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section 6

Effects of Treatment Wetlands 
on Whole‑Effluent Toxicity

Introduction

The Clean Water Act requires that discharges to waters of the United States be “free of toxic substances in toxic amounts.” While it is widely recognized that low levels of potentially toxic substances exist in nearly all effluents and in most natural surface waters, no significant detrimental effects from those substances is expected unless concentrations exceed critical levels. The definitions of those critical levels are based on a variety of methods that seek to quantify effects to sensitive groups of aquatic organisms. When practical, specific water quality criteria are established by the U.S. EPA to define acceptable maximum levels for specific toxic chemicals, especially heavy metals and trace organics. Permit criteria reflect these critical levels when it is possible to identify specific chemicals in an effluent that may occur in toxic amounts. The previous section of this report reviewed and summarized the effectiveness of treatment wetlands in reducing the concentrations of several of these potentially toxic metals and trace organics, as well as the fate of conservative chemicals that tend to bioaccumulate in sediments and biota in wetlands. 

The concept of “whole-effluent” toxicity standards has been developed to regulate releases of complex effluents that may contain from several to dozens of potentially toxic chemicals. Treatment wetlands have been tested at a number of sites to determine their effectiveness at reducing levels of whole-effluent toxicity. Standardized toxicity tests have been developed by U.S. EPA to define the concept of whole-effluent toxicity testing. Numerous organisms of differing taxonomy and physiology are used; organism ages at the time of testing vary, and test end points also vary. The freshwater test organisms most frequently used are the fathead minnow (Pimephales promelas) and water flea (Ceriodaphnia dubia). Tests usually look for “acute” or “chronic” toxicity. Acute toxicity is defined as conditions that lead to the relatively rapid death of the test organism. Chronic toxicity is a measure of sublethal effects that ultimately result in a decrease of the organism’s population size through impaired behavior or reproduction. End points typically vary from 24 to 96 hours for acute tests and are typically 7 days for chronic tests. Both acute and chronic whole-effluent toxicity data are included in NADB v. 2.0.

Two primary issues are related to whole-effluent toxicity tests and treatment wetlands. The first issue is determining how effective wetlands are as a water quality treatment system in reducing concentrations or bioavailability of toxins and thereby reducing whole-effluent toxicity of a wastewater effluent before it is discharged to a receiving water environment. This issue can be characterized as the effect of the wetland on the toxin(s). To examine this first issue, this report summarizes whole-effluent toxicity input/output data collected from wetlands treating wastewaters. 

The second issue deals with the potential effects of effluent toxicity to organisms within the treatment wetland. This issue can be characterized as the effect of the toxin(s) on the wetland. The relevancy of acute and chronic whole-effluent toxicity tests to wetland environments has not been examined. These tests are simplistic in that they focus all attention on only one or two animal species that may or may not have sensitivity to toxins similar to the fauna that occur in a wetland receiving an effluent. Because of elevated inlet concentrations of biochemical and nitrogenous oxygen demand, solids, and other pollutants, treatment wetland environments are somewhat harsh compared with natural surface waters and wetlands. These harsh environments are typically dominated by plant and animal species that are hardier and less sensitive to pollutants than more sensitive species that may occur in pristine surface waters. From this standpoint, using sensitive species such as fathead minnows and water fleas to determine the potential for toxicity of effluents within treatment wetlands may be overly conservative. As was summarized in Section 4 of this report, other data relating to toxic or pathogenic effects to wildlife in treatment wetlands are generally lacking.

This report summarizes the toxicity data recorded in NADB v. 2.0. Table F‑1 (Appendix F) provides detailed whole-effluent toxicity summaries for each of the sites described below. 

Acute Toxicity

Acute test results were available from four treatment wetlands. These include acute static test data from Santa Rosa, California (Site No. 29), Minot, North Dakota (Site No. 62), and Hillsboro, North Dakota (Site No. 91). Acute renewal data were also available from the site in Hillsboro, North Dakota, and rainbow trout static renewal test data are included for Arcata, California (Site No. 25). 

Data from five 96-hour acute static tests using rainbow trout were reported for the effluent of the Santa Rosa, California, constructed marsh waters sampled at three different locations. This system receives nitrified reuse-quality municipal wastewater. An average of 9 percent 

mortality was observed for these five samples. Influent and control data were not available for comparison.

Acute test data were available for both water fleas (48-hour static) and fathead minnows (96-hour static) at Minot, North Dakota, up to a dilution of 87.5 percent wetland effluent. No significant mortality was observed for either organism. 

Similar acute test results were available from the American Crystal Sugar Company industrial discharge at Hillsboro, North Dakota. Only wetland effluent data were available for this site. These data indicated that some acute toxicity existed in this water (an average of 15 percent mortality to fathead minnows at 96 hours in 100 percent effluent) at the point of discharge from the wetland. Waterfleas were also found to be affected with an average mortality of 16 percent at 48 hours in 100 percent effluent.

Rainbow trout tests using 100 percent effluent were conducted at the Arcata, California, experimental wetlands in 1981 and 1982. Data from these tests indicated a slight acute toxicity for both the wetland influent (average, 5.7 percent) and the wetland effluent samples (3.9 percent).

Chronic Toxicity

Chronic toxicity results were available from 10 treatment wetland systems. Nine of these systems are constructed and one (Vereen, South Carolina, Site No. 22) is a natural wetland. The constructed wetland sites that reported data were Lakeland, Florida (Site No. 1); Iron Bridge, Florida (Site No. 13); West Jackson County, Mississippi (Site No. 18); Show Low, Arizona (Site No. 76); Champion Pilot, Florida (Site No. 102); Collins, Mississippi (Site No. 109); Tres Rios, Arizona (Site No. 112); Hayward Marsh, California (Site No. 51); and Incline Village, Nevada (Site No. 310). 

Lakeland, Florida, reported data for one 7-day water flea test for both the influent and effluent for the treatment wetlands. Some acute and chronic toxicity was identified for both samples, and both acute and chronic effects were reduced by passage through the wetland. 

Iron Bridge, Florida, reported data from a single 7-day water flea test of wetland influent and effluent samples. No acute or chronic toxicity was detected in either sample.

The Vereen, South Carolina, natural treatment wetland reported results from four chronic water flea tests conducted at very high dilutions (0.17 to 2 percent effluent, 98 to 99.83 percent dilution). Average mortality and reproduction did not differ significantly from controls for any of these samples.

Hayward Marsh, California (Site No. 51) conducted in situ caged tests on killifish, longjaw gobies, topsmelt, stickleback, mud snails, and horn snails near the discharge channel from the treatment wetlands to San Francisco Bay. No mortality was observed to any of the organisms except topsmelt and stickleback, both of which had mortality in the effluent equal to the controls. 

One set of 7-day water flea test data was included from Show Low, Arizona. No acute toxicity was observed for the wetland influent or effluent, and reproduction was not impaired in either sample compared to controls.

The Champion Pilot, Florida, constructed wetland reported 7-day chronic test data for fathead minnows and water fleas for wetland influent and effluent samples (Knight et al., 1994). No acute toxicity was observed for either species. Influent samples had some chronic toxicity to water fleas (chronic values from < 12 to 65 percent sample) and fathead minnows (chronic value from 65 to >100 percent sample). Chronic toxicity was reduced by passage through the wetlands, with the greatest reduction (chronic value >100 percent) inversely correlated with hydraulic loading. No chronic toxicity to fathead minnows was observed for any of the wetland effluent samples.

One set of 7-day water flea toxicity data is available for the Collins, Mississippi, site. The influent sample at this site resulted in 100 percent mortality and zero reproduction. The wetland effluent sample showed no acute or chronic toxicity to the water fleas.

One set of 7-day water flea toxicity data is available for the Incline Village, Nevada, constructed wetland. Samples were tested at the influent to the wetland and in the last cell of the wetland. No acute or chronic toxicity was evident in the influent sample, but the sample from the last cell of the wetland had some acute toxicity (30 percent mortality) and was chronically toxic with a 77 percent reduction in average number of young per female. This toxicity likely is from the observed buildup of total dissolved salts through this evaporative wetland.

Both the Hayfield and Cobble systems have been tested for chronic toxicity using the 7-day water flea test at Tres Rios, Arizona. Two of 11 influent wastewater samples have shown toxicity from this nitrified, secondary municipal wastewater treatment plant. The lowest lethal concentration to 50 percent of the organisms (LC50) observed was about 70 percent effluent, and the no-observable-effect concentration (NOEC) was 50 percent effluent. Of the 16 wetland effluent samples tested, only two have shown both acute and chronic toxicity to water fleas. The greatest toxicity was measured in an effluent sample from the Hayfield system with an LC50 of 16 percent and a NOEC of less than 25 percent.

Summary

Acute and chronic whole-effluent toxicity test results are available at a limited number of treatment wetland sites in North America. With a few exceptions, any acute or chronic toxicity that may be present in wetland influents is reduced or completely eliminated after the wastewater passes through the wetland. A few examples exist from arid sites where toxicity to freshwater test organisms has increased, one case possibly from increased total dissolved solids.

Whole-effluent toxicity tests do not distinguish the source of toxicity; therefore, mechanisms for toxicity reduction in wetlands are likely to vary greatly and to depend on the form of the toxicant. Two chemicals commonly found in secondary municipal effluents discharged to treatment wetlands are unionized ammonia nitrogen and total residual chlorine. Treatment wetlands typically reduce total ammonia nitrogen (Hammer and Knight, 1994; Kadlec and Knight, 1996). When unionized ammonia is the source of toxicity, wetlands are therefore likely to reduce this toxic effect. Effluents containing total residual chlorine from prior disinfection rapidly dechlorinate in wetlands (Roland Wass, personal communication). If wetland influent samples are not dechlorinated in the laboratory before being tested, acute toxicity due to the occurrence of this chemical at the wetland inlet is likely to be greatly reduced at the treatment wetland outlet.

Many other metals and organics may cause acute or chronic toxicity in wastewater effluents. Additional study with treatment wetlands is necessary to understand the effects of toxicants on the wetland biota as well as the effects of the wetland on the toxicant.
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