Biomeditation of the  

Sydney Tar Ponds 

Greg Macsween

In October of 1998, 1 was asked by Nancy Lewis to consider having some of my students at Breton 

Education Centre enter the Co naught Student Biotechnology Competition. Nancy is a marine biologist at the National Research Council (NRC) in Halifax and a member of the Co naught Biotechnology team. She is also a former student of mine. 

When 1 told my students about the invitation, many of them were interested. Two of them, Andrea Pasher and Nichole Sweeney, had a vague concept of doing a biotechnology project on the tar ponds in Sydney. We soon came up with the idea of trying to determine whether bacteria could biodegrade the tar pond pollutants in the same way that they do other organic materials. We know that if the tar ponds sat for a thousand years, the pollutants would naturally biodegrade. Could bacteria speed up this process? 

The Sydney tar ponds are the legacy of more than 80 years of steel making. They cover a 33-heetare area of Muggah Creek in Sydney and contain more than 700.000 tonnes of toxic sludge. One source of the tar pond
material is Coke Oven Brook, which runs through the former coke oven plant. Above the ponds is a 100 year- old dump; a waterway running through it empties out into the ponds. Sewage is also emptied into the tar ponds by way of a wash brook that runs through central Sydney. All of these factors have contributed to the accumulation of a wide variety of pollutants. 

We submitted our proposal on bioremediation of the tar ponds to the Co naught competition. Once our project was accepted, Nancy Lewis and Bemie MacLennan, a lab technician in the Environmental Health Program at the University College of Cape Breton (UCCB), agreed to be our mentors for the project. 

The first thing 1 had to do was to brush up on my microbiology. Andrea and Nichole, who were in my honours biology class, had to learn first year university microbiology in a hurry. 

With the aid of Nancy at NRC and Bemic at UCCB, we were able to find all kinds of information on this topic. We were quite surprised to find that our idea has been used successfully in many parts of the world, especially in the oil industry. Most of our information came from the United States, the Persian Gulf, Mexico and Germany. 

Our next step was to find out what was in the tar ponds. That was easy. We were able to obtain a major chemical analysis of the tar ponds conducted by Sydney Environmental Resources Limited. The tar ponds contain tonnes of aromatic hydrocarbons such as PCBs (polychlorinated biphenyls), PAHs (polyaromatic hydrocarbons) and HNCs (heterocyclic nitrogen com- pounds), as well as heavy metals- mainly lead, copper, zinc and mercury. This area is considered to be extremely hazardous. 

We now had to find out what microbes were living in the tar ponds. We received permission from JAG (Joint Action Group) to go in and sample the tar ponds. This was a lot of fun. We had a special escort and were required to dress in sterilized clothing. We took 1 0 samples, using aseptic techniques from five different spots around the area of the ponds known as the Coffer Dam. What lay ahead now were long hours for the students in Bernic MacLennan's microbiology lab at UCCB. Andrea and Nichole plated the samples on nutrient agar as well as on trypticase soy agar, and incubated them. Each sample was plated in 1/1, 11100, 1/1000 dilutions. We developed a coding system that would easily identify our site, agar and dilution. 

They also did a Quanti tray test on each sample to look for E-coli and total coliforrns. By using extended exposure, we were able to photograph the Quanti tray test results. Once our bacteria grew, we observed the colonies and decided which ones we would streak onto new plates to form pure cultures. After we had pure cultures, Andrea and Nichole did gram stains, which resulted in 10-gram positives and eight-gram negatives. 

Now the trick was to identify our organisms. We could have used traditional lab procedures, which would have been slow, long and tedious, but Bernie came up with a better idea. He asked Dr. Roland Lewis of the microbiology lab at the Cape Breton Regional Hospital to allow us to use the hospital's BioMerieux Vitek machine. This would cost money, but it would save a great deal of time and be very accurate. We transferred our colonies to blood agar and took them to the hospital lab. 

The Vitek machine is a computer that conducts up to 32 biochemical tests on bacteria and compiles a profile on 

them. It then produces a series of numbers for each sample that identifies the organism, the same 

way your social insurance number identifies you. The results produced seven identifiable bacteria and seven unknowns. The seven identified bacteria were Yersina intermedia, Pseudomonas aeruginosa, Vibro pluvialis, Corynebacterium xerosis, Pseudomonas fluorescens/putida/mendocina, E-coli and Alcaligene species. At the time, we tried other local sources to identify our unknowns, but we were unsuccessful. We know we could have identified them through the University of Leipzig in Germany. Three of the organisms discovered had very strong bioremediation characteristics and are common to contaminated areas such as the tar ponds. They are the Pseudomonas species, E-coli and the Alcaligene species. Pseudomonas is a slightly gram-negative rod chemotroph, common to contaminants. Pseudomonas can break down aromatic hydrocarbons like PCBIS, alcohols, polyalcohols, sugars, fatty acids and amino acids. They do this by breaking down the bonds of the benzene ring with both aerobic and anaerobic attacks. They can also reduce heavy metals such as mercury, zinc and lead. For example, they can reduce Hg2+ to Hg. They derive their nutrition from organic waste products that are naturally present. They grow very well in wet soil environments with dissolved oxygen and a pH between 6 and 9. The Vitek machine detected them because they can be an opportunistic pathogen to humans under certain circumstances. 

Successful clean up operation has yet been undertaken. This type of project has proven successful for French Ltd. in 1-louston, Texas, where areas of the sludge were sectioned and treated with large doses of inoculants. 

Andrea and Nichole's project on the bioremediation of the tar ponds merited one of the top prizes at the Co naught Student Biotechnology Competition in May, 1999. One way in which we could have improved the project would have been by using the bacteria to biodegrade the sludge in the laboratory, proving the contaminants could actually be broken down into safe by-products. 

For Andrea and Nichole, the project was more than an interesting science project; it was a valuable and exciting learning experience that may serve them well in their future careers. Andrea and Nichole are' both honours science students, attending UCCB and Dalhousie University, respectively. Both have an honours average and are maintaining their high entrance scholarships. Nichole has been accepted into Pharmacy at Dalhousie. 

Both students have bright futures ahead of them, as does the bioremediation project itself. It will be continued under the new Environment Technologies Institute to be established at the University College of Cape Breton. 

Pseudomonas can also be used in recombinant DNA. Genes for the breakdown of Phenol have been taken from E-coli and recombined in Pputida, giving it the ability to mineralize Phenol. E-coli itself is not indigenous to a polluted environment, but it is found in the tar ponds because of the sewage being dumped into Muggah Creek. In addition to its role in recombinant DNA, E-coli has been shown to break down PCBs. The Alealigenes, which naturally occur in the tar ponds, also have bioremediation capabilities, especially in the reduction of heavy metals. 

The results of our project had shown that bioremediation is an extremely viable solution to the tar ponds dilemma.
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