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(ABSTRACT) 

The Clinch River is renown for its rich mollusk and fish assemblages, including many 

endemic species. New sewage treatment plants (STP's) have recently been constructed along the 

Clinch River in Virginia, raising concern because of the disappearance of mollusks below existing 

STP's. Field and laboratory studies were conducted to determine mollusk and fish distribution in 

proximity to two STP"s in Tazewell County, and the tolerance of two mollusk species to 

mono chloramine and unionized ammonia, the major toxicants in domestic STP effiuent. 

River reaches up to 3.75 km downstream of the STP outfalls at Tazewell and Richlands were 

depauperate of mussels. Tolerance to effluent seemed to vary among snails, sphaeriid clams, and 

the Asiatic clam Corbicula fluminea. After an initial toxic zone below the Tazewell outfall, abun

dance of fish appeared to increase by 0.45 km below the outfall. The effluent at Richlands elimi

nated intolerant species, and more tolerant species were present as far as 0.45 km below the outfall. 

Laboratory bioassays with glochidia of Villosa nebulosa resulted in 24-h ECso and LCso val

ues of 0.042 and 0.084 mg/L monochloramine, respectively, and 24 .. h ECso and LCso values of 

0.237 and 0.284 mg/L unionized ammonia, respectively. Glochidia rank among the most sensitive 

invertebrates in their tolerance to these toxicants. The snail Pleurocera unciale unciale was moder

ately sensitive, with 96-h LCso values of 0.252 mg/L mono chloramine and 0.742 mg/L unionized 

ammonia. Comparison of monochloramine and unionized ammonia concentrations monitored at 

0.10 km below the outfalls indicated that mono chloramine was the major toxicant likely affecting 

fauna. 
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Introduction 

Clinch River Watershed 

The Mississippi River drainage is considered to be the primary center of fish speciation east 

of the Rocky Mountains (Miller 1959). The Tennessee River system, its largest southeastern 

tributary, is renown for its rich mollusk and fish assemblages. Suggested reasons for the faunal di

versity of this region are the large size of the river system, faunal exchange with nearby river systems, 

stream piracy, lack of major physical barriers, and varied habitats (Jenkins et aI. 1972; Masnik 

1974). Freshwater mussels (Unionidae), snails of the family Pleuroceridae, and certain fish genera 

(Notropis, NotUfUJ, Etheostoma) are particularly rich in endemic species within the Tennessee River 

system (Ortmann 1918; Stansbery 1970; Masnik 1974). 

The Clinch River, a headwater tributary of the Tennessee River, originates near Bluefield, 

Virginia, and flows 238 kilometers southwesterly through Tazewell, Russell, Wise, and Scott 

counties before entering Tennessee at Norris Reservoir and the Tennessee River at Watts Bar 

Reservoir (Tennessee River Mile--TRM 567.8). Stansbery (1970) noted that the Clinch River may 

harbor the richest freshwater mollusk fauna in the world. Ahlstedt (1984) recently collected 47 

species of mussels from the river, seven of which are on the federal endangered species list, but as 
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many as 50 species including 10 endangered species have been collected in the Clinch River in the 

past (Helfrich et al. 1986). Sixteen of these species are endemic to the Cumberland Plateau Region 

of the southeastern United States and are grouped with the Cumberlandian fauna (Ahlstedt 1984). 

Among the pleurocerids found in the Clinch River, the most notable is the spiny river snail, 10 

j7uvialis. The Clinch River supports the largest remaining population of this declining species, 

which is endemic to the Tennessee River system (Stansbery and Stein 1976). The spiny river snail 

and 48 species of mussels (8 federally endangered) reside at Pendleton Island, a preserve of the 

Nature Conservancy in the Clinch River near Fort Blackmore, Virginia. The river also contains 

104 species of fish (including two threatened species), many more than found in U.S. rivers of 

comparable size (Helfrich et al. 1986). 

Due to the montane nature and inaccessibility of the area, industrial development within the 

Clinch River valley has been slow, leaving the river in Virginia relatively undisturbed (Ahlstedt 

1984). Agriculture accounts for nearly 500/0 of land use in the Clinch River watershed, with the 

other half being forested. However, industrialization and development have encroached gradually 

in the form of power plants, channelization, factories, bridges, and sewage treatment plants, result

ing in periodic toxic spills, siltation, disturbance of substratum, and. toxic effiuents. These 

anthropogenic influences have become a threat to biota and a major concern of conservation 

groups. 

Sewage Treatment Plants 

While only seven sewage treatment plants (STP's) presently serve small towns along the 

Clinch River in Virginia (Tazewell, Richlands, Raven-Doran, Cleveland, Dungannon, Dungannon 

elementary school, St. Paul), a money matching program involving the U.S. Environmental Pro

tection Agency (USEPA) and the state of Virginia has resulted in a new STP completed in 1986 

at Cleveland and another completed in July 1988 at Dungannon. As more STP's are constructed 
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along previously undeveloped sections of the river, it becomes increasingly important to detemllne 

the impacts that STP's cUrrently operating on the Clinch River have on mollusks and fish so that 

appropriate effluent restrictions can be enforced to protect endangered species and pollution

intolerant taxa. 

Although rivers and streams have natural purification abilities, STP's are necessary in 

urbanized areas to process wastewater so that organisms and chemical compounds hannful to hu

mans are killed or removed before wastewater is released to a receiving stream. In general, 

wastewater rust undergoes primary treatment in which suspended substances are removed by 

screening or settling, followed by secondary treatment in which biological removal of dissolved 

substances occurs by the action of bacteria and other organisms. While most STP's stop at this 

treatment level, the wastewater in some STP's continues through tertiary treatment to remove much 

of the ammonia-nitrogen that is normally released into the stream with treated water. Wastewater 

passes through a chlorination basin just before being released to the stream. Dechlorination using 

sulfur dioxide or sodium bisulfate is sometimes used to remove much of the chlorine residual before 

the effluent enters the stream. Ozone and ultraviolet light are less commonly used than chlorine 

for disinfection. 

With the passage of the Clean Water Act in 1972 and its amendments in 1977, every STP that 
: \f: 

releases treated wastewater directly iIito a stream must operate under a permit. Either an approved 

state agency, like the Virginia Water Control Board, or the U.S. Environmental Protection Agency 

may issue a permit to a STP under the National Pollutant Discharge Elimination System 

(NPDES). The permit specifies discharge standards for flow (gallons treated per day), biochemical 

oxygen demand (BOD), and suspended solids. In addition, minimum dissolved oxygen (DO) 

concentration and upper and lower limits on total residual chlorine (TRC) and pH are specified. 

A permit for a tertiary STP also specifies upper limits on the concentration of nitrogen in the 

effluent. Each permit describes the method and frequency of monitoring these parameters to insure 

that effluent qUality meets federal standards. 

Toxic compounds most often mentioned in conjunction with domestic wastewater are TRC 

and ammonia. Chlorine is the most widely used disinfectant for water treatment because of its 
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excellent disinfectant capability and its relatively low cost (White 1986). Most STP effiuents have 

TRC concentrations of 0.5-3.0 mgJL (Zillich 1972). Though chlorine is added to treated sewage 

in the form of free chlorine (hypochlorous acid and hypochlorite ion), the free chlorine reacts with 

ammonia to form chloramines. The pH of water at the time of formation and the chlorine to 

ammonia ratio (CI:NH3-N) determine the type of chloramine formed (Foss 1984; White 1986). In 

typical STP effiuent with apH of 7-8 and Cl:NH3-N of 1:5, nearly all of the chlorine is in the form 

of mono chloramine (Zillich 1972; Thomas et aI. 1980). Free chlorine is considered a stronger 

disinfectant than chloramines, but chloramines are more stable and persist longer than the more 

volatile free chlorine (Brungs 1973; Johnson 1978; White 1986). Consequently, mono chloramine 

is the major disinfectant in STP effiuent (Johnson 1978). 

Natural water may have ammonia nitrogen (NH3-N) present at 0.05-0.40 mg/L as a product 

of organic decomposition (Tsai 1973; White 1986). However, very high NH3-N levels (up to 40 

mg/L) may occur in STP effiuent due to incomplete decomposition of protein (White 1986). 

Ammonia exists in an equilibrium between the toxic unionized form (NH3 ) and the relatively 

nontoxic ammonium ion (NHt), which is determined by pH and temperature (Emerson et al. 1975; 

Thurston et al. 1981; Broderius et aI. 1985; Sheehan and Lewis 1986). As these parameters increase, 

the amount of toxic NH3 also increases. Nitrifying bacteria convert ammonia to nitrite and then 

to nitrate, a plant nutrient (Wetzel 1975; Lewis et al. 1981). Therefore, the impact of ammonia 

from STP effiuent on aquatic organisms may vary from stream to stream, depending on the pH, 

temperature, and the capacity to eliminate ammonia by conversion to nitrate (Lewis et al. 1981). 

In addition, a lingering chlorine residual slows the action of nitrifying bacteria, such that high am

monia levels persist longer before being converted to nitrates (Young and McCallion 1979; Lewis 

et aI. 1981). 
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Effects of Sewage Treatment Plants on Biota 

The toxicity of chlorinated sewage effluents to aquatic life has been well documented (Brungs 

1973, 1976; Tsai 1975; Bellanca and Bailey 1977; USEPA 1985a). Most studies have focused on 

the effects of these effluents on stream fish. Tsai (1975) summarized the negative impacts on fish 

attributed to STP effluent: 1) addition of toxic compounds, 2) drop in DO from bacterial decom

position and algal blooms, 3) increased turbidity from suspended particles, 4) siltation affecting fish 

food and spawning habitat, 5) fungus growth, 6) shifts in community structure, 7) increase in dis

eases and anomalies, and 8) addition of taste and odor to fish flesh. The impact of sewage effluent 

on fish varies with the season. Late summer and early fall are the most critical times because high 

temperatures and low DO decrease fish resistance to pollution (Hubbs 1933; Brinley 1943), and the 

effluent is in higher concentrations during low flow conditions, for a maximum impact on fish fauna 

(Tsai 1970). 

Residual chlorine is considered the major factor reducing fish diversity and abundance 

downstream of STP outfalls. Tsai (1968) concluded that chlorine residual acts as a toxicant to re

duce fish diversity and numbers near outfalls, and causes a species shift farther downstream without 

affecting diversity. He recommended that dechlorination be used to protect all fish species below 

outfalls. Lewis et al. (1981) also detennined that chlorine residual had the greatest impact on fish 

assemblages downstream of an outfall. High ammonia levels (0.03 mg/L unionized ammonia) only 

affected diverse fish assemblages (> 10 species). Streams characterized by less diverse fish 

assemblages « 9 species) were not noticeably impacted by high ammonia levels. Paller et al. 

(1983), Heidinger et al. (1983), and Karr et al. (1985) examined the effects of chlorine residual and 

ammonia on fish in Illinois streams. After chlorination was halted, fish communities below outfalls 

recovered to upstream levels in as little as 23 days (Paller et al. 1983). Heidinger et al. (1983) re

ported that while cessation of chlorination returned fish diversity and numbers to upstream levels, 

implementation of tertiary treatment to reduce ammonia levels in the effluent did not further im

prove fish communities, implying that chlorine toxicity is far greater than ammonia toxicity at their 
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respective levels in wastewater effluent. Therefore, tertiary treatment may be an unnecessary ex

pense (Karr et al. 1985). 

The impacts of STP effluent on freshwater mollusks have not been adequately determined. 

Freshwater mussels (Unionidae) have been considered one of the most sensitive faunal groups to 

organic enrichment, and their presence below a sewage outfall has been used as an indication that 

full biological recovery has occurred (Simmons and Reed 1973). The reduced number of mussels 

below a secondary STP was attributed to ammonia, since no residual chlorine was detected (Horne 

and McIntosh 1979). Mussel shells with stained nacre downstream of sewage and fertilizer plants 

can have abnonnally low calcium concentrations and contain increased amounts of silicon, sulfur, 

iron, magnesium, phosphorus, and chlorine, suggesting that these substances hinder shell develop

ment (Rosenberg and Henschen 1986). 

The tolerance of snails to STP effluent appears to be related to the mode of gaseous exchange. 

Pulmonate snails (Physidae, P1anorbidae, Lymnaeidae, Lancidae, and Ancylidae) are often associ

ated with organic pollution, but gilled snails (such as pleurocerids) are less tolerant of organic 

enrichment and low DO (Mason et al. 1970). Stansbery and Stein (1976) observed that both 

pleurocerids and unionids are eliminated downstream of STP's in the Clinch River. 

Bioassays witll Mollusks 

Presently, there is no freshwater bivalve routinely used in bioassays to aid in setting limita

tions on toxicants in effluents. Using adult unionids in bioassays is often time-intensive and inef

fective because they can avoid some toxicants by closing their valves for extended periods of time 

(ASTM 1980a; APHA et ale 1985). Horne and McIntosh (1979) exposed four mussel species to 

highly stressful unionized ammonia levels (0.32 mg/L); Amblema p. plicata was the most sensitive 

with 670/0 dying after seven days, and Toxolasma texasensis the most tolerant, with only 200/0 

mortality. Anderson et ale (1978) found that the ciliary beating rate in Elliptio complanata was re-
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duced 50% in less than one hour at 0.073 mg/L unionized ammonia and was completely inhibited 

at 0.11-0.12 mg/L. No accounts of chlorine bioassays with adult unionids have been published. 

Glochidia, the parasitic larval stage of unionids, have not been commonly used in bioassays, 

possibly because of difficulties in obtaining and handling them. However, the tolerance of oyster 

larvae to chlorine has been studied intensively I since chlorine is used in the oyster industry to pro

tect larvae from pathogens and for depuration of contaminated adults (Blogoslawski 1980). 

Roberts (1980) determined the 48·hour LCso (concentration at which 500/0 of the larvae die in 48 

hours) for oyster larvae to be 0.026 mg/L total chlorine. Pediveligers exposed to chlorinated sewage 

had a 96-hour ECso (concentration at which 500/0 of the larvae are affected in 96 hours) of 

< 0.01-0.06 mg/L. Older larvae had a 96-hour LCso of < 0.02 mgjL in the chlorinated sewage 

(Roberts and Casey 1985). 

Bioassays have been conducted more frequently with gastropods than unionids to determine 

tolerance to chlorine derivatives and ammonia. Ninety-six-hour LCso's of 0.0443 and 0.0862 mg/L 

TRC (both at 25°C) were reported for the pleurocerids Elimia (Goniobasis) virginica and Nitocris 

(l\1udalia) carinata, respectively, compared with 0.221 mg/L for Physa heterostropha at the same 

temperature (Gregg 1974). West (1985), as cited in USEPA (l985b), reported a 96-hour Leso of 

2.16 mg/L unionized amtnonia for Physa gyrina and 2.76 mg/L unionized ammonia for Helisoma 

trivolvis at 12.8 and 12.9°C, respectively. 

Proposed Study 

The upper Clinch River has remained a stronghold for an extremely diverse mollusk 

assemblage in the Tennessee River drainage. The many endemic and endangered species further 

emphasize the biological significance of this river and the importance of preserving its rich fauna. 

The extent to which STP's have affected mollusks below their outfalls has not been quantitatively 

or qualitatively determined, yet this infonnation is important to define the scope of the problem. 
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Bioassays focusing on major STP toxicants will provide criteria to the Virginia Water Control 

Board to establish guidelines for new STP's and modifications for existing STP's to prevent the loss 

of mollusk species downstream of outfalls. 

The objectives of this study were as follows: 1) sample and compare the mollusk and fish 

fauna above and below selected STP'g in the upper Clinch River, and 2) detennine the toxicity of 

mono chloramine and unionized ammonia to glochidia of Villosa nebulosa and Fusconaia 

subrotunda (Unionidae), and the snail Pleurocera unciale unciale (Pleuroceridae). 
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Materials and Methods 

Stlldy Area 

Fish and mollusk sampling for Objective 1 were conducted in the upper Clinch River 

watershed (Figure 1), Most sampling was conducted in Tazewell County at the Tazewell STP, 

Clinch River Mile (CRM) 346, Richlands STP (CRM 317) and the communities ofClillield (CRM 

336) and Pounding Mill (CRM 330). Additional sampling was conducted in Russell County at 

Cleveland, Virginia (CRM 272), where a new STP was under construction in 1986. At the time 

of site selection (May 1985). five STP's were releasing eflluents into the Clinch River, Virginia. 

The Tazewell and Richlands STP's were selected for study after the other three STP's were rejected 

because of small size (Dungannon Elementary School STP, CRM 237), additional impact on fauna 

from recent channelization (St. Paul STP, CRM 255), and lack of a healthy mollusk fauna up

stream of the STP for use as a reference site (Raven·Doran STP, CRM 314). Preliminary work 

indicated that mollusks occurred upstream of the Tazewell and Richlands STP's, although to a 

lesser extent at Richlands. Construction of the Oeveland STP began in March 1985, with an an

ticipated completion date of June 1986. I decided to sample the mollusks and fish before and after 

Materials and Methods 9 



>o 
:::> 
I--
(/) 

3: o 
...J 
IJ.. 

o 

Figure 1. Locations of sites sampled at Tazewell (T), Cliflield (C), Pounding Mill (P), and Richlands (R) 
in the Clinch River, Virginia. 
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the STP was completed to detennine the possible impacts of dechlorinated effiuent on downstream 

mollusks and fish. 

The Tazewell STP processes 0.70 million gallons of sewage per day (MGD), comprising 5.80/0 

of the average river flow. It is a secondary treatment plant that chlorinates its effiuent to 1-2 mg/L 

TRC. The Richlands STP is a primary treatment plant, built to handle 0.8 MGD, but treating up 

to 1 MGD (1.1 % of the average river flow); it chlorinates effiuent to 1-2 mg/L TRC. Plans for the 

new Cleveland STP were to treat up to 0.05 MGD (0.002% of the average river flow) and to 

dechlorinate its secondary effiuent using sodium bisulfate, such that no detectable TRC remained 

in the effiuent before release into the Clinch River. 

The two communities of Cliflie1d and Pounding Mill use septic systems rather than STP's. 

Faunal surveys were conducted at river sites upstream and downstream of each of these commu

nities to examine possible differences in mollusk and fish fauna at locations with septic systems 

versus STP's. 

Mollusk Surveys 

I conducted a preliminary search for mollusks (mussels, snails, Asiatic clams, fmgemail clams) 

both upstream and downstream of the STP's, Cliffield, and Pounding Mill in July 1985, with the 

assistance of one technician and waterscopes. At Tazewell, the search began 0.10 km upstream and 

ended 4.25 km downstream, when all mollusk taxa found upstream were also collected at on'e or 

more downstream sites. At Richlands, the search began 0.75 km upstream and ended 3.25 km 

downstream, just before the Raven-Doran STP. Using information from this survey, 20-m sites 

with comparable substrata (cobbles, gravel, sand) and depth were selected for quadrat sampling 

upstream of (above) and downstream of (below) each of the STP's and communities (Table 1). 

Quadrat sampling was conducted in July and August 1985 using a 0.5 m2 quadrat sampler, 

constructed of reinforcement bar, to quantitatively collect the mollusk fauna at each site. Each 
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Table 1. Location of 20-m sites sampled for mollusks and fish in the Clinch River, Tazewell 
County, 1985. 

Town 

Tazewell 

Cliffield 

Pounding Mill 

Richlands 

Materials and Methods 

Site Location 

Tl 0.10 km upstream of STP 

T2 0.1 0 km downstream of STP 

T3 1.50 km downstream of STP, just upstream of confluence with 
Plum Creek 

T4 2.50 km downstream of STP, just upstream of Rt. 693 bridge 

T5 4.25 km downstream of STP, upstream of Rt. 826 bridge 

Cl downstream of private bridge off Rt. 460 

C2 off Rt. 639, just downstream of confluence with unnamed creek 

PI downstream of Rt. 637 bridge 

P2 downstream of confluence with Pounding lVlill Branch 

Rl 

R2 

R3 

R4 

0.75 km upstream of STP, downstream of confluence with 
Mudlick Creek 

0.10 km downstream of STP, just upstream of airport runway 

1.75 km downstream of STP, downstream of Rt. 724 bridge 

3.25 km downstream of STP, off Rt. 618 

12 



20-m site was equally divided into four transects running the width of the river (25-40 m). Using 

a random number table, quadrats to be sampled were selected and marked with flags, for a total 

of 10 quadrats per site (2 or 3 quadrats per transect). The quadrat sampler was placed sequentially 

over each flag, and two workers removed all substrata to a depth of 15 cm. All mollusks were re

moved from each quadrat; identification and number of each species were recorded. Substrata were 

replaced after sampling was completed. 

A preliminary survey using water scopes was conducted in September 1985, upstream and 

downstream of the proposed STP outfall at Cleveland. Two sites with snail and mussel 

assemblages were chosen for quadrat sampling, one 1.80 km above and the other 0.10 km below 

the proposed outfall. One 20-m riffie at the upstream site and three parallel 20-m riffies at the 

downstream site, separated by small islands, were sampled using quadrat methods described previ

ously (Figure 2). 

An additional mussel survey was conducted in September 1985 at each 20-m site at Tazewell, 

Richlands, Cliffield, and Pounding Mill, since mussels often have a clustered distribution that may 

be misrepresented in quadrat sampling (Kovalak et al. 1986). Mussels were collected at each site 

by two workers using water scopes. After a 20-m site was thoroughly searched, mussels were 

identified, counted, and returned to the river. Sampling time (approximately 70 minutes total per 

site) was recorded for each site to calculate catch (number collected) per unit effort (CPUE). 

A mussel survey was conducted at Cleveland in September 1985 above and below the pro

posed STP outfall by two people snorkeling. Mussels from four riffies, one above and three below 

the proposed outfall, were collected, identified, and counted; snorkeling time at each riffie (ap

proximately 110 minutes per riffle) was recorded to calculate CPUE. An identical survey was 

conducted in September 1986, three months after the new STP became operational, to compare 

mussel assemblages before and after the STP became operational. 
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Figure 2. Locations of rimes sampled in the Clinch River above and ,below the proposed sewage treat
ment plant outfall at Cleveland, Virginia. 
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Fish Surveys 

Fish populations were sampled at the 20-m sites previously chosen for mollusk surveys in 

September 1985 (Appendices A and B). Sites with runs (stretches with shallow pools) at Tazewell 

and Richlands were sampled using a DC backpack electro shocker and dip nets. One worker op

erated the shocker and crossed the site diagonally while two other workers retrieved shocked fish 

immediately downstream of the shocker. Riffles at the Cliffield, Pounding Mill, and Cleveland sites 

were sampled using the backpack shocker and a seine. Two workers held a seine at the bottom of 

a rime while the e1ectroshocker operator moved slowly toward the seine, disturbing the substratum 

to keep shocked fish from becoming lodged between cobbles. Fish were sorted to species and 

counted, while specimens that could not be identified in the field were preserved in 10% formalin 

and returned to the laboratory. These specimens were tentatively identified and later verified by 

Robert Jenkins and Noel Burkhead of Roanoke College. Sampling time (usually 6 minutes per 

site) was recorded at all sites to calculate CPUE. The fish survey was conducted in September 1985 

and repeated in September 1986 at Cleveland to determine whether operation of the STP resulted 

in obvious changes in the fish fauna. 

Fish surveys were repeated at Tazewell and Richlands in September 1986 using a different 

method to better assess how the STP's may affect fish fauna. Riffles and runs above and below 

each STP with similar substrata, cover, and flow were sampled. Sampled runs were 50 m long, and 

riffles varied from 8 to 20 m long (Table 2). Riffles were sampled, as described previously, with a 

seine and backpack shocker. Runs were sampled separately using a backpack shocker and dip nets 

along each bank at every site, because it was noted that effluent released from each STP remained 

to one side (plume side) of the river for a considerable distance downstream before mixing across 

the channel. Shocking time (approximately 5 minutes per bank per site) and the number of each 

species collected were recorded separately for each bank and site. Immediately following a site 

survey, water quality (monochloramine, dichloramine, free chlorine, total ammonia, pH, temper

ature, dissolved oxygen, conductivity, alkalinity, and hardness) was measured using methods de .. 
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Table 2. Location of sites sampled for fish upstream and downstream of 
sewage treatment plants (STP's) on the Clinch River, Tazewell County, 
September 1986. 

Town Habitat Location 

Tazewell riffie 0.15 km upstream of STP 

riffie 0045 km downstream of STP 

run 0.10 km upstream of STP 

run 0.10 km downstream of STP 

run 0040 km downstream of STP 

Richlands riffle 0.70 km upstream of STP 

riffie DAD km upstream of STP 

riffie 0.20 km downstream of STP 

riffle 0.45 km downstream of STP 

run 0.50 km upstream of STP 

run 0.05 km upstream of STP 

run 0.01 km downstream of STP 

run 0.35 km downstream of STP 
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scribed below. I took separate water samples along each bank per run; one water sample was 

collected from the middle of each riffie. 

Water Quality Sampling 

Water quality was monitored above and below the STP's during the summer (July· 

September) low flow period in 1985 to determine the worst case effect of STP effluent and septic 

systems on water quality. The following water chemistry parameters were measured monthly dur

ing low flow at each 20·m site sampled for mollusks and fish: monochloramine, dichloramine, free 

chlorine, total ammonia, pH, temperature, DO, conductivity, and alkalinity. All parameters were 

measured on site except for total ammonia and alkalinity. Chlorine concentration was determined 

using a Fischer-Porter portable chlorine amperometric titrator (model 17T2012). Other measure

ments on site were analyzed with the following equipment: pH, with a Fisher portable pH meter 

(model 640); conductivity, with a YSI (Yellow Springs Instrument) conductivity meter; and DO, 

with a YSI DO meter. A 500-ml water sample was collected midstream at each site to measure 

ammonia and alkalinity concentrations. Part of the water sample (200 ml) was preserved with 

concentrated sulfuric acid (Paller et al. 1983) and returned to the laboratory for ammonia analysis 

using a Fisher Accumet pH meter (model 825MP) and a Corning ammonia combination electrode. 

Unionized ammonia concentrations were calculated using the method of Emerson et al. (1975). 

Alkalinity was measured using HACH chemicals and prescribed methods. Ammonia and alkalinity 

levels were analyzed within 48 hours of collection. 

I continued to monitor the same water quality parameters monthly from October 1985 

through June 1986 at the upstream site and flrst downstream site of the Tazewell and Richlands 

STP's to determine annual variation in water quality near the STP's. Hardness was also measured 

during this time by collecting a IOO-ml water sample for laboratory analysis with HACH chemicals 
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within 48 hours of collection. No sampling was conducted in May 1986 due to extremely high 

water conditions. 

Statistical Analysis 

I used one-way ANOV A and least squares methods to test for differences in mollusk densities 

between sites at each of the four locations in Tazewell County (Tazewell, Richlands, Cliffield, 

Pounding Mill) (SAS 1985). At a single location, each site was compared to every other site sam

pled at that location to test for significant differences among sites. The following significance levels 

were used according to the Bonferroni Inequality Rule to eliminate differences in densities due to 

chance (Miller 1966): Tazewell, 0.005; Richlands, 0.008; Cliffield, 0.05; Pounding Mill, 0.05. I 

additionally tested for interaction between sites and species using profile analysis, a multivariate 

ANOVA technique (Morrison 1967; SAS 1985), to assess whether mollusk densities at each lo

cation are species-specific; i.e., to test whether some mollusk species are more sensitive to existing 

conditions than others. A significance level of 0.05 was used in profile analysis. 

I used the Shannon-Wiener diversity index to compare fish communities above and below the 

Tazewell, Richlands, and Cleveland STP's (Hurlburt 1971; Kovalak 1981). Areas to be compared 

must be of equal size to use Shannon-Wiener's diversity index (Smith 1980). To compare riffles 

of different sizes, I calculated the number of fish species and individuals collected per square meter 

then expanded the numbers to an area of 220 m2
, the area of the largest riffle sampled. The area 

of the largest riffie was used as the standard to avoid negative numbers in the calculations. 
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Glocllidia Bioassays 

Twenty-four hour static renewal bioassays were conducted with glochidia to calculate the ef

fective median concentration (EC50) and lethal median concentration (LC50) of monochloramine 

and unionized ammonia, the major toxicants in STP effluent (Appendices C, D, and F). I also 

tested free chlorine because it occasionally appears in STP effluent and is often a problem below 

power plants during cooling tower blowdown. Bioassays were conducted with glochidia of two 

species of mussels collected from the Clinch River, the long-term breeder Villosa nebulosa and the 

short-term breeder Fusconaia subrotunda. In general, long-term (bradytictic) breeders spawn in late 

spring or summer, and glochidia overwinter in the marsupia until they are released the following 

spring. Short-term (tachytictic) breeders spawn in the spring and release glochidia soon after the 

larvae mature. Preliminary studies on glochidial behavior were conducted in April 1986 using 

glochidia of Actinona/as ligamentina, a long-term breeder. Preliminary bioassays were conducted 

with glochidia of V. nebulosa in May 1986 to determine the range of concentrations to use in sub

sequent deftnitive bioassays. 

DefInitive tests with V. nebulosa were initiated in June 1986. For each bioassay, three gravid 

female mussels were collected from the Clinch River at Cliffield, Virginia, and transported to the 

laboratory in a bucket of river water aerated by a battery-powered "Fish Saver" pump. The bucket 

was placed in an t.:mpty cooler to prevent a rapid rise in temperature during transport. Mussels 

were acclimated to laboratory conditions for 4 days and were not fed during this time (ASTM 

1980a). Because STP effluents have their greatest impact on water quality during periods of low 

flow and high temperature (Hubbs 1933; Brinley 1943), bioassay tests were conducted inside a 

walk -in environmental chamber having temperature and photoperiod controls to allow simulation 

of summer conditions. Temperature was set at 22:l: lOC, and photoperiod used was 16 hours light:8 

hours dark (ASTM 1980a). A dechlorinator was constructed with activated charcoal to remove 

residual chlorine from dilution water; no residual chlorine was detected in water samples tested 
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during the study. After passing through the dechlorinator, dilution water was held in reservoirs and 

aerated with air stones (ASTM 1980a). 

The bioassay setup consisted of a Living Stream (Frigid Units Inc., Toledo, Ohio) with a shelf 

to hold twelve 4-L glass test chambers (Figure 3). Next to the Living Stream, another shelf held 

twelve Cole-Panner Masterflex pumps. On the floor of the chamber, twelve 19-L glass carboys 

with different toxicant concentrations were arranged near the pumps. Toxicant was pumped 

through Tygon tubing from the carboys to corresponding test chambers with a turnover time of 4 

hours. Replicates of five geometrically increasing toxicant levels and a control (same pH but no 

toxicants) were tested during each bioassay (ASTM 1980a). 

Toxicant solutions were buffered to a pH of 8.0-8.2 using sodium phosphate and potassium 

phosphate (Sheehan and Lewis 1986) to approximate Clinch River conditions (normal pH 8.1-8.8). 

A free chlorine stock solution was made with aqueous sodium hypochlorite, and an ammonia stock 

solution with ammonium chloride. A monochloramine stock solution was produced from a 1: 1 

molar ratio of sodium hypochlorite to ammonium chloride in dilution water with a pH of 8.5 

(Brooks and Bartos 1984). After carboys were filled with dilution water and the desired amount 

of toxicant added, solutions were stirred vigorously with poly-vinyl chloride (PVC) stirring rods to 

thoroughly mix the toxicant and buffers. Once all carboys were filled and in place, pumps were 

started to fill each test chamber. 

Glochidia were removed from the female's marsupia using a I-ml water-filled syringe (Waller 

et al. 1985). The needle was inserted into the gill, and water was slowly injected to propel glochidia 

out through the excurrent siphon and into a beaker. Glochidia from three adults were combined, 

and viability of a subsample of approximately 100 glochidia was examined under a compound mi

croscope by observing their response to 1 % sodium chloride solution. Healthy, normal glochidia 

snap shut in response to saline solution (Zale and Neves 1982a). Twelve baskets of 3D-micron mesh 

netting were fashioned to hold glochidia in the test chambers. Each basket was immersed in a 

300-ml beaker of dilution water, and 5 ml of glochidia were added to each. After 30 minutes, bas

kets were moved to the test chambers and suspended in the toxicant. 
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Figure 3. Bioassay setup used for glochidia and snails. 
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The following water chemistry measurements were recorded at the start and conclusion of 

each bioassay test, in one control replicate and one replicate of the highest toxicant concentration: 

DO, conductivity, alkalinity, hardness, and nitrites (Appendices F, G, and H). DO was measured 

using the Winkler titration, and nitrite level was detennmed using a LaMotte chemical kit. The 

other water quality parameters were measured as previously described. Chlorine compounds, along 

with pH and temperature, were measured four times in each test chamber during monochloramine 

and free chlorine tests. Ammonia levels were measured in the control and highest toxicant con

centration replicates at the start and fInish of chlorine tests. During ammonia bioassays, ammonia, 

pH, and temperature were measured four times in each test chamber. All measurements were made 

as previously described except pH, which was measured with a Fisher Accumet pH meter (model 

825MP) and Fisher pH electrodes. I took each set of measurements at least four hours apart during 

bioassays to allow a complete turnover of toxicant volume in each 4-L test chamber. 

At the end of 24 hours, baskets were removed from the test chambers and returned to beakers 

of dilution water. Using a pipet, a I-ml sample of glochidia was removed sequentially from each 

basket, placed on a Sedgewick-Rafter cell, and viewed under a compound microscope (lOx). The 

number of glochidia that were open and alive (open with a healthy adductor muscle), closed and 

alive (normal appearance except for being closed), and dead (open or closed with abnormal or 

missing adductor muscle) were recorded. One percent NaCl solution was added to the slide using 

a I-ml syringe to confirm that all glochidia recorded as Hopen and aliveH snapped shut. Individuals 

not responding were tested a second time. Glochidia not responding after the second test were 

subtracted from the "'open and aliveH category and added to the Ndead'" group. The responses of 

approximately 100 glochidia were examined from each test chamber, which often necessitated re

peating the process up to three times per basket, and glochidia were discarded. After I examined 

approximately 100 glochidia from all 12 baskets, the baskets remained in the beakers of dilution 

water for 24 additional hours, at which time I examined more glochidia from each basket in the 

same manner. The purpose of the 24-hour post-exposure period was to allow glochidia that closed 

due to irritation by the toxicants to reopen if they had not been killed by the toxicants (Hansen and 
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Kawatski 1976; Maciorowski and Clarke 1980; Buikema et al. 1982), because it was noted in pre

liminary studies that glochidia could reopen when a stimulus was removed. 

Twenty-four hour ECso and LCso values for each toxicant were calculated in the following 

manner. Glochidia, dead or closed after a 24-hour test, were considered to be affected, and were 

used to calculate 24-hour ECso's. At the end of the 24-hour post-exposure period, closed and dead 

glochidia were pooled to calculate a 24-hour LCso • Preliminary longevity studies indicated that the 

mortality rate of glochidia increases soon after 48 hours out of the marsupia. Glochidia remaining 

closed after 48 hours would likely die therefore, rather than reopen to possibly attach to a host fish. 

Tests with F. subrotunda were nearly identical to those described, with the following ex

ceptions. First, a syringe could not be used to remove glochidia because the larvae of short-term 

breeders are encapsulated in gelatinous matrices (conglutinates) within the gills. Instead, a gravid 

mussel was sacrificed for each bioassay, and conglutinates were removed with forceps and placed 

in dilution water, where they were gently teased apart. Only glochidia from mature conglutinates 

were used, which was again determined under a compound microscope using 1 % NaCI solution. 

Second, glochidia from only one adult were used in a bioassay since it was often difficult to collect 

more than one female with mature conglutinates. 

Snail Bioassays 

I conducted 96-hour static renewal bioassays using the snail Pleurocera uncia Ie unciale to 

calculate LCso values for monochloramine and unionized ammonia (Appendices I and J). Pre

liminary bioassays (as previously described) were conducted to determine the range of toxicants to 

use in final bioassays. Snails were collected by hand in October and November 1986 from the 

Clinch River at Cliffield, Virginia. They were transported in the same manner described for 

mussels, were acclimated for 6 days, and fed algae up to 24 hours before a test (ASTM 1980a). 

The laboratory set-up was identical to that described for glochidia bioassays except that I used 
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500-ml beakers with a turnover time of 40 minutes for the test chambers; no baskets were used. 

Ten snails were placed in each test chamber, and netting was placed over each beaker to prevent 

escapement. Snails were examined every 12 hours, and all dead snails were removed. If a snail 

could not be distinguished as living or dead by observation, its body was gently prodded with a 

dissecting needle to elicit a response. 

Water chemistry tests, as described for glochidia tests, were performed at the start and fmish 

of each bioassay (Appendices K and L). Monochloramine or ammonia (depending on the toxicant 

being used in the bioassay), pH, and temperature were recorded at the start and every 12 hours in 

each test chamber until the conclusion of the test. At that time, I examined the snails and recorded 

the number dead and alive. Snails that had withdrawn into their shells were placed in dilution water 

and observed until their viability could be confirmed. 

Data Analysis 

Results from all bioassays were analyzed by pro bit analysis (Bliss 1934; Finney 1971; 

Buikema et al. 1982; SAS 1985). In order to use this form of analysis, it is assumed that the re

sponse of the organisms to each toxicant is normally distributed (Buikema et al. 1982). This infers 

that a few organisms die at low concentrations, most test organisms die at intermediate concen

trations, and a few survive at high concentrations. To check whether the log-probit model fits these 

data, Chi-square tests were conducted: A non-significant test indicated that the model adequately 

characterized the response. If the test was significant, as in the glochidia bioassays, the bioassay 

was repeated. Results from glochidia bioassays continued to depart significantly from a normal 

distribution; thus, I analyzed the results of the glochidia bioassays using the Spearman-Karber 

method, a nonparametric technique (Stephan 1977). 

Because as many as 500/0 of the glochidia used in bioassays were closed before the start of 

bioassays, I calculated the relativized product index (RPI) to determine the number of glochidia 
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actually responding to the control and toxicant treatments (Farris et aI. 1988). The following 

equation was used: 

RPI = {I + (treatment response-original response)joriginaI response} { 100} 

After calculating the RPI for the two control treatments in each bioassay t results were averaged to 

give a mean level of control mortality for that bioassay. If the mean exceeded 20/0, I corrected the 

treatment responses for the mean level of control mortality using the following equation (ASTM 

1980b): 

Net treatment mortality = {l-(number of surviving larvae per treatment/mean number of 

surviving control1arvae)}{ 100} 

Tests in which control mortality exceeded 100/0 for snails (ASTM 1980a; Buikema et al. 1982) and 

300/0 for glochidia (ASTM 1980b) were not considered valid. 
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Results 

Mollusk Survey in Tazewell County 

Site-Species Interaction 

Proftle analysis revealed that a strong site-species interaction was present at Tazewell sites 

(p < 0.001), indicating that different mollusk species increase and decrease in numbers independently 

downstream of the STP. Five of the six mollusk species collected above and below the Tazewell 

STP had their greatest mean densities at the reference site (T 1), but species apparently reacted dif

ferently to conditions below the outfall (Table 3). For example, the mean density of V. nebuiosa 

at 0.10 km below the outfall (T2) was reduced by 890/0) while P. u. unciale was reduced 62% from 

reference site levels. V. nebulosa and P. u. unciale were absent 2.50 km below the STP (T4), and 

the mean density of E. simplex increased to 3520/0 of reference site levels. It was obvious that STP 

effiuent at sites sampled below the outfall of the Tazewell STP did not have the same effect on each 

mollusk group. A weaker site-species interaction was detected at Richlands sites (p= 0.039). Some 

species were absent downstream of the outfall (V. nebulosa, E. simp/ex)) sphaeriid clams were col-
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Table 3. Mean densities (no./m 2 ) of mollusks at thirteen sites, based on ten 0.5 m2 quadrats per site, in the Clinch River, Tazewell 
County, 1985. 

Location 

Tazewell Cliffield Pounding Mill Richlands 

TI T2 T3 T4 T5 Cl C2 PI P2 Rl R2 R3 R4 

Unionidae 
Villosa nebulosa 5.4 0.6 0.4 3.4 3.8 0.4 0.8 0.4 
Fusconaia barnesiana1 1.0 0.2 2.6 0.2 
M edionidus conradicus 0.4 1.8 
Lampsilis fasciola 0.2 

Pleuroceridae 
P leurocera u. unciale 80.8 30.8 0.2 1.2 102.8 56.8 1.2 2.0 3.6 7.2 2.2 
Elimia simplex 34.2 7.4 20.0 120.4 0.6 18.2 7.2 1.6 6.2 0.8 
Anculosa subglobosa 0.2 92.4 119.2 18.8 62.8 1.6 0.2 

Corbiculidae 
Corbicula fluminea 55.8 0.8 0.8 0.6 0.4 2.2 0.6 2.4 0.4 

Sphaeriidae 211.4 12.8 - 0.2 7.6 7.8 153.8 1.0 0.2 9.0 0.4 0.4 

1 Most specimens were F. barnesiana, although some Pleurobema oviforme may have been included. 



lected below the outfall but not at the reference site, while mean densities of other mollusk species 

such as P. u. unciale and C. fluminea did not change appreciably between reference and downstream 

sites. The interaction at Richlands was somewhat weak, however, because all mollusk species were 

present only at low mean densities. It appears that mollusk species differed in sensitivities to con

ditions below the outfalls of the Tazewell and Richlands STP's. 

A strong site-species interaction was also detected at Cliffield (p = 0.0016). While mean den

sities of some species such as P. u. uncia Ie and E. simplex decreased downstream of Cliffield, most 

species increased in numbers at the downstream site. Because many species increased in numbers 

downstream, the use of septic tank systems at Cliffield does not seem to have an adverse impact 

on mollusks. No site-species interaction was present at Pounding Mill (p = 0.0672). Most species 

had low mean densities both upstream and downstream, while slightly higher mean densities of E. 

simplex and A. subglobosa were collected downstream. Sampling results indicate that most species, 

if their mean densities changed from upstream to downstream, had greater mean densities below 

these two communities, suggesting that the use of septic tank systems at Cliffield and Pounding 

Mill does not reduce mollusk numbers. 

Mussels 

One hundred and thirty 0.5 m2 quadrats at thirteen sites were examined for mollusks from 

June to September 1985, and mean densities (no./m2
) were calculated for each species (Table 3). 

Two mussel species, Villosa nebulosa and Fusconaia bamesiana, were collected upstream of the 

Tazewell STP. The mean density of V. nebulosa declined from 5.4 mussels/m2 at the reference site 

(Tl) to O.6/m2 at T2. This species was not collected again until T5, 4.25 km below the STP. The 

mean density of F. barnesiana declined from 1.0/m2 at Tl to 0.2/m2 at T5, and none were collected 

at sites between Tl and T5. The reference site above the Tazewell STP had a significantly higher 

mean density of V. nebulosa than at all sites sampled below the Tazewell outfall (p < 0.001). The 
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mean density of F. bamesiana at the reference site was significantly higher than at T2, T3, and T4 

(p= 0.0023), but not at T5 (p= 0.0131). 

No additional mussel species were collected during mussel surveys above and below the 

Tazewell STP (Table 4). F. barnesiana was the most commonly collected species at Tl and T5 

(CPUE of 5.45 and 3.49 mussels/hour, respectively), but V. nebulosa was also fairly common at 

both Tl and T5 (CPUE of 3.41 and 2.79, respectively). No mussels were collected at T2, although 

three young V. nebulosa (one to three years old) were previously found in quadrat sampling at this 

site. No mussels were found at T3 or T 4. During a preliminary survey of the entire river reach 

from Tl to T5, the first mussel (V. nebulosa) was collected approximately 3.75 km downstream of 

the Tazewell STP. Results of both quadrat sampling and mussel surveys in suitable habitats indi

cate that the number of mussels below the Tazewell STP is greatly reduced from upstream levels, 

and was zero at some sites. 

Quadrat sampling and mussel surveys also indicate that the river reach to approximately 5.25 

km downstream from the Richlands STP is depauperate of mussels. I found only V. nebulosa at 

the Richlands reference site (Rl) during quadrat sampling, at a low mean density (0.4/m2) not 

significantly different from the zeros at downstream sites (p = 0.048) (Table 3). I found four other 

species at RI during the mussel survey (Table 4). In addition to V. nebulosa, specimens of F. 

bamesiana, Ptychobranchus /asciolaris, Ptychobranchus subtentum, and Lasmigona costata were 

collected at Rl, although in low numbers (CPUE of 0.75 to 2.25). Nv mussels were collected at 

three sites below the outfall to a distance of 3.25 km downstream (R4). A preliminary survey of 

the entire river reach from Rl to R4 also failed to locate any mussels below the outfall. When I 

continued the mussel survey below the Raven-Doran STP, the next STP downstream of Richlands, 

I collected no mussels at a site 1.15 km below the Raven-Doran STP (5.25 km below the Richlands 

outfall), but found six species at a site 3.90 km below the Raven-Doran STP or 8.00 km below the 

Richlands outfall (Table 5). Quadrat sampling and mussel surveys suggest that eflluent from one 

or both STP's may be limiting mussels in this area. 

I collected three species of mussels in quadrat sampling at sites above (Cl) and below (C2) 

the community of Cliffield (Table 3). V. nebulosa and Medionidus conradicus were collected in 
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Table 4. Mussels collected per hour of sampling (CPUE) at sites in the Clinch River, Tazewell County, 1985. 

Tazewell Cliffie1d Pounding Mill 

Species Tl T2 T3 T4 T5 CI C2 PI P2 

Vil/osa nebulosa 3.41 2.79 9.09 4.96 9.31 3.46 

Fusconaia bamesiana 5.45 3.49 2.73 5.45 3.10 

M edionidus conradicus 0.91 12.89 LIS 

Lampsilis fascio/a 0.50 1.03 1.15 

P tychobranchus fasciolaris 

Ptychobranchus subtentum 

Lasmigona costata 

Total CPUE 8.86 - 6.28 12.73 23.80 13.44 5.76 

Total species 2 2 3 4 3 3 

Richlands 

RI R2 R3 R4 

1.50 

0.75 

2.25 

0.75 

0.75 

6.00 -
5 



Results 

Table 5. Mussels collected per hour of sampling (CPUE) at two sites below the 
Richlands STP in the Clinch River, Russell County, 1986. 

Distance below outfall 

Species 5.25 kml 

Pleurobema oviforme 

Ptychobranchus f asciolaris 

Fusconaia subrotunda 

Lexingtonia do/abel/oides 

Lampsilis fasciola 

Lasmigona costata 

Total CPUE 

Total species 

1 Location was 1.15 km below Raven-Doran STP. 

2Location was 3.90 km below Raven-Doran STP. 

8.00 km2 

1.60 

1.60 

1.20 

0.80 

0040 

0040 

6.00 

6 
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quadrats at both sites; Lampsilis fasciola was also taken at C 1 and F. barnesiana at C2. Mean 

densities did not differ significantly between sites for any mussel species except M. conradicus, which 

was present in significantly higher numbers at C2 (p = 0.0352). During the mussel surveys, three 

of these species were again collected at CI, while all four were collected below Cliffield. CPUE of 

mussels at C2 was nearly double the CPUE at the site above Cliffield. Mussel numbers below 

Cliffield do not appear to be depleted when compared to numbers above this residential commu

nity. 

Fewer mussels were collected above (P 1) and below (P2) Pounding Mill during quadrat 

sampling than at Cliffield. V. nebulosa and F. barnesiana were found at PI, while only V. nebulosa 

was found at P2; all occurred at low mean densities (0.2 to 0.8/m2
). No significant difference in 

mean densities was detected between the two sites for either mussel species (p = 0.3306, P = 0.5109). 

Three mussel species were collected at both PI and P2 during mussel surveys. Although CPUE 

of mussels at PI (13.44) was more than double that of the CPUE below Pounding l\tlill (5.76), 

mussels were present immediately below Pounding Mill. 

Snails 

Three species of pleurocerid snails were collected in Tazewell County: Pleurocera unciale 

unciale, Elimia (Goniobasis) simplex, and Anculosa subglobosa (Table 3). At the Tazewell STP, I 

recorded the highest mean density of P. u. unciale at T 1, with T2 next in mean density but less than 

half that of T 1. Mean densities of P. u. unciale were extremely low for the other sites sampled be

low the outfall. The number of P. u. unciale taken at Tl was significantly higher than at all other 

sites (p < 0.001), but mean densities did not differ among T2, T3, T4, and T5 (p = 0.0100-0.9861). 

Although the total number of snails collected at T2 was relatively high, most quadrats sampled near 

or in the effiuent plume had few or no snails compared to quadrats sampled on the other side of 

the river channel. Numbers of P. u. unciale were reduced below the outfall. 
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The snail E. simplex reached its greatest mean density at T4 (120.4/m2), which was nearly four 

times the density recorded for Tl (34.2/m2
). Mean density decreased at T2 from reference site 

levels, but increased at T3 before peaking at T4. E. simplex had its lowest mean density at T5. 

Mean density of E. simplex at T4 was significantly higher than at all other sites (p < 0.001). Mean 

density at Tl was not significantly different from T2 (p= 0.0155) or T3 (p= 0.4456), but was sig

nificantly higher than at T5 (p = 0.0029). Although STP effiuent may have decreased numbers at 

T2, the great increase in numbers at T 4 and the dramatic decrease again at T 5 indicate that factors 

other than the STP may be affecting E. simplex distribution farther downstream. 

A. subglobosa was rare at Tazewell sites. A mean density of only 0.2/m2 was recorded at T 1, 

while none were collected below the outfall. Since members of this genus prefer rocky rimes 

(Stansbery 1970), it is likely that sampling sites were not optimum habitat for this species. 

The same three species of snails at Tazewell were also collected near the Richlands STP, al

though none were cornman. P. u. unciale was found at all sites at low mean densities not signif

icantly different among sites (p = 0.0785 to 0.9449). E. simplex was only collected at Rl in low 

density t while A. subglobosa was collected at low mean densities at both R 1 and R2. These species 

appear to be relatively uncommon at Richlands. 

P. u. unciale and A. subglobosa were very cornman above and below Cliffield. Mean densities 

did not differ significantly between the two sites for either species (p= 0.1647, p= 0.4095). E. 

simplex was less cornman at both sites, but again there was no significant difference in numbers 

between sites (p= 0.1789). A. subglobosa was the most common snail around Pounding Mill, with 

a mean density significantly higher at P2 (p= 0.0233). P. u. unciale was the next most common 

species, with mean density at P2 also significantly higher than at PI (p = 0.0372). E. simplex was 

relatively rare at Pounding Mill sites. Sampling results indicate that snail numbers were not reduced 

downstream of Cliffield and Pounding Mill. 
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Other Bivalves 

Corbicula fluminea occurred at its highest mean density of 55.8/m2 at the reference site above 

the Tazewell STP (Tl) (Table 3). This density was significantly higher than at other sites sampled 

below the outfall (p < 0.001). Mean densities of this clam at the four sites sampled below the 

Tazewell STP were very low (0.4 to 0.8/m2 ), as were the mean densities recorded for all Richlands 

sites (0.4 to 2.4/m2 ). No specimens of C. fluminea were collected at Cliffield or Pounding Mill, 

despite their presence upstream at Tazewell and downstream at Richlands. C. fluminea occurred 

in low densities at most sites sampled in Tazewell County. 

Sphaeriids also reached their greatest mean density at site Tl (211.4/m2), which was signif

icantly higher than at all four sites sampled below the Tazewell STP (p < 0.001) (Table 3). Mean 

density decreased to 12.8/m2 at T2, while none were found at T3 and only low numbers at T4 and 

T5. Mean densities did not differ significantly among sites T2, T3, T4, and T5 (p= 0.5061-0.9861). 

No sphaeriids were collected at Rl above the Richlands STP, while a mean density of 9.0/m2 was 

recorded at R2. However, none were collected in eight of the ten quadrats at R2; one specimen 

was found in one quadrat, and 44 were collected in the other. The two quadrats with sphaeriids 

were located on the side of the river opposite the effluent plume, indicating that sphaeriids may be 

sensitive to the efiluent. Very low numbers of sphaeriids were collected at R3 and R4. Despite 

slight variations, mean densities of sphaeriids among sites were not significantly different among 

sites at Richlands (p = 0.1562 to 1.000). Sphaeriids were relatively uncommon at most Tazewell 

and Richlands sites. 

The mean density of sphaeriids recorded for C2 (153.8/m2.) was significantly higher than the 

mean density at CI, 7.8/m2 (p=0.0018). The number of specimens found in each quadrat varied 

greatly at C2, from 8 to 183 specimens per quadrat. While mean numbers of sphaeriids were not 

reduced below Cliffield, fmgernail clam distribution appears to be highly clustered. Sphaeriids were 

rare above and below Pounding Mill, and numbers collected were not significantly different between 

PI and P2 (p= 0.1800). 
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Water Quality in Tazewell County 

Total Residual Chlorine 

TRC was detected only at sites T2 and R2, 0.10 km below each STP outfall, during July, 

August, and September, 1985. TRC was not detected at sites farther downstream during these 

months (Table 6). From July 1985 to June 1986, monthly levels ofTRC at T2 on the plume side 

of the river channel were highest in July (0.25 mg/L), November (0.18 mg/L), October (0.15 mg/L), 

and September (0.13 mg/L), while January, February, and March had the lowest concentrations 

(0.05,0.05, and 0.04 mg/L, respectively) (Table 7). The highest TRC concentration of 0.18 mg/L 

was measured at 0.10 km below the Richlands STP on the plume side in July, followed by No

vember (0.10 mg/L) and April (0.09 mgjL) (Table 8). TRC was not detected at R2 during August, 

September, October, February, or March. During many of these months, little or no TRC was 

detected in the effiuent entering the river. According to the plant manager, the Richlands STP was 

treating sewage above its capacity during this study, and one indication of this may be lower than 

normal TRC concentrations in the effiuent and subsequently in the river. Effluent entering the river 

at either site never surpassed a TRC concentration of 2 mg/L on sampling days, let alone the 

maximum allowable concentration of 4.0 mg/L for a single TRC analysis as set by current NPDES 

permits for these STP's. My data indicate that relatively short river reaches had TRC present even 

during the low flow summer period. 

Unionized Ammonia 

Unionized ammonia concentrations ranged from 0.001 to 0.20 mg/L at the reference sites 

above the outfalls at Tazewell and Richlands during monthly sampling (Tables 7 and 8). Con-
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Table 6. Water quality values recorded during July (J), August (A), and September (S), 1985, in the Oinch 
River, Tazewell County. 

TRC 1 NH32 pH Temp 003 Conductivity Alkalinity 
Site Month (mgjL) (mgjL) eC) (mgjL) (umhos) (mg/L) 

Tl J 0 0.007 8.1 21.2 10.1 330 152 
A 0 0.020 8.2 19.2 9.9 302 150 
S 0 0.008 8.5 22.1 10.3 297 140 

T24 J 0.25 0.052 7.8 21.2 9.5 365 152 
A 0.01 0.125 8.2 19.8 10.2 330 142 
S 0.13 0.812 8.2 22.5 9.6 355 156 

T3 J 0 0.056 8.1 23.2 10.1 360 154 
A 0 0.035 8.2 20.5 10.6 325 148 
S 0 0.087 8.1 22.8 7.9 331 144 

T4 J 0 0.068 8.1 23.1 10.0 354 152 
A a 0.016 8.1 21.2 10.7 323 146 
S a 0.023 8.0 22.8 7.9 330 148 

T5 J a 0.014 8.1 23.2 9.4 350 152 
A a 0.010 8.2 20.5 9.9 322 150 
S a 0.006 8.0 21.5 9.3 313 148 

C1 J 0 0.013 8.4 22.7 10.6 332 146 
A 0 0.007 8.6 22.2 11.1 310 142 
S 0 0.004 8.6 22.0 9.4 308 146 

C2 J a 0.009 8.4 22.1 10.6 337 142 
A 0 0.011 8.6 21.8 11.3 310 140 
S 0 0.004 8.6 22.3 11.2 312 148 

PI J 0 0.019 8.4 20.9 10.6 328 142 
A 0 0.009 8.6 20.7 11.3 295 140 
S 0 0.010 8.2 20.2 11.0 302 148 

P2 J 0 0.011 8.3 21.1 10.2 322 138 
A 0 0.015 8.6 20.7 11.2 300 138 
S a 0.008 8.4 20.8 11.4 315 148 

R1 J 0 0.004 8.1 22.3 7.4 325 132 
A a 0.003 8.2 20.2 9.7 300 136 
S 0 < 0.001 8.3 19.1 9.4 312 148 

R2 J 0.18 0.039 7.9 22.5 7.2 340 130 
A 0 0.066 8.0 20.5 9.0 335 136 
S a 0.107 7.9 20.0 8.5 355 156 

R3 J a 0.012 8.0 23.0 6.8 330 124 
A a 0.028 8.2 21.5 8.8 305 134 
S 0 0.014 7.8 20.1 6.0 332 144 

R4 J 0 0.012 8.1 23.5 7.2 340 122 
A 0 0.020 8.2 21.5 9.0 290 132 
S 0 0.006 7.8 20.5 7.0 337 144 

lTotal residual chlorine (mostly mono chloramine) 
:2 Unionized ammonia 
3 Dissolved oxygen 
4Measurements taken at sites T2 and R2 were taken in the effiuent plume, measurements taken in mid-
channel at other sites. 
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Table 7. Monthly water values recorded at 0.10 Ian above (A) and below (B) the Tazewell STP, 1985·1986. til 
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TRC1 Nlh2 pH Temp D03 Conductivity Alkalinity 
(mg/L) (mg/L) (OC) (mg/L) (umhos) (mg/L) 

Year Month A B4 A B A B A B A B A B A B 

1985 Jul 0 0.25 0.007 0.052 8.1 7.8 21.2 21.2 10.1 9.5 330 365 152 152 

Aug 0 0.01 0.020 0.125 8.2 8.2 19.2 19.8 9.9 10.2 302 330 150 142 

Sep 0 0.13 0.008 0.812 8.5 8.2 22.1 22.5 10.3 9.6 297 355 140 156 

Oct 0 0.15 0.004 0.112 8.3 8.2 15.9 15.9 279 312 136 142 

Nov 0 0.18 0.001 0.120 8.4 8.4 11.7 11.9 13.0 11.9 235 278 142 144 

Dec 0 0.09 < 0.001 0.036 8.5 8.4 4.0 4.1 13.2 13.0 201 222 

1986 Jan 0 0.05 < 0.001 0.020 8.8 8.6 4.0 3.9 15.7 15.0 200 205 130 134 

Feb 0 0.05 < 0.001 0.010 8.2 8.2 10.0 9.9 12.2 12.2 189 191 104 104 

Mar 0 0.04 <0.001 0.028 8.4 8.3 10.1 10.2 12.4 12.2 220 231 116 118 

Apr 0 0.10 < 0.001 0.127 8.8 8.8 11.2 10.9 14.9 14.3 221 230 126 134 

May4 

Jun 0 0 0.006 0.189 8.5 8.4 24.5 24.0 12.2 10.8 330 148 152 

ITotal residual chlorine (mostly monochloramine) 
2 Unionized ammonia 
3Dissolved oxygen 
4No data were collected due to high water conditions. 
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='=' Table 8. l\10nthly water quality values recorded at 0.10 Ian above (A) and below (B) the Richlands STP, 1985·1986. ftI 
I'll c: 
g 

TRCI Nlh2 pH Temp D03 Conductivity Alkalinity 
(mg/L) (mg/L) (OC) (mg/L) (umhos) (mg/L) 

Year Month A B A B A B A B A B A B A B 

1985 Jul 0 0.18 0.004 0.039 8.1 7.9 22.3 22.5 7.4 7.2 325 340 132 130 

Aug 0 0 0.003 0.066 8.2 8.0 20.2 20.5 9.7 9.0 300 335 136 136 

Sep 0 0 <0.001 0.107 8.3 7.9 19.1 20.0 9.4 8.5 312 355 148 156 

Oct 0 0 < 0.001 0.020 8.1 8.0 15.9 15.5 291 311 124 120 

Nov 0 0.10 <0.001 0.037 8.3 8.2 9.5 10.0 13.0 12.2 193 222 106 112 

Dec 0 0.05 <0.001 0.014 8.4 8.4 1.9 1.9 14.0 13.5 165 184 

1986 Jan 0 0.07 < 0.001 0.021 8.5 8.5 0.0 0.6 14.7 14.2 163 172 106 110 

Feb 0 0 < 0.001 0.006 8.1 8.2 8.9 9.8 12.4 11.7 62 159 62 78 

Mar 0 0 < 0.001 0.029 8.2 8.2 9.9 10.1 13.3 11.8 162 198 74 92 

Apr 0 0.09 < 0.001 0.030 8.5 8.4 8.7 9.0 12.5 12.2 205 225 100 126 

May4 

Jun 0 0.02 0.002 0.145 8.2 8.1 22.8 23.1 8.3 7.6 311 349 124 146 

ITotal residual chlorine (mostly monochloramine) 
2 Unionized ammonia 
3 Dissolved oxygen 
4 No data were collected due to high water conditions. 
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centrations were highest in the plume at T2 and R2, gradually decreasing toward the opposite bank. 

Highs of 0.145 mg/L in the plume at R2 (April 1986) and 0.812 mg/L in the plume at T2 (Sep

tember 1985) were measured. During July, August, and September 1985, unionized ammonia 

concentrations were still elevated at T3 and were slightly increased at T4 during July and Septem

ber, two months in 1985 (Table 6). At T5, levels were no higher than at the reference sites. The 

STP effiuent at Richlands always had a lower concentration of unionized ammonia than that at 

Tazewell on sampling days; thus, concentrations in the river below the Richlands STP were 

somewhat lower than those at Tazewell sites of comparable distances from the outfall. Levels at 

R3 and R4 were slightly higher than unionized ammonia levels at RI. Unionized ammonia con

centrations appear to remain at least slightly elevated for some distance below the outfalls at 

Tazewell and Richlands (Table 6). 

Unionized ammonia concentrations at Cliffield were low during July, August, and September 

1985, ranging from 0.004 to 0.013 mgJL at Cl and 0.004 to 0.011 mg/L at C2. Unionized ammonia 

levels at Pounding Mill were also low, 0.009 to 0.019 mg/L at PI and 0.008 to 0.015 mg/L at P2. 

Unionized ammonia concentrations appear to remain at least slightly elevated for some distance 

below the Tazewell and Richlands outfalls, whereas they were low downstream ofCliffield and 

Pounding Mill. 

Water Chemistry 

The pH of the river at reference sites ranged from 8.1 to 8.8 at TI and 8.1 to 8.5 at R1 on 

sampling dates from July 1985 to June 1986 (Tables 7 and 8). The plume side of the river at T2 

and R2 nearly always had a slightly lower pH than along the opposite bank. and the reference sites. 

The pH in the plume at T2 ranged from 7.8 to 8.8, while pH in the plume at R2 varied from 7.9 

to 8.5. During July, August, and September 1985, pH levels at T3 and R3 approached those of the 

reference site (Table 6). The pH at Cliffield and Pounding Mill during those months ranged from 

8.2 to 8.6 at all sites. 
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DO concentrations below the outfalls reached lows of 7.9 mg/L at T3 and 6.0 mg/L at R3 

(September 1985). Neither effluent appeared to decrease DO significantly from reference site levels. 

DO was always high (9.4 to 11.4 mg/L) at Cliffield and Pounding Mill sites. Conductivity, 

alkalinity, and temperature did not appear to be greatly affected by effluent of either STP. 

Fisll S,lrveys in Tazewell COUIlty 

Tazewell STP 

Differences in the numbers of fish species and individuals along left and right banks of 50-m 

runs above and below the Tazewell STP were evident (Table 9). The reference site, 0.10 k.m above 

the outfall, yielded only four species and a CPUE of 17.5 fish/IO min along the left bank, while 

eleven species and a CPUE of 46.0 were recorded along the right bank. Accordingly, the 

Shannon-Wiener diversity index for the left bank was 0.56 compared to 0.94 for the right bank 

(Table 10). At the site 0.10 k.m below the outfall (0.10 k.m (B», four species and a CPUE of 24.9 

were recorded on the left side (plume side), compared with eight species and a CPUE of only 10.8 

on the right side. Although CPUE was higher, the Shannon-Wiener diversity index was only 0.51 

on the plume side, slightly lower than the left bank at the reference site, but much lower than the 

diversity index (0.86) for the right bank at 0.10 km (B). The dominant species along the plume side 

was the Tennessee snubnose darter (Etheostoma simoterum), which accounted for 500/0 of the fish 

collected. Redbreast sunfish (Lepomis auritus) , rockbass (Ambloplites rupestris) , and river chub 

(Nocomis mkropogon) were the other three species collected in the plume. Of these four species, 

only E. simoterum was collected along the right bank, comprising 90/0 of the fish collected. The 

dominant species, saffron shiner (Notropis rubricroceus) , accounted for 270/0 of the total number 
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Table 9. Fish collected per ten minutes of sampling (CPUE) along the left (L) and right (R) 
banks of 50-m runs above (A) and below (B) the Tazewell STP, September 1986. 

Distance from outfall 

0.10km(A) 0.10km(B) OAOkm(B) 

Species L R L R L R 

Catostomidae 
Catostomus commersoni 2.4 1.0 
Hypentelium nigricans 4.7 1.0 

Cyprinidae 
Cyprinus carpio 1.9 
Campostoma anomalum 2.4 2.5 
Hybopsis amblops 5.0 5.9 1.0 1.2 
N ocomis micropogon 8.2 1.2 8.8 1.0 
N otropis chrysocephalus 1.2 
N. rubricroceus 1.2 2.9 

Centrarchidae 
Ambloplites rupestris 7.5 8.2 5.0 6.2 6.0 
Lepomis auritus 2.4 6.2 4.0 
L. macrochirus 1.0 
P omoxis nigromaculatus 1.0 

Percidae 
Etheostoma blennioides 1.0 2.5 
E. rufilineatum 1.2 
E. simoterum 2.5 8.2 12.5 1.0 11.2 

Cottidae 
Cottus carolinae 2.5 1.2 1.0 1.2 

Total CPUE 17.5 46.0 24.9 10.8 34.8 13.0 
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Table 10. Shannon-Wiener's diversity index for fish along the left (L) and right (R) banks above 
(A) and below (B) the Tazewell STP, September 1986. 

Distance from outfall 

0.10km(A) 0.10km(B) OAOkm(B) 

L R L R L R 

Total fish 7 39 21 11 28 13 

Total species 4 11 5 8 8 5 

Diversity index 0.56 0.94 0.51 0.86 0.76 0.57 
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along the right bank. These results indicate that fish diversity was generally reduced along the 

plume side of the river 0.10 km below the Tazewell outfall. 

Diversity and CPUE also differed between left and right banks at 0.40 km below the outfall 

(Tables 9 and 10). The left bank had a CPUE of 34.8 fish/IO minutes and eight species, while a 

CPUE of only 13.0 and five species were collected along the right bank. The Shannon-Wiener di

versity index increased to 0.76 along the left bank, but declined to 0.57 along the right bank. In 

general, fish diversity approached levels found at the reference site. 

Relatively high concentrations of TRC (0.40 mg/L) and unionized ammonia (0.189 mg/L) 

were detected along the plume side, at 0.10 km (B), immediately following fish surveys (Table 11). 

Effiuent had not yet thoroughly mixed across the river channel because only 0.04 mg/L TRC and 

0.004 mg/L unionized ammonia were detected along the right bank. By 0.40 km (B), toxicant levels 

were spread more equally across the river channel. TRC concentrations were 0.05 and 0.03 mg/L 

along the left and right banks, respectively, while unionized ammonia levels decreased to 0.037 

mg/L along the left side and increased to 0.030 mg/L along the right side. 

The STP effiuent did not appear to have an adverse effect on CPUE of fish or diversity in a 

rime 0.45 km below the outfall (Tables 12 and 13). The reference rime (0.15 km (A» yielded a 

CPUE of 111.5 and a Shannon-Wiener diversity index of 0.88. Twelve species were collected at 

0.15 km (A), with the banded sculpin Cottus carolinae as the most common species (CPUE 34.3) 

(Table 12). CPUE of fish at 0.45 km (B) was more than twice that at 0.15 (A) (244.0),' although 

the diversity index was the same. C. anomalum was the most common species collected at 0.45 km 

(B), followed by E. simoterum. N. rubricroceus was the most common shiner collected in both 

rimes. Two darter species were collected in the reference rime compared with three below the 

outfall, and E. simoterum was by far the most common darter species in each rime. These results 

indicate that the STP effiuent did not appear to reduce fish diversity or numbers at 0.45 km (B). 

TR C was not detected in the rime below the outfall, and all other parameters were similar to ref

erence site levels (Table 14). 
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Table 11. Water quality values recorded during the fish survey along the left (L) and right (R) 
banks of 50-m runs above (A) and below (B) the Tazewell STP, September 1986. 

0.10km(A) 

Parameters L R 

TRC1 (mg/L) 0 

Ammonia" (mg/L) < 0.001 

pH 8.6 

Temperature (OC) 17.0 

Dissolved oxygen (mg/L) 10.2 

Conductivity (umhos) 300 

Alkalinity (mg/ L) 150 

Hardness (mg/L) 18 

ITotal residual chlorine (mostly mono chloramine) 

2 Unionized ammonia 

Results 

Distance from outfall 

0.10km(B) O.40km(B) 

L R L R 

0.40 0.04 0.05 0.03 

0.189 0.004 0.037 0.030 

8.4 8.4 8.3 8.3 

17.0 17.0 17.0 17.0 

9.2 9.2 8.8 8.5 

341 267 323 322 

168 156 160 160 

18 18 18 18 
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Results 

Table 12. Fish collected per ten minutes of sampling (CPUE) in riffles above 
(A) and below (B) the Tazewell STP, September 1986. 

Species 

Catostomidae 
Hypentelium nigricans 

Cyprinidae 
Campostoma anomalum 
Hybopsis amblops 
N ocomis micropogon 
N otropis chrysocephalus 
N. coccogenis 
N.leuciodus 
N. rubricroceus 
Rhinichthys atratulus 
R. cataractae 

Centrarchidae 
Ambloplites rupestris 

Percidae 
Etheostoma blennioides 
E. flabellare 
E. rufilineatum 
E. simoterum 

Cottidae 
Cottus carolinae 

Total CPUE 

Distance from outfall 

0.15km(A) 0.45km(B) 

4.0 

21.4 86.0 
7.1 2.0 
4.3 12.0 
4.3 8.0 

2.0 
1.4 6.0 
12.9 36.0 
2.9 6.0 
1.4 8.0 

2.9 

2.0 
2.9 

14.0 
15.7 42.0 

34.3 16.0 

111.5 244.0 
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Table 13. Shannon-Wienerls diversity index for fish in riffles above (A) and below (B) the Tazewell 
STP t September 1986. 

Total fish 

Total species 

Diversity index 

Results 

Distance from outfall 
O.l5km(A) 0.45km(B) 

68 

12 

0.88 

122 

14 

0.88 
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Results 

Table 14. 'Vater quality values recorded during the fish survey in rifiles above (A) 
and below (B) the Tazewell STP, September 1986. 

Distance from outfall 

Parameters 0.15km(A) 0.45km(B) 

TRC1 (mg/L) 0 0 

~onia2 (mg/L) < 0.001 0.009 

pH 8.6 8.3 

Temperature (OC) 17.0 16.0 

Dissolved oxygen (mg/L) 10.7 10.5 

Conductivity (umhos) 294 326 

AJkalirrity (mg/L) 152 160 

Hardness (mg/L) 18 18 

1 Total residual chlorine 

2 Unionized ammonia 
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Richlands STP 

Fish numbers and diversity were reduced immediately below the plume side of the Richlands 

outfall (Tables 15 and 16). The two reference sites sampled above the STP had four to six species 

and Shannon-Wiener diversity indices ranging from 0.38 to 0.50 along left and right banks.- Fish 

along the left side of the river immediately below the outfall (0.01 km (B)) did not appear to be 

adversely affected by the outfall (seven species, diversity index of 0.40) when compared to reference 

sites. Water quality parameters indicated that the effluent had not mixed across the river channel 

until farther downstream, such that the left side was not greatly affected by the outfall. However, 

the right side (plume side) of the river at 0.01 km (B) had a reduced Shannon-Wiener diversity index 

of 0.12. Only two species, L. auritus and the white sucker Catostomus commersoni, were collected 

in the plume. By 0.35 km below the outfall, fish diversity and CPUE equalled or surpassed refer

ence site levels along each bank. L. auritus was by far the dominant species collected, comprising 

54 to 920/0 of the catch by numbers at every site. My results indicate that fish numbers and diversity 

were reduced immediately below the Richlands outfall on the plume side but returned to reference 

site levels by 0.35 km below the STP outfall. 

TRC was not detected at any sites during the fish survey (Table 17). Concentrations of 

unionized ammonia were low above the STP and along the left bank of the site at 0.01 km (B) 

(0.001 to 0.003 mg/L), increased to 0.304 mg/L in the plume along the right bank, and remained 

elevated (0.025 to 0.101 mg/L) at 0.35 Jon (B). Other parameters changed slightly below the outfall, 

but returned to reference site levels by 0.35 km (B). 

Fish diversity and CPUE decreased from reference site levels in riffles below the Richlands 

outfall (Tables 18 and 19). Riffles sampled above the outfall had similar CPUE values (399.7 and 

352.5), but differed somewhat in Shannon-Wiener diversity indices (0.59 and 0.72). The stoneroller 

was the most common fish, comprising 42 and 470/0 of the catch at the two reference riffies. Fish 

diversity and CPUE decreased in the riffle 0.20 km below the outfall (0.20 km (B)) to 0.43 and 

178.0, respectively, and the stoneroller increased to 63 % of the total number of fish collected. 
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" Table 15. Fish collected per ten minutes of sampling (CPUE) along the left (L) and right (R) banks of 50-m runs above (A) and below (B) the to 
(Il 
c Richlands STP, September 1986. ::;' 
(Il 

Distance from outfall 

0.50km(A) O.05km(A) O.Olkm(B) 0.35km(A) 

Species L R L R L R L R 

Catostomidae 
Catostomus commersoni 1.5 1.3 5.9 
Hypentelium nigricans 1.3 
Moxostoma erYlhrurum 1.2 

Cyprinidae 
Campostoma anomalurn 1.2 
Hybopsis amhlops 5.3 
Notropis chrysocepha/us 1.2 1.3 1.2 
N. coccogenis 2.5 2.4 
Pimephales nolalUS 2.5 4.1 3.9 1.2 2.7 
Phenacobius uranops 1.3 
Rhinichlhys alralu/us 1.3 

Centrarchidae 
Amb/oplites rupeslris 5.0 2.8 1.3 3.5 3.5 2.7 2.4 
Lepomis aurilUS 17.5 9.7 17.9 15.6 36.5 18.5 22.7 32.9 
L. macrochirus 2.4 
Lepomis (hybrid) 1.3 
Microplerus dolomieui 1.4 
At. salmoides 1.2 

Percidae 
Echeosioma simocerum 1.2 

Coltjdae 
COllUS carolinae 1.3 

Esocidae 
Esox masquinongy 1.3 

Total CPUE 27.5 18.0 24.4 22.1 47.2 20.0 37.3 47.2 ... 
\0 



Table 16. Shannon-Wiener's diversity index for fish along the left (L) and right (R) banks above 
(A) and below (B) the Richlands STP, September 1986. 

Distance from outfall 

0.50km(A) 0.05km(A) O.Olkm(B) 0.35km(B) 

L R L R L R L R 

Total fish 11 13 19 17 40 13 28 40 

Total species 4 4 6 4 7 2 7 7 

Diversity index OA5 0.50 OA3 0.38 OAO 0.12 0.57 0.47 
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Table 17. Water quality values recorded during the fish survey along the left (L) and right (R) banks of 50-m runs above (A) and below 
(B) the Richlands STP, September 1986. 

Distance from outfall 

0.50km(A) 0.05km(AI O.Olkm(B) 0.35km(B) 

Parameters L R L R L R L R 

TRCl (mgjL) 0 0 0 0 0 0 0 0 

Ammonia2 (mg/L) 0.001 0.002 0.002 0.002 0.003 0.304 0.025 0.101 

pH 7.8 8.1 8.1 8.0 8.1 7.6 7.9 7.9 

Temperature eC) 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 

Dissolved oxygen (mg/L) 9.3 9.6 9.5 9.5 9.5 8.3 9.6 9.6 

Conductivity (ulnhos) 299 297 300 301 299 368 255 290 

Alkalinity (mgjL) 132 130 128 130 132 148 136 130 

Hardness (mg/L) 18 18 16 18 20 20 18 18 

ITotal residual chlorine 

2l.Jnionized ammonia 

(,A -



Table 18. Fish collected per ten minutes of sampling (CPUE) in riffies above (A) and below (B) 
the Richlands STP I September 1986. 

Distance from outfall 

Species 0.70km(A) O.40km(A) 0.20km(B) 0.45km(B) 

Catostomidae 
Hypentelium nigricans 1.9 8.2 5.3 

Cyprinidae 
Campostoma anomalum 189.5 147.5 112.0 192.0 
Hybopsis amblops 8.2 2.7 
N otropis chry socephalus 16.4 2.7 
N. leuciodus 8.2 
Pimephales notatus 1.9 
Phenacobius uranops 5.6 49.2 

Percidae 
Etheostoma blennioides 114.4 90.2 46.0 77.3 
E. rufilineatum 56.3 8.2 14.0 
E. simoterum 3.8 8.2 2.0 
E. zonale 16.9 2.0 

Cottidae 
Cottus carolinae 9.4 8.2 2.0 2.7 

Total CPUE 399.7 352.5 178.0 282.7 
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Table 19. Shannon-Wiener's diversity index for fish in riflles above (A) and below (B) the Richlands 
STP t September 1986. 

Total fish 

Total species 

Diversity index 

Results 

0.70km(A) 

213 

9 

0.59 

Distance from outfall 

o AOkm(A) 

43 

10 

0.72 

0.20km(B) 

89 

6 

0.43 

0.45km(B) 

106 

6 

0.36 
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Greater abundance of algae was observed at this riffle. Algal growths were even more prominent 

along with Hsewage fungusH (Sphaerotilus) at 0.45 km (B), and the stoneroller's dominance increased 

to 680/0' of total fish collected. Fish CPUE increased to 282.7, but the Shannon-Wiener diversity 

index continued to decrease to 0.36. Conditions below the Richlands STP reduced fish diversity 

and numbers in riffles, and the stoneroller became increasingly dominant. 

Unionized ammonia levels at 0.45 km (B) reached 0.049 mg/L (Table 20). I measured only 

0.005 mg/L of unionized ammonia at 0.20 km (B), indicating that the effiuent was still not thor

oughly mixed at this site. As a result, unionized ammonia levels probably varied at 0.20 km (B) 

from the right to left bank. No TRC was detected in riffles below the outfall, while other para

meters changed only slightly. 

S,lrveys at Cleveland, Virginia 

Mollusks 

A mussel survey in riffles above and below the proposed site of the Cleveland STP in Sep

tember 1985 and again in September 1986, after the STP had been operating for approximately 

three months, indicated that mussels had not been adversely affected by the effluent (Table 21). 

Snorkelers recorded increased mussel CPUE values between 1985 and 1986 for each of three riffles 

in parallel, located 0.10 km below the outfall (CV2, CV3, CV4). The riffle on the plume side, CV2, 

had an increase in CPUE from 12.6 mussels/hr in 1985 to 22.2 in 1986. Ten species were collected 

in 1985 and nine in 1986; Lasmigona costata was the most common species collected in both years. 

CPUE of mussels and number of species increased at CV3, from a CPUE of 16.6 and eight species 

in 1985 to 23.1 and twelve species in 1986. L. costata and Actinonaias pectorosa were the most 

common species collected each year. Mussel CPUE and species numl,er also increased at CV 4, 
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Table 20. Water qUality values recorded during the fish survey in riffles above (A) and below (B) 
the Richlands STP, September 1986. 

Parameter 0.70km(A) 

TRC1 (mg/L) 0 

Ammonia2 (mgjL) 0.003 

pH 8.1 

Temperature (OC) 19.0 

Dissolved oxygen (mgjL) 9.5 

Conductivity (umhos) 309 

Alkalinity (mg/L) 134 

Hardness (mgJL) 18 

ITotal residual chlorine (mostly mono chloramine) 

2 Unionized ammonia 

Results 

Distance from outfall 

0.40km(A) 0.20km(B) 0.45km(B) 

0 0 0 

0.004 0.005 0.049 

8.2 7.6 7.8 

19.0 19.0 19.0 

9.6 9.5 9.4 

301 307 307 

134 136 134 

18 20 18 
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Table 21. Mussels collected per hour of sampling (CPUE) at sites before and after the construction 
of the Cleveland STP, September, 1985 and 1986. 

Above proposed STP Below proposed STP 

CVl CV2 CV3 CV4 

1985 1986 1985 1986 1985 1986 1985 1986 

Actinonaias ligamentina 0.67 0.60 0.60 
A. pectorosa 1.33 10.00 0.60 2.40 5.54 5.54 9.50 8.50 
Alasmidonta marginata 0.50 0.50 
Amblema plicata 2.00 2.00 0.60 
Cyclonaias tuberculata Fl 
Elliptio dilatata 4.00 4.67 0.60 1.38 0.46 4.50 8.00 
Epioblasma triquetra R 
Fusconaia barnesiana F 0.60 0.46 1.50 
F. cor 0.67 0.46 1.00 0.50 
F. subrotunda 0.67 1.33 0.60 0.46 0.92 0.50 
Lampsilis fasciola 2.00 4.00 2.40 1.80 2.31 1.38 1.50 2.50 
L.ovata 0.67 3.33 1.20 1.20 0.92 
Lasmigona costata 18.67 44.00 4.80 13.20 5.08 7.38 4.50 13.50 
Lexingtonia dolabel/oides R F 
Ligumia recta F 
M edionidus conradicus 0.67 0.60 1.38 5.00 13.00 
P leurobema oviforme 1.33 6.00 0.60 0.50 0.50 
Potamilus a/ata 0.67 0.67 0.60 1.20 0.46 2.77 
P tychobranchus f asciolaris 0.67 2.67 0.46 1.50 
P. subtentum 0.67 0.60 0.92 0.92 3.00 7.50 
Quadrula cylindrica 0.67 0.50 
Villosa nebulosa 0.46 0.50 1.00 
V. perpurpurea F 0.50 
V. vanuxemensis 0.67 F 

Total CPUE 33.35 81.35 12.60 22.20 16.61 23.05 30.50 60.00 

Species collected live 12 14 10 9 8 12 10 15 

1 F = fresh dead, R = relic 

2 Federally endangered 
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from a CPUE of 30.5 and ten species in 1985 to a CPUE of 60.0 and flfteen species in 1986. L. 

costata, A. pectorosa, M. conradicus, and Elliptio dilatata were the most common species collected 

in the riffle during both years. A higher CPUE and additional species were also recorded for the 

reference riffle at 1.80 km above the outfall (CV1) in 1986; 33.4 mussels/hr and twelve species were 

collected in 1985 compared with 81.4 mussels/hr and fourteen species in 1986. Higher CPUE of 

mussels and the collection of additional species during 1986 was likely due to differences in the skill 

of the snorkelers between the two years rather than a beneflcial effect from the STP. Mussels below 

the outfall did not appear to have been reduced in species or numbers after three months of STP 

operation. 

Four pleurocerid snail species were found at the Cleveland site during quadrat sampling in 

1985, with two species dominant (Table 22). A. subglobosa was the most common snail species in 

each riffle, although mean densities varied greatly between riffles. The lowest mean density of A. 

subglobosa was recorded at CV2 (5.2/m2), while a high of 699.7/m2 was recorded at CV4. P. u. 

unciale was also common, with the lowest mean density recorded at the reference riffle (3.8/m2
) and 

the highest at CV4 (approximately 39.6/m2
). An uncommon species, Pleurocera canaliculatum 

undatum, was inadvertently included in counts of P. u. uncia/e. The fourth species, E. simplex, 

occurred at only 0.2/m2 at CV3. 

No sphaeriids were found at any sites, but C. fluminea was collected in low abundance in two 

riffles. The highest mean density was recorded in the reference riffle (1.6/m2
), while CV2 had a 

mean density of 0.2/m2. C. fluminea was an insignificant component of Cleveland's mollusk 

assemblage. 

Fish 

CPUE of fish and diversity changed in each riffle sampled above and below the Cleveland 

STP between 1985 and 1986. CPUE of fish increased at the reference riffle from 201.1 fish/ 10 min 

in 1985 to 864.1 flsh/lO min in 1986, but the Shannon-Wiener diversity index decreased slightly 
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Table 22. Mean densities (no./m2 ) of mollusks in riffles above (A) and below (B) the proposed 
Cleveland STP, September 1985. 

Distance from outfall 
1.80 km(A) 0.10 km(B) 

Site CVl CV2 CV3 CV4 

Unionidae 
A ctinonaias ligamentina 0.2 1.0 
A. pectorosa 1.8 
Elliptio dilatata 0.2 0.2 0.6 
Lampsilis fasciola 0.2 0.4 0.2 
L.ovata 0.2 
Lasmigona costata 2.0 0.8 2.8 
M edionidus conradicus 1.2 
Pleurobema oviforme 1.0 0.2 0.2 
Potami/us alata 0.2 
P tychobranchus fasciolarts 0.2 0.2 
Quadrula cylindrica 0.4 
Villosa nebulosa 0.6 0.4 0.2 

Pleuroceridae 
Anculosa subglobosa 8.4 5.2 18.0 699.2 
Elimia simplex 0.2 
P leurocera u. unciale1 3.8 4.4 7.0 39.6 

Corbiculidae 
Corbicula fluminea 1.6 0.2 

1 An uncommon species, P. canaliculatum undatumt was included in this count. 
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from 0.77 to 0.74 (Tables 23 and 24). Fish CPUE and diversity increased at CV2 (plume side) 

between 1985 and 1986. Fish CPUE rose from 124.8 to 235.5, and the Shannon-Wiener diversity 

index increased from 0.62 to 0.91. At CV3, CPUE and diversity decreased from 444.3 and 0.81 in 

1985 to 360.3 and 0.66 in 1986. Fish CPUE increased between years at CV4, from 143.4 to 316.8, 

while diversity remained nearly the same (0.80 and 0.81). Despite decreases in the Shannon-Wiener 

diversity index at CV3 between years, most of the same species that were present at each site in 1985 

were also present in 1986, indicating that the STP had not eliminated fish species in downstream 

riflles. 

Water Quality 

Water quality parameters did not change appreciably between September, 1985 and 1986 

(Table 25). No TRC was detected in riflles below the outfall in September 1986, even though I 

measured a concentration of 2.13 mg/L TR C in the effluent entering the river on the day I collected 

samples. Unionized ammonia levels were low ( < 0.001 to 0.005 mg/L) in all riflles in 1985 and 

1986. Very small or no changes were noted in DO, pH, conductivity, alkalinity, and hardness be

tween years in any riflle. No obvious change in water quality was recorded at 0.10 km below the 

outfall. 
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Table 23. Fish collected per ten minutes of sampling (CPUE) at sites before and after construction 
of the Cleveland STP, September, 1985 and 1986. 

Above proposed STP Below proposed STP 

CVI CV2 CV3 CV4 

Species 1985 1986 1985 1986 1985 1986 1985 1986 

Catostomidae 
Hypentelium nigricans 5.1 7.2 3.2 4.5 6.0 5.8 

2.4 

Cyprinidae 
Campostoma anomalum 48.9 137.3 24.0 73.5 87.1 77.8 26.7 9.8 
Hybopsis amblops 8.0 1.6 1.5 9.8 
H. Spp,l 47.4 329.0 8.0 22.5 24.0 20.2 3.3 9.8 
N ocomis micropogon 1.6 3.0 3.0 17.3 24.6 
N otropis chrysocephalus 15.0 5.8 
N. coccogenis 0.7 7.2 1.5 9.0 11.5 10.0 4.9 
N. galacturus 0.7 1.4 4.9 
N.leuciodus 250.4 48.0 193.1 127.8 
N. photogenis 1.4 4.3 
N. rubellus 64.2 7.2 72.0 138.1 30.0 4.9 
N. telescopus 14.3 
Phenocobius uranops 1.4 27.2 1.6 
Pimephales notatus 3.0 
Rhinichthys atratulus 1.5 

Ictaluridae 
I ctalurus natalis 1.5 2.4 
N oturus eleutherus 1.4 6.0 6.0 2.9 6.7 

Centrarchidae 
Ambloplites rupestris 1.6 1.5 
Micropterus dolomieui 9.0 2.4 

Percidae 
Etheostoma blennioides 6.6 32.9 4.8 6.0 24.0 2.9 16.7 12.3 
E. flabellare 0.7 
E. rufilineatum 10.2 15.7 1.6 6.0 45.0 14.4 40.0 17.2 
E. simoterum 8.6 
E. zonale 5.8 14.3 4.8 34.5 93.1 8.6 10.0 17.2 
Percina burtonii 1.4 
P. caprodes 1.4 
P. evides 2.9 6.0 

Total CPUE 201.1 864.1 124.8 235.5 444.3 360.3 143.4 316.8 

1 Includes Hybopsis insignis and Hybopsis dissimilis. 
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Table 24. Shannon~Wiener's diversity index for fish in rifiles before and after construction of the Cleveland STP, September, 1985 
and 1986. 

1.80 km above STP 0.10 km below STP 

CVI CV2 CV3 CV4 

1985 1986 1985 1986 1985 1986 1985 1986 

Total fish 276 604 78 157 148 125 43 129 

Total species 13 16 11 17 11 11 8 14 

Diversity index 0.77 0.74 0.62 0.91 0.81 0.66 0.80 0.81 



Table 25. Water quality values recorded during fish surveys before and after construction of the 
Cleveland STP, September, 1985 and 1986. 

Above proposed STP 

Parameter 

TRC1 (mg/L) 

NH32 (mg/L) 

pH 

Temperature (OC) 

Dissolved oxygen (mg/L) 

Conductivity (umhos) 

Alkalinity (mgfL) 

Hardness (mg/L) 

1 Total residual chlorine 

2 Unionized ammonia 

Results 

CVl 

1985 1986 

0 0 

0.003 < 0.001 

8.3 8.6 

19.8 19.9 

9.2 8.5 

280 295 

136 130 

18 

CV2 

1985 1986 

0 0 

0.005 < 0.001 

8.4 8.6 

20.1 22.0 

8.3 8.4 

358 310 

132 132 

18 

Below proposed STP 

CV3 CV4 

1985 1986 1985 1986 

0 0 0 0 

0.004 < 0.001 0.005 < 0.001 

8.4 8.6 8.4 8.6 

20.5 22.0 20.5 22.0 

8.3 8.0 9.4 8.4 

330 312 339 310 

136 132 132 134 

18 - 18 
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Mollusk Bioassays 

Glochidia 

Glochidia of V. nebulosa were more sensitive to mono chloramine than unionized ammonia 

in laboratory bioassays (Table 26). The 24-h ECso for mono chloramine was 0.042 mg/L, com

pared with a 24-h ECso of 0.237 mg/L for unionized ammonia. The 24-h LCso for 

monochloramine was 0.084 mg/L, compared to a 24-h LCso of 0.284 for unionized ammonia. 

Although unionized ammonia affected glochidia at relatively low levels, glochidia were three to five 

times more sensitive to monochloramine. 

Concentrations of TRC below the Tazewell and Richlands outfalls may have a more severe 

effect on glochidia than unionized ammonia. TRC concentrations in nine of the eleven monthly 

samples at 0.10 km below the STP outfall at Tazewell (T2) fell within the 950/0 confidence interval 

for the 24-h ECso of mono chloramine calculated for glochidia of V. nebulosa, while five of eleven 

monthly samples fell into this range at 0.10 km below the Richlands outfall (R2) (Tables 7 and 8). 

TRC concentrations reached the 95% confidence interval for the 24-h LCsQ of monochloramine 

calculated for glochidia of V. nebulosa at T2 and R2 during six and two months, respectively. Only 

one of eleven monthly concentrations of unionized ammonia measured at T2 fell within the 950/0 

confidence interval for 24-h ECso and LCso values of unionized ammonia calculated for glochidia 

of V. nebulosa. Concentrations of unionized ammonia measured at R2 never reached the lowest 

limit of the 95% confidence interval on sampling days. These results indicate that TRC in the 

effluent may be a major factor in mortality of glochidia below STP outfalls during some months. 

Subsamples of V. nebulosa glochidia examined before use in bioassays revealed that nearly 

50% may be alive but closed at the start of bioassays (Table 27), possibly due to the method used 

to remove them from the marsupia. I found 20.6 to 49.80/0 of the glochidia closed before bioassays 

began, but very few (1.2 to 3.90/0) were dead upon removal from the marsupia. Almost all glochidia 
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Results 

Table 26. Twenty-four hour ECso and LCso values and control mortality for glochidia 
exposed to monochloramme and unionized ammonia at 22 ± I°C. 

Monochloramme Unionized ammonia 

24-h ECso (mg/L) 0.042 0.237 

950/0 Fiducial Limits (mg/L) 0.039-0.046 0.219-0.256 

Control mortality 15% 0% 

24-h LC. so (mg/L) 0.084 0.284 

95% Fiducia1limits (mg/L) 0.078-0.092 0.264-0.306 

Control mortality 21 % 80/0 
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Table 27. Physical condition of a subsample of glochidia examined before each 24-h 
bioassay. 

Alive/open 

ECso test 

LCso test 

Alive/closed 

ECso test 

Leso test 

Dead 

ECso test 

LCso test 

Results 

Monochloramme 

20.60/0 

24.6 

3.90/0 

1.20/0 

Unionized ammonia 

48.40/0 

48.40/0 

49.80/0 

49.80/0 

1.80/0 

1.8% 
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used in bioassays were viable, although many had closed before testing began. The mean level of 

control mortality ranged from 0 to 21 % after standardization by the relativized product index 

(Farris et al. 1988), and was always below the allowed maximum of 300/0 for molluscan larvae 

(ASTM 1980b). 

Neither an ECso nor an LCso could be determined for glochidia of V. nebulosa exposed to 

free chlorine due to large variations of toxicant concentrations in most test chambers during 

bioassays. For example, I measured the following free chlorine concentrations in a single test 

chamber over 24 hours during one bioassay: 0.36 mg/L, 0.30mg/L, 0.15 mg/L, and 0.07 mg/L. 

With this amount of variation, it was not possible to determine the amount of free chlorine to 

which the glochidia were exposed over 24 hours. It appears that the volatility of free chlorine was 

incompatible with this bioassay design. 

I attempted three bioassays with glochidia of Fusconaia subrotunda, but all glochidia died 

during each test, even in the control chambers. The loss of all test organisms indicates that handling 

may have caused their deaths. Due to unavailability and time constraints, no further bioassays were 

attempted and no ECso or LCso values were determined for any toxicants. 

Snails 

Monochloramine was significantly more toxic than unionized ammonia to the snail P. u. 

unciale. The 96-h LCso for mono chloramine was 0.252 mg/L, compared to 0.742 mg/L for 

unionized ammonia (Table 28). P. u. unciale is much more tolerant of both mono chloramine and 

unionized ammonia than glochidia of V. nebulosa. Fifty percent of the snails were killed in 96 hours 

by more than three times the concentrations of monochloramme and unionized ammonia needed 

to kill 500/0 of the glochidia in just 24 hours. Results indicate that P. u. unciale is more tolerant than 

glochidia to effluent components. 

TRC and unionized ammonia concentrations at 0.10 k.m below the STP~s during monthly 

sampling occasionally reached the 96-h LCso values of monochloramine and unionized ammonia 
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Table 28. Ninety-six hour LCso values and control mortality for snails exposed to 
monochloramine and unionized ammonia at 22± lOC. 

95·h Leso (mg/l) 

950/0 Fiducial Limits (mg/l) 

Control mortality 

Results 

Monochloramine 

0.252 

0.172-0.547 

Unionized ammonia 

0.742 

0.587-0.856 

00/0 
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calculated for P. u. unciale (Tables 7 and 8). TRC concentrations in two of eleven monthly samples 

taken below the Tazewell outfall and one of eleven samples taken below the Richlands outfall fell 

within the 950/0 confidence interval for the 96-h LCso of mono chloramine calculated for snails. 

One sample of unionized ammonia below the Tazewell STP fell within this range for the 96-h 

Leso of unionized ammonia, while no samples taken during eleven months at R2 reached the lower 

limit of the confidence interval. Although toxicant levels at 0.10 km below the STP's may be tol

erable to P. u. unciale most of the time, my results indicate that monochloramine and unionized 

ammonia concentrations may reach levels lethal to P. u. unciale during at least one or two months 

of the year. 
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Discussion 

Impacts of STP Effluent on Mollusks in TazeJvell COU/lty 

Mussels 

The mussel fauna in sections of the Clinch River in Tazewell County, Virginia, appears to 

have been severely depleted below STP outfalls. The presence of mussels upstream of the Tazewell 

and Richlands STP's and further downstream suggests that mussels once populated those river re

aches below the STP's and probably the entire upper Clinch River (Ortmann 1918; Stansbery et 

al. 1986). Previous researchers have identified unionids as "clean water" organisms that are readily 

eliminated by environmental degradation, and they have used the presence of mussels below do

mestic STP's and power plants to indicate full biological recovery (Ortmann 1909; Ingram 1957; 

Simmons and Reed 1973; Home and McIntosh 1979; Havlik and Marking 1987). Mackenthun 

(1966) noted that long-lived, benthic, relatively immobile invertebrates are valuable to indicate past 

and present water quality. Ortmann (1909) noted that unionids are the most reliable indicator of 
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stream pollution. If unionids are used as indicator organisms in Tazewell County, it is apparent 

that river reaches below the Tazewell and Richlands STP outfalls have been severely impacted. 

Unionids are extremely vulnerable to toxic effiuents because of their relative immobility (Ellis 

1931; Horne and McIntosh 1979; Weber 1981). Unlike fish, which can move out of effiuents 

quickly to avoid toxicants, mussels can only use closure as an avoidance response. Horne and 

McIntosh (1979) reported that mussel species most tolerant of low DO and high unionized am

monia levels closed their valves tightly when exposed to these conditions, while less tolerant species 

continued siphoning or had their mantles exposed. Adult eastern oysters (Crassostrea virginica) can 

respond to TRC concentrations as low as 0.0 I mg/L, which is beneficial because it allows them to 

survive high TRC concentrations for days by closing promptly (Blogoslawski 1980). While the 

closure response may not normally be effective below STP's that continually release effluent, like 

the Tazewell and Richlands STP's, mussels found along the bank opposite the plume below the 

Tazewell STP may be able to survive intermittent doses of toxicants simply by shutting their valves 

tightly until water conditions improve. The specimens found there were young (one to three years 

old), possibly indicating that mussels along the right bank may periodically be killed by toxicants 

when concentrations reach certain levels or when they persist to reduce growth or feeding 

(Blogoslawski 1980). 

The effects of residual chlorine on marine bivalve mollusks have been studied intensively be

cause chlorine is used in the shellfish industry to protect larvae from pathogens and to cleanse 

contaminated adult shellfish of bacteria at depuration stations (Blogoslawski 1980). Khalanski and 

Bordet (1980) noted that chlorination has at least six effects on marine bivalve mollusks: 1) mor

tality, 2) pathological effects, 3) reduction of ftitration rate, 4) reduction of growth,S) reduction in 

settlement, and 6) detachment of settled larvae. The latter two effects are not pertinent to glochidia, 

but may possibly be analogous to reduction in the number of glochidia parasitizing host fish. It is 

likely that chlorination affects unionids in much the same manner as it does oysters, hard clams, 

blue mussels, and other marine bivalves that have been studied. 

The large number of unionids at the reference site above the Tazewell STP outfall suggests 

that glochidia are available to eventually repopulate the sites below the outfall. However, the nature 
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of the unionid life cycle makes the reproductive stages especially vulnerable to pollution (Ingram 

1957; Stein 1971; Fuller 1974; Gardner et al. 1976). Spenn are fully exposed to toxicants upon re

lease by a male until they are taken in by a female (Ingram 1957; Stein 1971; Fuller 1974). 

Glochidia are released by the female to come in contact with a host fish and attach to its gills or 

fms. While no infonnation is available on the sensitivity of unionid spenn cells to STP effluent, 

bioassay results indicate that glochidia of V. nebulosa are extremely sensitive to TRC and unionized 

ammonia concentrations at least 0.10 km below the Tazewell and Richlands STP's during nine 

months of a year. Glochidia that are not killed immediately upon exposure to these toxicants may 

be affected to the point where they close their valves to avoid the effluent, and a glochidium that 

is closed will not attach to a host fish. My bioassay results indicated that most glochidia that closed 

during 24 hours of exposure to mono chloramine or unionized ammonia did not reopen after being 

placed in clean water for another 24 hours, and ECso values were close to LCso values. This sug

gests that a certain level of exposure to monocbloramine or unionized ammonia may prevent most 

glochidia from infecting fish, even if exposure to these toxicants is sublethal to glochidia. 

In addition to toxicants in STP effluent, the reproductive stages of unionids may be affected 

by bacteria and protozoans often present below STP outfalls. Fuller (1974) noted that fertilized 

ova in the marsupia of a female mussel are vulnerable to attack by both bacteria and protozoans, 

as are glochidia (van der Schalie 1938). This may be especially pertinent to the conditions below 

the Richlands STP, which was being used beyond its capacity to treat sewage during this study. 

In addition, the Richlands STP only treats at the primary level, which may lead to an abundance 

of undesirable bacteria and protozoans below the outfall. Although I did not examine this possible 

problem below the STP's, other threats to mussel reproduction below STP outfalls are likely. 

The relationship between glochidia and host fish may be impeded below a STP outfall. The 

rock bass, Ambloplites rupestris, a known host for V. nebulosa (Zale and Neves 1982a), was col

lected at all runs sampled above and below the Tazewell and Richlands STP's during September 

1986, indicating that at least one host fish species is present for V. nebulosa in these areas. However, 

the minimum number of individual fish hosts needed to propagate a mussel species is unknown, 

and the mobility of fish enables them to easily avoid an area of toxicity. Many mussel species 

Discussion 71 



spawn and release glochidia during the summer and fall months (Zale and Neves 1982b; Jirka 1986), 

when low water and high temperatures may cause potential host fish to avoid an outfall area 

completely. Stein (1971) noted that an important step toward preserving unionids is to preserve the 

natural behavior patterns of fish. Tsai (1970) reported that the toxicity of chlorinated STP effluents 

adversely affected fish migration in the Little Patuxent River, Maryland. Eflluent that blocks up

stream and downstream movements of fish or renders a river reach uninhabitable to fish for even 

part of the year may contribute to the decline of a mussel popUlation (Ingram 1957; Stein 1971). 

Unfortunately, no information is available on the sensitivity of glochidia that have encysted on the 

gills of a host fish. An infested fish may swim or reside in STP effluent and possibly harm the 

metamorphosing glochidia. Any interference with the glochidia-fish relationship will most likely 

have an adverse impact on mussel populations (Stein 1971). 

Water quality parameters measured in July, August, and September, 1985, between 1.50 and 

3.75 km below the Tazewell STP and at sites 1.75 and 3.25 km below the Richlands STP, were 

excellent on sampling days. However, sampling was limited to once monthly, so the worst condi

tions were likely missed (Hubbs 1933; Gaufm and Tarzwell 1952; Home and l\1clntosh 1979). 

Even if water quality was usually excellent at these sites, pulses of TR C or high unionized ammonia 

concentrations may be enough to periodically eliminate mussels and prevent recolonization. For 

example, TRC was detected as far as 1.94 km below the Tazewell STP in 1967 (Wollitz 1985). 

I collected an abundance of old specimens (20 years or more) of F. barnesiana and V. nebulosa 

above the Tazewell STP, but the few specimens collected 4.25 km below the outfall were much 

younger, estimated to be ten years old at most. This may indicate that mussels at this site were 

eliminated in the past, but conditions have improved such that recolonization has begun. Greater 

restrictions on toxicant concentrations in effiuents released into Virginia's rivers in recent years may 

have resulted in a shorter septic zone below the Tazewell STP. Results from previous studies in

dicate that unionids are slow to recolonize a river reach after toxic spills (Stansbery et al. 1986), 

cessation of toxic eflluent (Ahlstedt 1979; Sheehan et al. 1986), or after a dredging operation 

(Stansbery 1970) despite recolonization of other aquatic species in the affected areas. The legacy 

of poor water quality in past years, possibly due to previous weaknesses in environmental regu-
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lations, may be observable today in the distribution of mussels in proximity to STP outfalls (Gaufm 

and Tarzwell1952; Tarzwell and Gaufm 1953; Mackenthun 1966). 

F actors other than the STP's also may be affecting mussel distribution in the upper Clinch 

River. The river below the Tazewell STP flows through pastureland, and siltation from bank ero

sion may be a problem in some reaches (Ellis 1936; Larimore and Smith 1963). The sites I exam

ined had habitat comparable to the reference site, but areas between sites sampled may have been 

less than optimum. Also, from walking the river between each site sampled, I found many river 

reaches with bedrock as the predominant substratum, which is poor mussel habitat (Dawley 1947). 

The river below Richlands flows through cropland, which may present siltation and pesticide 

problems, before reaching small communities. Other factors affecting mussel distribution in 

Tazewell County cannot be ruled out, although it appears that STP effluents limit mussel popu

lations downstream. 

Snails 

Effluent from the Tazewell STP appeared to reduce mean densities of Elimia simplex and 

Pleurocera unciale unciale at 0.10 km below the outfall. However, E. simplex numbers recovered 

relatively quickly, such that by 1.50 km below the outfall, mean density was equal to reference site 

levels. Conversely, P. u. unciale numbers were further reduced at this site. While this could be a 

site effect, ~t is possible that E. simplex was more tolerant of the STP effluent than P. u. unciale 

because the former species was not completely eliminated in the effiuent plume and recovered to 

reference site levels closer to the outfall than did P. u. uncia/e. 

The dramatic rise in E. simplex abundance at 2.50 km below the outfall to nearly three times 

reference site levels, followed by a sharp decline 4.25 km below the outfall indicated that this snail's 

distribution was possibly influenced by factors other than the STP at this point. For example, 

specimens of E. simplex may have washed down from Plum Creek, located between these sites. 
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The continued decline in P. u. unciale numbers to zero by 2.50 km downstream appears to indicate 

that the STP efiluent affects P. u. unciale to a much greater degree than E. simplex. 

No snail species were common at the Richlands reference site; consequently, few conclusions 

can be reached about their tolerance to the Richlands STP effluent. P. u. unciale was collected at 

each site at low mean densities, and some specimens were taken in the plume at 0.10 km below the 

outfall. The effluent did not appear to further decrease the number of P. u. unciale. E. simplex and 

Anculosa subglobosa practically disappeared downstream of the outfall, but they were also rare at 

the reference site. A. subglobosa prefers rocky rifl1es (Stansbery 1970), which probably accounts for 

the fact that it was uncommon in runs sampled in Tazewell County. 

Sinclair (1969) noted that the pleurocerid fauna in the Tennessee River system has been al· 

tered by sewage and other disturbances. Stansbery and Stein (1976) reported that pleurocerids were 

disappearing below sewage outfalls in the Clinch River, and cited the Tazewell STP as an example. 

However, researchers present differing opinions on the tolerance of pleurocerids to pollution. 

Ortmann (1909) noted that Pleurocera, Goniobasis (Elimia), and Anculosa were usually eliminated 

in polluted rivers, but they were found in areas of the Allegheny River where unionids and fish were 

eliminated. Other researchers reported that Goniobasis and Pleurocera were less tolerant to STP 

efiluent than sphaeriid clams and pulmonate snails (Baker 1926; Beck 1954), and Goodrich (1945) 

used the presence of Goniobasis livescens to indicate good water quality. However, Mason et al. 

(1968) referred to Pleurocera and Goniobasis as extremely eurytopic organisms. Harman (1974) 

concluded by saying that pulmonate snails (Physa, Helisoma) seem to be more resistant to organic 

pollution than gilled snails, but that almost every common snail species has been found in polluted 

environments. Apparently the nature of the pollutant detennines the tolerance of pleurocerids to 

the disturbance, and it is likely that tolerance varies among species. For example, STP efiluent with 

little or no TRC (i.e., Richlands STP) may have limited impact on downstream fauna if other 

factors present below the outfall (high unionized ammonia level, degradation of habitat) do not 

eliminate fauna. Conversely, the Tazewell STP effluent with frequently higher TRC levels may 

have a major impact on some pleurocerids. In Tazewell County, it is apparent that E. simplex and 

especially P. u. unciale numbers at 0.10 km below the Tazewell outfall are reduced by the effluent. 
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The quick recovery of E. simplex numbers and the continued decline of P. u. unciale at downstream 

sites possibly indicates a difference between the two species in tolerances to the STP efiluent. 

Asiatic clams 

A concern of malacologists, once unionids are eliminated from a river reach, is the possible 

proliferation of the Asiatic clam, Corbiculafluminea, in those river reaches (Fuller and Imlay 1976; 

Jenkinson 1979; Kraemer 1979). However, the greatest number of C.fluminea was collected at the 

Tazewell reference site, where seemingly healthy unionid populations also resided. Jenkinson 

(1979) also found large numbers of C. fluminea and unionids occupying the same areas of Uchee 

Creek, Alabama. At sites below the Tazewell outfall where no unionids were collected, C. fluminea 

was present, but only in extremely low densities. The idea that C. fluminea invades only disturbed 

systems is therefore not supported by my observations in the upper Clinch River. 

The upstream invasion rate of C. fluminea is much slower than the downstream rate, probably 

due to the passive downstream transport of newly released juveniles (McMahon 1983). Therefore, 

it appears that the STP effiuent at Tazewell was limiting C. fluminea numbers downstream to some 

degree because upstream populations were much denser than downstream populations. l'vlean 

densities of C. fluminea were also low at all Richlands sites, whether unionids were present or not. 

At this time, C.fluminea is a minor component of the mollusk fauna in Tazewell County. 

Researchers have indicated that C. fluminea has a competitive advantage over unionids be

cause it is monoecious, incubatory, attains sexual maturity in less than one year (Gardner et al. 

1976), and the adults are "built for hard times" (Kraemer 1979). Jenkinson (1979) documented that 

C. fluminea was able to live and reproduce in a stream receiving textile mill and STP effiuents where 

mussels had been eliminated. Therefore it is unlikely that the STP efiluent was limiting C. fluminea 

numbers as far as 4.25 km below the outfall where unionids had recovered. It appears that C. 

fluminea is still invading the headwaters of the Clinch River, and that it has not yet reached an 
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equilibrium level of abundance. Continued monitoring of the clam's presence and density at these 

sites and others in Tazewell County may clarify the status of C. jluminea in Tazewell County. 

Spbaeriid Clams 

The distribution of sphaeriid clams around the STP's followed no obvious pattern. I ob

served the greatest density at the Tazewell reference site, but collected none from the Richlands 

reference site. Sphaeriids were collected at some sites below each STP outfall where no mussels 

were collected, but only in low numbers. Other researchers have reported fmgemail clams to be 

generally more tolerant of pollution than unionids (Allen 1923; Baker 1926; Ingram 1957; Fuller 

1974). Fuller (1974) noted that some sphaeriids may even increase in number below STP's. Baker 

(1926) observed that pollution from sewage and industries eliminated many mollusks from the 

Illinois River, but that at least four species of sphaeriids remained. Beck (1954), Wurtz (1956), and 

Ingram (1957) placed sphaeriids in the group of mollusks most tolerant of polluted areas and often 

indicative of a degraded river reach. I found sphaeriids to be greatly reduced below the outfall at 

Tazewell and relatively uncommon at all Richlands sites, so the same conclusions cannot be drawn 

from my study. However, because their distribution is reported to be clustered, quadrat sampling 

may not have been adequate to describe mean densities or relative abundance. 

Impacts of STP Effluent on Fish in Tazewell County 

Effiuents from the Tazewell and Richlands STP's were affecting fish fauna below their re

spective outfalIs during the September 1986 survey. The toxicants TRC and unionized ammonia 

seemed to be the major factors limiting fish populations immediately below the Tazewell outfall, 
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while a combination of increased unionized ammonia concentrations and physical degradation ap

peared to limit fish populations downstream of the Richlands outfall. 

The site 0.10 km downstream of the Tazewell outfall had a relatively high concentration of 

TRC (0.40 mg/L) along the plume side of the river, which probably resulted in avoidance of this 

area by some species. Fava and Tsai (1973), as cited in Tsai (1975), noted that blacknose dace 

Rhinichthys atratulus avoided chlorinated STP effluent with a TRC concentration as low as 0.01 

mg/L. Tsai (1973) sampled fish populations below the outfalls of 149 STP/s in Virginia, Maryland, 

and Pennsylvania, and noted that the species diversity index went to zero in water with 0.25 mg/L 

TRC, and no fish were found in water with 0.37 mg/L TRC. A TRC concentration of DAD mg/L 

is harmful to many fish species; 96-h LCso values for the common shiner (Notropis cornutus) , 

fathead minnow (Pimephales prome/as), white sucker (Catostomus commersom) , largemouth bass 

(Micropterus saimoides), bluegill (Lepomis macrochirus) , and orangethroated darter (Etheostoma 

spectabile) range from 0.051 to 0.390 mg/L TRC (Arthur et aI. 1975; Ward et aI. 1976; Roseboom 

and Richey 1977a; Ludwig 1979). TRC did not seem to be a major factor limiting fish populations 

downstream of the Richlands outfall during most months, and it was not detected at all during the 

fish survey. 

Elevated concentrations of unionized ammonia were observed below both outfalls during the 

fish survey, as high as 0.189 mg/L below the Tazewell outfall and 0.304 mg/L below the Richlands 

outfall. Lewis et aI. ( 1981) and Roseboom and Richey (1977b) concluded that diverse fish 

assemblages may be eliminated by unionized ammonia concentrations over 0.05-0.07 mg/L below 

STP outfalls in Illinois streams. Bioassays have shown that unionized ammonia is toxic to channel 

catfish (lctalurus punctatus) at concentrations as low as 0.12 mgjL (Robinette 1976). As judged 

by these studies, the elevated unionized ammonia concentrations measured below the two STP 

outfalls were detrimental to fish fauna. 

While TRC and unionized ammonia concentrations were relatively high at 0.10 km below the 

Tazewell outfall, further water quality determinations indicated that both toxicants were quite di

luted by 0.40 km below the outfall. By 0.45 km below the outfall, no TRC and only reference site 

levels of unionized ammonia remained. Thus only a short river reach below the Tazewell outfall 
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appeared to be influenced by toxicants when my sampling was conducted. However, unionized 

ammonia levels were still slightly elevated (0.049 mg/L), at least to 0045 km below the Richlands 

outfall, indicating that elevated unionized ammonia levels below the Richlands outfall may extend 

farther below this STP than at Tazewell. 

Physical degradation of fish habitat is a common occurrence downstream of STP's (Tsai 

1975), and physical conditions below the Richlands outfall were very poor. A thick layer of dark 

sludge covered the substratum along the plume side immediately downsteam of the outfall, a con

dition called one of the worst effects of STP effluent (Hubbs 1933). The effiuent plume was usually 

milky before mixing under the airport runway bridge approximately 0.15 km below the outfall. 

Tsai (1973) noted that turbidity was a major factor reducing fish diversity below outfalls. Siltation 

was prevalent in runs both upstream and downstream of the outfall at Richlands. Streamers of 

"sewage fungus" (Sphaerotilus) were present in downstream riffles and runs, a condition indicative 

of 1) incomplete or inefficient treatment (Keup 1966), 2) a stream severely polluted with organic 

wastes (Tarzwell and Gaufm 1953), or 3) a stream receiving unchlorinated sewage (Tsai 1973). Katz 

and Gaufm (1953) also found sewage fungus downstream of a primary STP in Ohio. Filamentous 

algae were prevalent below the outfall, and were especially prevalent in downstream riffles. Keup 

(1966) noted that an appreciable increase in algal growths below a STP outfall is generally indicative 

of inefficient breakdown of nutrient-containing wastes. Tarzwell and Gaufin (1953) and Tsai (1975) 

noted that most of the degraded physical characteristics observed below the Richlands STP have 

damaging effects on fish populations, to include the reduction of fish food and spawning habitat 

by sludge, increased turbidity, and the encouragement of fungal growth. 

Compared to the river reach below the Richlands outfall, conditions downstream of the 

Tazewell outfall were good. One possible exception was the near absence of submerged aquatic 

vegetation at sites 0.10 and 0040 km below the outfall. The aquatic macrophyte Potamogeton 

foliosus grew luxuriantly at the reference run, but was largely absent at sites sampled below the 

outfall. Tsai (1973) noted that chorinated STP effiuent often eliminates algae and vegetation from 

a river bottom. One indirect effect of the Tazewell STP was the lack of overhanging trees and 

shrubs and, subsequently I cover for fish along the plume side 0.10 km below the outfall and also 
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along the left side of the reference site. STP personnel kept those banks cleared and mowed, thus 

possibly reducing fish abundance and diversity along these banks. 

In the interpretation of fish collection data, some cautions must be used. One disadvantage 

of using fish to monitor water qUality is their ability to avoid toxic effiuents (Ortmann 1909; Hocutt 

1981). As STP effiuents are extremely complex and variable (Tsai 1975), effiuent that is toxic to 

fish one day may be relatively hanDless the next, thereby allowing some species to move into an 

area previously shunned (Larimore and Smith 1963). Mackenthun (1966) noted that fish are in

dicative of water qUality only at the particular time that capture is made. Thus, fish assemblages 

downstream of the Tazewell and Richlands outfalls may change as the quality of STP effiuents 

varies during the year. 

Karr (1981) introduced a procedure for monitoring the quality of water resources using fish. 

The Index of Biotic Integrity (IBI), now used in as many as 22 states, is computed from twelve 

parameters or metrics based on the categories of species richness and composition, trophic com

position, and fish abundance and condition (Karr et al. 1986). Fish sampling at sites in the upper 

Clinch River was not extensive enough to warrant using the IBI; for example, no deep pool areas 

were sampled although these areas were present near the STP's. However, I used some parameters 

included in the IBI computation to assess the quality of fish populations, such as total number of 

fish species, number and identity of darter species, number and identity of intolerant species, num

ber of individuals in sample, proportion of individuals as hybrids, and proportion of individuals 

with disease and anomalies (Karr et al. 1986), which seemed to better describe fish populations than 

the Shannon-Wiener diversity index. 

Karr (1981) and Karr et aI. (1986) used a high incidence of disease and anomalies in fish as 

a parameter in the IBI to indicate a degraded area, because fish diseases and anomalies are more 

frequent in polluted areas (Hubbs 1933; Brinley 1943). Few anomalies were observed around the 

Tazewell outfall (one fish with an incomplete operculum and fin lesions, another with a skeletal 

deformity), while flO lesions, especially on white suckers, were more common downstream of the 

Richlands outfall. Although anomalies were not extremely common in either area, suckers below 

the Richlands outfall may have had a higher than nonnaI incidence of flO lesions. Hybridization 
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may also increase in polluted areas (Karr 1981; Karr et al. 1986). Hubbs (1958) suggested that 

hybridization occurs as a result of habitat degradation, preventing the normal separation of species 

reproduction. No hybrids were collected around the Tazewell STP, while only one sunfish hybrid 

was collected below the Richlands outfall. The presence of even one hybrid warrants a slightly 

lower score for that metric using the IBI method (Karr et aI. 1986). 

The diversity and abundance of fishes collected below the Tazewell STP in September 1986 

seemed to recover relatively quickly to reference site levels after an initial decline in diversity and 

the dominance of tolerant species in the effiuent plume. Decreases in species number and abun

dance commonly occur immediately below outfalls of chlorinated STP effiuents, with the more 

tolerant fish species remaining. Tsai (1968, 1970, 1973) and Lewis et al. (1981) observed this phe

nomenon below STP outfalls in Virginia, Maryland, Pennsylvania, and in Illinois streams. Three 

of the four fish species found in the plume at 0.10 km below the outfall at Tazewell are labeled 

pollution-tolerant in other studies. Saylor and Brown (1987) reported the redbreast sunfish Lepomis 

auritus to be tolerant of enrichment and siltation, and Leonard and Orth (1986) found A. rupestris 

to be tolerant of poor water quality if DO remained high. Although the presence of darters is often 

used as an indication of good water quality, the Tennessee snubnose darter Etheostoma simoterum 

was the most common fish species collected in the plume. This rmding concurs with Saylor and 

Brown (1987), who listed this darter as generally tolerant. Leonard and Orth (1986) found that 

sensitivity to sewage and mining disturbances varied among darter species, with the fantail darter 

Etheostoma flabellare most tolerant, greenside darter Etheostoma blennioides moderately tolerant, 

and the rainbow darter Etheostoma caeruleum least tolerant. Karr (1981) suggested that the pres

ence of the johnny darter Etheostoma nigrum, in the absence of other darters, is an indicator of 

degraded conditions (Katz and Gaufm 1953). My results indicate that E. simoterum did not avoid 

the effiuent plume despite high TR C and unionized ammonia levels, and that its presence in the 

absence of other darter species may denote a degraded area. The fourth species taken in the effiuent 

plume, one specimen of the river chub N ocomis micropogon, was called intolerant in at least one 

study (Angermeier and Karr 1986), and may also be fairly intolerant of STP effluent at Tazewell. 
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By 0.40 km below the outfall, CPUE and diversity of fish increased and more intolerant 

species were collected, indicating an improvement from the upper site. The presence of two species 

of darters in addition to E. simoterom and the banded sculpin Cottus carolinae along the plume side 

at 0.40 km downstream indicated that water quality was improving as TRC and unionized ammo

nia levels dropped. At least one species in the genus Cottus has been called intolerant of pertur

bations (Angenneier and Karr 1986; Karr et al. 1986). The river chub was more common, and the 

bigeye chub Hybopsis amblops, another species listed as intolerant (Angermeier and Karr 1986), 

was present. The continued absence of shiners (Notropis) and the hog sucker Hypentelium 

nigricans, intolerant species collected at the reference site (Lewis et al. 1981; Karr et al. 1986), sug

gests that this site had not fully recovered from the STP effiuent, although most of the pollution

intolerant species at the reference site were collected by 0.40 km below the outfall. 

Water qUality and physical conditions were excellent in the rime at 0.45 km below the outfall, 

and the fish assemblage was diverse. The fourteen species of fish collected there included many 

intolerant species such as H. nigricans, H. amblops, N. micropogon, four species of Notropis, 

longnose dace Rhinichthys cataractae, R. atratulus~ C. carolinae, and two species of darters besides 

E. simoterom (Lewis et al. 1981; Alexander et al. 1986; Angermeier and Karr 1986). All species 

collected at the reference riffie except A. ropestris and E. flabellare were found at the downstream 

rime, indicating that full recovery of the fish fauna had occurred. 

The dramatic increase in total CPUE of fish at the rime 0.45 km below the Tazewell outfall 

may have been merely a site effect; however, many researchers note that STP effiuents may 

beneficially enrich a stream with nutrients (nitrogen, phosphorus, potassium), thereby increasing 

fish abundance or biomass below a STP (Hubbs 1933; Brinley 1943; Katz and Gaufm 1953; 

Tarzwell and Gaufin 1953; Larimore and Smith 1963; Tramer and Rogers 1973; Lewis et al. 1981). 

Downstream of the adversely impacted zone, high nutrient levels may result in the production of 

increased amounts of fish food, resulting in more or larger fish (Brinley 1943; Ricker 1946; Tsai 

1975). Lewis et al. (1981) noted that whether ammonia nitrogen in STP effiuent acts as a toxicant 

or a fertilizer depends on at least four factors: 1) strength of the effiuent, 2) interactions between 

effiuent components, 3) type of fish present, and 4) physical and chemical factors within a stream. 
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Because the composition of sewage and the condition of receiving waters are complex and may vary 

greatly in space and time, it is apparent that STP effiuent may be alternately beneficial and toxic 

to downstream fish populations (Tsai 1975). During the time of the fish survey, the fish assemblage 

in the riffie downstream of the outfall appeared to be benefitting from the STP effiuent in tenns 

of fish abundance. 

Dechlorination of effluent from the Tazewell STP may eliminate the initial zone of degrada

tion, allowing the entire river reach to benefit from fertilization. Brinley (1943) suggested that if the 

initial degraded zone below a STP outfall is eliminated, fertilization may benefit the entire river 

reach below the outfall. Karr et al. (1985) found that the elimination of TRC from good quality 

effluents resulted in restoration of fish assemblages in some Illinois streams. However, increased 

nutrients may lead to algal blooms and subsequent extreme diurnal changes in DO as algae 

photosynthesize during the day and utilize oxygen for respiration at night (Hubbs 1933; Brinley 

1943). An abundance of nutrients can be detrimental to some fish species, while others, such as the 

carp Cyprinus carpio, may become dominant (Lewis et al. 1981). Thus, the enriching effect of some 

STP effluents may be beneficial to some degree, but may also become a threat to stream fauna 

(Larimore and Smith 1963). 

Effiuent from the Richlands STP affected fish farther downstream than that of the Tazwell 

effiuent. Numbers of sensitive species in runs and riffies and abundance and diversity in riffles had 

not recovered to reference site levels by 0.45 km downstream of the Richlands outfall. A total of 

eight species considered intolerant were collected at the reference runs and immediately downstream 

of the outfall along the bank opposite the plume. These species included hog sucker, warpaint 

shiner Notropis coccogenis, blacknose dace, smallmouth bass Micropterus dolomieui, largemouth 

bass, banded sculpin, muskellunge Esox masquinongy, and probably stargazing minnow 

Phenacobius uranops (Katz and Gaufm 1953; Karr 1981; Lewis et al. 1981; Angenneier and Karr 

1986; Karr et ala 1986; Saylor and Brown 1987). None of these were collected in the effiuent plume 

below the outfall or 0.35 km downstream. Instead, some tolerant species appeared in runs below 

the outfall such as white sucker, golden redhorse Moxostoma erythTurum, striped shiner Notropis 

chrysocephalus, bluegill, and Tennessee snubnose darter (Larimore and Smith 1963; Karr 1981; 
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Lewis et al. 1981; Leonard and Orth 1986; Saylor and Brown 1987). Tsai (1970) noted that a 

species shift may occur downstream of a STP outfall where sensitive species are replaced by a more 

tolerant fish assemblage. Although many of the above species, both sensitive and tolerant, were 

collected in low numbers, there appeared to be a species shift downstream of the outfall. Certain 

tolerant species were common throughout the river reach above and below the outfall, such as the 

bluntnose minnow Pimephales notatus, rock bass, and especially redbreast sunfish (Larimore and 

Smith 1963; Karr 1981; Leonard and Orth 1986; Saylor and Brown 1987). The presence of 

redbreast sunfish, and to a lesser degree white sucker, in the effiuent plume despite a high unionized 

ammonia concentration indicated that these two species are extremely tolerant of the STP effiuent. 

According to the Shannon-Wiener diversity indices calculated for fish in runs above and be

low the Richlands outfall, diversity had recovered to upstream levels as soon as 0.35 km below the 

outfall. However, a weakness of diversity indices is that only the number of species present and 

eveness is taken into account; species shifts are not detected (Tramer and Rogers 1973; Karr 1981). 

Tsai (1968) noted that chlorinated STP effiuent often causes a species shift without affecting di

versity. While the number of total species collected along each bank at 0.35 km below the outfall 

reached reference site levels, sensitive species were replaced with more tolerant species. 

Physical conditions in riffies downstream of the Richlands outfall were very poor, and 

unionized ammonia concentrations were slightly elevated in at least one rime. A chemical gradient 

probably existed laterally across the riffie at 0.20 km below the outfall, since a much lower 

unionized ammonia concentration (0.005 mg/L) was measured here than in the riffie 0.45 km below 

the outfall (0.049 mg/L). The fish assemblage in the riflle at 0.20 km downstream reflected this, 

because three of the four darter species present were eliminated at 0.45 km downstream. The 

Tennessee snubnose darter was not nearly as common above and below the Richlands outfall as 

it was in the Tazewell area. Instead, the greenside darter was dominant in all rimes, and was the 

only darter species collected at 0.45 km downstream. Despite the categorization of this species as 

sensitive by some researchers (Angermeier and Karr 1986; Karr et al. 1986), this darter seemed to 

be extremely tolerant of elevated unionized ammonia levels, and luxuriant growths of flJ.amentolls 

algae and sewage fungus that seemed to eliminate other darters in this riffie. The presence of one 
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species of darter where others have been eliminated may indicate degraded conditions (Karr 1981). 

However, hog sucker, bigeye chub, and banded sculpin were also found in this rime, while two 

other sensitive species present in reference riffles, the Tennessee shiner N otropis ·leuciodus and the 

stargazing minnow were absent. While some sensitive species present at reference sites were miss

ing, other species considered to be intolerant were present, suggesting that the fish assemblage had 

not completely recovered at this site. 

The stoneroller became increasingly dominant in rimes below the outfall, making up 42 to 

470/0 of the assemblage at upstream rimes, compared to 63 to 68% at downstream rimes. An in

crease in the dominance of certain tolerant species below STP outfalls is commonly reported 

(Saylor and Brown 1987). The stoneroller has been catagorized as sensitive (Lewis et al. 1981), 

moderately tolerant (Leonard and Orth 1986), and associated with areas degraded by pollution 

(Larimore and Smith 1963). My results concur with the latter; it appears to be somewhat tolerant 

of elevated unionized ammonia levels and poor physical conditions. This species is a herbivore 

(Kraatz 1923; Power and Matthews 1983), so the abundant ftlamentous algae growing downstream 

of the STP must be advantageous despite other potentially limiting factors. 

Overall, the Richlands STP appeared to have a more severe impact on downstream fish fauna 

than the Tazewell STP. By 0.45 km below the Tazewell STP, fish abundance was greater than 

upstream levels, indicating that after an initial toxic zone, the effluent may have been beneficial to 

some fish species. Toxicants (TRC and unionized ammonia) seemed to be the major limiting fac

tors below the Tazewell outfall, while both unionized ammonia and physical degradation appeared 

to limit fish populations below the Richlands outfall. At the site 0.45 km below the Richlands 

outfall, some intolerant species collected above the outfall were still absent. Unionized ammonia 

concentrations remained elevated, and physical conditions were poor. 

The Tazewell effluent comprised about 5.80/0 of the average flow in the Clinch River at 

Tazewell, while the maximum amount of effluent treated at the Richlands STP made up only 1.10/0 

of the average river flow below the Richlands outfall (Fred Wyatt, Virginia Water Control Board, 

pers. corom.). However, the Richlands effluent appeared to impact fish fauna more severely and 

for a longer distance downstream than the Tazewell effluent. Paller et al. (1983) noted that an 
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overloaded STP, like the Richlands STP t may have considerable impact on downstream fauna 

whether chlorination is practiced or not. Esvelt et al. (1971), as cited in Tsai (1975), noted that 

unchlorinated secondary STP effluent was significantly less toxic to the golden shiner N otemigonus 

crysoleucas, stickleback Gasterosteus spp., and rainbow trout Onchorhynchus mykiss (formerly 

Salmo gairdnerz) than unchlorinated primary effluent. My results concur with this observation. 

Primary STP effluent seemed to have much more of an impact on fish fauna than secondary 

effluent even in the absence ofTRC. 

Future Improvements for STP's in Tazewell County 

Policy Changes in Wastewater Treatment 

Recently adopted water quality standards and chlorination policy by the u.s. Environmental 

Protection Agency and the Virginia Water Control Board have made the Tazewell and Richlands 

STP's outdated, and plans exist to upgrade these facilities (Fred Wyatt, Virginia Water Control 

Board, pers. comm.). All new STP's must have at least secondary treatment, and existing primary 

STP's must be upgraded. The Richlands STP will be upgraded by August 1990 to tertiary treat

ment, and its capacity will be increased from 0.8 MGD to 4 MGD. Tertiary treatment includes the 

removal of nutrients (phosphorus and nitrogen) and additional suspended solids from effluents be

fore they are released into the receiving water. At this time, the Raven-Doran STP, located 4.1 km 

below the Richlands outfall, will cease operation, and the Richlands STP will handle its load. Plans 

also exist to upgrade the Tazewell STP to tertiary treatment and to increase its capacity from 0.70 

MGD to 2 MGD after 1990. 

The chlorination policy has undergone radical changes nationwide, as well as in Virginia. 

Regulations in 1986 requir~d a TRC concentration between 1 and 2 mg/L in STP effluent, the 
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policy still followed at the Tazewell and Richlands STP's. However, those facilities releasing 

effiuent into designated water with endangered species now must use an alternate fonn of disin

fection if their outfall exceeds 0.02 MGD (Fred Wyatt, Virginia Water Control Board, pers. 

comm.). Facilities treating less than 0.02 MGD may continue to disinfect with chlorine, but must 

dechlorinate effluent to non-detectable TRC levels before release into the receiving water. The 

Clinch River from Richlands to the Virginia-Ten:h.essee border has been designated as endangered 

species water due to the federally endangered mussels present in portions of this river reach. 

Therefore, Richlands will replace chlorination with ultraviolet light for use in disinfection by August 

1990. Ultraviolet light is a physical agent, and so does not alter water chemically or produce a 

residual (White 1986). While dechlorination renders an effluent much less toxic to aquatic life 

(Arthur et al. 1975; Ward et al. 1976), an accidental chlorine spill or the toxicity of the 

dechlorination agent itself may harm bivalves (Scott 1983). The Cleveland STP, which currently 

dechlorinates its effiuent, also discharges into designated water with endangered species and is re

quired to replace its disinfection system with ultraviolet light or another alternate fonn of disin

fection. However, the town of Cleveland has requested an exemption from this requirement, citing 

socio-economic reasons; a decision is pending (Fred Wyatt, Virginia Water Control Board, pers. 

comm..). New and existing STP" s not discharging into endangered species water must also 

dechlorinate sewage before release into the receiving water. Thus, the Tazewell STP will begin to 

dechlorinate effiuent after 1990. 

Ramifications for Aquatic Organisms 

Implementation of more stringent restrictions on STP effiuent will most likely result in im

proved faunal assemblages downstream of the STP outfalls at Tazewell and Richlands. My study 

indicated that TRC, elevated unionized ammonia concentrations, and degraded physical conditions 

(Richlands) contributed to the reduced abundance and in some cases absence of species below these 

outfalls. Upgrading STP treatment from primary to the tertiary level will result in much higher 
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quality effluent released from the Richlands STP. In addition, the STP will no longer be over

loaded because its capacity will be increased. Although more wastewater will be processed by the 

STP, these improvements should eliminate or lessen much of the physical degradation below the 

Richlands outfall, including turbidity, sludge deposits, sewage fungus, and algal growths. Because 

tertiary treatment removes much of the ammonia fraction normally present in STP effiuent, high 

unionized ammonia levels should be eliminated below both outfalls. 

The change in chlorination policy in Virginia may be the most significant step toward pro

tecting aquatic life downstream of STP outfalls. TRC is considered the most toxic fraction of 

chlorinated STP effluent because bioassays indicate that extremely low doses of TRC cause chronic 

or lethal effects in aquatic organisms. The additional cautionary measure of using an alternate form 

of disinfection at Richlands and other STP's discharging into endangered species water insures 

against an accidental chlorine spill which may cause irreparable harm to rare mussels and fishes. 

Some taxa can be expected to recover faster than others once these improvements are imple

mented. The fish assemblages downstream of the outfalls will likely be the f11'st to improve. Paller 

et al. (1983) found that not only did the number of fish species recover to reference site levels in 

23 days below a STP where chlorination was halted, but species composition improved with a re

duction in carp (Cyprinus carpio) and an increase in game fish (Lepomis, Micropterus, Ictalurus, 

Esox) and other species (Nocomis, Notropis, Etheostoma). As mentioned previously, unionids may 

require many years to recover after a disturbance (Ortmann 1909; Stansbery 1970; Ahlstedt 1979; 

Sheehan et al. 1986; Stansbery et al. 1986). For this reason, the mussel fauna below the STP out

falls will likely be one of the last taxa to show improvements once STP's are upgraded. This 

underlines the importance of protecting mussels with stringent effiuent regulations before their 

numbers become depleted. The new regulations will hopefully provide this protection below newly 

built STP's releasing effluent into the Clinch River. 
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Impacts of Septic Systems in Tazewell COUllty 

The communities of Cliffield and Pounding Mill, whose inhabitants use individual septic 

systems rather than a community STP to treat wastewater, did not appear to have an adverse im

pact on downstream mollusk or fish assemblages. Water quality was excellent during monthly 

sampling from July to September 1985; measured parameters were nearly identical between refer

ence and downstream sites. Although mean densities of mussels, snails, and sphaeriids did vary 

among sites, many mollusks had higher mean densities at the downstream sites when compared to 

reference sites. Stansbery and Stein (1976) noted that communities using septic tank systems have 

preserved their mollusk assemblages in downstream river reaches in the Clinch River, while 

mollusks were often eliminated below STP outfalls. My results concur with this observation; no 

adverse impacts on mollusks from septic tank system use in small communities were observed in 

downstream river reaches. 

Fish assemblages above and below Cliffield were very similar, and species that are listed as 

sensitive were collected downstream, including the blotched chub Hybopsis insignis, two Notropis 

species, the banded sculpin, and two darter species other than E. simoterum. The number of species 

collected downstream of Pounding Mill was only half of that collected at the reference site; how

ever, the presence of three N otropis species, the banded sculpin, and two darter species indicated 

that the difference was probably a site effect rather than an elimination of species by septic tank 

systems. The overall state of aquatic communities, including faunal assemblages, water quality I and 

habitat condition, was excellent. 
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I,npacts of Effluent from the Cleveland STP 

The STP installed in June, 1986 at Cleveland, Virginia, had no obvious adverse impact on the 

extremely diverse mussel and fish assemblages occurring 0.10 km below the outfall when resampled 

in September, 1986. CPUE of mussels and number of species increased in most riffies, indicating 

that the STP had not reduced mussel numbers or diversity. Since these parameters also increased 

at the reference site, these apparent increases were likely due to differences in the skill of the 

snorkelers between years rather than a beneficial effect of the STP. Fish diversity indices varied 

somewhat from 1985 to 1986, but the presence of many sensitive species (Etheostoma, No tropis , 

N oturus) along with the large number of species collected in 1986 (11 to 17 per riffie) strongly 

suggest that the STP had little or no impact on the fish fauna. There are at least four reasons why 

the STP probably did not disturb mussel and fish fauna in the frrst three months of operation: 1 ) 

only 0.02 MGD of wastewater is presently treated at the new STP, 2) physical attributes of the river 

below the outfall normally would prevent the best mussel beds from being exposed to effiuent, 3) 

effluent is dechlorinated before release into the river, and 4) the relatively short time period of three 

months may not have been long enough for adverse effects to be noticeable. 

The small amount of effluent released into the river from the Cleveland STP makes up only 

0.0020/0 of the average river flow (Fred Wyatt, Virginia Water Control Board, pers. comm.). Such 

a small amount may be quite diluted by the time it reaches the riffles at 0.10 km below the outfall. 

Accordingly, water quality at these riffles was nearly identical to conditions in the reference riffie; 

i.e., extremely low unionized ammonia concentrations and no TRC. The effiuent plume travels 

along the left ascending bank, such that it probably flows over the riffle closest to that bank at 0.10 

Ian below the outfall. Even in an emergency situation (toxic spill, etc.), the mussels and fish in 

neighboring riffles may not be affected. Most importantly for the preservation of downstream 

fauna, the effiuent is dechlorinated before release into the river. TRC has been named the major 

toxicant in chlorinated STP effluent by numberous researchers (Bellanca and Bailey 1977; Lewis 

et ai 1981; Paller et ai. 1983), and my bioassay results indicated that glochidia are killed by very low 
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doses of monochloramine. While dechlorination of the effluent may not appear to be important 

under normal STP operations, it may prove to be the ultimate reason for mussel survival down

stream of the STP during periods of extremely low flow or an accidental chlorine spill. Fish can, 

for the most part, avoid a toxic effluent and recolonize, but once mussels are eliminated from a river 

reach, they may take an extremely long time to recolonize (Ortmann 1909). One such accident 

during low flow conditions may cause a lasting effect to mussel populations. It is also important 

to note that my water chemistry sampling below the outfall was very limited, such that I likely 

missed extremes in toxicant concentrations. Continued monitoring of fauna, especially mussels t is 

important to detect changes in health or reproductive success. The presence downstream of the 

federally endangered mussel species Fusconaia cor underlines the importance of closely monitoring 

downstream fauna for changes resulting from STP effluent. 

RelationS/lip Between Ambient Toxicant Levels and 

Bioassay Results 

Toxicant levels below the Tazewell outfall may be harmful to P. u. unciale only periodically, 

because TRC concentrations at 0.10 km below the two STP~s fell within the 950/0 confidence in

tervals for the 96-h LCso values of unionized ammonia and monochIoramine calculated for P. u. 

unciale during only one or two months. However, it is likely that TRC and unionized ammonia 

concentrations fall within the 950/0 confidence intervals for the 96-h LCso values more often than 

my limited data indicate (Figures 4 and 5). It is important to note that the water quality sampling 

scheme I used was extremely limited, to only one day per month at each STP. Such a design cer

tainly does not allow detection of extremes in toxicant concentrations; consequently, concentrations 

of toxicants probably reached ECso and Leso values calculated for glochidia and snails much more 

often than my data indicate. The concentration of unionized ammonia at 0.10 km below Tazewell 
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Figure 4. Comparison of unionized ammonia (UIA) concentrations measured below STP outfalls and 
the ECso and LCso values calculated for mollusks. 
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Figure S. Comparison of monochloramine (TRC) concentrations measured below STP outfalls and the 
ECso and LCso values calculated for mollusks. 

Discussion 92 



in September 1985 and the concentration of TRC measured there in September 1986 show to what 

extent these toxicants may vary below outfalls. Therefore my results represent only a minimum 

number of months during a year when STP effiuents from these two outfalls are harmful to 

mollusks, and do not include extremes in toxicant concentrations. 

Glochidia are likely more affected than snails by the TR C and unionized ammonia concen

trations measured below the STP outfalls because 1) toxicants reached the 95% confidence intervals 

of the ECso and LCso values calculated for glochidia as often as nine months in a year, and 2) 

toxicant levels below the outfalls may be at their highest during crucial periods in the reproduction 

of mussels. TRC concentrations were highest during July, September, October, and November at 

Tazewell and July and November at Richlands. Unionized ammonia concentrations were highest 

in September at Tazewell and June at Richlands. Thus, toxicant concentrations were at their 

highest during summer and fall months, which is expected since those are periods of low river flow 

in Virginia. These months are usually critical times in mussel reproduction. Glochidia of some 

mussels, like V. nebulosa and L. fasciola, are released from April to August (Zale and Neves 1982b). 

Short-term breeders, like F. barnesiana, also release glochidia during summer months (Kitchel 

1985). Since these months may have the highest toxicant concentrations below STP outfalls, many 

glochidia would be affected or killed by toxicants, thereby limiting the number that successfully 

parasitize a host fish and contribute to mussel recolonization. In addition, long-term breeders 

typically spawn in late summer, and sperm would also be vulnerable to high toxicant concen

trations. Zale and Neves (1982b) noted that the release of sperm by males during low-flow condi

tions in summer and fall may further increase the likelihood of fertilization under normal 

conditions. However, if toxicant concentrations reach high levels during this time, fertilization rates 

may decrease. It is apparent that worst case conditions below the STP outfalls overlap with the 

critical reproductive stages in the life cycle of some unionids in the upper Clinch River. 
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Relative Sensitivity ofGloc/lidia, Snails, and Other Aquatic 

Organisms to Unionized Ammollia and TRC 

Unionized ammonia 

The snail P. u. unciale and glochidia of V. nebulosa were more sensitive to unionized ammonia 

than other mollusks that have been tested in bioassays (Table 29). The 96-h LCso for P. u. unciale 

(0.742 mg/L) and the 24-h ECso and LCso values for glochidia (0.237 and 0.284 mg/L, respectively) 

were lower than 96-h LCso values calculated for the fmgemail clam Musculium transversum, snail 

Helisoma trivolis, and snail Physa gyrina by West (1985), as cited in USEPA (1985b). Juveniles 

of the marine bivalves Crassostrea virginica (eastern oyster) and Mercenaria mercenaria (hard clam) 

were much more tolerant to unionized ammonia than P. u. unciale and glochidia (Epifanio and Sma 

1975). Although glochidia of V. nebulosa and P. u. unciale appear to be more sensitive to unionized 

ammonia than other mollusks tested, it is apparent that too few ammonia bioassays have been 

conducted with mollusks to assess differences among taxa or freshwater versus saltwater species 

(USEPA 1985b). 

P. u. unciale and glochidia of V. nebulosa were also more sensitive to unionized ammonia than 

most crustaceans and aquatic insects tested, with the exception of the cladoceran Daphnia magna 

(Table 29). Russo et al. (1985), as cited in USEPA (1985b), calculated 48-h Leso values of 

0.53-2.77 mg/L for D. magna less than 24 hours old; this range dips below the calculated 96-h 

LCso for snails. The shorter exposure time for D. magna further reveals that the cladoceran is more 

sensitive to unionized ammonia than P. u. unciale. Both glochidia and P. u. unciale were more 

sensitive than the amphipod Crangonyx pseudogracilis (West 1985, as cited in USEPA 1985b), the 

crayfish Orconectes nais (Evans 1979; West 1985, as cited in USEPA 1985b), and the mayfly 
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Table 29. ECso and LCso values of unionized ammonia calculated for aquatic organisms. 

Species Duration Effect Value Reference 
(hours) (mg/L) 

Mollusks 
Villosa nebulosa 

glochidia 24 ECso 0.237 Goudreau 1988 
glochidia 24 LCso 0.284 Goudreau 1988 

P leurocera unciale unciale 96 LCso 0.742 Goudreau 1988 
Muscu/ium transversum 96 LCso 0.93-1.29 West 1985 
H elisoma trivolis 96 LCso 2.76 West 1985 
Physa gyrina 96 LCso 1.59-2.49 West 1985 
Crassostrea virginica 

juveniles 96 LCso 8.3-13 Epifanio and Sma 1975 
M ercenaria mercenaria 

juveniles 96 LCso 4.6-7.2 Epifanio and Sma 1975 

Other Invertebrates 
Daphnia magna 

< 24 hours old 48 LCso 0.53-2.77 Russo et al. 1985 
Crangonyx pseudogracilis 96 LCso 1.63-5.63 \-Vest 1985 
Orconectes nais 

juveniles 96 LCso 3.15 Evans 1979 
adults 96 LCso 22.8 \Vest 1985 

Ephemerella grandis 96 LCso 3.86-5.88 Thurston et al. 1984 

Fish 
Oncorhynchus gorbusha 

fry 96 LCso 0.1 Rice and Bailey 1980 
late alevins 96 LCso 0.083 Rice and Bailey 1980 

Oncorhynchus mykiss 96 LCso 0.160 Calamari et al. 1977 
Oncorhynchus tshawytscha 96 LCso 0.399-0.476 Thurston and Meyn 1984 
Salmo trutta 96 LCso 0.597-0.701 Thurston and Meyn 1984 
N otemigonus crysoleucas 96 LCso 0.72 Swigert and Spade 1983 
Catostomus commersoni 96 LCso 0.79 Swigert and Spade 1983 
Etheostoma spectabile 96 LCso 1.07 Hazel et al. 1979 
Micropterus salmoides 96 LCso 1.10 Roseboom and Richey 1977 
N otropis whipplei 96 LCso 1.25 Swigert and Spade 1983 
Micropterus dolomieui 96 LCso 1.78 Broderius et al. 1985 
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Ephemerella grandis (Thurston et al. 1984). Glochidia and to a lesser extent P. u. unciale rank 

among the most sensitive to unionized ammonia of those invertebrate species that have been tested. 

Glochidia were more sensitive to unionized ammonia than most fish species tested (USEP A 

1985b), with the possible exception of pink salmon Oncorhynchus gorbusha fry and late alevins 

(Rice and Bailey 1980) and rainbow trout O. mykiss, with 96·h LCso values as low as 0.160 mgjL 

(Calamari et al. 1977) (Table 29). Ninety-six-hour bioassays with glochidia may result in a 

comparably low LCso value, so glochidia may be as sensitive with a longer exposure duration. 

Sensitivity of P. u. unciale ranked among those fish species moderately sensitive to unionized am

monia. Most salmonids tested were more sensitive, to include brown trout Salmo trutta and 

chinook salmon Oncorhynchus tshawytscha (Thurston and Meyn 1984). Fish species roughly as 

sensitive to unionized ammonia as P u. unciale include the golden shiner N otemigonus crysoleucas 

and white sucker C. commersoni with 96-h LCso values of 0.72 and 0.79 mg/L, respectively (Swigert 

and Spacie 1983). Many species were more tolerant to unionized ammonia than P. u. unciale, in

cluding the orangethroated darter Etheostoma spectabile (Hazel et al. 1979), largemouth bass 

(Roseboom and Richey 1977b), steelcolor shiner Notropis whipple; (Swigert and Spacie 1983), and 

smallmouth bass (Broderius et al. 1985). From this information, it appears that glochidia are as 

sensitive as the most sensitive fish species to unionized ammonia while P. u. unciale is similar in 

sensitivity to moderately sensitive fish species. 

Residual Chlorine 

Comparing sensitivities among aquatic organisms to chlorine residual is difficult because re

searchers may report LCso values as TRC, which may consist of free chlorine, monochloramine, 

and dichloramine. Thomas et al. (1980) reported free chlorine as the most toxic, while Heath 

(1977) and Mattice and Tsai (1983) reported dichloramine as the most toxic. However, all agreed 

that monochloramine is significantly less toxic to fish than the other two fractions. Researchers 

may report LCso values as chlorine-produced oxidants (CPO) for marine organisms, which may 
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consist of the above components along with hypobromous acid and bromamines (Jolley and Car

penter 1983). 

The mollusk most sensitive to TRC, of those tested, is C. virginica with a 48-h LCso of 0.026 

mg/L CPO for larvae and a 96-h LCso of 0.023 mg/L CPO for juveniles (Roberts and Gleeson 

1978) (Table 30). The 24-h LCso value of mono chloramine for glochidia was slightly higher (0.084 

mg/L); however, if exposure duration was increased from 24 hours to 48 or 96 hours for glochidia, 

the LCso would decrease, possibly into the range determined for C. virginica. Larvae of the Asiatic 

clam C.j1uminea are more tolerant to TRC than glochidia because the 72-h LCso for C. fluminea 

was higher than the 24-h LCso calculated for glochidia (Sickel 1976). Adults of C. fluminea were 

much more tolerant to TRC than glochidia or snails (Cairns and Cherry 1983). It is evident that 

glochidia rank among the most sensitive mollusks to TRC. 

P. u. unciale at fITst appears to be one of the more tolerant snails to TRC (96-h LCso 0.252 

mg/L monochloramine). However, bioassays with the snails Goniobasis virginica, Nitocris 

carinata, and Physa heterostropha were conducted with the majority ofTRC as free chlorine (Gregg 

1974), which is considered more than twice as toxic as monochloramine (Thomas et al. 1980). 

Arthur et al. (1975) reported that 96-h LCso values for the snails Physa integra and Campeloma 

decisum were greater than 0.810 mg/L TRC in chlorinated secondary STP efiluent. TRC in typical 

domestic STP efiluent is largely mono chloramine (Johnson 1978); therefore, it appears that P. u. 

unciale was much more sensitive to monochloramine than P. integra and C. decisum. It is difficult 

to compare the sensitivity of the snails tested by Gregg (1974) with the sensitivity of P. u. unciale 

because of differences in the toxicities of free chlorine and monochlQramine. Some indication of 

the toxicity difference between free chlorine and monochloramine is revealed from the vastly dif

ferent 96-h LCso values of TRC calculated for P. heterostropha (Gregg 1974) and P. integra (Arthur 

et al. 1975), since snails of the genus Physa are considered extremely tolerant organisms (Ingram 

1957). Therefore, while P. u. unciale is much less tolerant of monochloramine than some snails, it 

is not possible to determine how P. u. unciale ranks among the more sensitive snail species, in

cluding other pleurocerids. 
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0 Table 30. ECso and LCso values of TRC calculated for aquatic organisms. fij' 
n c 
(I) 
(I) cr 
:s Species Duration Affect Value Form Reference 

(hours) (mgjL) 

Mollusks 
Crassoslrea virginica 

CPO· larvae 48 LCso 0.026 Roberts and Gleeson 1978 
juveniles 96 LCso 0.023 CPO Roberts and Gleeson 1978 

Villosa nebulosa 
glochidia 24 ECso 0.042 monochloramine Goudreau 1988 
glochidia 24 LCso 0.084 mono chloramine Goudreau 1988 

Corbicula Jluminea 
larvae 48 LC66 1.2 TRC Sickel 1976 
larvae 72 LCso 0.1 TRC Sickel 1976 
adutls 240 LCso 0.69 TRC Cairns and Cherry 1983 

Goniobasis virginica 96 LCso 0.044 free chlorine Gregg 1974 
NilOcris carinala 96 LCso 0.086 free chlorine Gregg 1974 
Pleurocera unciale unciale 96 LCso 0.252 monochloramine Goudreau 1988 
Physa heleroslropha 96 LCso 0.258 free chlorine Gregg 1974 
Physa integra 96 LCso >0.810 monochloramine Arthur et al. 1975 
Campeloma decisum 96 LCso > 0.810 monochloramine Arthur et a1. 1975 

Other Invertebrates 
Daphnia magna 

< 24 hours old 48 LCso 0.017 monochloraminc Ward et at. 1976 
Gammarus pseudolimnaeus 96 LCso 0.220 monochloramine Arthur and Eaton 1971 
Pleronarcys sp. 96 LCso 0.400 monochloramine Arthur et al. 1975 
Orconecles nais 96 LCso 0.673 TRC USEPA 1985a 

Fish 
NOlropis cornu/us 96 LCso 0.051 monochloramine Ward et al. 1976 
Oncorhynchus mykiss 96 LCso 0.040-0.110 TRC USEPA 1985a 
Pimephales prome/as 96 LCso 0.082-0.095 monochloramine Ward el at. 1976 
Catostomus commersoni 96 LCso 0.138 monochloramine Arthur et al. 1975 
Micropterus salmoides 96 LCso 0.241-0.295 monochloramine Arthur ct al. 1975, \Vard et al. 1976 
ElheoslOma spec labile 96 lCso 0.390 TRC Ludwig 1979 
Gaslerosleus aculealus 96 LCso 0.710 TRC Esvcll el al. 1971 

'" 
1 Chlorine-produced oxidants 
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Glochidia of V. nebulosa also rank with those species of crustaceans and aquatic insects most 

sensitive to monochloramine. Ward et al. (1976) calculated the 48·h Leso for D. magna « 24 

hours old) as 0.017 mg/L. A 48-h bioassay with glochidia would likely put them closer to this 

value. P. u. unciale was slightly more tolerant than the amphipod Gammarus pseudolimnaeus to 

mono chloramine (Arthur and Eaton 1971). Species more tolerant than P. u. unciale included the 

stonefly Pteronarcys sp. (Arthur et al. 1975) and the crayfish O. nais (USEPA 1985a). P. u. unciale 

is a moderately sensitive species when compared to other invertebrates. 

Glochidia are probably more sensitive to monochloramine than the most sensitive fish species 

tested. The common shiner had a 96-h LCso of 0.051 mg/L mono chloramine (Ward et al. 1976)t 

while 96-h LCso values for rainbow trout ranged from 0.040 to 0.110 mg/L TRC (USEPA 1985a). 

The fathead minnow had a 96-h LCso of 0.082 to 0.095 mg/L mono chloramine (Ward et al. 1976). 

According to USEPA (1985a), these species had some of the lowest LCso values calculated for fish 

exposed to TRC. 

Sensitivity of P. u. unciale ranked among those of fish species moderately sensitive to TRC. 

The white sucker was more sensitive than P. u. unciale (Arthur et al 1975), while largemouth bass 

had approximately the same tolerance to mono chloramine (Arthur et al 1975; Ward et al. 1976). 

Other species were somewhat more tolerant of TRC than P. u. unciale, including the 

orangethroated darter and the threespine stickleback Gasterosteus aculeatus (Esvelt et al. 1971; 

Ludwig 1979). It is clear that glochidia of V. nebulosa consistently had 24-h ECso and LCso values 

that were less than or equal to 48-h and 96-h LCso values calculated for other aquatic invertebrates 

and fish. In contrast, P. u. unciale may be called moderately sensitive to unionized ammonia and 

mono chloramine compared to other invertebrates and fish that have been tested. 
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Use of Glochidia in Bioassays 

Problems Encountered with Glochidia in Bioassays 

A major problem in my bioassays was the difficulty in ascertaining the death of a glochidium. 

Staining is often used to distinguish live and dead oyster larvae and other bivalve larvae (Scott 

Gallager, Woods Hole Oceanographic Institute, pers. comm.). I attempted to stain glochidia with 

neutral red, a vital stain that dyes living tissue (Gurr 1953), but results were inconsistent. Neutral 

red apparently stains lipids and is more a test for condition (Louis Leibovitz, Woods Hole 

Oceanographic Institute, pers. comm.). I then tried staining with trypan blue, a dye accepted by 

dead cells, but it was also somewhat inconsistent. According to Louis Leibovitz (pers. comm.), 

glochidia have a small amount of soft tissue when compared to oyster larvae, which is a problem 

with such exclusive dye tests. 

Zale and Neves (1982a) observed that nonnal, active glochidia snap shut when exposed to a 

weak saline solution. Response could be used as a criterion to check gaping glochidia for viability, 

but glochidia that were already closed before the addition of saline solution would not respond. 

Closed glochidia with damaged or missing adductor muscles were functionally dead, but those that 

were closed and looked normal remained a problem. A nonnal glochidium removed from the 

marsupium is usually agape to be ready to attach to a host fish. A glochidium that closed when 

exposed to a toxicant responded to that toxicant, and the number closed can be used to calculate 

an ECsQ. Difficulty in determining a point of death is common in the use of invertebrates in 

bioassays, and the use of a 24-h post .. exposure period has been recommended to determine recovery 

and latent mortality (Maciorowski and Clarke 1980). I used the design of Hansen and Kawatski 

(1976), who calculated an ECso after an exposure period, and an LCso after a post-exposure period 

that revealed which organisms recovered from toxicants upon removal and which organisms suf

fered latent mortality. In glochidia bioassays, closure was the effect used to calculate an ECso after 
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the 24-h exposure. Glochidia still closed after the 24-h post-exposure period were used to calculate 

an LCso , because natural mortality increases after this point, and closed glochidia cannot parasitize 

a fish. 

Another difficulty I encountered was the removal of glochidia from the marsupia of an adult. 

Waller et ala (1985) used a I-ml syringe to remove glochidia from the federally endangered Lampsilis 

higgins; to avoid sacrificing adults, and I used this method to remove glochidia from V. nebulosa. 

However, glochidia that have been gently excised from marsupia after an adult has been sacrificed 

may be in better condition for bioassays (Jerry Farris, Department of Biology, Virginia Tech, pers. 

comm.). As many as 50% of the glochidia used in bioassays were closed before the test began, 

probably due to the action of the syringe since so few were found closed after excision from the 

marsupia (Jerry Farris, pers. comm.). When glochidia are removed from sacrificed mussels, 

bioassay data do not have to be standardized to discount this number of previously closed glochidia 

from the number actually affected by toxicants because few are closed before they are added to test 

chambers (Jerry Farris, pers. comm.). 

Attempts to use glochidia of a short-term (tachytictic) breeder in bioassays failed for several 

reasons. Long-term (bradytictic) breeders, like V. nebulosa, release individual glochidia, while 

glochidia of tachytictic species are expelled in proteinaceous matrices, called conglutinates. Each 

water tube in a tachytictic female's marsupium contains a conglutinate, which may contain as many 

as 500 glochidia (Yeager and Neves 1986). I excised glochidia from conglutinates to conduct 

bioassays, but it may be possible to use conglutinates in bioassays. Excised glochidia seemed to 

be extremely sensitive to handling, since all glochidia died during the bioassays, even in controls. 

Although my handling techniques were somewhat crude, if glochidia are allowed to remain in 

conglutinates, possibly their sensitivity may be reduced. Indeed, it may be more realistic to expose 

entire conglutinates to toxicants since they are often released in that form by gravid females (Kitchel 

1985). Another problem is the size of tachytictic glochidia. They are roughly one half the size of 

bradytictic gIochidia, which may increase their sensitivity to handling or toxicants. 
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Feasibility as Test Organisms 

Glochidia offer some advantages as bioassay organisms. First, larval fonns are usually more 

sensitive than adults of the same taxon and so are likely to be more affected by toxicants (ASTM 

1980a; Buikema et al. 1982). If bioassay results are to be used in establishing water quality criteria, 

then the most sensitive stage in an animal's life history should be tested, because that will be the 

critical stage. Unionids are relatively intolerant of poor water quality and other perturbations, and 

it follows that a taxon that is among the most sensitive to toxicants should be tested when the entire 

stream community is to be preserved. Adult mussels are seldom used in bioassays because of their 

ability to close for long periods of time to escape some toxicants (ASTM 1980a; APHA et al. 1985). 

Several thousand glochidia are available from one gravid mussel, and glochidia are nonfeeding until 

they attach to a host fish, so the usual requirement of depriving organisms of food during a bioassay 

would not have a derogatory effect on the test organisms. 

Disadvantages in using glochidia as test organisms in bioassays are many I to include the lack 

of standardized procedures for their use. Some fishes (e.g. O. mykiss, P. promelas) and 

macroinvertebrates (e.g. D. magna) have been used so extensively in bioassays that standardized 

procedures have been developed for their use (APHA et al. 1985). Varanka (1977, 1978, 1979) and 

others have conducted bioassays with glochidia, using inhibition of the tryptamine-induced rhyth

mic activity of the adductor muscle as an indicator of effect by pesticides. However I in general, 

glochidia have rarely been used in bioassays. Other problems include difficulty in ascertaining the 

death of glochidia, seasonal availability, and the inability to culture them in the laboratory. Finally, 

the identification of many mussel species is difficult because most lack meristic characteristics that 

aid in species identification (Harman 1974; Buikema et aI. 1982). In areas with relatively few spe

cies, however, this may not be a problem if all species, or at least the one to be used in bioassays, 

are initially identified by an expert. 
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Summary 

1) Quantitative and qualitative surveys revealed that sites as far as 3.75 km below the STP outfall 

at Tazewell and 3.25 km below the STP outfall at Richlands in the Clinch River are depauperate 

of mussels. Mussels were present at reference sites upstream of the outfalls, indicating that they 

likely popUlated river reaches downstream of the STP outfalls. 

2) Quantitative surveys indicated that the snails Elimia (Goniobasis) simplex and Pleurocera unciale 

unciale have reduced mean densities at 0.10 km below the STP outfall at Tazewell. Their tolerance 

to STP effluent apparently differ because E. simplex quickly recovered to numbers found at the 

reference site, whereas P. u. unciale did not. Snails were rare at all Richlands sites, both upstream 

and downstream of the outfall. 

3) The primary STP effluent from Richlands affected fish farther downstream than the secondary 

STP effluent at Tazewell. A shift toward more tolerant fish species was evident as far as 0.45 km 

below the outfall at Richlands, while the fish assemblage at 0.45 km below the outfall in Tazewell 

recovered to reference site levels and was possibly even enhanced from organic enrichment. 
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4) The presence of toxicants and degraded physical conditions appeared to be major factors in 

limiting fauna below the outfalls. Monochloramme and elevated unionized ammonia concen

trations were detected as far as 0.40 km below the Tazewell outfall and 0.45 km below the 

Richlands outfall. Poor physical conditions such as siltation, turbidity, sludge deposits, increased 

algae growths, and sewage fungus were present downstream of the outfcll at Richlands. 

5) Quantitative and qualitative surveys indicated that the residential communities of Cliffield and 

Pounding Mill with septic systems for treating wastewater have no obvious adverse impact on 

mollusk and fish assemblages in downstream river reaches. 

6) Bioassays indicated that glochidia of Villosa nebulosa had a 24-h ECso of 0.042 mg/L and a 24-h 

LCso of 0.084 mg/L monochloramine, with 950/0 confidence intervals of 0.039-0.046 mg/L and 

0.078-0.092 mg/L, respectively. A 24-h ECso of 0.237 mg/L and 24-h LCso of 0.284 mg/L 

unionized ammonia were also calculated for glochidia, with 950/0 confidence intervals of 0.219-0.256 

mg/L and 0.264-0.306 mg/L, respectively. When compared to other invertebrates and fish tested 

in standard bioassays, glochidia were among the most sensitive to both monochloramine and 

unionized ammonia. 

7) Bioassays indicated that the snail Pleurocera unciale unciale had 96-h LCso values of 0.252 mg/L 

mono chloramine (950/0 confidence interval 0.172-0.547 mg/L) and 0.742 mg/L unionized ammonia 

(950/0 confidence interval 0.587-0.856 mg/L). P. u. unciale is moderately sensitive to these toxicants 

when compared to other invertebrates and fish tested in standard bioassays. 

8) Monochloramine and unionized ammonia concentrations at 0.10 km. below the STP outfalIs at 

Tazewell and Richlands fell within the 950/0 confidence intervals of ECso and LCso values calcu

lated for glochidia in nine of eleven months for mono chloramine and one of eleven months for 

unionized ammonia. These toxicants may prevent glochidia from attaching to host fish or may kill 

them outright during most of the year. Toxicant concentrations below outfalls less often reached 
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LCso values calculated for snails. Concentrations of mono chloramine and unionized ammonia fell 

within the 95% confidence intervals two months for mono chloramine and one month for unionized 

ammonia out of eleven at 0.10 km below the STP outfalls. Because my water quality sampling 

scheme was limited to once a month, these are minimum estimates of problem periods in the river. 

Monochloramine was the major toxicant affecting mollusks more than unionized ammonia at levels 

found below the outfalls. 

9) Glochidia have not commonly been used in bioassays, although there are some advantages in 

their use as test organisms: a) unionids are considered one of the most sensitive taxa to perturba

tions, b) larval forms are usually more sensitive than adults, c) they are nonfeeding, and d) several 

thousand glocbidia are available from one gravid mussel. Disadvantages, which seemed to outweigh 

advantages, include a) lack of standardized procedures for their use, b) difficulty in ascertaining 

death, c) difficulty in the identification of many mussel species, d) seasonal availability, e) lack of 

laboratory culture methods. A 24-h post-exposure period would help to determine recovery or la

tent mortality of glochidia due to toxicants. 
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Appendix A. Common names of fish species collected in the Oinch River during 1985 and 1986. 

Family 

Catostomidae 

Centrarchidae 

Oupeidae 

Cottidae 

Cyprinidae 

Esocidae 

Ictaluridae 

Percidae 

Appendix A. 

Scientific name 

Catostomus commersoni 
Hypente/ium nigricans 
M oxostoma erythrurum 

Ambloplites rupestris 
Lepomis auritus 
L. macrochirus 
Micropterus doJomieui 
M. sa/moides 
Pomoxis nigromaculatus 

Dorosoma cepedianum 

Coctus carolinae 

Campostoma anoma/um 
Cyprinus carpio 
Ericymba buccata 
Hybopsis amb/ops 
H. dissimiJis 
H. insignis 
Nocomis micropogon 
N otro pis chrysocepha/us 
N. coccogenis 
N. ga/acturus 
N. /euciodus 
N. photogenis 
N. rubel/us 
N. rubricroceus 
N. telescopus 
Phenacobuis uranops 
Pimepha/es nOlalUS 
Rhinichthys atratulus 
R. cataractae 

Esox masquinongy 

Icta/urus nata/is 
Noturus e/eutherus 

Etheostoma b/ennioides 
E. f/abelJare 
E. rufilineatum 
E. simoterum 
E. zonale 
Percina burtoni 
P. caprodes 
P. evides 

Common name 

white sucker 
hog sucker 
golden redhorse 

rock bass 
redbreast sunfish 
bluegill sunfish 
smallmouth bass 
largemouth bass 
black crappie 

gizzard shad 

banded sculpin 

central stoneroller 
common carp 
silverjaw minnow 
bigeye chub 
streamline chub 
blotched chub 
river chub 
striped shiner 
warpaint shiner 
whitetail shiner 
Tennessee shiner 
silver shiner 
rosyface shiner 
saffron shiner 
telescope shiner 
stargazing minnow 
bluntnose minnow 
blacknose dace 
longnose dace 

muskellunge 

yellow bullhead 
mountain madtom 

greenside darter 
fantail darter 
redline darter 
Tennessee snubnose darter 
banded darter 
blotchside logperch 
logperch 
gilt darter 
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>- Appendix B. Fish species collected at sites in the Oinch River. Tazewell County, 1985. "a 
"a 
~ 
::::I 
C. 
>i' Tazewell Oiffield Pounding Mill Richlands s= Tl T2 T3 T4 TS CI C2 PI P2 Rl R2 R3 R4 

Catostomidae 
Catostomus commersoni X 
Hypentelium nigricans X X X X X X 

Cyprinidae 
Campostoma anoma/um X X X X X X X X X X 
Ericymba buccata X X X X 
Hybopsis amb/ops X X 
H. insignis X X X X 
Nocomis micropogon X X X X X X 
NOlropis chrysocepha/us X 
N. coccogenis X X X X X 
N. cornu/us X X X X X X X X X X 
N. ga/acturus X 
N. leuciodus X X X X 
N. phologenis X 
N. rubel/us X 
N. rubricroceus X 
N. Ie/esc opus X X 
Phenacobius uranops X 
Pimphales nOlalus X X 
Rhynichlhys calaractae X 
R. alralu/us X X 

Ictaluridae 
/cla/urus nata/is X 

Clupeidae 
Dorosoma cepedianum X 

Centrarchidae 
Ambloplites rupeslris X X X X X X X X 
Lepomis aurilus X X X X X X 
Microplerus d%mieui X 

Percidae 
Elheostoma blennioides X X X X X X X 
E. rufilineatum X X X X X 
E. simolerum X X X X X X 
E. zonale X X X 

Coltidae 
COllUS carolinae X X X X X X X X 

- Total species 8 4 6 5 11 9 10 13 7 7 9 6 16 = ..... 
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~ Appendix C. Results of bioassay used to calculate 24-h ECso and LCso values of unionized ammonia for glochidia. 

Mean Total Mean Unionized Mean Mean Percent Percent 
Duplicate Ammonia (mg/L) Ammonia (mg/L) pH Temperature eC) Affected Killed 

A 0.030 0.002 8.222 22.2 0 8 
B 0.028 0.002 8.229 22.2 (average) (average) 

A 0.932 0.065 8.221 22.2 17 19 
B • 
A 1.917 0.137 8.224 22.2 37 17 
B 2.016 0.147 8.234 22.2 22 15 

A 3.753 0.268 8.226 22.2 64 53 
B 4.012 0.274 8.208 22.2 60 37 

A 8.156 0.558 8.211 22.2 69 71 
B 8.373 0.573 8.209 22.2 82 80 

A 17.253 1.084 8.172 22.2 95 100 
B 17.276 1.108 8.180 22.2 96 100 

• Toxicant solution was contaminated. 
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Appendix D. Results of bioassay used to calculate a 24-h ECso of mono chloramine (TRC) for 
glochidia. 

Mean Mean Mean Percent 
Duplicate TRC (mg/L) pH Temperature (OC) Affected 

A 0 8.255 22.4 15 
B 0 8.212 22.4 (average) 

A 0.015 8.240 22.4 01 

B 0.013 8.235 22.4 01 

A 0.030 8.271 22.4 5P 
B 0.020 8.250 22.4 Itl 

A • 
B 0.065 8.257 22.4 761 

A 0.118 8.244 22.4 801 

B • 
A • 
B • 

• Exposure concentrations of TRC could not be determined because of high fluctuations in test 
chambers. 

1 Corrected for control mortality. 
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Appendix E. Results of bioassay used to calculate a 24·h LCso of mono chloramine (TRC) for 
glochidia. 

Mean Mean Mean Percent 
Duplicate TRC (mg/L) pH Temperature (OC) Killed 

A 0 8.272 22.2 21 
B 0 8.252 22.2 (average) 

A • 
B • 
A 0.045 8.288 22.2 241 
B • 
A 0.078 8.299 22.2 501 
B • 
A • 
B • 
A 0.255 8.282 22.2 961 

B 0.162 8.250 22.2 711 

+Exposure concentration of TRC could not be detennined because of high fluctuations in test 
chambers. 

1 Corrected for control mortality. 
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;:1 Appendix F. Water chemistry measured at the start (S) and end (E) of bioassay used to calculate 24-h and LC50 values of 
unionized ammonia for glochidia. 

001 Alkalinity Conductivity Nitrites Hardness 
(mg/L) (mgJL) (umbos) (mg/L) (mg/L) 

S E S E S E S E S E 

Control 

A 4.5 5.2 260 268 980 900 0 0 6 8 

B 4.6 6.2 242 260 890 920 0 0 8 8 

Highest toxicant concentration 

A 4.7 5.4 250 270 1030 1000 0 0 10 10 

B 4.6 4.4 258 268 1010 1010 0 0 10 10 

1 DO was measured with a YSI meter, but in subsequent bioassays the Winkler titration was used because the YSI probe did not 
work accurately in the small test chambers. Therefore, DO was likely higher than reported here in the test chambers. 
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~ Appendix G. Water chemistry measured at the start (8) and end (E) of bioassay used to calculate a 24-h ECso of monochloramine 
for glochidia. 

DO Alkalinity Conductivity Nitrites Hardness Total Ammonia 
(mg/L) (mg/L) (umbos) (mg/L) (mg/L) (mg/L) 

8 E 8 E 8 E 8 E 8 E 8 E 

Control 

A 7.6 7.4 270 266 970 920 <0.1 <0.1 6 4 0.097 0.104 

B 7.2 7.5 266 292 910 980 4 6 0.536 0.315 

Highest toxicant concentration 

A 7.7 7.8 276 270 930 920 4 6 0.138 0.106 

B 7.0 7.8 244 268 890 940 <0.1 <0.1 6 4 0.326 0.335 
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Appendix H. Water chemistry measured at the start (8) and end (E) of bioassay used to calculate a 24-b LCso of monochloramine 
for glochidia. 

DO Alkalinity Conductivity Nitrites Hardness Total Ammonia 
(mg/L) (mg/L) (umhos) (mg/L) (mg/L) (mg/L) 

8 E 8 E S E S E S E S E 

Control 

A 8.0 7.3 262 272 930 980 0 0 8 10 0.062 0.077 

B 6.0 6.7 266 268 950 920 6 6 0.084 0.082 

Highest toxicant concentration 

A 8.0 7.9 266 266 930 950 8 6 0.160 0.155 

B 6.4 6.8 260 264 970 950 0 0 6 8 0.213 0.178 
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Appendix I. Results of bioassay used to calculate a 96-h LC so af manachlaramine (TRC) far 
snails. 

Mean Mean Mean Number 
Duplicate TRC (mg/L) pH Temperature CC) Killed 

A 0 7.911 22.6 0 
B 0 7.915 22.6 0 

A 0.026 7.918 22.6 0 
B 0.026 8.000 22.6 0 

A 0.044 7.922 22.6 1 
B 0.043 7.911 22.6 2 

A 0.070 7.962 22.6 1 
B 0.081 8.001 22.6 0 

A 0.154 7.957 22.6 3 
B 0.146 8.002 22.6 2 

A 0.293 7.958 22.6 7 
B 0.257 7.950 22.6 5 
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Appendix 1. Results of bioassay used to calculate a 96-h LCso of unionized ammonia for snails. 

Mean Total Mean Unionized Mean Mean Number 
Duplicate Ammonia (mg/L) Ammonia (mg/L) pH Temperature (OC) Killed 

A 0.126 0.005 8.005 21.7 0 
B 0.130 0.005 7.989 21.7 0 

A 15.873 0.635 7.972 21.7 5 
B 15.967 0.689 8.006 21.7 3 

A 26.120 0.998 7.951 21.7 8 
B 25.448 1.038 7.981 21.7 7 

A 40.615 1.483 7.892 21.7 10 
B 40.710 1.609 7.966 21.7 10 

A 64.645 2.160 7.892 21.7 10 
B 64.468 2.112 7.909 21.7 10 

A 102.357 3.070 7.843 21.7 10 
B 102.461 3.026 7.836 21.7 10 
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Appendix K. Water chemistry measured at the start (S) and end (E) of bioassay used to calculate a 96-h LCso of monochloramine 
for snails. 

DO Alkalinity Conductivity Nitrites Hardness Total Ammonia 
(mg/L) (mg/L) (umhos) (mg/L) (mg/L) (mg/L) 

S E S E S E S E S E S E 

Control 

A 6.0 6.4 254 272 992 992 <0.1 <0.1 4 8 0.110 0.163 

B 6.0 6.4 254 260 992 992 <0.1 <0.1 6 6 0.166 0.158 

Highest toxicant concentration 

A 6.0 6.3 238 270 998 996 <0.1 <0.1 4 6 0.312 0.554 

B 7.1 7.2 226 270 995 996 <0.1 <0.1 6 4 0.298 0.512 
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Appendix L. Water chemistry measured at the start (S) and end (E) of bioassay used to calculate a 96-h LCso of unionized ammonia 
for snails. 

DO Alkalinity Conductivity Nitrites Hardness 
(mg/L) (mg/L) (umbos) (mg/L) (mg/L) 

S E S E S E S E S E 

Control 

A 7.4 6.8 254 264 990 992 <0.1 < 0.1 4 6 

B 6.7 6.3 260 274 991 992 <0.1 <0.1 6 6 

Highest toxicant concentration 
A 7.4 6.0 236 270 1620 1630 <0.1 < 0.1 4 8 

B 6.8 6.5 248 278 1680 1630 <0.1 <0.1 4 6 
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