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Responsibility

Microbial testing identifies potential
toxicity in polymer liners, biofilter
materials
Friday, 1 April 2005

By Ami Horowitz, Ph.D. , Sarah Horowitz, Ph.D.  and Tzachi M. Samocha, Ph.D.

Fast, simple test based on the sensitivity of nitrifying bacteria

Synthetic polymers such as plastic and synthetic rubber are widely used in aquaculture as tank and pond liners, and
solid support media for nitrifying bio�lters. Synthetic polymer products, however, pose potential toxicity that can
endanger the health of cultured animals and interfere with the biological nitri�cation process.

Small, aerated ponds like those at the Aqualab facility in Ecuador use
polymer liners to stabilize pond banks and help control water quality.

(https://www.aquaculturealliance.org)

https://www.aquaculturealliance.org/
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Not all synthetic polymers leach toxic chemicals, and most plastics and rubbers are generally inert to most biological
forms. Where identi�ed, the toxicity is usually the result of a slow release of molecules embedded in the synthetic
polymers during their manufacture.

Due to the proprietary nature of the manufacturing process, it is di�cult to obtain detailed technical information
about the various chemical additives used during the production of polymers. Therefore, toxicity screening is
recommended for synthetic polymer products prior to their application in aquaculture.

Potential toxicity
The potential toxicity of synthetic polymers to living organisms is affected by the types and amounts of chemical
additives used during their production, as well as the rates at which these molecules leach out of the polymers into
the surrounding water. The rates of release are affected by the sizes of the migrating molecules, and water
temperature, pH and salinity.

Toxicity testing
To predict and consequently avoid problems resulting from the potential toxicity of synthetic polymer products used
in aquaculture operations, the authors developed a fast, simple toxicity test based on the sensitivity of nitrifying
bacteria to the products. The test can determine the deleterious effects that synthetic polymers have on the
nitri�cation process, and alert the manufacturer and culturist of potential risks to aquatic animals. Incorporating one
or two polymer samples, 10-day incubation, two controls and six replicates, the test costs about $380.

Sensitive bacteria
Generally, bacteria are less sensitive to toxic chemicals than multicellular organisms and thus are not used in
standard toxicity tests. However, nitrifying bacteria were shown to be even more sensitive to polymer toxicity than
shrimp in certain cases, which presents the opportunity to use an inexpensive and rapid microbial test instead of
animal tests.

Nitrifying microorganisms perform the process of nitri�cation, the biological oxidation of ammonia and nitrite, which
is crucial in keeping the toxic nitrogenous compounds in aquaculture at low levels. The nitrifying bacteria used in the
toxicity test are autotrophs from a small number of species that include the ammonia-oxidizing and nitrite-oxidizing
bacteria groups.

They are strictly aerobic, consume carbon dioxide as their sole carbon source, and obtain energy via the oxidation of
nitrogen. During the ammonia oxidation process, the bacteria produce acid that must be neutralized. In general,
nitrifying bacteria are slow growers, are highly sensitive to various chemicals, and have a narrow pH range in which
their activity takes place.

The toxicity test is performed by exposing nitrifying microorganisms to samples of synthetic polymers and tracking
the microorganisms’ ability to oxidize ammonia and nitrite. Toxicity is measured with the time of exposure of the
microbial cultures to the polymer samples and the level of impairment of the nitri�cation process in the presence of a
tested product.
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Examples of use 
The test has been effectively used in a variety of applications that evaluated synthetic polymer products.

Shrimp mortality from tank liners

Synthetic polymer liners are commonly used in indoor aquaculture applications like this raceway
system in Ecuador.
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Episodes of shrimp mortality occurred during the growth of white shrimp (Litopenaeus setiferus) in a superintensive
recirculating production system. The ethylene propylene diene monomer (EPDM) synthetic rubber liner used to line
the shrimp tanks was suspected of being toxic to the shrimp.

The EPDM liner material was tested under controlled conditions with shrimp grown in small tanks in the presence or
absence of the liner. In the presence of the liner, all the shrimp died within two weeks. Control shrimp not exposed to
the liner had 100 percent survival during the same period. Additionally, ammonia accumulation was noted in the tanks
that contained the liner material.

The microbial toxicity test of the liner used nitrifying bacteria in the absence of shrimp. Standard cultures of a mixed
nitrifying bacterial population were maintained in a speci�c nitri�cation salts medium, aerated, and exposed to the
liner for 50 hours.

In the presence of the liner, nitri�cation stopped within a few hours and left behind a constant presence of ammonia
and nitrite, whereas the no-liner controls demonstrated fast and e�cient ammonia and nitrite removal. The EPDM
liner apparently released chemicals that were toxic to both shrimp and nitrifying bacteria. Chemical additives released
from EPDM can include monomers, benzoyl peroxide, aldehyde amines, thiozoles, aromatic diamines, aniline, and
different oils.

Bead selection for bio�lters
Polyurethane beads were considered as solid support media for nitrifying microorganisms in a bio�lter for a
recirculating system raising tilapia. The beads seemed suitable for aquaculture, and had no deleterious effect under
normal microbial growth conditions. However, relatively minor changes in temperature (23 to 27 degrees-C) and/or
pH (7.34 to 7.80) caused the polymer to strongly inhibit nitri�cation.

Although the temperature and pH were well within the operating zones of the nitrifying culture, the results implied an
increased release of toxic compounds from the beads due to the pH and temperature changes. The toxic
polyurethane bio�lter was replaced with a nontoxic polymer before damage to animals took place.

Chemical additives that may be released from polyurethane include tetrahydrofurane and adipic acid. Even though
some types of polyurethane produced with little or no additives are considered not toxic and used for medical
purposes, one can not assume that all polyurethane products are nontoxic. When purchasing new beads for bio�lters,
it makes sense to test them by a microbial toxicity test prior to use.

Safer EPDM liner products
EPDM sheets are an attractive source for liners in aquaculture. Although this material is a little more expensive than
high-density polyethylene (HDPE), the ease of installation and repair of EPDM offsets the higher initial cost.

To help choose a safe EPDM membrane formulation for pond/tank liners in shrimp aquaculture, the microbial toxicity
test was applied to evaluate the potential toxicity of synthetic rubber membranes made of EPDM polymers with
different �llers, additives, and curing agents. A nontoxic HDPE liner previously used for several months in a shrimp-
growing tank was the control for no toxicity. A control with no liner was also used.

Some of the EPDM membrane samples exhibited no negative effect on nitri�cation at all exposure times. Other
samples were toxic to ammonia oxidation, and some were also found to inhibit nitrite oxidation. Figs. 1 and 2 present
the results of the short-term screening tests of two representative EPDM membrane samples. Sample A was toxic
and sample B was nontoxic to nitrifying bacteria.
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(Editor’s Note: This article was originally published in the April 2005 print edition of the Global Aquaculture Advocate.)

Authors

Fig. 1: Toxicity test results for polymer liner samples determined by
the amount of ammonia not oxidized by the ammonia-oxidizing
bacteria.

Fig. 2: Toxicity test results for polymer liner samples determined by
the amount of nitrite not oxidized by the nitrite-oxidizing bacteria.
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