4. SUMMARY AND CONCLUSIONS

This study investigated the dynamics and transport of pollutants in three tidal
tributaries of the Hackensack Estuary: namely, Sawmill Creek, Mill Creek and
Berry’s Creek. The study also investigated microscale transport dynamics at a marsh
impoundment site and a mudflat impoundment site.in the Sawmill Creek sub-basin.
Tidal elevation, flow and water quality data were collected at these sites during the
periods November 1988, July 1989 and August 1989. Mass flux was calculated for
nutrients, CBOD;, DO, chlorophyll-a, TSS and salinity at each station for the ebb and
flood portion of each tidal cycle. The mass of these constituents transported during
the ebb portion of the tidal cycle was subtracted from the mass transported during
the flood portion of the tidal cycle to determine the net import (flood mass > ebb

mass) or export (ebb mass > flood mass) of each constituent over a tidal cycle.

In addition, a net analysis-was conducted for each sampling period which compared
the pollutant load transported over the flood portions of the tidal cycles in a sampling
period to that transported during the ebb portions of the same cycles. This provided
an estimate of the total net transport for each sampling period. In many instances,
the net analysis seemed to provide the best estimate of mass transport at each site
due to better hydraulic flow balancing over the total duration of the tidal cycles in
each sampling period than for each individual cycle. It is essential to achieve good
hydraulic flow balance in order to differentiate the mass transport due to flow

imbalance from that due to exchange between the wetlands and the estuary.

A major goal of this study was to investigate the impact of transport dynamics of
CBOD, nutrients and dissolved oxygen on the water quality in the lower Hackensack
River. Table 4.1 summarizes the results regarding transport of selected parameters

between each tributary and the lower Hackensack River for the different sampling

- periods.

.



TABLE 4.1: Summary of Net Transport for Selected Parameters

EXPERIMENT N J A NJ A NJ A NJ A NIJ A

SawmillCr.-S3 E E 1 E E I E E I E E I EE I*

Mill Cr.- S9 E I* I E*O I* O1l1 E OI*1I - I* 1
Berrys Cr.- S14 - I*1 - E*I -~ T B - B - E E*
N= November 1988 I= Import A= August 1989
J=July 1989 E= Export

* = Less than 5% of Flood Mass transported

Review of Table 4.1 reveals that transport direction was not consistent for any
parameter at any tidal tributary during the three sampling periods. Additional long-
term data would be required to determine whether the variations are due to natural

conditions within each tributary.

t

In Sawmill Creek, which has the largest tidal exchange with the lower Hackensack
River, all parameters ﬁsted in Table 4.1 were exported during the November, 1988
and July, 1989 sampling periods, but were imported during the August, 1989 sampling
period. The July and August 1989 sampling events were conducted within a period of
two weeks apart and so were expected to serve as replicate sampling events. Clearly,
the inconsistent results obtained during these two periods indicate the need for
additional data to determine the reasons that the tidal tributaries behave as both

sources and sinks of pollutants.

CBOD; and the nitrogen-series parameters were exported at Station S3 in Sawmill
Creek during the November and July sampling events. Station S3 drains a large
expanse of mudflat and a smaller area of tidal marsh. In addition, two active HMDC

sanitary landfills are located at the head of the Creek. The flux of water quality
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parameters at Station S3 would be influenced by a combination of processes in the

tidal marshes, mudflats, and ,possibly, by leachate from the landfills.

Two microscale experiments were conducted in the Sawmill Creek system: (a) at a
mudflat embayment (Station M1), and (b)' at a marsh impoundment (Station M2).
Station M1 was sampled during the November, 1988 and July, 1989 sampling periods.
Consistent results were obtained when all data for each sampling period was
combined into a net analysis, although results for individual tidal cycles varied to
some extent. Based on these results, the mudflat appeared to import NH,-N, TKN,
Total N, and CBOD; and to export NO;-N, NO,-N, and DO.

The microscale marsh station, M2, was sampled in November, 1988 and July and
August, 1989, respectively. At Station S3, the transport results for the nitrogen-series
parameters obtained from the July sampling period were similar to those from the
November sampling period, and less so to the August results. The marsh consistently
imported TKN and Total N during the three periods. NH,-N was imported during
~ November and July and exported in August, while NO,-N showed the opposite .
pattern. DO, on the other hand, was imported in November, and exported during

July and August.

Thus, the export of CBOD,, NH;-N, and Total N at Station S3 during the November
and July sampling periods can not be explained by the results of the microscale
studies. A source of NH;-N to the lower Hackensack River in the vicinity of Sawmill
Creek was also noted in the data taken for the modeling study of the main stem of
the River, described in Appendix A, Part I of this report. The results of this study do
not indicate that the mudflats or marshes within Sawmill Creek are the source of the
NH,-N. A possible source could be the two HMDC sanitary landfills located at the
head of Sawmill Creek. Analysis of leachate data taken from wells at the perimeter
of these landfills revealed very high concentrations of NH,-N and other nitrogen-

series parameters. However, data was not available to calculate actual loading rates
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from the landfills to the Creek. Therefore, the conclusion that the landfills are the

source of excess NH,-N must be regarded as speculative at this time.

In Berry’s Creek and Mill Creek, two stations were sampled in each Creek to
separate the impact of the wetlands on mass transport from the effect of other
sources or sinks in the system. These systems were sampled completely in July and
August, 1989, while an additional sampling was conducted in Mill Creek in
November, 1988. Mill Creek is also affected by discharge from the Secaucus STP
about 1,5 miles upstream from its mouth. As shown in Table 4.1, the results from

Stations at the mouths of both Creeks revealed very inconsistent results.

The results for Mill Creek do not show the consistent export of CBOD; and nutrients
that might be expected given the discharge of secondary-treated effluent from the
Secaucus STP. These data suggest that the marsh acts as a sink for these parameters.
During the July 1989 sampling period, all parameters listed in Table 4.1 were
imported into Mill Creek from the Hackensack River, except NH,-N which had no
net transport. During the August sampling period, only NO,-N and DO were
exported, while tﬁe other parameters listed in Table 4.1 were imported. During the
growing season, the marshes within the Mill Creek basin appear to have consumed
the excess nutrients and CBOD; input to the system from the STP. In November,
however, during the end of the growing season, when marsh plants stop growing and
begin to senesce and die, CBOD; and NH;-N were exported from Mill Creek. Thus,
the plants are no longer capable of removing the excess CBOD; and NH,-N from the
system. Clearly, additional long-term data would be needed to confirm these

conclusions.

There is no consensus in the scientific literature regarding the direction or magnitude
of mass flux between tidal wetlands and estuaries. The complex chemistry and
hydrodynamics of these systems create a high degree of natural variability as well as

making it difficult to accurately measure flows and representative concentrations.
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Methods used by researchers to sample the systems and to calculate net flux also vary
widely. In addition, site specific conditions may make generalizations regarding
estuarine-wetlands nutrient exchange unreliable. In particular, the Hackensack River
estuary is a highly enriched system in which nutrient dynamics may be very different
than those in less'enriched systems. Another possible confounding factor was that
each tributary studied contained other possible sources and sinks of nutrients,
including an STP and two landfills. Most research in the literature have analyzed
systems with less human influences. For these reasons it is difficult to compare the

results of this study to the results of other such analyses reported in the literature.

The wetlands of the Hackensack Estuary play an important role in the nutrient
dynamics of its ecosystem. The system is complex and appears to be inherently
variable in the nature and direction of nutrient exchange. This variability was also
reflected in the sediment studies (see Appendix A-3-3) in which consistent results
were not obtained. This study has been a critical first step in exploring the nature of
nutrient and dissolved oxygen exchange between the tidal wetlands and the lower
Hackensack River. Due to the variability in mass transport results, the conclusions
reached herein must be considered somewhat speculative until additional data

becomes available to further explore this system.

However, the results of this study have provided valuable insights into the nutrient
and dissolved oxygen dynamics in the complex tidal wetland ecosystem of the lower
Hackensack River. The study also revealed that nutrient loads for the wetlands
assumed in most previous studies of the lower Hackensack River were not
appropriate. The results of the comprehensive Marsh study were used to generate
pollutant contributions from the extensive tidal marshes, mudflats and landfills of the

lower Hackensack River Basin for use in the River Modeling phase of the study.
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These results are summarized as follows:

1. The overall Nutrient Transport results do not indicate a clear and consistent
pollutant loading pattern to the tidal Hackensack River. Thus, the
extrapolation of these results to the remaining tidal marshes and mudflats

within the lower Hackensack River Basin could not be justified.

2. The review of the net DO transport results revealed export from the tidal
tributaries in almost all instances. These results were incorporated into the
River Model by increasing the Dissolved Oxygen Reaeration coefficients in

the relevant reaches of the River.

3. The review of the Net Pollutant transport results in the vicinity of the
extensive HMDC Landfills indicate a source of both BOD and NH,-N to
the river. Although the data were not consistent during the three
monitoring periods, high pollutant concentrations present in the wells
adjoining the landfills and the current literature, justify the extrapolation of

these data to the remaining landfills within the watershed. .
The results of this Tidal Marsh Study were incorporated into the River Modeling

Phase of the lower Hackensack River Study (Appendix A, Part 1) to determine viable

alternatives for water quality enhancement within the lower Hackensack River Basin.
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Figure 1.1 Hackensack River Drainage Basin and Location Map
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Appendix A-2-1
Table 4: Summary of Mass Transport at Station S9
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Appendix A-2-1
Table 3: Summary of Mass Transport at Station S3
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Appendix A-2-1
Table 2: Summary of Mass Transport at Station M2
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