160

8-170

Dissolved Phosphorus

25 - 140

3-50

0.06 - 5

PO,

20-85

1-40

0-34

NA

Particulate Phosphorus

12 -25

5-25

Silicate

109- 125

120 - 180

120 - 180

2-7

Biogenic Silica

7-20

6-8

(mg/L)

Dissolved Organic Carbon

12 - 48

20-45

Carbon

Particulate Organic (mg/L)

17-35

10 - 30
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The treatment process decreased the particulate (255 M) and dissolved organic nitrogen
concentration (218 uM) by a combined total of about 473 uM. This internal loss in organic nitrogen
forms was counterbalanced by an increase in the ammonia (188 uM) and nitrate + nitrate (10 uM)
concentrations. The July 29 test resulted in a larger net removal of nitrogen relative to the July 15
test, primarily because the internal conversion of the organic to inorganic nitrogen forms was not
large. If it is assumed that these two tests represent possible operating scenarios for the Deer Island
secondary treatment plant, the July 29 operations could be construed as the more desirable because
more nitrogen was removed by the treatment process and inorganic moieties, [particularly ammonia,
the most form most available to phytoplankton and thus least desirable in the discharge], was not

increased relative to the influent and also relative to the primary treatment train.

Primary treatment alone removed 11-14% of the total nitrogen in the influent. Examination of all
tests for removal efficiency between the primary and secondary treatment shows a variable net
removal of nitrogen ranging between 6 and 21%. Thus, secondary treatment removes a small fraction
of the nitrogen that passes through the primary treatment. These preliminary data suggest that the
primary treatment alone removes almost half the nitrogen that is removed by the full secondary

treatment. The majority of this loss results from removal of particulate nitrogen forms.

The results from these pilot treatment plant test runs are encouraging because the treatment process
reduces the nitrogen levels that will be discharged to Massachusetts Bay through the new MWRA
outfall. Furthermore, the data suggest that the treatment process can be controlled such that forms of
nitrogen that are more available to phytoplankton can be minimized during treatment. Unfortunately,
the tests were conducted during shakedown of the plant. This, and the limited set of tests, only allow
estimates of the impact that the secondary treatment plant will have on nitrogen loadings to the
Harbor and Bay to be preliminary. Nevertheless, such extrapolations are explored later. However,

clearly more information is required before definitive conclusions can be drawn.

Phosphorus — In the two July tests, secondary treatment respectively removed 70 and 90% of the
total phosphorus entering the pilot treatment plant (Table 17). About 80% of the phosphorus that was
removed was from the dissolved phase and the remainder was from the particulate phase. Within the
dissolved phosphorus phase, phosphate and dissolved organic phosphorus were equally removed.

Removal efficiencies estimated for the primary treatment alone were low, with <10% removal.
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Comparison of the primary and secondary removal across all four tests in the summer of 1994 shows
a range of removal efficiencies (0-92%). The highest removals were obtained in July when plants
were operating more closely to the design specifications. These data suggest than >65% of the
phosphorus in the primary effluent will be removed by the secondary treatment. Thus, the majority
of the phosphorus removal will occur during the secondary treatment. However, much more

information is required before such conclusions can be definitive.

Silicate — Limited removal of silicate phases was observed during the two July tests. The maximum
removal was estimated at 14%. More than 94% of the biologically active Si was in the dissolved
form in the influent. The results from the analytical replicates are variable which makes it difficult to
determine if particulate or dissolved forms are more effectively removed by the treatment process.
This limited data set suggests that ~75% of the particulate phase may be lost. Comparison of the
secondary treatment to primary treatment showed that secondary treatment resulted in little relative
improvement of Si removal. Thus, the secondary treatment will likely have little impact on the

overall loading of Si to Massachusetts Bay.

Organic Carbon — Concentrations of dissolved and particulate organic carbon are approximately
equal in the influent. The July test results indicate that at least 80% of the total organic carbon (sum
of dissolved and particulate) entering the pilot treatment plant will be removed by the secondary
treatment process. The data suggest that >90% of the particulate organic carbbn and ~80% of the
dissolved organic carbon are removed during secondary treatment. Removal of organic carbon by
secondary treatment suggests that the DOC pool decreases in the secondary effluent by >50%
compared with the primary treatment alone. The July tests suggest that primary treatment removes
~75-80% of the organic carbon that passes the primary treatment process. The results of the two
July tests also suggest that >90% of the particulate organic carbon will be removed by secondary
treatment. These results, although preliminary, clearly suggest substantial removal of organic carbon
phases, thus BOD by the secondary treatment. If the July data are considered representative of the
expected MWRA secondary treatment plant operations, then most of the organic carbbn removal will

be through the secondary treatment process.

Nutrient Ratios — The nitrogen/phosphorus ratios in the pilot treatment plant effluents are shown in

Table 19. Except for the slightly elevated values in the two June tests, the nutrient ratios in the
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Table 19. Nutrient ratios in the pilot treatment plant primary and
secondary effluents.

Primary 20.8 16.9 13.4 13.8
TN/TP

Primary DIN/PO, 24.0 25.1 16.9 16.0

Seconda 19.5 18.4 1532 30.9
TN/TP

Secondary 31.8 25.8 1,940° 46.7
DIN/PO,

*Phosphate value is very low; ratios are suspect
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primary effluent were as expected, based on the Redfield ratio. The July test values are essentially
the same as reported for the 1994 Deer Island effluent, in which the dissolved inorganic ratio is

slightly higher than the total nutrient ratio.

In contrast, the total nutrient ratios calculated for the secondary effluent are distinctly higher than for
the primary effluent. In addition, the ratios for the dissolved nutrients in the secondary effluents are
also higher than for the total nutrients for this level of treatment. One set of vefy high values in the
July 15 secondary effluent was caused by inexplicably low phosphate concentrations in the effluent.
Unfortunately, this confounds data interpretation and further emphasizes the need for additional
measurements when the plant is fully operational. Regardless, the data clearly suggest altered nutrient
ratios in the secondary effluent relative to the primary effluent that is now discharged from Deer
Island. The higher ratio in the secondary treatment effluent indicates that secondary treatment is more

efficient in removing phosphorus than in removing nitrogen.

Given the apparent changes in the N/P ratio that will occur during secondary treatment, it is
legitimate to ask if the more efficient phosphorus removal and the higher nutrient ratios in the
secondary treated effluent will have significant impact on the productivity in Massachusetts Bay.
Typically, the DIN/P ratio in Massachusetts Bay is <16 and phosphate concentrations do not fall to
zero. This indicates that there is always sufficient phosphate in the water column to support primary
production, even as nitrogen is depleted. That facts that the N/P ratio in the secondary effluent is

> 13 and the evidence that the dissolved nutrient N/P ratio in the secondary effluent is likely to be
>25, suggest that the altered N/P ratio will have little effect on the receiving waters. In other
words, the secondary effluent that is less rich in phosphate is not likely to have more impact than

primary effluent that is more enriched in phosphate.

In contrast, more efficient removal of phosphorus from the sewage and its transfer to the sludge
generated by the secondary treatment may improve the quality of the sewage sludge that is generated. -
Particularly, the N/P ratio in the sludge is likely to decrease, providing a fertilizer that is enriched in
phosphorus relative to the primary sludge. Counter to this argument of improved sludge quality, is
the possible decrease in quality associated with the more effective transfer of contaminants to the
sludge relative to the primary treatment process. However, major changes may not occur on a

concentration basis because there will be a concomitant increase in solids removal and the production
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of additional solids by the treatment process. Thus, while improvements in the effluent are to be
expected, it is important that sludge quality also be carefully evaluated when the secondary treatment

is implemented.

3.2.4 Implications of the Pilot Treatment Plant Results

Given the operational difficulties encountered during startup of the pilot treatment plant and the
limited set of data useful for estimating efficiencies, the resuits from these tests must be considered
preliminary. Continued improvements to the system should refine these estimates. Nevertheless,
improved effluent quality and distinct decreases in the loading of many contaminants to Massachusetts
Bay can be expected. It is thus instructive to explore the decrease in loading from the Deer Island
treatment facility that might occur should the full-scale treatment plant achieve the efficiencies
measured in the July 1994 pilot plant tests. Estimates of loading, based on the 1994 effluent
characterization monitoring, and removal efficiencies realized by the pilot secondary treatment plant
in July 1994 were used to develop these loading estimates (Table 20). The results in Table 20
provide preliminary information on the expected loading. Substantial reductions in the loading of
most toxic contaminants can be expected and particularly those that are of major concern in
Massachusetts Bay (e.g., Hg, Cu, PAHs, and PCBs). A substantial amount of organic carbon will
also be removed, which will significantly reduce the BOD input to the system. In contrast, limited
removal of nitrogen will likely occur, although the reduction will be more than that of Si, providing a

medium that is slightly more favorable to diatom production than to the other phytoplankton species.

Comparison of the removals estimated from these pilot plant studies to expected removal used to
develop the loading estimates in the Supplemental Environmental Impact Statement (EPA, 1988)
shows reasonably good agreement. For example, the SEIS estimated that Hg and Cu removal wduld
be 70 and 73 %, relative to primary treatment. These estimates compare with 70 and 85% in this
study. The parameters showing the greatest differences in removal efficiency estimates between 1988
and 1994 are Pb (20 versus 80%, in 1988 and 1994, respectively) and DDT (0 versus 85%). Also,
the SEIS estimated nb nitrogen removal by secondary treatment which, by design, was a conservative
assumption. The pilot plant data suggest that ~15% of the nitrogen will be removed. interestingly,

the cBOD removal efficiency estimated in the SEIS was ~90%, which is the same as established for
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Table 20. Revised loading estimates to Massachusetts Bay from the combined Deer Island and

Nut Island discharge using the secondary treatment plant efficiency relative to

primary treated effluents and 1994 primary effluent loading data. SEIS loading
estimates and removal efficiencies are included for comparison.

LPAH NA 11,000 95 NA NA
LPCB 527 26 95 1 41 92
LLAB NA 7,990 80 1,600 NA NA
LChlordane NA 7 ~50 ~4 NA NA
Lindane NA 7 <25 ~5 NA NA
IDDTs 27 32 85 5 28 0
Ag 2,081 2,600 80 520 296 86
Cd 1,186 370 ~50 ~ 185 700 41
Cu 43,059 38,200 85 5,730 11,900 72
Cr 8,802 2,100 65 735 3,520 | 60
Hg | 643 75 70 23 205 68
Mo NA 7,300 <10 ~ 6,600 NA NA
Ni 11,135 3,300 ~50 ~1,650 8,910 20
Pb 6,219 6,000 85 900 4,951 20
Zn 86,125 44,400 80 8,880 34,500 60
Total N 12,000,000 | 8,220,000 15 6,990,000 12,000,000 0

Total P NA 1,230,000 80 246,000 NA NA
Silica NA 2,250,000 5 2,138,000 Na NA
DOC NA 15,500,000 75 3,875,000 Na NA
POC NA 11,900,000 90 1,190,000 NA NA
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the total organic carbon in these pilot plant studies. Thus, it appears that the removal assumptions

'used in the SEIS will likely be met or exceeded once the MWRA secondary plant is operational.

Table 20 also includes the annual loading estimates from the SEIS (EPA, 1988) for both primary and
secondary treatment. Comparison of the 1994 and 1988 estimates show that both primary and
secondary loading estimates in 1988 are much larger than the 1994 estimates. For the secondary
treatment, the SEIS loading estimates were 5 to 40 times the 1994 estimates. The only parameter
showing higher loading estimates for 1994 is Ag which is about twice the 1988 estimate. PCB
loading estimates in 1988 show the highest difference from 1994 (40 times); mercury loading was
estimated to be about 10 times greater in 1988 relative to the 1994 estimates. The differences in the
estimates between 1988 and 1994 likely result from two factofs. The first is better definition of data
requirements for conducting loading estimates and application of methodologies with detection limits
that are appropriate to estimating loading, as apposed to strictly compliance monitoring which
generally carry much high detection limit requirements. The second is the very effective toxics

reduction program that has been implemented by MWRA.

Note also that the contaminant loadings projected on the basis of the 1994 pilot treatment plant tests
are consistent with, if not slightly less than (25-100%), the projections prdvided in Shea (1993a).
The Pb projections made by Shea are much higher than estimated in this present report (i.e., 4500 vs
900 Kg/year).

It is also interesting to evaluate the impact of secondary treatment and continued discharge at the
present Deer Island Light location on the loading of nutrients and contaminants to Boston Harbor
relative to the transfer of all discharges into Massachusetts Bay. Presently, monitoring and scientific
data indicate that about ~80% of contaminants and nutrients in the present primary effluent
discharged at the Deer Island location is exported into Massachusetts Bay. About 20% is retained in
the Harbor if degradation process are not considered for organic contaminants (denitrification for
nitrogen). Thus, for every 100 Kg of a contaminant that is discharged, less than 20 Kg is retained in
the Harbor. For compounds that are efficiently removed by secondary treatment, the 100 Kg now
discharged would be reduced to 10-30 Kg, assuming removal efficiencies of 70-90%. Because the
hydrodynamics of the Harbor are unlikely to change, 20% of this load (or 2-6 Kg) would be retained

in the Harbor if discharge continued at its present location. If degradation is factored into the
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assumptions even lower amounts would be retained in the Harbor. Thus, when full secondary
treatment becomes available, relocation of the effluent conveyance system into Massachusetts Bay
will, in effect, be used to transfer ~2-6% of the present contaminant load that is discharged to the
Harbor. For contaminants that are less likely to be removed (i.e., nitrogen), the effective transfer
will much greater. Under this scenario, the relocation of the diffuser will transfer ~18% of the

present load of poorly removed contaminants.

Based on the projected low loadings to Massachusetts Bay when secondary treatment is fully
operational, one additional implication can be drawn. Specifically, the substantial reductions in
loading will make it very difficult to measure changes in concentrations within the sediments and
organisms, relative to present reservoirs especially in the locations that are removed from the diffuser
(particularly the farfield). Detection of the input using effluent-specific tracers, as considered
previously, will likely be the best method to develop transport and fate conclusions relative to the
discharge. Furthermore, future assessments should compare the expected loadings in the nearfield
and areas immediately adjacent to the outfall diffuser system to inventories in the upper few
centimeters of the sediment to determine when detectable changes in the sediments might be expected
to develop. Post-discharge monitoring can then be focused on time intervals that are likely to be
important for detecting the contaminant buildup in the sediments, thus providing a more cost-effective

monitoring strategy.

4.0 FINDINGS AND CONCLUSIONS

This section summarizes the findings from the effluent characterization and provides conclusions,
implications, and recommendations for the continuing effluent characterization and the Harbor and
Outfall Monitoring Project. The discussion is focused around the study objectives defined in the

introduction to this report.
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4.1 Deer Island Effluent Characteristics

Evaluation of Persistent Anthropogenic Metal and Organic Contaminants in the Effluent. In 1994,
concentrations of metals and organic contaminants in the Deer Island effluent were similar to those
reported in 1993. Contaminant concentrations measured in the effluent between December 1993 and
November 1994 ranged as follows: 13-32 ug/L for total PAHs; 17-110 ng/L for total PCBs; 0-74
ng/L for total chlordanes; 2-68 ng/L for lindane; and 7.5-22 pg/L for total LABs. Reanalysis of
samples containing high dieldrin concentrations (> 10 ng/L) demonstrated that the high concentrations
observed in 1993 were due to an unknown interferant. Confirmed concentrations of dieldrin were
generally <5 pg/L. Metal concentrations (in pg/L) ranged as follows: 3-8.6 for Ag; 0.4-1.4 for Cd;
1.7-11 for Cr; 48-111 for Cu; 0.1-0.26 for Hg; 5-25 for Mo; 4.6-9 for Ni; 6-26 for Pb; and
70-136 for Zn.

Relative to EPA aquatic life criteria, concentrations of organic compounds were less than the available
acute criteria in the undiluted effluent. Values that were higher than the EPA chronic criteria were
consistently found for p,p’-DDT, and occasionally for dieldrin, endrin, and heptachlor. Ag and Cu
were consistently higher than the available marine aquatic life criteria in the undiluted effluent. Hg
and Pb 'consistently exceeded the chronic marine criteria, while Zn was occasionally higher.
Consideration of the effluent dilution that will occur at the diffuser demonstrates that all contaminants
exceeding marine criteria in the effluent will be diluted well below applicable criteria within a few
hundred meters of the diffuser. Thus, violations of aquatic life criteria are not expected when the

discharge is relocated to Massachusetts Bay.

Evaluation of Effluent Nutrient Concentrations and Other Parameters Related to Eutrophication
Issues. Total nitrogen, ammonia, nitrate + nitrite, total phosphorus, and phosphate concentrations in
the 1994 Deer Island effluents 1994 were similar to those reported previously. Concentrations (in
pM) ranged as follows: 750-1750 for total nitrogen; 650-1500 for dissolved nitrogen; 300-1300 for
ammonia; and 220-270 for particulate nitrogen. Ammonia contributed the largest fraction (50-70%)
to the total nitrogen and contributed 70-90% of the total dissolved nitrogen. Phosphate
concentrations (in uM) were also similar to those reported previously and ranged as follows: 50-160
for total phosphorus; 25-140 for total dissolved phosphorus; 20-85 for phosphate; and 12-25 for

particulate phosphate. Concentrations of both total and dissolved phosphorus increased during the late
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half of 1994. Particulate phosphorus was relatively constant throughout the sampling period; the
increases detected in late 1994 were due to dissolved forms, primarily increases in the dissolved
organic phosphorus concentrations. Dissolved Si concentrations were relatively constant although
decreases were evident in the summer months. Biogenic Si concentrations were low (<21 uM) and
contributed <10% to the total biologically available Si concentrations in the effluents. The
concentrations of dissolved and particulate organic carbon were about equal in the effluent; the

dissolved form consistently contributed ~60% of the total organic carbon in the effluents.

Determination of Long-Term (e.g., Monthly and Seasonal) Changes in the Concentrations of
Effluent Contaminants and Nutrients. As reported previously by Uhler ez al. (1994), daily and
monthly variability could be detected in the treatment plant effluents. The daily and monthly
variability was not sufficient to mask seasonal trends, particularly for the nutrients. Seasonal trends
were evident for concentrations of PAHs, chlorinated pesticides (e.g., DDTs and lindane), and PCBs.
Concentrations of PAHs were highest in the winter/spring period, while concentrations of PCBs were
low in the summer and early fall. The concentrations of chlorinated pesticides, when detected, were
relatively constant, but showed occasional spikes that were 5-10 times higher than the typical
concentrations measured in the effluent. Seasonal trends in the metals data were not evident, although
Mo concentrations increased from 10 to 20 ug/L between March and July. Although not showing a
distinct seasonal trend, Cu concentrations did consistently increase between June 1993 and November
1994. Nutrient concentrations were generally higher in the summer when the flow was reduced. Si

concentrations generally decreased in the summer when effluent flows were reduced.

Estimation of Monthly and Annual Contaminant-Specific Loading to Massachusetts Bay. The
estimated input of contaminants and nutrients to the Boston Harbor/Massachusetts Bay system was
consistent with estimates developed in 1993 by Alber and Chan (1994) and by Shea (1993a).
Nutrients, by virtue of the relatively higher concentrations in the effluents, contributed the largest
loading on a mass basis. Inputs ranged from 32 mtons/year for nitrite to 8220 mtons/year for total
nitrogen. Estimated loadings were 1230 mtons of total phosphorus/year, 2250 mtons of dissolved
silicate/year, and 27,500 mtons of total organic carbon/year. Nutrient loadings estimated for 1994

are at the lower end of the range provided in Alber and Chan (1994).
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Inputs of organic contaminants ranged from < 10 Kg/year for total chlordanes and lindane to 10,900
Kg/year for PAHs. The latter is over twice the 1993 estimate made by Shea (1993a). Dieldrin
loading was ~ 1 Kg/year, while PCBs were discharged at ~26 Kg/year.

Of the metals, Cu and Zn were discharged at the highest rates, 38 and 44 mtons/year, respectively.
All other metals were discharged at <7500 Kg/year; Cd discharged at 370 Kg/year. Hg loading was
estimated at 75 Kg/year, or about three times lower than previous estimates, and is directly related to
the implementation of clean metals sampling protocols and methods with appropriately low method
detection limits. The Cu loading is ~25% higher than estimated for 1993. Except for Hg and Cu,

loading of the other metals was similar to the recent estimates.

Identification of Unique Chemical “Fingerprints.” Principal component analysis was used to
determine that the PAHs in the effluent were primarily petrogenic in nature, as reported previously in
Uhler et al. (1994). The principal component analysis indicated that these compounds grouped very
tightly, except in the November/December time periods, and were dominated by low-molecular-
weight compounds that were similar to refined petroleum products. The LABs were similar in
composition throughout the 18-month sampling period, even though the concentrations systematically
declined from 30 to 15 pg/L between mid 1993 and mid 1994. The N/P ratio in the effluents,
typically 16, is consistent with the terrestrial source of the organic material. Similarly, the stable
isotope nitrogen and sulfur isotope ratios of particulate matter filtered from the effluent are typical of
terrestrial sources. The 6N ranged between 0 and 2 %o (average=.‘2'/.‘5‘ %o); the 6*S ranged between
4 and 8%o (average=5.8%o). In terms of effluent tracers, the sulfur isotopes probably can be used
more effectively than nitrogen because of the larger difference in the ratio relative to seawater, and
the fact that the ratio appears to respond less to productivity and bacteria degradation. Clostridium
perfringens spores in the effluent were also measured and ranged between 1 and 4 x 10*

spores/100 mL. A sharp decrease in the spore concentrations occurred in the early winter of 1994;

the lower concentrations are thus more representative of the 1994 sampling period.
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4.2 Pilot Treatment Plant

The findings and implications resulting from the pilot treatment plant studies are presented below.
The information focuses on the efficiency of the secondary treatment, alterations in source
characteristics during secondary treatment, changes in loading to Massachusetts Bay, and receiving

water quality.
The first objective of the pilot plant study was to:

Evaluate the effectiveness of the pilot treatment plant primary and secondary treatment
for removal of metals, organic contaminants, and nutrients.

Treatment Plant Effectiveness — The preliminary tests of the secondary biological treatment process
conducted in 1994 showed that the removal efficiency of the primary and secondary treatment process
was variable and depended on concentrations of the various contaminants measured in the influent, on
the operational status of the treatment plant system, and on specific contaminant or nutriént species. '
Even though there is significant variability among the tests, the results are encouraging in that the
concentrations of several contaminants (e.g., Hg, Cu, PCBs, and PAHs), that are of concern in the
receiving waters of Massachusetts Bay, will be substantially reduced through secondary treatment.
Other contaminants (e.g., total nitrogen, Si, and Mo) will not be substantially reduced through
secondary treatment. Because the operational aspects of the pilot treatment plant were still being
optimized, evaluations to confirm the findings from 1994 should continue, with the objectives to
optimize the treatment process and to quantify the variability in treatment efficiency and relationship

to operation conditions.

Relative to the primary effluent, the biological secondary treatment in the pilot plant resulted in very
high removal efficiency (> 85%) for total PAHs, total PCBs, Cu, Pb, and particulate organic carbon.
High removal efficiencies (70-85%) were evident for total LABs, total DDTs, Ag, Hg, Zn, total
phosphorus, and dissolved organic carbon. Chlordane, Cd, Cr, and Ni were removed with 20 to
70% efficiency, while lindane, Mo, total nitrogen, dissolved Si, and biogenic Si were inefﬁcientiy
(<20%) removed by secondary treatment. A single test of the CEPT process in December 1993

suggested that relatively high removal efficiencies for many of the chemical contaminants could be
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obtained using this process. Further tests are required to provide definitive conclusions regarding the

efficiency of this treatment relative to the primary and full secondary treatment.

Loading — The preliminary removal efficiencies identified from the pilot plant secondary treatment
process suggest that contaminant loading to Massachusetts Bay will be substantially reduced.
Compared to the 1994 estimates, loading reductions, that are similar to the removal efficiencies listed
above, can be expected. Of special note is the very high removal efficiency of dissolved and
particulate organic carbon (~90% relative to the present primary effluent). This large reduction is
expected to have significant impacts on the cBOD in the effluent and, thus, on the oxygen demand in
the receiving waters. The significant reductions in loading that are expected from full secondary
treatment must also be considered relative to monitoring of sediments for contaminants. Because the
loading rate will be much lower and because of the expected dilution of the effluent by the diffuser, it
may take several years for contaminant concentrations in the sediments to be significantly altered.
Thus, it is questionable whether extensive annual nearfield or Bay-wide sediment monitoring will
detect significant changes over short time scales. For this reason, annual measurements of
contaminants in the sediments should be considered a low priority. Sufficient information on inputs
of contaminants could be realized through more focused sample collection at stations very near the
diffuser. Soft-bottom stations near the diffuser could be occupied based on the 1994 ROV video

reconnaissance survey results (Coats er al., 1995).

The second objective of the pilot plant study was to

Estimate the effluent quality that will be achieved when full secondary treatment is
implemented.

Effluent Quality — The pilot plant results strongly suggest that the quality of the effluent will be
excellent, especially from the perspective of priority pollutants. Prior to discharge, only a few
contaminants in the secondary effluent will exceed EPA marine water quality criteria. Those that do
(e.g., Cu, Hg) will be rapidly diluted to well below théir applicable aquatic life water quality criteria
within a few meters of the diffuser. Because the contaminant concentrations are expected to be low in
the effluent and also because high dilution is expected, increases in the concentrations of contaminants
in the water column will be very difficult to detect. Therefore, the monitoring program should focus

on chemical measurements in the effluents, confirming the plume dynamics, and verifying the
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predicted dilutions. Furthermore, measurements in the sediments and biota in the vicinity of the
diffuser will be the most cost-effective method for evaluating fate and potential for impact. The
expected decrease in dissolved and particulate organic carbon will also significantly help to improve

effluent quality and to reduce oxygen demand in the receiving waters.

Secondary Effluent Characteristics — In addition to lower concentrations in the effluent, secondary
treatment will likely alter the source characteristics of several parameters relative to the present
primary treatment. Specifically, the ratio of nitrogen to phosphorus (N/P) will likely increase from
~ 16 to possibly 30 as phosphorus removal becomes more efficient than nitrogen removal. As a
result of this differential removal, the quality of the MWRA sewage sludge for fertilizer will likely
increase as more phosphorus is transferred to sludge. The altered N/P ratio is expected to have little

effect on the productivity of receiving waters because the system is clearly nitrogen limited.

In addition, the data from the secondary treatment process suggest that this treatment is likely to
change the characteristic fingerprints of the LAB and PAH analytes relative to the present primary
discharge. Principal component analyses demonstrates a clear separation of the secondary effluents
from the pilot plant influent and primary effluents. Such changes in source characteristics may enable
the sigﬁature of the secondary effluent to be traced more effectively within the receiving environment;

thus characterizations must continue to ensure that the signature is adequately determined.
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Contaminant and nutrient data
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APPENDIX B

Monthly Contaminant and Nutrient Loading Plots
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The Massachusetts Water Resources Authority
Charlestown Navy Yard
100 First Avenue
Charlestown, MA 02129
(617) 242-6000



