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Introduction

The New Jersey Water Resources Research Institute supports a diverse program of research projects and
information transfer activities. With oversight from the Advisory Council which sets the institute’s Research
Priorities, the available funds are divided between supporting faculty with ‘seed’ projects or new research
initiatives and supporting graduate students with developing their thesis research. The funding is intended to
initiate novel and important research efforts by both faculty and students, and thus emphasizes new research
ideas that do not have other sources of funding. We hope to support the acquisition of data that will enable
further grant submission efforts, and, in the case of students, lead to research careers focused on cutting-edge
research topics in water sciences.

Research projects span a wide range of topics in water resources. In the first faculty project, Rodenburg and
colleagues utilized a novel technique, the micrometeorological approach, to investigate the air-water exchange
fluxes of polychlorinated biphenyls (PCBs) in the Tappan Zee region of the Hudson River. This research is
particularly important in determining the fate of PCBs that originate in the upper sections of the river. The
other faculty project employs a proven analytical technique to determine the source of fine-grained sediments
in New Jersey streams. Galster and colleagues used radiometric signatures to distinguish between watershed
and streambank sources in watersheds with different land uses. The results of this research may eventually
influence land management practices such as BMPs and sediment load reduction plans.

Graduate students have similarly carried out an impressive range of research. Loudon and her advisor sought
to determine the microbial dehalogenators present in a bioreactor landfill that can debrominate brominated
organic compounds, such as PBDEs, that, through leaching, will ultimately find their way into wasterwater
treatment plants. Palta and her advisor are using the DNDC process-based model to predict hot spots and hot
moments of denitrification in an urban wetland. The results suggest spatial patterning in denitrification
dynamics. Rauschenbach and her advisor characterized a selenate/selenite- and arsenate-respiring microbe
which may aid in the development of processes to remediate contaminated soils and ground water aquifers.
Sae-Khow and her advisor developed a microscale solid phase extraction method utilizing carbon nanotubes
for monitoring a wide range of compounds, including pesticides and drug metabolites, in water resources.
This method will reduce the amount of time, solvents, equipment, and money required for monitoring.
Finally, Wen and her advisor investigated factors, such as seed bank composition and hydrologic conditions,
affecting secondary succession in abandoned cranberry farms in the New Jersey Pine Barrens. The research
also sought to correlate wildlife species distribution with habitat factors which will improve wetland habitat
management plans.

The goal of our information transfer program is to bring timely information about critical issues in water
resource sciences to the public, and to promote the importance of research in solving water resource problems.
The information transfer program continues to focus on producing issues of the newsletter that provide a
comprehensive overview of a particular water resource topic, as well as one issue a year that highlights water
research occurring in New Jersey. The program continues to develop the NJWRRI website
(www.njwrri.rutgers.edu) into a comprehensive portal for water information for the state. We also collaborate
with other organizations in sponsoring and producing conferences.
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Research Program Introduction

The New Jersey Water Resources Research Institute has had a policy, yearly re—affirmed by the Advisory
Council, of using the research dollars to promote new and novel directions of research. To this end, two
projects directed by research faculty at institutions of higher learning around the state are selected, and five
grants—in—aid are awarded to graduate students who are beginning their research. In both cases, we expect
that the research is exploratory and is not supported by other grants. The intent is that these projects will lead
to successful proposals to other agencies for further support. The larger goal of the research component of the
Institute's program is to promote the development of scientists who are focused on water resource issues of
importance to the state.
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ABSTRACT

In this research, the micrometeorological technique was applied for the first time to
investigate the air-water exchange fluxes of polychlorinated biphenyls (PCBs). A field
campaign was conducted in July of 2008 in the Tappan Zee region of the Hudson River. This
section of the River is known to be heavily contaminated with PCBs, leading to large
volatilization fluxes. By measuring the concentrations of PCBs at two heights above the water
surface as well as in the dissolved phase, fluxes and air/water exchange mass transfer
coefficients (Vaw) were determined for individual PCB congeners. The average gas—phase XPCB
concentration was 0.7 ng m™, elevated over regional background by about a factor of 2.
Dissolved-phase PCB concentrations ranged from 2 to 14 ng L™, in good agreement with the
measurements of others. In 14 of 16 sampling events, PCB concentrations were higher in the
lower air sample, indicating positive fluxes (net volatilization) of PCBs from the water column.
Vertical ZPCB fluxes ranged from 0.2 to 12 pg m™ d”' and were highest on July 10™. Values of
Vaw ranged from 0.05 to 2.27 m d!. The relationships between Vv, for PCB congeners and various
meteorological variables such as wind speed and air temperature were investigated. Vay and
sensible heat flux were inversely correlated, while vay, was mostly positively correlated with
latent heat flux. Both wind speed and friction velocity (u*) displayed positive relationships with
Vaw. In addition, temperature usually displayed a positive correlation with Vay. Correlations
between Vg and Henry’s law constants for individual PCB congeners were found to be not
significant, in agreement with theoretical predictions.

PROBLEM AND RESEARCH OBJECTIVES

Much effort has been spent trying to predict the fate of PCBs in the Hudson River and the
New York/New Jersey Harbor. PCBs were dumped into the Upper Hudson River by two plants
owned by General Electric (1), resulting in contamination that has caused fish consumption
advisories. As a result, the entire stretch of the Hudson River from the GE plants at Hudson
Falls south to New York City is a Superfund site. GE has agreed to dredge portions of the Upper
Hudson River. This management decision was based on water quality models (2, 3) which
predict that volatilization is the most important loss process for PCBs in the system. These
models use mass transfer coefficients (MTCs) for air/water exchange that are based on studies of
air/water exchange of gases, such as SF¢ and CO,, that have very different physicochemical
properties from those of PCBs. This practice results in significant uncertainty associated with
the MTCs for PCBs, and therefore in the water quality models themselves. Given the
importance of volatilization to PCB fate in the Hudson River, it is vital that accurate parameters
for volatilization be determined based on the best available technology. In this study we employ
a novel technique, the micrometeorological approach, to directly measure MTCs for PCBs in the
Tappan Zee region of the Hudson River.

The purpose of this study was, first, to calculate PCB volatilization fluxes from the
Tappan Zee using a novel technique based on micrometeorological measurements in the near



surface atmosphere. The second purpose was to use these fluxes and measured water column
concentrations to derive air/water mass transfer coefficients (Vay) for PCBs. The third purpose
was to investigate the relationship between the measured values of Vi, and meteorological
variables, especially wind speed and friction velocity, as well as the physical-chemical properties
of PCBs. Mean wind speed, temperature, water vapor, and PCB concentrations were measured
at two elevations above the ground as required by the Aerodynamic Gradient Method.
Simultaneous measurements of the vertical turbulent flux of momentum, sensible heat and latent
heat at an intermediate height were also collected to provide realistic turbulent correction
parameters by the Eddy Correlation approach. The vertical fluxes of PCBs were calculated using
the Thornthwaite-Holtzmann equation (4) modified to account for non-adiabatic conditions.

Air Water Exchange of Organics

Air/water exchange calculations are based on the following equation, in which the
chemical flux (F¢) is a function of the air/water mass transfer coefficient (Vay) and the water-air
concentration gradient (5):

F. =K :vaW(Cd ——a)
(1)

where Cq4 is the dissolved concentration, C, is the gas-phase concentration, and H’ is the
dimensionless Henry’s law constant, which is a function of temperature and salinity. Values of
Vaw have not been measured directly for organic chemicals. They are predicted based on values
of Vaw measured for tracer gases, such as CO, and SF¢, which have physicochemical properties
that are very different from those of PCBs.

A typical method of calculating vay for an organic chemical is to use the Whitman two-film
model (7), which states that the overall mass transfer coefficient, vay, comprises resistances to
mass transfer in both the air (v,) and water (vy) (5):
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For compounds with very large H’ (often linked to low solubility), vy, will dominate V. In
contrast, compounds with low H’ (frequently very soluble gases), vV, will dominate. For organic
chemicals such as PCBs with H’ between about 107 and 10'4, both v, and vy, are important (6).
The mass transfer coefficients (va and Vvy) have been empirically defined based upon
experimental studies using tracer gases such as CO,, SF¢, and O, (see refs. (5) and (7) for a
review). Typically these mass transfer coefficients are determined as a function of wind speed,
since wind is typically the major source of energy for driving mass transfer at the air/water
interface. In flowing rivers, the water currents can also provide energy for mass transfer, and can
be incorporated into the expression for vy, (8, 9). Differences in diffusivity (D) or Schmidt
number (Sc) between these gases and PCBs are then used to estimate v, and vy for PCB
congeners. This approach implicitly assumes that differences in solubility between the various
gases are unimportant, an assumption which has been called into question (10).



Most studies (11-16) have calculated vay for PCBs via the relationship for v, for H;O
recommended by Schwarzenbach et al. (where Uy is the wind speed in m s™ at 10 meters and v,
is in cm/s) (5):

v,(H,0)=0.2u,,+0.3 3)

In contrast, different relations for vy, are frequently used. Achman et al. (11) invoked the
relationship suggested by Liss and Merlivat in 1986 (17) for air-water exchange calculations in
Green Bay:

v, =0.17u,, for u,, <3.6 m/s

v, =2.85u,,-9.65 for 3.6 <u,, <13m/s 4)
v, =5.9u,,-49.3 for u, >13m/s

Others (7, 18) used the Wanninkhoff equation (19):
Vycon = 0.45u,"% (5)

At wind speeds from 0 to about 7 m s, this equation yields higher values of vy, than the Liss and
Merlivat prediction with the maximum difference (a factor of 6) occurring at Ujo = 3.6 ms™.
Meteorological data from Newark Airport indicates that the wind speed in this area is below 4 m
s about 50% of the time, so this discrepancy has a significant impact on predictions of air/water
exchange of PCBs in this region. Wanninkhoff and McGillis (20) have established a new
relationship for the effect of wind speed on vy,. This cubic relationship is an update of the most
commonly applied semi-quadratic relationship established by Liss and Merlivat (17) and the
quadratic relationship of Wanninkhoff (19). The cubic relationship is a better predictor of field
data from (10), particularly for higher wind speed conditions (> 6 m s'). However, the cubic
relationship tends to underpredict field measurements of vy co2 (the mass transfer coefficient for
CO,) at low wind speeds. There is a great deal of variation observed in vy, values for various
tracers, especially at low wind speeds.

The sources of error in the calculation of v, for PCBs are now apparent. They are
chiefly associated with the algorithm chosen to calculate vy, for the tracer compound and the
assumption that the resulting vy, can be scaled up to a suitable vy, value for PCBs by use of the
Schmidt number. The approach typically used for PCBs assumes that mass transfer is solely a
function of wind speed, even though many studies have suggested that other factors are
important, such as wave fetch, boundary layer instability and surface films ((21) and references
therein). Previous investigations of air/water exchange of PCBs (12, 14) that have estimated Vay
as described above have estimated that the inherent uncertainty in the resulting fluxes ranges
from 40% to 900% (12). This high level of uncertainty prompted the present study.

Theory of the Micrometeorological Technique

The present work has determined v,y values for PCBs, using flux estimates derived from
measurements of the vertical concentration gradients of PCBs, micrometeorological parameters
and water vapor fluxes in the lower boundary layer above the Tappan Zee. The method used
captures the effects of boundary layer turbulence and surface roughness better than the kind of



empirical relationships between Vv, and wind speed described above. This work represents the
first time this approach has been applied to the Hudson River/Harbor area, although the PIs have
successfully used this technique to measure PCB fluxes emanating from stabilized NY/NJ
Harbor sediments deposited in a landfill in Bayonne, NJ (22, 23).

Measurement of turbulent fluxes in the near surface atmosphere can be accomplished via
several methods. The approach that has been used in the present work is the use of an
Aerodynamic Gradient (AG) method to determine the profile of wind speed, temperature and
water vapor in the near surface atmosphere (24, 25). These gradients, along with concurrent
measurements of PCB air concentrations at two heights, were used to determine the vertical
fluxes of PCBs out of the water column. In addition to the AG measurements, an Eddy
Correlation (EC) system was used to directly measure fluxes of momentum, sensible heat and
latent heat. These measurements will allow for corrections to the PCB concentration profile for
non-adiabatic conditions.

The theoretical basis for the AG method can be described using the expressions that have
been developed for fluid flow over a flat plate. The full derivation may be found in Korfiatis et
al. (22) and will only be summarized here. Primary among these is the equation that describes
the gradient of wind speed orthogonal to the flow of the fluid:

ou U,
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where u is the fluid velocity in the x-direction, z is the distance from the plate, « is von Karmen’s

constant, and U, is the friction velocity. The friction velocity represents the flux of momentum

orthogonal to the mean direction of the wind. This equation can be integrated between heights z,
and z, to derive an equation that describes the profile of wind speed:

u—-u, = - 11'1(22 j (7)
K Z,
Similar equations can be derived for the profiles of temperature and water vapor concentration:
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where p is the air density, C, is the specific heat of the air at constant pressure, H is the sensible
heat flux, Le is the latent heat flux, p. is the vapor density, and A is the latent heat of
vaporization. Similar to the wind speed gradient equation, these can be integrated between two
heights to describe the profile of temperature and water vapor density in the near surface
atmosphere.

The above equations were developed for conditions in which there are no stability effects.
In real-world applications, stability will exert a large influence on turbulent fluxes. A commonly
used measure of atmospheric stability is z/L. The term z is the measurement height and L is the
Monin Obukov length scale (26), which is calculated as:
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This can be modified to account for the effects of water vapor by replacing H with (H+0.07Le).
Three cases are given for this classification scheme; (1) if z/L<O0 stratification is unstable and the
energy of turbulence is increased, (2) if z/L>0 stratification is stable thus hindering the
development of turbulence, and (3) z/L=0 stratification is neutral and does not affect the
formation of turbulence. Monin and Obukov (26) used similarity theory to derive expressions
for the profiles of wind speed, temperature and moisture content of the air that take into account
the possibility of non-adiabatic conditions. These equations are as follows:
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The values ¢v, du, and @y represent atmospheric stability correction factors for momentum, heat
and water vapor, respectively. They represent the departure of the atmosphere from adiabatic
conditions. For unstable vertical density stratification, the values forg become less than one,
while for stable stratification they become greater than one. These values can be solved for
directly, or estimated empirically as a function of z/L. In order to calculate the values of the
atmospheric stability factors from the above equations, it is necessary to have measurements of
ux, H and Le. These measurements can be collected using high-resolution sensors that can
directly measure turbulent fluctuations in wind speed, temperature and water vapor
concentration. Thus it is possible to calculate:

u, =ulu (14)
H=C,ou, (15)
Le=Ap,'u; (16)

Although the value for z/L is obviously a function of height (z), it has been hypothesized that
holding its value constant over a relatively small extent such as the two meters that will be used
for the proposed study will result in very little error. Comparisons made between a constant
correction factor and integration over the measurement interval have revealed that for values of
z/L <-0.1 there is approximately a ten percent error and for z/L < -0.5 there is less than a three
percent error (22). As a result the atmospheric stability factors can be calculated using the
following set of equations.

_ wlu,—u)
P = u.In(z,/z,) (17)



_ pCpKu*(ez _91)

P = Hin(z,/z,) (18)
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Using the profiles of wind speed, temperature and water vapor, it is possible to create a similar

profile for PCB concentration. Using this profile, the flux of PCBs can then be calculated. The

following expression can be derived for the flux of PCBs:
Cl — Cz

Fecs = 7
KU, ln( /j{ﬁc
Z

Every term in this equation is directly measured except ¢c, the atmospheric stability factor for
the chemical of interest. One of the other stability factors (¢@u, ¢n, and @y ) is substituted for dc,
allowing the calculation of the PCB flux. After deriving the fluxes from the use of the
meteorological technique Vay can be determined from equation 1 above. Because the water
column of the Tappan Zee is greatly oversaturated with PCBs relative to the gas phase, the Co/H’
term in equation 1 is negligible and can be ignored.

(20)

METHODOLOGY
Field work commenced on 8 July 2008 at the Piermont fishing pier in the Tappan Zee
region of the Hudson River (Figure 1). This section of the river is tidal, so the height of the air
sampler intakes above the water surface was constantly changing. The sampling campaign was
designed so that each discrete sampling event would last about four hours, the minimum amount
of time necessary to collect sufficient mass of PCBs in the air samples for analysis. Each
sampling event consisted of:
e Anupper and lower air sample (gas and aerosol phases)
¢ Duplicate water samples for PCB analysis (dissolved and particle phases)
e Duplicate water samples for dissolved organic carbon (DOC) and particulate organic
carbon (POC) analysis
e Continuous monitoring of wind speed, temperature, and water vapor pressure at two
heights (Aerodynamic Gradient system)
e Continuous monitoring of friction velocity and latent and sensible heat fluxes (Eddy
Correlation system)
e Frequent measurement of the water level at the pier
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Figure 1. Map of the Piermont fishing pier in the Tappan Zee
region of the Hudson River. The tip of the pier is at 41°02°35”,
73°53°46”. Map courtesy of Google Earth.

DOC and POC samples were collected so that the truly dissolved PCB water phase
concentrations could be calculated. A total of 16 sampling events were collected from 8™ July to
15™ July. The air sampling apparatus was set up at the upwind edge of the pier and the air
sampling ports were oriented to allow the prevailing wind to blow directly into the surface of the
QFF holder. In some conditions the wind direction changed, but in these cases the sampling
setup was correspondingly relocated. With the exception of gt July, on which no water sample
was collected, and 9™ and 11" July on which only one water sample was collected, two water
samples were collected for each sampling day for a total of 12 water samples. There were
duplicate DOC and POC samples for each sampling day for a total of 26 samples. The morning
sampling event began between 9 and 11 am and ended between 1 and 3 pm, while the afternoon
sampling started between 1:30 and 3:30 pm and ended between 5:30 and 7:30 pm. On 14" July
no sample was taken due to adverse weather conditions while on 15™ and 17" July afternoon
thunderstorms abruptly ended the sampling process.

Gas Phase PCB Sampling
Air sampling was performed by procedures similar to those used in a Bayonne study (22,

23) and the New Jersey Atmospheric Deposition Network (27). Gas-phase PCB samples were
collected over a 4-h period using high-volume air samplers (Tisch Environmental, Village of
Cleves, OH) operated at a calibrated airflow rate of ~0.5 m® min™'. Air was passed through pre-



combusted 0.7 um pore size quartz fiber filters (QFF) to capture the particle phase.
Subsequently the gas phase PCBs were captured on a cartridge containing XAD-2 resin
sandwiched between two layers of polyurethane foam (PUF) whose surface area was 300 cm”.
The XAD-2 resin was used to prevent breakthrough of mono and di-chloro PCB congeners that
are usually lost when PUF alone is used in gas sampling (28). The capturing of these lower
molecular weight congeners was essential, since they exhibit some of the highest fluxes. Prior to
field sampling, PUF and XAD-2 resin were cleaned by Soxhlet extraction using acetone and
petroleum ether. The two high-volume samplers were modified to sample air at the two heights
of the micrometeorological sensors by attaching flexible aluminum duct to their sampling ports
(figure 2). The high-volume samplers consist of a vacuum pump and an oil manometer that can
be connected to the vacuum pump to allow the measurement of the output pressure of the pump.
The output pressure of the pump is then used to determine the air flow rate through the sampler.
The samplers’ oil manometers were calibrated prior to the sampling event to ensure that flow
measurements were accurate. The oil manometer calibration was carried out using a Tisch
Adjustable Orifice Calibrator at five known air flow rates that were chosen to bracket field
sampling flow rates. The Tisch adjustable orifice was connected to a water manometer that
records input air flow while at the same time the oil manometer was connected to the vacuum
pump. A known input flow was used that prevented the breakthrough of PCBs during sampling.

Water Phase PCB Sampling

Water phase PCB sampling followed protocols published previously (16). Water samples
for PCB analysis were obtained by pumping water via Teflon tubing first through a filter head
containing a 0.7 um glass fiber filter (GFF) to capture particle phase PCBs, and subsequently
through a Teflon column containing XAD-2 resin that captured the apparent dissolved phase
PCBs.

Chemical Analysis

All PCB samples after sampling were taken within 24 hours to Rutgers University
laboratories and stored in refrigerators until they were analyzed. Prior to extraction, samples
were spiked with PCB surrogate standards (PCB IUPAC congener 14, 23, 65, and 166) to
determine analytical recovery efficiencies. The vertical gradient PUF-XAD sandwich samples
were Soxhlet extracted for 24 hours using a 4:1 (v/v) mixture of petroleum ether (PE) and
dichloromethane (DCM). GFF and XAD-2 used in water sampling were Soxhlet extracted using
1:1 (v/v) hexane:acetone. In order to remove polar interferences, the XAD and GFF water
sample extracts also underwent liquid-liquid extraction with 60 mL of Milli-Q® water in
separatory funnels with 1 g sodium chloride. The aqueous fractions were then back-extracted
with 3x50 mL hexane. QFFs were not extracted since the air particulate phase PCB do not
undergo air-water exchange and are not needed in the determination of MTCs. Extracts were
then concentrated by rotary evaporation and/or blowing down under a gentle stream of nitrogen.
The concentrated extract requires a clean-up step prior to analysis. This was done using 3%



water deactivated alumina (Brockman neutral activity 1- mesh size: 60-325). The PCB fraction
is eluted with hexane, concentrated under a gentle stream of nitrogen gas, and injected with
internal standards (PCBs 30 and 204) prior to analysis.

Congener-specific quantification of PCBs was performed by an Agilent 6890 Gas
Chromatograph (GC) equipped with a ®Ni electron capture detector (ECD). This system uses a
60m, 5% diphenyl-dimethylpolysiloxane column (DB-5: 60m, 0.32mm ID, 0.25mm film
thickness). Helium was used as the carrier gas and a P5 mixture (5%-CHy, 95% Ar) was used as
the make-up gas. Fifty-six chromatographic peaks, representing 89 PCB congeners were
quantified. The ECD method has several drawbacks. First, the ECD is a non-selective detector
and gives a response for any chemical that captures electrons. Because of this, organochlorine
and organobromine compounds can cause interferences within the chromatogram. This is
particularly a problem in the early portion of the chromatogram where mono- and di-
chlorobiphenyls elute, so these congeners were not quantified. Second, when PCB congeners co-
elute, they are quantified as the sum, even if the congeners have different numbers of chlorines.
These problems can be overcome by using a mass spectrometry detector (MSD), but the most
common MSD configuration, which features a single quadrupole, is not sensitive enough to
detect PCBs in most environmental samples. Thus we have developed a method for PCB
quantification on our tandem quadrupole instrument (Waters Quattro Micro GC/MS/MS) (29)
and plan to re-analyze all of the Tappan Zee samples on this instrument.

Quality assurance and quality control was determined using laboratory and field blanks.
Laboratory blanks are used to assess the potential for contamination of samples in the laboratory
during handling and processing. PCB masses in the laboratory blanks were low relative to the
masses in the samples accounting for from 0.1 to 3% of the total PCB mass in PUF samples.
Therefore, a correction for laboratory contamination was not employed.

Water column characteristics

DOC and POC sampling were conducted by filtering a known volume of river water
through 0.25 pm GFF. The filtrates were analyzed for DOC while the particles that were
collected on the filter were analyzed for POC and total suspended matter (TSM). These samples
were sent to Chesapeake Biological Laboratories (CBL) for analysis.

Micrometeorology
Micrometeorological data was collected in order to determine the vertical fluxes of PCBs.

This was carried out using two micrometeorological systems from Campbell Scientific of Logan,
Utah, USA (www.campbellsci.com). The first, the Aerodynamic Gradient system,
simultaneously measured temperature, water vapor pressure and wind speed at two heights,
approximately one and three meters above the ground surface. The temperatures were measured
with chromel-constantan thermocouples with a diameter of 74pum. These thermocouples have a
resolution of 0.006°C with 0.1 uV rms noise. The water vapor pressures were measured by
pumping air through a cooled mirror, dew point hygrometer (Model Dew-10, General Eastern
Corp., Watertown, MA). Air is drawn from both heights continuously through inverted Teflon
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filters (Pore size 1 um). The filters remove any dust or liquid water from the air stream. The
hygrometer is equipped with a solenoid value that switches the air flow through the sensor
between the two intakes for two minute intervals. The first minute of the interval is to clear the
air from the previous interval, while the second is when the readings are collected. The air is
drawn at a flow rate of 0.4 liters/minute with 2 liter mixing chambers to give a 5 minute time
constant. The Dew-10 has a resolution of approximately +0.01 kPa. The wind speeds were
measured using R. M. Young 03001-5 Wind Sentries. These include a cup anemometer and a
directional wind vane. The anemometer has a range of 0 to 50 meters/second with a threshold
value of 0.5 meters/second. All measurements taken with the Aerodynamic Gradient system
were averaged over ten minute intervals. Figure 2 is a picture of the Aerodynamic Gradient
system and Eddy correlation system in operation as well as the Hi-Vol samplers.

Figure 2. The air sampling and micrometeorology equipment set up on the south end of the
Piermont pier.

The second system, the Eddy Correlation system, included quick response instruments
capable of measurements at 10 hertz in order to resolve the turbulent fluctuations in vertical
velocity, w', horizontal velocity, u’, temperature, 0’, and specific humidity, q', in the near surface
atmosphere. These measurements were processed and averaged to give 5-minute averages of
friction velocity and latent and sensible heat fluxes. The Eddy Correlation system consists of
three sensors. First, the CSAT3 is a 3-D Sonic Anemometer that can sample at 60 Hertz, with
noise in the horizontal directions of 1 mm/s, 0.5 mm/s in the vertical, and 0.002 °C for the sonic
temperature measurement. The range of wind speed measurement is +65.535 ms™. Second, the
fluctuations in the moisture content of the air are measured using a KH2O Ultraviolet Krypton
Hygrometer capable of measuring at rates up to 100 Hertz. Third, the system also includes a
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FWO0S5 fine wire thermocouple. This is a 0.0005 inch thermocouple that measures very
accurately at high sampling rates and is not affected by solar radiation.

PRINCIPAL FINDINGS AND SIGNIFICANCE

Micrometeorology

The values for the meteorological variables and the latent (Le) and sensible (H) heat
fluxes given in Table 1 are averages over each sampling interval. There were two sampling
events when the sensors failed (07/08 am and 07/15 pm). Average wind speeds ranged from 0.7
to 6 m s, while the average temperatures ranged from 298.1 to 307.2 K. Because these
parameters varied over a relatively small range, correlations between Vay and these parameters
will provide limited information. The latent heat flux was always positive, indicating that water
was evaporating from the river during all samples events, as would be expected on hot summer
days. The sensible heat flux was occasionally negative, indicating that the water was generally
cooler than the air, again as expected for a hot summer day.

Wind speed | Temp u* H Le
Date | Local Time (ms™) °K) msh | (Wm? | (Wm?
07/08 11:18 — 15:20 4.77 NA NA NA NA
07/08 15:40 — 18:40 4.10 304.0 0.24 -1.55 74.70
07/09 10:20 — 14:20 6.02 302.0 0.32 -1.47 180.4
07/09 15:45-17:10 4.53 303.5 0.29 -1.70 152.7
07/10 9:45 — 13:45 4.50 298.7 0.50 29.71 388.4
07/10 13:55-18:00 3.56 301.5 0.53 29.75 496.0
07/11 9:45 — 13:45 1.42 298.1 0.93 24.06 85.0
07/11 13:50 — 18:50 1.51 3014 0.11 30.40 122.2
07/15 10:05 - 15:30 2.23 3004 0.16 31.45 148.0
07/15 15:40 - 19:40 1.22 NA NA NA NA
07/16 10:40 — 14:30 0.71 300.5 0.08 9.14 96.2
07/16 14:55 - 18:55 0.72 3034 0.09 0.09 85.1
07/17 9:30 -13:30 1.76 301.2 0.09 12.39 112.0
07/17 14:05 - 17:05 1.93 304.3 0.18 40.54 126.9
07/18 10:15—-14:15 1.97 304.0 0.20 12.82 115.0
07/18 14:20 — 18:20 2.53 307.2 0.31 14.00 270.7

Table 1. Meteorological conditions at the sampling site. NA = Not available

Water column characteristics

DOC concentrations (Table 2) ranged from 3.94 to 44.09 mg C L' while POC
concentrations ranged from 0.77 to 3.36 mg C L. The DOC concentrations seem unusually
high and duplicate samples are not in good agreement. In August of 2007, our research group
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measured DOC and POC concentrations at the pier ranging from 2.22 to 3.37 mg C L™ and 0.72
to 1.45, respectively. The relative standard deviation in DOC concentrations was less than 15%.
In their model of the New York/New Jersey Harbor, Farley et al (2) used a DOC concentration of
3.07 mg C L and a POC concentration of 0.75 mg C L™ for the Tappan Zee. This comparison
supports our conclusion that the high DOC concentrations we measured in 2008 were the result
of a sampling or analytical error, possible related to taking the DOC samples too close to the
shore, where carbon from the nearby marsh or from goose droppings may have resulted in
elevated DOC measurements.

DOC (mg C L) POC (mg C L™
Event Sample A Sample B Sample A Sample B
07/08/08 2.30pm 3.94 23.60 1.18 1.67
07/08/08 6.20pm 25.35 14.94 1.52 1.63
07/09/08 2.30pm 18.76 16.08 1.78 2.97
07/10/08 12 noon 9.92 15.12 1.88 1.41
07/10/08 2.30pm 14.72 34.62 1.52 0.77
07/11/08 9.00am 4.62 11.95 1.22 1.29
07/11/08 1.45pm 5.42 15.19 3.36 3.62
07/15/08 8.50am 13.83 10.35 1.11 1.32
07/15/08 3.50pm 4.24 44.09 1.21 0.79
07/16/08 1.30pm 13.33 NA 3.34 NA
07/16/09 5.30pm 35.62 NA 2.00 NA
07/17/08 9.30am 9.41 20.28 1.35 1.99
07/18/08 9.00am 23.59 16.69 1.71 2.15
07/08/8 4.30am 32.52 26.57 1.77 1.65

Table 2. Dissolved organic carbon (DOC) and particulate organic carbon (POC) concentrations
in duplicate samples.

Gas and water phase PCB concentrations

Table 3 summarizes the ZPCB concentrations measured in the gas and apparent dissolved
phases during the August intensive sampling campaign. The upper samples are thought to be
more representative of the atmosphere as a whole. The average gas phase ZPCB concentration
in these upper samples was 0.7 ng m~, somewhat elevated over PCB concentrations measured
as a regional background in this area by the New Jersey Atmospheric Deposition Network
(NJADN) (27). NJADN results suggest that the year-round background ZPCB level is about 0.2
ng m”~, with summertime concentrations perhaps a factor of two higher. Gas-phase SPCB air
concentrations in this study were lower than the annual averages reported for Raritan Bay (1.0 ng
m™) (30) and Jersey City (1.2 ng m™) (27). The PCB levels measured over the T