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Materials and Methods 

Background - Ulva rigida 

• Microcosm cells consisted of 250 ml aerated glass beakers containing contaminated sediment covered 

with several layers of either: a) living seaweed or b) air-dried dead seaweed; all conditions were 

replicated (n = 3)  

• Microcosm cells were prepared by adding 250 g wet weight of spiked sediment, 100 mg dry wright of 

seaweed, and 300 mL overlying fresh/salt water 

• Microcosm cells were kept in a growth chamber at 15°C temperature, 16:8 hr daylight cycles, and               

50 mL/min aeration for 14 days 

Results  

• Ulva is a 2-cell thick green alga that can produce sheets up 60 cm in width  

• Preliminary sampling in New Bedford Harbor indicated Ulva can hyperaccumulate PCBs up to                  

99 ppm, which is 800 time higher than ever reported for a seaweed 

• Ulva in NBH had a PCB bioconcentration factor of 100,00 compared to its water level 

• Ulva in NBH forms annual blooms that can reach 17 tons yearly 

• Ulva can grow under a fine layer of sediment and at a wide range of temperatures and salinities  

• Ulva rigida samples were collected from a low-PCB-contaminated area of the Upper Harbor of New 

Bedford Harbor (Fig. 3) 

• Sediment samples were collected from the Neponset River (Quincy, MA) and re-saturated with 

synthetic seawater (Fig. 4) 

• Sediment was spiked with Aroclor 1248 for a nominal target concentration of 50 ppm 

 

FIGURE 3: Ulva Sampling at New Bedford Harbor FIGURE 4: Sediment Sampling at Neponset River 

• Seaweed samples were collected at t= 0, 1, 2, 7 and 14 days after microcosm tests were initiated and 

wrapped in hexane treated aluminum at -4°C 

• Seaweed total PCB content and congener composition were determined by Columbia Analytical 

Services 

FIGURE 8: Congeners Uptake by Live and Dead Ulva after 1 day 
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FIGURE 6: Ulva at the end of Microcosm Test 

This study presents preliminary, benchscale experiments to evaluate the use of Ulva rigida to take up 
and concentrate polychlorinated biphenyls (PCBs) from marine sediments. 

 

Abstract 
 
Interest has increased in sustainable and low cost aquatic sediment remediation 
techniques to remove, biotransform and limit the bioavailability of organic 
contaminants in sediments and their transfer up the food chain. This study 
presents experimental, benchscale research to evaluate the use of a marine 
macroalga or seaweed (Ulva rigida) to remediate and reduce the bioavailability of 
polychlorinated biphenyls (PCBs) in marine sediments.  
Ulva rigida is a 2-cell thick green alga that can produce floating sheets reaching 
over 60 cm in width and thick mats that cover the sediment. In a related study of 
an annual Ulva rigida bloom in the New Bedford Harbor, MA, Superfund site, it 
was determined that the alga is capable of hyper-accumulating PCBs up to 99 ppm 
with a corresponding bioconcentration factor (ratio of concentration in live 
organism to concentration of surrounding water) of 100,000. Given the 
preliminary data on this hyper-accumulation and bioconcentration behavior, Ulva 
rigida was chosen as a possible means of marine sediment remediation using an 
extension of the reactive core mat concept.  
Based on the field uptake data, batch scale microcosm tests with PCB-
contaminated sediment were designed to quantify the algae’s reactive capacity, 
removal kinetics, and ability to biotransform and/or dechlorinate PCBs during 
residence time on the sediment. This experimental study also compared uptake 
characteristics of both live and dead cells (air dried). Preliminary results indicated 
that uptake occurs very rapidly with no significant difference between day 1 and 
day 14 in both live and dead tissue. However, total uptake concentrations were 
greater in live than in dead tissue. PCB congener composition in the algae appears 
to be related to both the the sediment’s congener composition and the respective 
congener solubilities. We expect that these results could lead to the development 
of a new sediment remediation mat system for the bioremediation of PCBs 
consisting of a Ulva rigida core. 

 

Objectives 

 

Conclusions 
• Ulva took up and concentrated PCBs rapidly and to a very high level (eg. 1.58 ppm dry weight in just 24 

hrs in live Ulva), thus demonstrating the feasibility of using it in a mat system for bioremeditation 
purposes. 

• The rate of PCB accumulation was significantly greater in live vs dead Ulva. 
• Greater concentrations of all individual PCB congeners were found in live vs dead Ulva. 
• Those individual PCB congeners with highest concentrations in Ulva tended to be lowest in congener 

number and highest in solubility or Kow value. 
• A Provisional Patent has been filed on the use of the Ulva Mat System to bioremediate organic 

pollutants from marine sediments; further experiments are planned. 
 

FIGURE 9: Relation Between Congeners logKow Values and Congeners Uptake by Live Ulva after 1 day 

FIGURE 1: Map of New Bedford Harbor, its PCB concentrations, and 
the Ulva bloom 

FIGURE 2: Ulva Sheets Forming Mat-like Cover  on Sediment  
and X-section 

FIGURE 5: Microcosm Cells Setup in a Growth Chamber 

The total uptake of PCBs by live and 
dead Ulva over time, and their differences in 
congener composition is illustrated in the 
following figures.  
• Fig. 7 shows that the average Ulva uptake 
after 14 days is 2.4 ppm or 0.24 µg per 0.1 g dry 
weight of Ulva microcosms. 
• Fig. 8 indicates the congener composition of 
uptake by live and dead Ulva 
• Fig. 9  shows the potential dependence of 
uptake on congener Kow values 

FIGURE 7: Total PCB Uptake by Live and Dead Ulva during Time 


