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INTRODUCTION 
Limitations on the rate and extent of biodegradation of polycyclic aromatic hydrocarbons 

(PAHs) present in sediments are frequently attributed to slow desorption from the solid phase.  
However, partly because natural systems are so complex, few studies have been able to isolate and 
establish the relative contributions from each of several proposed mechanisms.  Several recent studies 
have included model sorbents dosed with contaminants and aged for various periods of time in 
desorption and bioavailability experiments.  (Calvillo & Alexander 1996; Cornelissen et al.  1998; 
Farrel & Reinhard 1994a; Farrel & Reinhard 1994b; Guerin & Boyd 1997; Nam & Alexander 1998; 
Scow & Alexander 1992).  While these studies have utilized simplified conditions to uncover 
important trends, they are potentially limited by the difficulty in applying the results to natural soil or 
sediment systems and/or because of the shortcomings in trying to accurately reproduce field-aged 
behavior using laboratory-amended materials (Hatzinger & Alexander 1995; Pignatello et al.  1993).  
The alternative is to find other ways to isolate competing mechanisms in field-aged soil or sediment. 

In this study, field-aged PAH-contaminated sediments from two sites were divided into 36 
different portions by size- and density-fractionation and extensively characterized for physical and 
chemical parameters likely to affect desorption.  Rate and extent of PAH desorption and equilibrium 
partition coefficients were measured for many of the fractions.  These results will be compared to 
ongoing independent PAH biodegradation experiments using similar sediment fractions to more 
effectively identify the mechanisms controlling slow desorption and limiting bioavailability.   

 
EXPERIMENTAL 

Two sampling locations in the New York Harbor Estuary were chosen because they possess vastly 
different physical, chemical, and biological characteristics.  Piles Creek, a tributary of Arthur Kill, runs 
through a marshy area with abundant emergent vegetation.  Newtown Creek is an industrial waterway 
in Queens NY.   Both sites had been exposed to PAHs for decades.   The sediments were fractionated 
into 5 size classes (>500 um, 500-300 um, 300-125 um, 125-63 um, and <63um) by wet sieving in 
clean seawater.  The low- and high-density fractions of each of these samples plus whole sediment 
were separated by equilibrium flotation/settling in a saturated CsCl (p=1.8 g/ml) (see Rockne et al.  
1999). The size- and density-separation resulted in 18 fractions from each site, for a total of 36 sub-
samples.   

Chemical Characterization.  On each fraction, total organic carbon was measured using a Carlo 
Erba elemental analyzer as described previously (Mayer et al.  1993).  PAHs were extracted from all 
sediment fractions using a novel hot acetonitrile extraction procedure.  Sediments were dewatered by 
centrifugation (8000g) and extracted in sealed Teflon Oak Ridge centrifuge tubes with boiling 
acetonitrile (85° C, 120 min) in an ultrasonic bath.  This procedure was verified to provide high 
extraction efficiency with a NIST PAH-contaminated sediment standard.  PAHs in the acetonitrile 
extract were analyzed by HPLC with fluorescence and photodiode array detection/identification.   



Physical Characterization.  Surface area, pore size distribution, and particle size analysis were 
measured by nitrogen adsorption/BET, Hg-Intrusion, and X-ray sedigraphy, respectively, as described 
(Rockne et al. 1999).   

Abiotic PAH-desorption.  Desorption rates were measured using a modified procedure based on the 
method of Cornelissen et al. (1997).  Poisoned sediment (HgCl2) was placed in glass separatory 
funnels and incubated with clean Tenax beads.  At time intervals (30 min; 1.5, 3, 6, and 12 hr; 1, 2, 5, 
and 12 d; 1 and 3 mo.), the sediment was separated from the Tenax and placed in a new separatory 
funnel with fresh Tenax.  The Tenax beads were extracted with hexane (15 min, 150 rpm) and the 
extract was analyzed for PAHs as described above.   

Single-point equilibrium partitioning.  Using the field-aged sediments, we were unable to vary the 
liquid/solid ratio in realistic fashion to provide multiple equilibrium distribution points, and therefore 
we could only measure single-point aqueous/sediment partitioning coefficients.  Sediment (1-10g dry 
wt) was added to filtered (0.45 µm) seawater (4L, poisoned with HgCl2) in clean 4L amber solvent 
bottles.  After incubation (25° C, 3 mo.) the supernatant was decanted through solid-phase extraction 
filtration disks (3M empore) which were extracted into hexane, concentrated, and analyzed as 
described above.  This resulted in a 1500- to 2000-fold concentration of PAHs from the aqueous phase. 

RESULTS AND DISCUSSION 
Newtown Creek sediment is characterized by very fine particles (most particles smaller than 20 

µm), low vascular plant debris, and 50-100 mg/kg of the 16 EPA priority PAHs. Piles Creek sediment 
was more graded and relatively more coarse-grained than Newtown Creek sediment.  Piles Creek 
sediment also had much higher vascular plant debris than Newtown Creek and 100-200 mg/kg total 
PAHs.  

PAH Distribution.   The concentration of PAHs in the sediment varied with size and density 
fraction.  Generally speaking, Piles creek sediment had  higher PAH concentrations in the coarse 
material, while Newtown Creek sediment had a  relatively larger amount in the finer particles (Figure 
1).    For both sediments, the low-density fractions had significantly higher concentrations of PAHs.  In 
Newtown Creek sediment, the low-density material had roughly 10x the PAH concentration, while the 
trend in Piles Creek was much more dramatic.  In some fractions, there were more than 100x more 
PAHs in  the high-density fraction for a given size fraction.    On a mass basis, the low-density 
fractions of Piles Creek and Newtown Creek sediment contained, respectively, 78 and 54% of all 
PAHs in the sediment.  This is striking because only a small fraction of the sediment mass was in the 
low-density fraction.  In Piles Creek sediment, nearly 80% of the PAHs were found in only 5% of the 
sediment mass. 

Rate and Extent of Desorption 
One of the most interesting trends in the desorption data is the difference in rate and extent of 

desorption between low- and high-density sediment fractions.  Shown below are the data from whole 
Newtown Creek’s low- and high-density sediment fractions (designated H-p and L-p, respectively) for 
the 3-, 4-, and 5-ring PAHs pyrene (Pyr), chrysene (Chr) and benzo(a)pyrene (BAP) (Figure 2).  
Although the low-density fraction has a higher total PAH concentration, a smaller percentage of the 
PAHs are removed after 3 months versus the high-density fraction under identical desorption 
conditions.  The total cumulative desorption after 3 months for Pyr, Chr, and BAP from high-density 
whole Newtown Creek sediment are, respectively, 51, 56, and 31% of the total ACN-extractable mass.  
The corresponding percent cumulative desorption for the same compounds from the low-density  
faction are less than half: 22, 16, and 15%, respectively.  

While the common trends among the six data series for cumulative mass desorbed are more a 
function of low- versus high-density sediment, the similarities among the flux data is more a function 



of compound.  Flux is computed by finding the amount of mass (mg PAH/kg dry sediment) released in 
a given time interval, dividing by the amount of time (h) in that interval, and dividing by the specific 
surface area (m2/g), found by N2 BET isotherm analysis, resulting in units of µg/days•m2.  Regardless 
of sediment density, the trend among flux values for the first few observations is pyrene > chrysene > 
BAP.  Pyrene displays a very rapid initial rate (exaggerated in the figure somewhat because the total 
concentration of pyrene in the sediment is so much higher than the concentrations of chrysene and 
benzo(a)pyrene) which falls to less than 10% of the initial value within the first few hours.  The larger 
PAHs, especially in low-density sediment, display a more gradual decrease in flux with time. 
 
CONCLUSIONS 

Understanding and quantifying the relationship between the physical and chemical characteristics 
of sediments and fluxes of contaminants to microbial and animal communities is essential for prudent 
risk-based decision making.   As we continue with the analysis and modeling of this extensive data set, 
we can identify some important trends in PAH sequestration and the rate and extent of contaminant 
release among sediment fractions.  Most notably, low-density fractions have highly elevated PAH 
concentrations compared to whole sediment, and this fraction is less readily desorbed, but is released at 
a relatively more constant rate than its high-density analogue.  Although not shown here, the Piles 
Creek sediment is known to conform to the same behavior.  These observations have important 
implications for site remediation strategies, biodegradation potential, and toxicity.  Future work will 
compare independent biodegradation data with these results, and complete extensive modeling that 
will hopefully help to resolve the most important mechanisms controlling slow desorption and limited 
bioavailability for this important class of sediment contaminants. 
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Figure 1. Distribution of total PAH concentration (sum of 16 EPA priority PAHs) in  (A) Piles Creek and (B) Newtown 
Creek sediments.  Error bars  in Piles Creek reflect average error in extraction of an NIST PAH-contaminated sediment; in 
Newtown Creek,  error bars show standard deviation  of triplicate extractions.  
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Figure 2.  Selected desorption kinetics data from  high- and low-density whole Newtown Creek sediment (denoted H-p and 
L-p, respectively) for the 3-, 4-, and 5-ring PAHs pyrene (Pyr), chrysene(Chr), and benzo(a)pyrene.  (A) Cumulative mass 
desorbed divided by total extractable concentration (unit less) vs time. (B) Flux (see text for definition) vs time until 1 day. 


	INTRODUCTION
	EXPERIMENTAL
	RESULTS AND DISCUSSION
	
	
	
	Rate and Extent of Desorption


	CONCLUSIONS


	REFERENCES

