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Emissions of PCBs and Mercury from Stabilized Harbor Sediments

Final Project Summary

Introduction
The Port of New York and New Jersey is the largest container and petroleum port on the

East Coast of the United States. Natural depth of New York Harbor is only 6 meters,
necessitating construction of over 400 km of engineered waterways that require nearly
continuous improvement and maintenance. Between 3 and 5 million cubic meters of sediment
are dredged annually, with actual volumes depending on construction and maintenance
schedules. Historically, dredged material management relied almost exclusively on in-water
disposal, despite the fact that much of the material dredged is fine grained and tends to contain
varying levels of anthropogenic chemicals and trace metals. In the early 1990s, increasing
environmental awareness resulted in a regional shift away from disposal toward upland
beneficial use (McDonough et al., 1999).

The primary beneficial use strategy has been to use stabilized dredged material (SDM) as
a capping and/or filling material for landfills, industrial sites, and abandoned mines (Douglas et
al., 2003). Stabilized dredged material, or SDM, is fine grained dredged material that has been
mixed with a pozzolanic additive such as Type II Portland Cement, coal fly ash or incinerator
ash to achieve a product with soil-like engineering properties. The strategy has multiple positive
environmental benefits including reduction of runoff and leachate from contaminated sites,
reduction of use of greenfields for industrial development, and providing affordable reliable
locations to place dredged material. Since 1997, over 7 million cubic meters of contaminated
dredged material have been successfully utilized upland in the States of New Jersey, New York
and Pennsylvania (USACE 2006).

The success of the upland beneficial use strategy necessitates a firm understanding of the
environmental risks and benefits. Since the beginning of the program, the State of New Jersey
has had a policy that limits the placement of contaminated sediments to those sites that are
already contaminated with similar substances in similar or higher amounts. The SDM is used
specifically to implement a remedial action on the site consistent with a reduction or elimination
of loss of contaminants into surrounding water bodies, groundwater or into the food chain.
Rigorous monitoring of these sites confirms that not only are the remedial actions successful at
ensuring that contaminants in SDM are not mobilized, but also those contaminants that were
present on the site initially are no longer posing an ongoing threat (Douglas et al. 2005).
Polychlorinated biphenyls (PCBs) and mercury (Hg) are two contaminants of particular concern
with regard to the land application of SDM since they may volatilize to the atmosphere. Once in
the atmosphere, these contaminants can deposit in proximate or remote ecosystems and become
enriched in aquatic and terrestrial animals including humans where they may have toxic effects
(Stern et al., 1996; Burger and Gochfeld, 1997; Watras et al., 1998; Gnamus et al., 2000;
Berglund et al., 2001; Borga et al., 2004). Thus the atmospheric cycles of PCBs and Hg are
critical to understanding and managing their environmental impact. An evaluation of the
potential for SDM or the SDM manufacturing process to release PCBs and Hg into the
atmosphere was initiated in 2001. This study included an evaluation of the air quality
surrounding processing equipment and a placement site in northern New Jersey, as well as
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controlled laboratory evaluations of contaminant flux. The results of these studies are presented
in this report.

Project Scope and Rationale
The goals of this project were to assess the volatilization of polychlorinated biphenyls

(PCBs) and mercury (Hg) from land-applied, stabilized dredge material (SDM), the effects of
cement stabilization on the release of these contaminants, and potential impacts of land-applied
SDM to the ambient air quality of placement sites and adjacent areas. Thus the first phase of this
project (see Korfiatis et al., 2003) included in situ measurements of PCB and Hg concentrations
and land-air fluxes at a site in Bayonne, New Jersey where SDM from the NY/NJ Harbor was
placed. The results of that project demonstrated that PCBs and Hg were emitted from SDM, but
pointed to gaps in our understanding of the sediment side controls of PCB and Hg volatilization,
the aerosol partitioning of PCBs emitted from SDM, and the relative importance of SDM PCB
emissions to the local atmosphere compared with other sources in the New York/New Jersey
metropolitan area. The second phase of this project therefore included laboratory flux chamber
measurements of PCB volatilization from cement-stabilized Newtown Creek sediment (see
Miskewitz et al., 2005), and evaluations of the gas phase-aerosol partitioning of PCBs at the
Bayonne site, the development of a local atmospheric transport model of PCBs in the harbor
atmosphere, and flux chamber studies of Hg volatilization from cement-stabilized Berry's Creek
sediment (see Reinfelder et al., 2006). The major findings of these studies and their implications
for the land-application of SDM, where appropriate, are summarized below.

Assessment of PCB emissions from land-applied SDM
PCB concentrations and volatilization fluxes at the Bayonne SDM placement site

At the Bayonne SDM site, gaseous air concentrations of PCBs measured directly above
SDM (3 – 14 ng m-3) as it cured were relatively high compared to regional background values (1
– 3 ng m-3), but they were two orders of magnitude below the NIOSH recommended exposure
limit of 1μg m-3 and five orders of magnitude lower than the OSHA permissible exposure limits
of 0.5 to 1.0 mg m-3 (Korfiatis et al., 2003). Average PCB concentrations at the SDM
application site were approximately two times higher than those at an urban reference site 3.5 km
west of the SDM site, but approximately 20% of the time, PCB concentrations at the urban
reference site were greater than those at the SDM application site (Korfiatis et al., 2003).
Upwind /downwind concentration gradients of PCBs were rare (5 of 29 cases) at the SDM
landfill site. This suggests that SDM is not the only or dominant source of PCBs to the air above
the landfill and that other offsite sources may be important.

Estimated vertical fluxes of PCBs from SDM at the Bayonne site ranged from 72 to
15,000 ng m-2 h-1 and averaged 2050 ng m-2 h-1. Modeling results show that the transport of PCB
emissions of this magnitude from the SDM placement site could produce concentration spikes of
only 1/4th to 1/10th of those observed at the urban reference site indicating that PCB emissions
from the SDM placement site have a small effect on the overall levels of PCBs measured within
3.5 km of its perimeter. Due to the high background concentrations of PCBs in both the gas and
particle phases in the NYC metropolitan area, emissions of either gas- or particle-phase PCBs
from the Bayonne SDM site are not large enough to alter the gas/particle partitioning of PCBs in
this region. These emissions could, however, be important if SDM were placed in a more remote
location where the background PCB signal is lower.
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Effect of cement stabilization on the volatilization of PCBs from SDM
In the Bayonne field study, PCB fluxes from recently placed SDM were initially high, but

decreased quickly as the SDM dried (Korfiatis et al., 2003). This was also observed in the
laboratory flux chamber study where the rate at which the PCB flux decreased was found to be
highly dependent on the degree of cement stabilization (Miskewitz et al., 2005). The average
time constant for the decrease of PCB fluxes from unstabilized sediments was 61 h, while that
for sediment stabilized with 8% portland cement was 15 h. Thus the addition of cement acts to
decrease PCB fluxes from dredged sediment. The stabilization process will dry the sediment and
thus reduce the amount of PCB volatilized (see Effects of site and atmospheric conditions section
below).

What fraction of the sediment PCBs is lost to the atmosphere?
The fraction of PCBs in New York/New Jersey Harbor dredged material that escapes to

the atmosphere during land-application can be estimated from the average sediment PCB
concentration and the average time dependent area PCB volatilization rate for SDM at the
Bayonne site. The average PCB concentration in New York/New Jersey Harbor sediments
exceeds 400 ng g-1 dry wt (Ho et al., 2000). Using a dry sediment mass density of 500 kg m-3

and a sediment PCB concentration of 400 ng g-1 dry wt yields a total sediment PCB
concentration of 0.2 g m-3. PCB area loads to the atmosphere from unstabilized and 8% cement-
stabilized sediments were estimated by integrating the maximum initial PCB flux observed at the
Bayonne SDM site (15,000 ng m-2 h-1; Korfiatis et al., 2003) over periods of 215 and 54 h,
respectively, (i.e. five half-lives of the logarithmic decreases observed in the laboratory flux
chamber experiments, final flux = 3% of initial flux, see by Miskewitz et al., 2005). The
resulting PCB loads to the atmosphere are 900 and 200 g m-2, for unstabilized and 8% cement-
stabilized sediments, respectively. With an average SDM depth of 2 m, this is equivalent to
losses of 450 and 100 g m-3. Thus without stabilization, an average of about 0.2% of the
PCBs in land applied sediments would be lost to the atmosphere, but only 0.05% of the PCBs
in land applied sediments stabilized with 8% cement would be lost to the atmosphere.

Effects of site and atmospheric conditions on the volatilization of PCBs from SDM
Estimated PCB flux rates exhibited a large dependence on the atmospheric and site

conditions. Since the atmosphere tends to be stable at night, nighttime PCB fluxes were low.
Very low PCB fluxes also occurred during daytime intervals when it was cloudy and cool, such
as on the morning. The moisture content of the dredged material may also have an effect on
PCB volatilization. Dry sediments have a greater affinity for volatile contaminants than wet
sediments because of the competition for adsorption or absorption space with water (Valsaraj et
al., 1997). As the sediment particles in upper layers of the sediment dry they not only hold the
contaminant absorbed to them tighter, they will also absorb free contaminants that would
otherwise diffuse to the surface, thus further increasing the sediment-side resistance to
contaminant flux to the atmosphere. In the Bayonne field study, the sensible heat flux from dry
SDM exceeded the latent heat flux indicating restricted transport of water vapor out of the SDM
and estimated PCB fluxes above dry SDM were zero or directed into the ground (Korfiatis et al.,
2003). In the laboratory flux chamber experiments, temperature was also found to exert a large
influence on the magnitude of PCB fluxes from SDM (Miskewitz et al., 2005). Thus sediment
that is stabilized and applied to the land during warmer summer months will release more PCBs
to the atmosphere.
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Assessment of Hg emissions from land-applied SDM
Hg concentrations and volatilization fluxes at the Bayonne SDM placement site

Total gaseous mercury (TGM) concentrations at the Bayonne SDM site ranged from 2 to
7 ng m-3, compared with 1.7 to 3.3 ng m-3 at an urban reference site 3.5 km west of the SDM site.
Daily average concentrations of TGM at the Bayonne SDM site during active placement were <5
ng m-3, and much lower than the human chronic effects limit for total gaseous mercury (200 ng
m-3) established by the Agency for Toxic Substances and Disease Registry. Thus there is no
direct human impact of Hg emissions from the placement of SDM as carried out at the Bayonne
site.

The emissions of Hg to the atmosphere are primarily of environmental concern because
of the long residence time of Hg in the atmosphere (Mason et al., 1994) and the deposition of Hg
in proximate or remote water bodies where it may be transformed and bioaccumulated (Lindqvist
et al., 1991). Maximum seasonal and annual Hg emissions from the SDM placement site were
estimated using the solar radiation-Hg flux relationship of Goodrow et al., 2005 and diurnal
sunlight patterns for winter and summer months and assuming continuous 20% coverage of the
SDM site. These estimates show that the average Hg volatilization flux from the SDM
placement site in Bayonne, NJ was 130 g y-1 or 0.36 g d-1 (Goodrow et al., 2006), much lower
than major industrial sources of Hg to the atmosphere in New Jersey (140 to 450 kg y-1) and
approximately 0.03% of New Jersey's atmospheric deposition flux. Given the transient nature of
SDM placement sites which are eventually capped, effectively reducing Hg emissions to those
from background soils, Hg emissions from the placement of SDM as carried out at the Bayonne
site is expected to present only a minor emissions source of Hg to the atmosphere.

Effects of cement stabilization on Hg volatilization from SDM
Cement stabilization did not reduce Hg fluxes over the course of two days at the SDM

site (Korfiatis et al., 2003). This was also observed in the laboratory experiments where the
volatilization fluxes of Hg from cement stabilized sediments were twice as high as those from
unstabilized sediments (Reinfelder et al., 2005). We conclude that cement stabilization does not
reduce Hg volatilization from land-applied SDM over the course of a few days.

What fraction of the sediment Hg is lost to the atmosphere?
The fraction of total mercury in dredged material that escapes to the atmosphere during

land-application can be estimated from the average sediment Hg concentration and the average
area Hg volatilization rate for SDM at the Bayonne site. Using a dry sediment mass density of
500 kg m-3 and a sediment Hg concentration of 2 g g-1 dry wt yields a total sediment mercury
concentration of 1 g m-3. Over the two year active lifetime of the Bayonne SDM site, the
average area volatilization rate of Hg was 500 g m2. With an average SDM depth of 2 m, this
is equivalent to a loss rate of 250 g m-3. Thus ¼ of one one-thousandth or 0.025% of the total
Hg content of dredged sediment was lost to the atmosphere.

Hg volatilization fluxes expected from SDM with higher Hg concentrations
For soils, Hg volatilization fluxes generally increase with Hg soil concentration according

to a log-linear relationship (Gustin et al., 2000; Nacht et al., 2004). This is also likely the case
for sediments and indeed the estimated fluxes of Hg from cement-stabilized Berry's Creek
sediment which contained 20 to 40 g Hg g-1 dry wt (Reinfelder et al., 2005) are four to ten
times higher than those observed at the Bayonne SDM placement site which contained 1 to 3 g
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Hg g-1 dry wt. Assuming that the land application of SDM with a Hg concentration of 40 g g-1

at a site similar to that in Bayonne will result in a ten-fold higher Hg volatilization flux, the
average Hg volatilization flux would be about 1.3 kg y-1 or 3.6 g d-1. Thus the land application
of SDM with a Hg concentration of up to 40 g g-1 is unlikely to present a major source of Hg to
the atmosphere. The impact on the environment of the land application of SDM with a Hg
concentration significantly greater than 40 g g-1 requires further evaluation.

Effects of light on Hg volatilization from SDM
The volatilization of mercury from estuarine sediments does not decrease with time as

was observed for PCBs (Miskewitz et al., 2005), but is primarily controlled by light. The
dominant role of light in controlling Hg volatilization from sediments in the laboratory flux
chamber is consistent with in situ sediment-air Hg flux observations at the SDM placement site
in Bayonne, NJ which were significantly correlated (r2 = 0.81) with solar radiation (Goodrow et
al., 2005). Decreasing the time of exposure of SDM to light during cement stabilization and
placement would reduce Hg emissions to the atmosphere from this source.

Summary Conclusions
The field and laboratory results from this project allow us to evaluate the land application

of cement-stabilized dredge materials from the perspective of its possible impact on the
emissions of contaminants to the atmosphere. Perhaps one of the most important findings is that
although emissions of PCBs and Hg to the atmosphere will occur during the land application of
SDM, these represent very small fractions (<0.05%) of the total contaminant loads contained in
the sediments. For the contaminant concentrations in the sediments used at the Bayonne site,
these emissions therefore represent minor contributions to the local or region atmosphere.
Interestingly, cement stabilization appears to have opposite effects on the volatilization of PCBs
(retards) and Hg (enhances), but emissions of both are transient decreasing rapidly in only a few
days in the case of PCBs and stopping altogether when covered. Based on these findings, we
conclude that the land application of SDM represents a very minor impact on atmospheric levels
and cycling of PCBs and Hg.
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