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Research efforts in aquatic toxicology have historically 

centered on the chemical analyses and toxic effects of waters 

to aquatic organisms. More recently, sediment-source toxicity 

has been explored, with efforts concentrated on establishing 

sensitive and accurate methodologies. 

This study focused on the toxicity of trivalent chromium, 

hexavalent chromium, and fluoranthene to Pimephales promelas, 

Ictalurus punctatus, and Lepomis macrochirus. Test fish were 

exposed to both water-borne and sediment-source toxicants for 

96 hours (h) and 30 days (d). A 96-h and 30-d LC50 (mg/L Cr, 

ug/L Fluoranthene) was determined for each fish species 

exposed to aqueous toxicants. In addition, 96-h and 30-d 

LC50s were determined for each fish species from sediment 

chromium concentrations (mg/kg) and sediment fluoranthene 

concentrations (ug/kg). Although lethality endpoints were 

used throughout this research, acute effects other than 

mortality were determined for Lepomis macrochirus exposed to 

hexavalent chromium. 

Lethal toxicity values (96-h and 30-d LC50 and their 95% 



confidence limits) for trivalent chromium could not be 

determined since trivalent chromium concentations above 6.0 

mg/L could not be obtained at water pHs compatible with these 

fish species. Trivalent chromium addition to test waters at 

pHs compatible with fish survival resulted in a chromium 

precipitate that was not lethal to test fish. In contrast, 

fathead minnows, channel catfish, and bluegill sunfish exposed 

to hexavalent chromium in water and sediments experienced 

mortality. Fathead minnows exposed to fluoranthene in water 

for 96"h demonstrated a maximum mortality of 69%, while 100% 

mortality was achieved with channel catfish in similar tests. 

Sediment tests with fluoranthene resulted in 100% mortality 

with both fathead minnows and channel catfish. 

Results of this research indicate the need to consider 

test- and site-specific variables in aquatic toxicity testing, 

distinct and important differences were found between fish 

species, trivalent and hexavalent chromium, sediment and water 

sources of chromium and fluoranthene, buffered and non-

buffered trivalent chromium, and acute and chronic tests. 

Standardized test protocols for sediment toxicity testing 

have not yet reached the state found in aqueous testing, and 

additional reseach is advocated to achieve this goal. 

Environmental decisions that rely on single-method 

approaches such as chemical analyses only, may not provide 



adequate protection of the aquatic environment. It is 

recommended that aquatic toxicology testing utilize a multi-

dimensional approach, including chemical analysis of waters 

and sediments, bioavailabilty of the toxicants, and bioassays 

with appropriate organisms. 
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CHAPTER 1 

INTRODUCTION 

Aquatic toxicology is the qualitative and quantitative 

study of the adverse effects of chemicals and other 

materials, both naturally occuring and those produced by 

man, on aquatic organisms (Rand and Petrocelli, 1985). In 

aquatic environments, chemicals can exist in various forms 

and locations which can affect their bioavailability to an 

organism. These chemicals may be dissolved, incorporated 

into an organism, sorbed onto suspended abiotic or biotic 

matter and/or deposited into bed sediments. 

Until recently, aquatic toxicology has mainly centered 

on toxic chemicals found in the water column. Sediments can 

be both a source and a sink of various chemical 

contaminants. Recent research has emphasized the role of 

sediments, and to a lesser extent, the importance of 

bioaccumulation in aquatic toxicology. Bioaccumulation is a 

general process which concerns the uptake of chemicals by an 

organism via water or food (Rand and Petrocelli, 1985). 

Research related to sediment toxicity dates from the late 

I960's. This early effort was initiated to aid the control 



of nutrients entering the Great Lakes (Lee and Jones, 1984). 

Since then, several studies have addressed the fate and 

effects of sediment-bound chemicals (Malueg, 1984; 

Schuytema, 1984; Nebeker, 1986; Schuytema, 1988; and 

others). Currently the E.P.A. is attempting to establish 

standards and criteria for sediments. 

In addition, several procedures to accurately estimate 

bioavailability (that portion of a contaminant that is 

available to the organism) and bioaccumulation of 

contaminants such as mercury, PCBs, and DDTs have been 

developed (Lee and Jones, 1984). 

Research involving bioconcentration (process of net 

accumulation of a chemical directly from water in aquatic 

organisms resulting from simultaneous uptake and 

elimination, Rand and Petrocelli, 1985) and bioaccumulation 

of potential contaminants in aquatic systems has uncovered 

several important hazards to aquatic systems and human 

health. 

These include the identification and measurement of 

contaminants previously not found in the aquatic 

environment, establishment of surveillance programs using 

indicator species to monitor chemical changes in the 

environment, and the identification of point-source 

contaminants. Species of fish with dangerous levels of 



contamination have been identified with the aid of bio-

accumulation and bioconcentration studies (Sonstegard, 

1984) . 

Until recently (e.g. Schuytema et al., 1988), 

relatively few bioaccumulation studies have utilized 

sediments as a source of contaminants. Predictions of the 

bioaccumulation of contaminants associated with sediments 

have been unreliable, due in part to variables associated 

with a chemical's affinity for sediments. These variables 

include temperature, hydrodynamics and mixing, biological 

and chemical factors, acid-base reactions, complexation, 

oxidation-reduction, adsorption-desorption, and 

precipitation-dissolution (Jennett, 1980). 

The following observations complicate an assessment of 

the toxicology of sediments: 

1) only a portion of sediment-bound chemical 

contamination may be bioavailable (Schuytema, 1988); 

2) some invertebrates regulate internal concentrations 

of various pollutants (Baker, 1980); 

3) -animals differentially accumulate pollutants from 

water, food, and sediment (Schuytema, 1988); 

4) differences within individuals (size, age, 

microhabi-tat) in their ability to accumulate pollutants may 

obscure relations between sediment concentrations and body 



burdens (Baker, 1980); and 

5) correlation between tissue and source concentrations 

assume equilibrium yet equilibrium between these 

compartments is rarely attained (Baker, 1980) . 

Accurate characterization of as many aspects of a 

system as possible is critical. For example, Landrum (1985), 

has shown that adsorption of contaminants onto organic 

matter can greatly reduce their bioavailability. 

It is imperative that the exact location of a chemical 

be known in order to predict the effects of that chemical to 

the environment. Knowledge of the presence of a potential 

contaminant is of little value in assessing its toxicity to 

the system. There are several components of bioavailability 

that must be investigated to fully understand a chemical's 

threat to an organism within a natural environment. In 

general terms, there exists biotic components (uptake rate, 

biotransformation rate, and depuration rate, Nalepa, 1988) 

and abiotic components (characterization of the contaminant, 

its source, and the physical conditions under which it 

exists). 

Uptake rate experiments have predominately focused on 

organics such as Polycyclic Aromatic Hydrocarbons (PAH) from 

water sources (Mayer et al. 1978; Rodgers et al. 1983; 

Johnson and Julin, 1980). However, relatively little 



research has measured uptake rates of sediment-bound 

contaminants. Depuration rate experiments, where reduction 

in body burden is measured while the organism is in an 

uncontaminated environment, indicate a relationship exists 

between an organism's depuration rate and its size and lipid 

content (Landrum, 1983; Gardner, 1985). 

Extensive interactions between the various compartments 

(water, sediment, and organisms) that may be occupied by a 

given contaminant, support my argument that the toxicity of 

a contaminant is dependent upon the chemical, its particular 

form, the species of organism, and the compartment(s) 

occupied by the contaminant. Specificially, the following 

null hypotheses will be tested: 

HOj: Bulk chemistry analysis (direct measurements of 

chromium and fluroranthene in aqueous and sediment phases) 

alone cannot accurately predict the toxicity of chromium and 

fluoranthene in the waters and sediments. 

H02: Toxicity of chromium in aqueous phase does not differ 

from toxicity of chromium in sediments. 

H03: Toxicity of fluoranthene in aqueous phase does not 

differ from toxicity of fluoranthene in sediments. 

In addition to the specific properties of contaminants, 

sediments-, and overlying waters, the life history of an 

organism influences the toxicity associated with 



contaminated sediments. This can be tested by utilizing 

test organisms that occupy different portions of the aquatic 

environment, such as water-column and benthic fish. A 

benthic organism that ingests sediment and/or lives in close 

contact with the sediment has an increased exposure to such 

chemicals. Increased exposure may be related to active or 

passive ingestion of contaminated food or particulate 

matter. Contaminant levels in sediments may be several 

orders of magnitude higher than aqueous levels (Moore and 

Ramamoorthy, 1984). 

Single-species toxicity tests have been utilized 

extensively to assess the toxicity of waters and sediments. 

The choice of test species is one of the most important 

factors in establishing toxicity. If apparent sensitivity 

is indeed niche-related, than single-species toxicity 

testing may, depending upon the species selected for 

testing, greatly under or overestimate the toxicity of 

sediment-associated contaminants (Cairns, 1984) . 

This is well illustrated by Schuytema's (1988) work 

comparing the uptake of hexachlorobenzene by fathead minnows 

(Pimephales promelas), amphipods (Hvalella azteca), and 

oligochate worms (Lubriculus varieqatus). Mortality and 

bioconcentration factors (unitless value describing the 

degree to which a chemical can be concentrated in the 



tissues of an organism in the aquatic environment, Rand and 

Petrocelli, 1985) differed among species to the extent that 

conclusions of toxicity based on mortality or 

bioconcentration factors (BCF) would be species-dependent. 

(1.4% vs 74.0% mortality and 7,100 vs 66,000 BCF). 

I have selected two species of freshwater fish: the 

fathead minnow (Pimephales promelas) and the channel catfish 

(Ictalurus punctatus) to investigate species-specific 

differences in toxicity and the relationship of life history 

to contaminant toxicity, for this study. Channel catfish 

and fathead minnows are expected to be most sensitive during 

early life stages (Rand and Petrocelli, 1985); therefore 

young fish were selected for toxicity testing (< 2ld for 

fathead minnows and < 45d for channel catfish). Total 

length of fathead minnows ranged from 0.75 to 1.25 cm and 

channel catfish measured 1.5 to 2.0 cm, making detailed 

observations pertaining to behavioral and physiological 

responses difficult to measure. Therefore, adult (14.5 to 

18.0 cm) bluegill sunfish (Lepomis macrochirus) also were 

selected to investigate some possible biomarkers of chromium 

toxicity. 

If different life histories do indeed affect toxicity, 

verification may be demonstrated by testing the null 

hypothesis that there is no difference in toxicity of 



chromium or fluoranthene to channel catfish and fathead 

minnows. 

In addition to meeting the life history requirements 

for this research, the fathead minnow is an EPA recommended 

test species, hence a extremely large toxicity data base 

exists. Also this organism is easily cultured in the 

laboratory, is widely distributed, and has been the subject 

of many biological and ecological studies. The fathead 

minnow represents an aquatic vertebrate that utilizes the 

entire water column. It feeds at the surface and at the 

sediment-water interface and in nature eggs are laid on the 

underside of floating objects. In the laboratory, eggs are 

laid on the underside of inverted PVC tiles and larva remain 

on the bottom for several days. After swimup, these fish 

utilize the entire water column. 

The channel catfish also is widely distributed, 

maintains direct contact with the sediments, and is an 

important food and sport fish (Lee et al., 1980). 

This fish is also an EPA recommended test species and is 

commonly used in toxicity testing as a representative bottom 

feeder. In this respect the catfish differs from the fathead 

minnow and adds an additional dimension to this research. 

The -bluegill sunfish is another warmwater fish that is 

E.P.A. recommended and commonly is used in toxicity testing 



(Trama and Benoit 1958, Rodgers et al., 1983, and others). 

This species was selected for observation of sublethal 

effects of chromium primarily due to its large size and ease 

of holding in the laboratory. 

Due to the differences in feeding habits and 

distribution, I expect that the lower water column-dwelling 

catfish would have an increased exposure to sediment-sorbed 

contaminants and the fathead minnow would be more exposed to 

aqueous contaminants. 

Organisms that inhabit the sediment and/or the 

sediment-water interface may have a profound effect on 

water-column dwelling organisms. The activities of some 

benthic organisms may increase the bioavailabilty of 

toxicants to non-benthic organisms in a variety of ways. 

Baker (1980) stated that benthic organisms may increase 

physical mixing of buried oiled sediments to the water 

column where there is a greater chance of resuspension, 

solubilization, and microbial attack; accelerating water 

solubilization, and removal of more soluble components by 

pumping water through sediments; and by ingestion and 

metabolism of hydrocarbons move these chemicals through 

aquatic food chains. 

Mode-l or reference chemicals chosen to study the 

effects of potentially contaminated sediments and aqueous 
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phase contaminants on the selected test organims include a 

metal, chromium, and an organic chemical belonging to the 

polycyclic aromatic hydrocarbon group, fluoranthene. 

Fluoranthene was selected as a representative PAH, and is a 

strongly sorbing organic with low solubility in freshwater 

(approx. 0.2 mg/L, Futomo et al. 1981) and a reported Kp 

(the sediment/water partition coefficient) of 103 to 104 

(Callahan et al, 1979). Chromium was chosen for its unique 

toxicological properties as compared to many heavy metals 

(see below) and its propensity to speciate into two 

important forms: Cr+3 and Cr+6. Chromium is of interest in 

toxicological studies due to its speciation, apparant lack 

of accumulation in fish gill tissue and its wide use by 

modern industries. Chromium is an essential micronutrient 

in human and animal nutrition and also, is a known human 

carcinogen at elevated levels (Nriagu, 1988) . Chromium is 

found in natural environments predominately as chromite, 

FeCr204( (Schmidt, 1984) . Anthropogenic sources include 

industrial use (tanning, chromium plating, etc.) and 

application of chromium compounds that result in air 

emissions and waste-water discharges that could contribute 

to contamination of the environment (Moore and Ramamoorthy, 

1984) . In nature, chromium exists mainly as hexavalent 

(Cr+6) and trivalent (Cr+3) forms. The low solubility of Cr+3 
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limits its concentration in natural waters. Under test 

conditions used in this research, solubility appears to be 

less than 1 mg/L in filtered pond water from a local Denton, 

Texas pond. U.S.G.S. surveys found dissolved aqueous 

chromium (total) levels ranging from 0.7 ug/L in the 

Sacramento River to 84 ug/L in the Mississippi River (Moore 

and Ramamoorthy, 1984). 

Due to rapid speciation, both Cr*3 and Cr+6 can have 

pronounced toxicological impact upon biological systems. 

Hexavalent chromium readily crosses biological membranes and 

is quickly reduced to trivalent chrome within an organism 

(Holdway, 1988). 

Fish gills are the main route of uptake of dissolved 

hexavalent chrome. Holdway (1988) has shown that chromium 

differs from most heavy metals in that it does not appear to 

accumulate on gill tissue but passes through the gills and 

accumulates in opercular bone, spleen, kidney, gall bladder, 

gastrointestinal tract, and brain. 

Several studies have shown evidence of Cr+6 toxicity in 

a variety of organ/tissue sites including gills, stomach, 

kidney, and intestine (Holdway, 1988). Accumulation within 

Sfills appears to be in question, and may be dependent on 

fish species. 
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Chromium concentrations in sediment are usually much 

higher than concentrations in the water column. For 

example, Moore and Ramamoorthy (1984) found lake waters 

ranging from 0.55 to 1.1 ug/L, whereas the sediment level, 

measured near the sediment-water interface, was 77 mg/kg or 

approximately a 100-fold difference. 

Due to its low solubility, Cr+3 (visible precipitation 

occurs at concentrations less than 5 mg/L), would be 

expected to be the dominant species found in sediments. 

Conversely, Cr+6, with a solubility that is at least two 

orders of magnitude higher, would be the predominant species 

in water. 

Speciation of chromium is dependent upon oxygenation, 

pH, organic content and amount of particulate matter (Moore 

and Ramamoorthy, 1984; Schmidt, 1984). Nomograms are 

commonly used to differentiate chrome species at varying pH 

(for example see Moore and Ramamoorthy, 1984) . 

Differences in toxicity to fathead minnows and channel 

catfish resulting from hexavalent and trivalent chromium 

will be tested with the null hypothesis that states: 

Toxicity of chromium to channel catfish and fathead minnow 

is not dependent upon chromium speciation (hexavalent vs 

trivalent). 
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Results of studies of bioaccumulation of chromium 

appear to be controversial. Moore and Ramamoorthy, (1984) 

states that bioaccumulation does not normally occur in fish 

and in fact, acknowledges no evidence of bioaccumulation of 

chrome in any species. As stated previously, other studies 

(e.g. Holdway, 1988) have shown significant bioaccumulation 

of chromium. 

In contrast, there is no question that chrome is toxic 

to aquatic organisms. Reported (mainly 48 hr) LC50 values 

for invertebrates range from <0.1 to 1870 mg/L for 

hexavalent chrome and from 2 to 64 mg/L for trivalent 

chromium. Published freshwater fish 96-hr LC50 values for 

hexavalent chrome range from 17.6 to 168.8 mg/L and from 

3.3 to 71.9 mg/L for trivalent chrome (Pickering 1985). 

Fluoranthenet one of many polycyclic aromatic 

hydrocarbons (PAHs), can cause damage to aquatic systems. 

PAHs are the most damaging petroleum compounds to aquatic 

organisms and may persist for at least 6.5 years after an 

oil spill (Baker 1980). Much of the information concerning 

fluoranthene is inferred from data concerning PAHs in 

general (Callahan et al. 1979). PAHs are produced by aging 

of organic matter and from fuel and crude oils. Some are 

naturally- occuring and their precursors may include abietic 

acid, retene, perylene, and triterpenes (Baker 1980) . PAHs 
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appear to have an affinity for sediments where they may be 

taken up by benthic organisms; however PAHs are commonly 

entrapped in pyrolytically formed particulates and, as such, 

are less biologically available (Baker 1980) . The 

solubility of fluoranthene, (0.26 mg/L, Callahan et al., 

1979), and a reported Kp of 103 to 104 suggest that this 

chemical will sorb to suspended particulate matter and 

sediments. The major degradation process of fluoranthene in 

aqueous state appears to be photolysis (Callahan et al. 

1979); however, when bound to particulate matter or in the 

sediments, photolysis is not a major degradation process. 

Bioaccumulation data have shown that PAHs have been 

identified in living organisms and accumulation in biota is 

expected. It has been suggested that bioaccumulation is 

essentially a short-term process, with most PAHs being 

readily metabolized (Baker, 1980). 

In summary, this research is designed to test the 

hypothesis that sediment bioassay methods can directly 

predict the toxicity of chromium or fluoranthene associated 

with sediments to channel catfish and fathead minnows. The 

predictive value of this method is dependent on knowledge of 

bioavailabilty, species-specific sensitivities, chemical 

speciatio-n, ' and concentration of potential contaminant. 

To summarize, the following null hypotheses will be tested: 



15 

H0X: Bulk chemistry analysis (direct measurements of 
chromium and fluroranthene in aqueous and sediment 
phases) alone cannot accurately predict the toxicity 
of the waters and sediments. 

H02: Toxicity of chromium to channel catfish and fathead 
minnow is not dependent upon chromium speciation 
(hexavalent vs trivalent). 

H03: Toxicity of chromium in aqueous phase does not differ 
from toxicity of chromium in sediments. 

H04: Toxicity of fluoranthene in aqueous phase does not 
differ from toxicity of fluoranthene in sediments. 

HOs: There is no difference in toxicity of chromium or 
fluoranthene to channel catfish and fathead minnows. 

H06: Hexavalent and trivalent chromium in water has no 
sublethal effects on bluegill sunfish. 

H07: Sediment bioassay methods cannot directly predict the 
.toxicity of chromium or fluoranthene associated with 
sediments to channel catfish and fathead minnows. 



CHAPTER 2 

MATERIALS AND METHODS 

Fish 

Fathead minnows (Pimephales promelas) were cultured at 

the University of North Texas for several generations and 

originated from the U.S. EPA laboratory in Cincinnati, Ohio. 

They were 3 to 14 days of age at the start of all toxicity 

tests, and were fed newly hatched brine shrimp (Artemia sp.) 

for the first fourteen days post hatching. Tetramin flake 

fish food was added to the diet at fourteen days, and by 

thirty days of age the diet consisted exclusively of 

Tetramin flake food. Fathead minnows were not fed during 

96~h acute tests and were fed once per day after the first 

96 h of chronic tests, which lasted 30 days. 

Channel catfish (Ictalurus punctatus) were obtained 

from D and B Fish Farms in Crockett, Texas. Fish were 

approximately two weeks old at time of procurement, and were 

held in the laboratory for approximately ten days prior to 

testing. At the start of all toxicity tests, channel 

catfish were 24 to 45 days of age. Channel catfish were fed 

ground Tetramin flake food three times per day until one day 

16 
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prior to testing. 

Adult bluegill sunfish (Lepomis macrochirus) were 

obtained from Texoma Fish Hatchery in Whitesboro, Texas, and 

held in the laboratory for two months prior to testing. 

Bluegill were fed tetramin flake food once per day until 24h 

prior to testing. 

All fish were fed (only what they could consume within 

5 minutes) once per day in acute tests and after day 5 in 

chronic tests. 

Exposure containers 

The exposure containers used for fathead minnow and 

channel catfish tests were either 600 ml or 1000 ml glass 

beakers, containing 500 or 1000 ml water, respectively. All 

test containers were covered with clear polystyrene. Two 

replicates of 10 to 17 fish per replicate were utilized. 

Bluegill exposure containers consisted of 40L aquaria, with 

one fish per aquaria and three aquaria per test 

concentration per trial. Three trials were conducted, 

resulting in a sample size of 9 fish per concentration. 

Aquaria were covered with plexiglass sheets. 
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Test conditions 

Test fish were kept at 23 to 26° C and a L:D 16:8 

photoperiod. Aeration was not provided during acute testing 

(dissolved oxygen levels remained above 70% saturation). 

Single-bubble aeration was provided during chronic testing, 

beginning on day five, via oil-free aquaria pumps with the 

tip of the airline tubing placed approximately 3 cm below 

the water surface. Dissolved oxygen remained at 85 to 100% 

saturation levels. 

Water 

City of Denton tap water, dechlorinated to levels of 2 

ug chlorine/L or less by activated charcoal filtration and 

vigorous aeration for at least three days, was used for 

culturing of fathead minnows and in fathead minnow, channel 

catfish, and bluegill toxicity tests. City of Denton tap 

water originates within the Trinity River watershed. 

University of North Texas Water Research Field Station pond 

water was the preferred water source for use with Field 

Station pond sediments. Extensive rains and flooding during 

late spring and early summer resulted in water samples that 

may not be representative of this source. Historically, the 



19 

water quality data generated from filtered Field Station 

pond water agrees well with the water quality data from 

dechlorinated City of Denton tap water (Rodgers, J.H. Jr., 

personal communication, 1989). Data obtained from 

measurements of dechlorinated tap (test) water during this 

research follows: 

City of Denton Tap Water, Carbon-Filtered, 1988-1989 

Parameter Mean Range 

Ph: 8.03 7.93 to 8.07 
Dissolved Oxygen mg/L: 8.3 7.9 to 8.5 
Alkalinity mEq/L: 100 88 to 120 
Hardness mEq/L: 96 88 to 108 
Conductivity umhos: 400 340 to 420 

The above water quality parameters were measured 

initially and at the end of the test period for both acute 

and chronic tests. Dissolved oxygen was monitored at 

96-h intervals during chronic toxicity tests. 

Sediments 

Sediments were obtained from the University of North 

Texas Water Research Field Station pond in June, 198 9 by 

grab sample method. Sediments were stored and transported 

in 10L plastic buckets with tight-fitting lids. 
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Storage was under refrigeration at 5 to 8° C. 

Sediments were well mixed prior to toxicity testing by 

manually stirring with a stainless steel spatula. Physical 

characterization of test sediments follow: 

Characterization of Sediments from UNT Water 
Research Field Station Ponds, Collected May 1989 

Parameter Mean Range 

Particle size 
(%) sand 62 48-72 

silt 20 13-25 
clay 18 14-27 

Organic Carbon 
(%) 0.7 0.1-2.4 

Phosphorus 
(mg/kg) 12.0 8.0-18.0 

Cation Exchange Cap. 
(meq/lOOg) 8.2 6.0-10.4 

Toxicants 

Trivalent chromium solutions were made from chromic 

chloride (CrCl3
-6H20) from Fisher Scientific Inc., in Mili-Q 

(Milipore Corp.) water. Hexavalent chromium solutions were 

made from potassium dichromate (K2Cr207) from Fisher 

Scientific Inc., in Mili-Q water. Fluoranthene solutions 

were made from 98% pure crystalline fluoranthene from 

Aldrich Chemical Co. Inc., in high-pressure liquid 

chromatograph (HPLC) grade acetone. 
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Experimental Design 

The following series of toxicity tests were performed: 

Test Type Duration 

1. acute aqueous 96 hours 
2. acute aqueous 96 hours 
3. acute aqueous 96 hours 
4 . acute aqueous 96 hours 
5. acute aqueous 96 hours 
6. acute aqueous 96 hours 
7. acute sediment 96 hours 
8. acute sediment 96 hours 
9. acute sediment 96 hours 
10. acute sediment 96 hours 
11. acute sediment 96 hours 
12. acute sediment 96 hours 
13. chronic aqueous 30 days 
14. chronic aqueous 30 days 
15. chronic aqueous 30 days 
16. chronic aqueous 30 days 
17. chronic * aqueous 30 days 

18. chronic sediment 30 days 
19. chronic sediment 30 days 
20. chronic * sediment 30 days 

21. acute aqueous 96 hours 
22. acute aqueous 96 hours 
23. chronic aqueous 30 days 
24. chronic aqueous 30 days 

Test Organism 

fathead minnow 
channel catfish 
fathead minnow 
channel catfish 
fathead minnow 

Toxicant 

Cr +3 

Cr +3 

Cr +6 

Cr +6 

fluoranthene 
channel catfish fluoranthene 
fathead minnow 
channel catfish 
fathead minnow 
channel catfish 
fathead minnow 

Cr +3 

Cr +3 

Cr +6 

Cr +6 

fluoranthene 
channel catfish fluoranthene 
fathead minnow 
channel catfish 
fathead minnow 
channel catfish 
fathead minnow 
channel catfish 
fathead minnow 
channel catfish 
fathead minnow 
channel catfish 
bluegill sunfish 
bluegill sunfish 
bluegill sunfish 
bluegill sunfish 

Cr +3 

Cr +3 

Cr +6 

Cr +6 

fluoranthene 

Cr +6 

Cr +6 

fluoranthene 

Cr +3 

Cr +6 

Cr +3 

Cr +6 

* Chronic aqueous and sediment tests with channel catfish 
exposed to fluoranthene were not performed. 

The extensive rains and flooding in late spring and early 

summer destroyed much of the commercial channel catfish 

rearing facilities in north Texas and limited the numbers of 

channel catfish fry available. Other sources outside Texas 
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could not provide catfish of the same age or size that were 

utilized in the acute testing phases and therefore were not 

considered for use in chronic tests with fluoranthene. 

Definitive chronic 30-d sediment tests with trivalent 

chromium were not conducted due to low mortalities resulting 

in both fish species when exposed to water-only trivalent 

chromium for 30 days. Range-finding tests conducted with 

sediment and trivalent chromium as the toxicant source 

revealed less than 40% mortality at high nominal (200 mg/L) 

concentrations in 30-d tests for both fish species. 

Sediment and overlying water concentrations of each 

toxicant were measured and LC50 (96h and 30d) values were 

calculated for both the sediment (ug toxicant/kg dry weight 

sediment) and the overlying water (ug/L or mg/L). 

Aqueous Dosing 

Hexavalent and trivalent chromium was added to dilution 

water as 1000 mg/L standard and manually stirred completely 

with a glass stirring rod. Measurements of exposure 

solutions containing trivalent chromium revealed pHs below 

the tolerance limits of both fish species, therefore these 

test solutions were buffered to tolerance levels of each 

fish species. Buffer consisted of 50 ml 0.5 M NaHC03 and 
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22.7 ml 0.1 M NaOH, diluted to 100 ml with Mili-Q water, 

resulting in a buffer pH of 11.0 to 11.1. The test 

solutions were buffered to pHs of 7.04 to 7.21. Addition of 

buffer resulted in visible precipitate, which was allowed to 

settle 24 hours prior to fish introduction. Buffer 

controls were added to the test protocol and pH tolerance 

limits were determined for each species of fish. 

One to two ml of Fluoranthene stock standard (10,000 

ug/L) in HPLC grade acetone was added to a 4 L glass flask. 

The flask was continuously rolled until all the acetone 

evaporated, leaving crystalline fluoranthene on the bottom 

and walls of the flask. Four liters of dilution water was 

added, and the resulting solution was placed on a stir plate 

for 24 hours. After 24 hours this saturated flouranthene 

solution was vacumm filtered through a 0.4 micron glass 

fiber filter to remove any crystalline fluoranthene. The 

filtered solution was added directly to dilution water in 

preparation of the aqueous exposure conctrations. The 

filtered solution was considered to be at 100% saturation 

and further dilutions were nominally a percent of 

saturation. 
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Sediment dosing 

All sediment tests were conducted utilizing a sediment: 

water ratio of 1:4 (Nebeker, Schuytema ). Sediment volumes 

of 100 or 200 ml were weighed and placed into a 500 or 1000 

ml glass beaker. Dilution water volumes of 400 or 800 ml 

(respectively) were then poured slowly down the side of the 

beaker. 

Hexavalent and trivalent chromium was added directly to 

wet sediments as 1000 mg/L standard. Sediments were stirred 

completely with a glass stirring rod and dilution water was 

added. 

Fluoranthene stock solution in acetone was prepared as 

a 10,000 ug/L solution in HPLC grade acetone. This stock 

solution was added directly to wet sediment and the acetone 

was allowed to evaporate. After complete evaporation of 

acetone, (within 15 minutes), the crystalline fluoranthene 

was completely stirred into the sediment with a stainless 

steel spatula, followed by the addition of dilution water, 

which was poured slowly down the side of the test beaker. 
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Exposure 

Initialization of exposure was toxicant dependent. 

Exposure to aqeous hexavalent chromium occured within one 

hour of the preparation of exposure solutions. Aqueous 

solutions of trivalent chromium were buffered to pH 

tolerance levels of test fish and the resulting precipitate 

was allowed to settle for 24 hours prior to fish exposure. 

Fish were exposed to aqueous fluoranthene solutions within 

one hour of preparation. For all sediment testing, fish 

were exposed 24 hours after preparation of the test system, 

allowing for settling of overlying waters. 

Aqueous sampling/extraction 

Water samples (1 to 2 ml) for chromium determination 

were withdrawn from the test beakers prior to addition of 

test fish and again at the end of the test. Samples were 

acidified with concentrated nitric acid to a pH of 1.5 to 

2.0 and stored for later analysis. 

Fluoranthene samples were withdrawn prior to fish 

introduction and at the end of the acute testing time 

period. During chronic testing, fluoranthene samples were 

removed at regular intervals (2,4 or 6 days) for analyses. 
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Three ml of fluoranthene aqueous test water was removed with 

a glass pipet and placed into a 20 ml glass culture tube. 

Three ml of HPLC-grade hexane was added to each sample and 

vortexed for one minute. The upper hexane layer was removed 

with a disposable glass pipet and placed into a 20 ml glass 

culture tube. Tubes were tightly capped and analyzed within 

30 minutes. 

Sediment sampling/extraction 

Hexavalent and trivalent chromium sediment samples were 

obtained at the end of the test period following decanting 

of the overlying aqueous layer. Resulting wet sediment was 

stirred completely and a 1.0 g sample was removed and placed 

into a 100 ml beaker. 

Acid extraction of metals from aquatic sediments is 

useful for evaluating potential toxicity (Dawson, 1988). A 

modification of the procedure of Plumb (1981) was used for 

chromium extraction from sediments. Thirty ml of 

concentrated nitric acid was added to the 1.0 g sediment 

sample and mixed completely. This solution was allowed to 

stand for approximately 12 hours and thoroughly mixed again. 

Mixing continued approximately every 12 hours until 48 hours 

had elapsed. At that time, the acid solution was filtered 
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through 0.4 micron filter paper and diluted to 50 ml with 

Mili-Q water. An aliquot of this filtrate was removed for 

analysis. 

Fluoranthene extraction from sediments did not present 

the problems associated with mixed-solvent elutions commonly 

used for tissue and sediment extractions (Ozretich and 

Schroeder, 1986). A single solvent, hexane, proved adequate 

for fluoranthene extraction from sediments. 

A 1.0 g sample of sediment was placed in a 50 ml beaker 

and 10 ml of HPLC-grade hexane was added. Sediments were 

mixed completely with a stainless-steel spatula and 

supernatant poured off. The hexane addition was repeated 

and the supernatants pooled. Pooled supernatants were 

tightly capped and analyzed within 30 minutes. 

Endpoints 

Mayer et al. (1986) reviewed the efficacy of using 

survival vs. other ecologically defensible endpoints in 

chronic toxicity tests. They concluded that the survival 

endpoint is more cost- and labor-efficient than most other 

measurements conducted in chronic toxicity tests, and 

appears adequate for estimating low levels of toxicity. 

Survival is commonly used as the endpoint in acute toxicity 



28 

testing and therefore survival (mortality) was chosen as the 

endpoint for both acute and chronic exposures for both the 

fathead minnow and channel catfish. Mortality was defined 

as the lack of response of the test fish to gentle prodding. 

Dead fish were removed each morning. 

In addition, bluegill sunfish were observed during 

acute chromium exposures for sublethal effects that may be 

considered biomarkers of toxicity. Observed effects 

included the following: 

1) color change in fish (light vs dark). 

2) position of fish in aquaria (upper vs lower 50% of tank). 
3) fin* movement (slow, rapid). 
4) epidermal changes (epidermal sloughing, loss of scales, 

presence of white patches on epidermis). 
5) opercular movement (slow, rapid). 
6) loss of equilibrium. 
7) gulping at air/water interface. 

*fin: predominately pectoral fins. Other fins or fin pairs 
usually mirrored the activity of the pectoral fins. 

Activity rates were defined as follows: 
slow = movement at rate of less than once per second 
rapid = movement at rate of greater than once per second 

Analytical Measurements 

Hexavalent and trivalent chromium samples were analyzed 

for total chrome using the Buck 200A atomic absorption 

spectrophotometer with the Model WF-1 grahite furnace power 

supply and Model WF-4 graphite furnace. See appendix A for 
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the detailed analytical procedures. 

Fluoranthene samples were analyzed on the Aminco-Bowman 

spectrophotofluorometer. See appendix B for the specific 

analytical procedures. 

Data Analyses 

A minimum of two replicates were run and the number of 

survivors were determined for each test or control. Controls 

that experienced greater than 10% mortality in 96h acute 

tests or greater than 20% in 30d chronic tests were 

repeated. Using Statistical Analysis System (SAS) probit 

analyses, the LC50 and 95% confidence intervals were 

determined on each replicate. Confidence intervals (95%) 

about the mean LC50s overlapped between replicates in all 

tests, therefore survival data were pooled for each set of 

replicates and percent mortality was determined on pooled 

data. In addition, to determine species-specific toxicity 

differences, independent t-tests (SAS) were conducted on 

survival data from individual replicates to analyze 

differences between mean LC50s. 



CHAPTER 3 

RESULTS 

Trivalent chromium 

Trivalent chromium, as an aqueous standard (1000 mg/L, 

chromic chloride in Mili-Q water) is acidic (pH = 1.8 9) and 

relatively insoluble in dechlorinated tap or filtered pond 

waters. Solubility appears to be pH dependent and 

concentrations, of chromium as low as 1 mg/L visibly 

precipitate. When the concentration of chromium exceeds 

approximately 75 mg/L the solution appears nearly clear and 

at 100 mg/L no trace of precipitate is visible. At nominal 

chromium concentrations of 75 and 100 mg/L, pH measurements 

averaged 4.32 and 4.00, respectively, indicating that 

trivalent chromium is insoluble at pHs above ~ 4.0. 

Concentrations of trivalent chromium greater than 25 

mg/L have a pH below the lower tolerance limit of the 

fathead minnow. The catfish is less pH sensitive, 

tolerating the pH associated with approximately 55 mg/L 

chromium (nominal). Consequently, buffering the test 

solutions to a pH within the acceptable range of each fish 

30 
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species was necessary to remove the effects of pH on test 

fish. As expected, buffer controls (dilution water buffered 

to pH of 9.05 without chromium) produced no lethality in 

either fish species. 

Visible precipitate was present at pHs greater than 

4.0; therefore, all buffered test systems contained 

precipitates. In chromium-recovery studies using chromic 

chloride as a source of trivalent chromium, the chromium was 

added as aqueous standard to the dilution water and then the 

system was buffered to a pH range of 7.77 to 8.22. After 

24-h settling time, the concentration of chromium in the 

overlying water was determined. Nominal concentrations of 

chromium ranged from 0.5 to 100 mg/L and measured 

concentrations, using atomic absorption spectrophotometry 

with graphite furnace, ranged from 0.005 to 17.6 mg/L, 

indicating a maximum chromium recovery of less than 18% in 

the test waters. 

The precipitate that fell to the bottom of the beakers 

within 24-h did not easily return to solution. Vigorous 

mixing had no detectable effect on resolubilizing the 

precipitate. Acidification with boiling over several days 

decreased the amount of visible precipitate in the beaker. 

Test- beakers with nominal concentrations of chromium 

ranging from 10 to 200 mg/L were buffered to a pH range of 
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8.4 to 8.6. Settling of precipitate appeared complete 

within 24 h. At that time the water was acidified to a pH 

of 1.3 to 1.6 with concentrated nitric acid and heated 

slowly to just below boiling. 

The time required for the precipitate to return to 

solution was dependent upon the initial nominal 

concentration of the chromium. The time required for 

complete disappearance of the precipitate ranged from 7 d 

(nominal concentrations of 10 to 90 mg/L chromium) to 17 d 

(200 mg/L, nominal). 

Also, fathead minnows were exposed to trivalent 

chromium in dilution water without the precipitate present. 

Chromium was added to dilution water, mixed, and then 

buffered. The resulting precipitate was allowed to settle 

and the clear overlying water was decanted. Nominal 

concentrations of chromium in the supernatant ranged from 0 

to 200 mg/L and measured concentrations ranged from less 

than 0.001 to 0.131 mg/L. Fish exposed to the supernatants 

for 96 h experienced mortality rates similar to the control 

fish, (0 to 10%). 

Non-buffered trivalent chromium toxicity tests with 

fathead minnows were conducted for both 96h and 30d. In 

both cases, nominal concentrations ranged from 0 to 25 mg/L 

chromium. 
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Nominal concentrations above 25 mg/L were outside the 

pH tolerance limits of the fathead minnows. Exposure pH 

ranged from 8.03 in the controls to 6.66 at the highest 

concentration. 

At 96 h, mortality was not noted in any test beakers. 

At approximately day 5, the first mortality was seen in the 

higher concentrations and at 30 days, mortality averaged 20% 

in the controls and 80% at the 10 and 25 mg/L (nominal) 

concentrations. At a nominal concentration of 5 mg/L, 

mortality averaged 30% and at nominal concentrations of 15 

and 20 mg/L the mortality averaged 70%. LC50 (96 h or 30 d) 

values were not calculated since 100% mortality did not 

occur at any of the test concentrations. Increasing the 

concentration of chromium to obtain 100% mortality was not 

possible due to the effects of low pH on the test fish. 

Investigation of the effects of pH on mortality led to 

toxicity tests utilizing both buffered and non-buffered 

filtered pond water, and buffered and non-buffered Mili-Q 

water. Results of these tests indicated that trivalent 

chromium toxicity tests require the use of buffered systems. 

The nominal concentrations of chromium used in these 

tests included 0, 50, 100, 150, and 200 mg/L. Fathead 

minnows were exposed to these nominal concentrations of 

chromium in either non-buffered Mili-Q water, buffered Mili-
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Q water, non-buffered filtered pond water, and buffered 

filtered pond water. 

Only the buffered filtered pond water allowed 100% 

survival, with 100% of the fish in the three other systems 

experiencing mortality. The pH of the exposure water in the 

three systems producing 100% mortality ranged from 2.49 to 

2.63 in non-buffered Mili-Q water to 6.61 to 6.72 in 

buffered Mili-Q water. Intermediate pH values, ranging 

from 3.55 to 5.25 were found in the non-buffered filtered 

pond waters. 

Range-finding tests exposing channel catfish and 

fathead minnows to nominal concentrations of chromium of 0, 

50, 100, 150, and 200 mg/L in buffered, carbon-filtered and 

dechlorinated tap water also resulted in 100% survival of 

test fish. Due to the previously mentioned problems in 

obtaining representative pond water samples, the carbon-

filtered and dechlorinated tap water was chosen for use in 

all toxicity tests. 

Trivalent chromium, water-only static 96-hour tests 

Pimephales promelas exposed to trivalent chromium in 

water experienced a maximum mortality of 30.0% although, 

control fish experienced a maximum mortality of 5.0%. 
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Nominal exposure concentrations ranged from 0 to 200 mg/L 

chromium, measured exposure concentrations, after buffering 

to pHs of 7.0 to 7.3, extended from less than 0.001 to 0.45 

mg/L chromium. 

Control and test Ictalurus punctatus exposed to water-

only trivalent chromium for 96 h experienced 0% mortality. 

Nominal exposure concentrations ranged from 10 to 150 mg/L 

chromium, yet measured exposure concentrations, following 

buffering, ranged from <0.001 to 0.72 mg/L chromium (see 

Table 1) 
* 

Table 1. Mortality of Pimephales promelas and Ictalurus 
punctatus exposed to trivalent chromium in water 
for 96 h. Two trials per species per 
concentration. N = ; number of fish/trial. 

TRIVALENT CHROMIUM 

P. promelas I. punctatus 

N = 10 N = 10 
Mean Cr conc.(mg/L) Mean Cr conc. (mcr/L) 
Nominal Measured % Mort. Nominal Measured % Mort 

0 <0.001 5.0 0 <0.001 0 
10 0.043 5.0 10 0.058 0 
20 0.210 30.0 25 0.226 0 
50 0.429 15.0 50 0.190 0 
70 0.314 15.0 75 0.220 0 
90 0.453 30.0 100 0.720 0 

120 0.213 20.0 150 0.250 0 
150 0.364 25.0 

0 

200 0.219 15.0 

Mean 96 -h LC50 Mean 96-h LC50 
(95% C.I.) (95% C.I.) 
No LC50 No LC50 

No 100% mortality No 100% mortality 
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Trivalent chromium, water-only static 30d tests 

Fathead minnows exposed to aqueous-only trivalent 

chromium for 30 d suffered mortality rates similar to those 

of control fish. Controls experienced a mean mortality of 

20%, while the test fish experienced an mean mortality of 

25%, with a range of 15% to 30%. Surprisingly, the two 

concentrations that produced 30% mortality were not the 

highest concentrations (25 and 100 mg/L nominal), and the 

mortality experienced in the highest concentration (nominal) 

averaged only 25%. 

Measured concentrations of total chromium in aqueous 

exposures ranged from less than 0.001 mg/L in the controls 

to a maximum of 0.67 mg/L. Nominal concentrations ranged 

from 0 mg/L in the controls to 150 mg/L. 

Similar results were obtained with channel catfish. 

Control mortalities averaged 15% and mean test mortalities 

equalled 24.2% and ranged from 15 to 35%. Catfish exposed 

to the highest nominal concentrations experienced a mean 

mortality of 25%. Fish experiencing 35% mortality were from 

two replicates presented to a nominal concentration of 25 

mg/L. Table 2. summarizes the results of the 30d tests. 
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Table 2. Mortality of Pimephales promelas and Ictalurus 
punctatus exposed to trivalent chromium in water 
for 30 d. Two trials per species per 
concentration. N = number of fish/trial. 

TRIVALENT CHROMIUM 

P. promelas I. punctatus 

N = 10 N = 10 
Mean Cr conc.(mg/L) Mean Cr » conc.(mq/L) 
Nominal Measured % Mort. Nominal Measured % Mort 

0 <0.001 20.0 0 <0.001 15.0 
10 0.176 15.0 10 0.154 25.0 
25 0.195 30.0 25 0.189 35.0 
50 0.660 25.0 50 0.498 25.0 
75 0.600 25.0 75 0.580 15.0 
100 0.673 30.0 100 0.720 20.0 
150 0.632 25.0 150 0.655 25.0 

Mean 96-h LC50 Mean 96-h LC50 
(95.% C.I.) (95 % C.I.) 

No LC50 No LC50 
No 100% mortality No 100% mortality 

Measured total chromium concentrations in the test 

containers of the 30 d catfish tests ranged from 0 to 150 

mg/L nominally and were measured at concentrations ranging 

from less than 0.001 mg/L in the control beakers to 0.72 

mg/L. 

The low recoveries of chromium from water were the 

result of chromium precipitating after buffering. This 

precipitate settled on the bottom of the test beakers within 

24h and the volume of the precipitate increased with the 

amount of chromium added to the test system. 
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Similar precipitates were observed in both the fathead 

minnow and the catfish test systems when trivalent chromium 

was the toxicant source. 

Trivalent chromium, sediment/overlying water 
static 96h tests 

Sediment tests with trivalent chromium yielded results 

similar to the aqueous-phase tests for both species of fish, 

i.e., little difference in lethality was detected between 

test and control fish. 

Amounts of trivalent chromium added to the sediment/ 

water exposure containers ranged from 10 to 150 mg for both 

fathead minnow and channel catfish trials. 

Minimum and maximum mortality in the fathead minnow 

sediment tests were 0% to 10% in the controls and test fish, 

respectively. Unexpectedly, mortalities throughout the 

range of test concentrations appeared to be random, with no 

apparent relationship between the percentage mortality and 

the amount of chromium added to the system. The highest 

mortalities (10%) resulted from nominal/measured aqueous 

concentrations of 10/0.34 and 100/3.54 mg/L chromium. The 

highest measured aqueous concentration of chromium (5.64 

mg/L) resulted in a mean mortality of 5%. Sediment 

chromium concentrations also were not related to mortality 
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of fathead minnows. Tables 3 and 4 summarize the lack of 

apparent relationships between measured and nominal 

trivalent chromium concen-trations in water/sediments and 

mortality. 

Table 3. Mortality of Pimephales promelas exposed to 
trivalent chromium in sediment/water for 96h, 
Two trials per concentration. N = number 
of fish/trial. 

TRIVALENT CHROMIUM 

Mean Chromium Concentration 
Overlvinq Water (ma/L) Sediment (mq/kq) N=10 

mo added Measured mq added Measured % Mortality 
0 <0.001 0 0.7 0 
10 0.34 10 60.3 10 
50 4.89 50 194.4 5 
100 3.54 100 1073.6 10 
150 5.64 150 1752.7 5 

Mean 96-h LC50 
(95% C.I.) 

No LC50 
No 100% mortality 
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Table 4. Mortality of Ictalurus punctatus exposed to 
trivalent chromium in sediment/water for 96h, 
Two trials per concentration. N = number 
of fish/trial. 

TRIVALENT CHROMIUM 

Mean Chromium Concentration 
Overlvina Water (mq/L) Sediment (ma/ka) N=10 

ma added Measured ma added Measured % Mortalitv 
0 <0.001 0 0.4 0 
10 0.4 10 43.9 0 
50 3.8 50 177.4 0 
100 4.1 100 1006.9 0 
150 5.4 150 1681.2 0 

Mean 96-h LC50 
(95% C.I.) 

No LC50 
No 100% mortality 

Channel catfish exposed to trivalent chromium in the 

sediment and water (Table 4) did not experience mortality in 

either the control or test beakers within 96 h. Upon dosing 

of the sediment/dilution water with chromium, precipitation 

occured. This precipitate descended to the surface of the 

sediment within 24h, leaving the overlying water clear. The 

overlying waters did not need buffering, since the pH of all 

were within acceptable levels (i.e. 7.1 to 7.6) for both 

species of fish. Apparently the test sediment provided 

sufficient buffering of the acidic chromium standard. 
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Concentrations of chromium in the overlying water 

ranged from 0.33 to 5.72 mg/L and from 0.23 to 5.53 mg/L in 

fathead minnow and channel catfish tests, respectively. 

Under test conditions the maximum concentration of chromium 

in overlying water was measured at 5.72 mg/L. 

Chromium concentrations in the aqueous phase of the 

control waters of both fish species were less than the 

instrument detection limit (0.001 mg/L) on the atomic 

absorption spectrophotometer with graphite furnace. 

The control sediment chromium levels ranged from 0.36 

to 0.99 mg/kg, with an average of 0.67 mg/kg dry weight 

sediment. Up to 150 mg of chromium was added to the 

sediment (230.8 mg/L v/v), however, less than 6 mg/L (3%) 

was recovered in the aqueous phase. 

Trivalent chromium concentration in the sediments 

exposed to fathead minnows ranged from 0.74 to 1784.6 

mg/kg. Similarly, trivalent chromium sediment 

concentrations ranged from 0.56 to 1762.7 mg/kg in tests 

with channel catfish. 

Trivalent chromium, sediment/overlying water 
static 30d tests 

Long-term sediment tests with trivalent chromium were 

not conducted with fathead minnows or channel catfish. 

Thirty day water-only tests with trivalent chromium resulted 
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in a maximum mortality of 40% in test fish with control fish 

experiencing a maximum mortality of 20%. 

The chromium precipitates that descended to the bottom 

of the test beakers acted as sediments, and the presence of 

this solid phase did not measurably affect mortality rates 

in either fish species. 

Hexavalent chromium 

Hexavalent and trivalent chromium differ in both 

solubility and acidity. The source of hexavalent chromium 

was potassium dichromate. Hexavalent chromium was added in 

aqueous form as a 1000 mg/L standard, in Mili-Q water, to 

both water and sediments. 

The pH of the 1000 mg/L hexavalent chromium standard 

averaged 3.98 and the standard appeared completely soluble 

both in filtered pond water and dechlorinated tap water at 

concentrations up to 100 mg/L. At the highest concentration 

used, 100 mg/L nominal, the pH was 6.74, which is well 

within the 96-h tolerance limits of both fish species. 

Concentrations of chromium used in 30-d water-only 

tests ranged from 0 to 12 mg/L and the pH of all 

concentrations were well within the tolerance limits of both 

the minnow and the catfish. Initial/final (30d) pH values 
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ranged from 6.7/7.7 to 7.5/8.3. 

In contrast to trivalent chromium, measured values of 

hexavalent chromium agreed well with nominal values. 

Measured concentrations of total chromium from aqueous test 

solutions averaged slightly higher than nominal 

concentrations and recovery efficiencies ranged from 96 to 

113% of the nominal concentration. 

Measured hexavalent chromium concentrations did not 

change within 96 h. However, in the 30-d tests a measurable 

decrease in chromium concentration was noted in both the 

water-only and sediment tests. 

In water-only tests with the fathead minnow, the 

average decrease in measured chromium concentration was 

15.2% and ranged from 9 to 24%. In water-only tests with 

the channel catfish, the chromium concentrations at 30 days 

averaged 26% and ranged from 17 to 32% less than the initial 

measured concentration. 

Sediments had a buffering effect on chromium solutions 

and the pH of overlying water in the presence of chromium 

spiked sediments never fell below 7.4 at measured 

concentrations ranging from less than 0.001 to 89.9 mg/L 

chromium in 96-h fathead minnow tests. In 96-h channel 

catfish tests, the lowest pH recorded in the overlying water 

of sediments was 7.7 with concentrations ranging from 0 to 
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50.0 mg/L hexavalent chromium. The concentration of 

chromium in the overlying water in 30d tests ranged from 0 

to 2.2 mg/L (fathead minnow) and from 0 to 3.1 mg/L chromium 

- (channel catfish). At these concentrations of chromium, pH 

was within the tolerance limits of both fish species. 

Hexavalent chromium, water-only static 96h tests 

In contrast to the results seen in trivalent chromium 

exposures, hexavalent chromium exposure resulted in high 

mortalities (see Table 5) for both the fathead minnow and 

the channel catfish. The 96-h LC50 value for fathead 

minnows exposed to hexavalent chromium (water only) equalled 

23.9 mg/L with 95% confidence limits of 19.0 to 28.7 mg/L. 

Water-only 96-h LC50 values for channel catfish exposed to 

hexavalent chromium equalled 14.8 mg/L with 95% confidence 

limits of 12.2 to 17.2 mg/L. 
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Table 5. Mortality of Pimephales promelas and Ictalurus 
punctatus exposed to hexavalent chromium in 
water for 96 h. Two trials per species per 
concentration. N = number of fish/trial. 

HEXAVALENT CHROMIUM 

P. promelas I. punctatus 

O
 

i—I it £ N = 10 

Mean Cr conc.(mg/L) Mean Cr conc.(mg/L) 

Nominal Measured % Mort. Nominal Measured % Mort 

0 <0.001 0 0 <0.001 0 

8 9.4 10.0 5 6.4 0 

15 19.4 25.0 10 13.0 40 .0 

20 23.1 60.0 20 20.5 80.0 

25 29.4 50.0 30 31.7 100.0 

30 34.6 75.0 40 47.1 100.0 

45 46.3 100.0 50 54.2 100.0 

60 69.6 100.0 60 68.4 100.0 
80 87.5 100.0 70 80.2 100.0 

80 92.0 100.0 

Mean 96 -h LC50 Mean 96-h LC50 
(95% C.I.) (95% C.I.) 

23 .9 14.8 
(19.0 to 28.7 mg/L) (12.2 to 17.2 mg/L) 

Hexavalent chromium, water-only static 30d tests 

Long-term tests with hexavalent chromium yielded 

strikingly different results than those seen with trivalent 

chromium. With aqueous-only exposure, the total chromium 

concentration was determined initially and at the end of the 

30 d trials. LC50 (30 d) values were calculated separately 
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for both the initial and final concentrations. This was 

done because of a measureable decrease in chromium 

concentrations over the 30 days within the test waters of 

the fathead minnow and channel catfish tests. Initial 

chromium concentrations with the fathead minnow tests ranged 

from less than 0.001 mg/L in controls to 14.7 mg/L at the 

highest concentration. The mean LC50 (30d) value, based on 

initial measurements, was 1.0 mg/L with 95% confidence 

limits of 0.15 to 1.8 mg/L. Final chromium concentrations 

in the same system were measured at less than 0.001 mg/L in 

controls to 13.4 mg/L at the highest concentration. The mean 

LC50 (30d) value, based on concentrations measured at 96h, 

was 0.8 mg/L with 95% confidence limits of 0.1 to 1.4 mg/L. 

Initial hexavalent chromium concentrations ranged from less 

than 0.001 mg/L to 21.9 mg/L with a mean LC50 (30d) value of 

1.7 mg/L and 95% confidence intervals of 0.6 to 2.5 mg/L in 

tests with catfish. Final chromium concentrations in the 

same test beakers ranged from less than 0.001 mg/L to 15.0 

mg/L. The mean LC50 (30d) value was 1.2 (0.4 to 1.8) mg/L 

(see Table 6). 
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Table 6. Mortality of Pimephales promelas and Ictalurus 
punctatus exposed to hexavalent chromium in water 
for 30 d. Two trials per species per concentration. 
N = number of fish/trial. 

HEXAVALENT CHROMIUM 

——Promelas I. punctatus 

N = 10 N = 10 
Mean Cr conc.(mq/L)_ Mean Cr conc. (mq/L) 
N o m^ n a l Measured % Mort. Nominal Measured % Mort. 

0 <0.001 15.0 0 <0.001 15.0 
\ I'l 65-° 1 1.2 60.0 
^ 3 , 5 85.0 3 4.3 80.0 

,9
 9 5 - 0 6 8-° 100.0 

13*9 100.0 12 17.8 100.0 

Measured chromium concentrations are the mean of the initial 
and final (30 d) concentrations. 

Mean 96-h LC50 Mean 96-h LC50 
{95n <i'1') (95% C.I.) 

• 1.5 
(0.1 to 1.6)mg/L (0.5 to 2.2)mg/L 

Hexavalent chromium, sediment/overlying water 
static 96h tests 

In contrast to trivalent chromium, hexavalent chromium 

sediment tests resulted in appreciably higher concentrations 

of chromium m the overlying waters and greater lethality to 

both species of fish, as can be seen in Tables 7 and 8. 

LC50 (96h) values, based on overlying water total chrome 

concentrations, averaged 12.3 mg/L, with 95% confidence 

intervals of 8.0 to 18.0 mg/L, and 1.9 (0.4 to 4.9) mg/L for 

fathhead minnows and channel catfish, respectively. 
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sediment° total^ chrome S concentrations *^ e n C e i n? e r v a l s- based on 
181.9) mg/kg „ith fatheaTminn0ws a„d' ??*?*??? " 0 ' 5 < 1 4 5- 8 to 
with channel catfish. 73.3 (66.5 to 80.4) mg/kg 

Table 7. 
h l x a v a i e n t ° n h ? i " ? P h f l ? e x p o s e d to 
SvS trl??« chromium in sediment/water for 96h 

STfSh/SiST C°nCentratlon- N " "«»*« 
HEXAVALENT CHROMIUM 

, . Mean Phr-omiurn p ^ r ^ n ^ m M rm 
Qverlying Water fmĝ T,). Sedimeni- ~ 

mq added 
0 

10 
20 
40 
70 

frog/kg) N=lo 

Measured 
<0.001 
4.2 

17.1 
52.5 
87.6 

mq added 
0 

10 
20 
40 
70 

Measured 
0.5 

127.3 
169.8 
274.6 
375.8 

% Mortal i<-y 
0 
7.1 

64.3 
100.0 
100.0 

Overlying Water 
Mean 96-h LC50 

f95* r.i.\ 
12.3 

(8.0 to 18.0 mg/L) 

Sediment 
Mean 96-h LC50 

(95% C.T-) 
160.5 

(145.8 to 181.9 mg/kg) 



49 

Table 8. Mortality of Ictalurus punctatus exposed to 
hexavalent chromium in sediment/water for 96h, 
Two trials per concentration. N = number 
of fish/trial. 

HEXAVALENT CHROMIUM 

Mean Chromium Concentration 
Overlving Water (mcr/L) Sediment (mcr/ka) N=10 

mg added Measured mq added Measured % Mortalitv 
0 <0.001 0 0.6 0 
5 0.1 5 61.5 10 
10 8.3 10 77.5 60 
20 28.1 20 94 .1 100 
30 44.5 30 155.6 100 
40 49.9 40 254.2 100 

Overlying Water Sediment 
Mean 96-h LC50 Mean 96-h LC50 

(95% C.I •) (95% C. I.) 
1. 9 73.3 o

 

4-J 

o
 9 mg/L) (66.5 to 80. 4 mg/kg) 

Hexavalent chromium, sediment/overlying water 
static 30d tests 

Hexavalent chromium was added to the sediments prior to 

the addition of overlying water and presented to fathead 

minnows and channel catfish for 30 days. From 0 to 7.5 mg 

chromium was added to test sediments and the concentrations 

of chromium in the sediments were measured at 30 days. 

Overlying water concentrations were measured at Id and 30d 

and the mean overlying water concentration was determined. 

Mortalities ranged from 15% in the controls to 100% in 

the tests with both fish species. LC50 (30d) values with 
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95% confidence intervals were determined for each fish 

species based on both sediment chromium concentrations 

(mg/kg) and mean overlying water chromium concentrations 

(mg/L). 

Measured sediment concentrations of chromium ranged 

from 0.9 to 21.5 mg/kg in the fathead minnow tests and from 

1.0 to 20.2 mg/kg in the channel catfish tests. The mean (1 

d and 30 d) overlying water chromium concentrations ranged 

from 0.004 to 2.08 mg/L in the fathead minnow tests and from 

0.003 to 2.48 mg/L in the channel catfish tests. 

The sediment-based hexavalent chromium LC50 (30d) with 

95% confidence intervals was 1.88 (1.32 to 2.46) mg/kg with 

the fathead minnow and 2.87 (2.16 to 3.63) mg/kg with the 

channel catfish. 

Based on mean (Id and 30d) overlying water chromium 

concentrations, the 30-d LC50 with the fathead minnow was 

0.041 mg/L with 95% confidence intervals of 0.016 to 0.082 

mg/L. The mean of the chromium concentrations in the 

overlying waters in the channel catfish tests was 

used to calculate a 30-d LC50 value, which equalled 0.054 

mg/L. The 95% confidence intervals about this mean were 

0.021 to 0.109 mg/L. Tables 9 and 10 reveal sediment/water 

hexavalent chromium relationships. 
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Table 9. Mortality of Pimephales promelas exposed to 
hexavalent chromium in sediment/water for 30d. 
Two trials per concentration. N = number 
of fish/trial. 

HEXAVALENT CHROMIUM 

Mean Chromium Concentration 
Overlying Water (mg/L) Sediment (mg/kg) N=10 

mg added Measured mg added Measured % Mortality 
0 <0.01 0 0.9 15 
1.0 0.15 1.0 2.4 65 
2.5 0.26 2.5 4.1 85 
5.0 1.73 5.0 8.6 95 
7.5 2.08 7.5 21.1 100 

Overlying Water 
Mean 30-d LC50 

(95% C.I.) 
0.041 

(0.016-0.082 mg/L) 

Sediment 
Mean 30-d LC50 

(95% C.I.) 
1.88 

(1.32-2.46 mg/kg) 
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Table 10. Mortality of Ictalurus punctatus exposed to 
hexavalent chromium in sediment/water for 30d. 
Two trials per concentration. N = number 
of fish/trial. 

HEXAVALENT CHROMIUM 

Mean Chromium Concentration 
Overlying Water (mq/L) Sediment 

ma added 
0 
1 . 0 
2.5 
5.0 
7.5 

Measured 
<0.01 

0.12 
0 .28 
1.95 
2.48 

mq added 
0 
1 .0 
2.5 
5.0 
7.5 

(mq/kq) N=10 

Measured 
1.3 
3.0 
4.9 
9.4 

20 .0 

% Mortality 
15 
55 
65 

100 
100 

Overlying Water 
Mean 30-d LC50 

(95% C.I.) 
0.054 

(0.021-0.109 mg/L) 

Sediment 
Mean 30-d LC50 

(95% C.I.) 
2.87 

(2.16-3.63 mg/kg) 

Fluoranthene 

Fluoranthene presents some unique properties not 

present in either of the chromium species. Most apparent 

was the rapid transformation of fluoranthene during both the 

96-h and 30-d tests. In aqueous testing, the initial 

measurement of fluoranthene was at 24h and the final 

fluoranthene measurement was at 96h. Nominal concentrations 

were based on percent saturation, with the highest 

concentration equal to 100% saturation. 

In water-only tests with both fish species, 
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fluoranthene concentrations at 96h averaged 50.3% (range 

32.2 to 7 6.9%) of the initial concentration. To investigate 

the potential need for renewal during 30-d tests, beakers 

containing initial fluoranthene concentrations of 4.7 to 

43.0 ug/L were analyzed at 1, 2, 6, 10, 16, 22, and 30 days. 

The recovery of fluoranthene at 30 day analyses ranged from 

0 to 7.6% of the initial measured concentration. 

The fluoranthene tests were conducted under a LD 16:8 

photoperiod and test beakers were covered with polystyrene 

petri plates. Repeat testing under constant dark conditions 

resulted in similar losses of fluoranthene over 30 days 

(74.8 to 100.0% loss). Refer to Tables 11, 12, and 13 for 

summary data concerning changes in fluoranthene 

concentrations over time in aqueous and sediment phases. 
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Table 11. Loss of fluoranthene from water over 96 h and 
30 d. Two trials per concentration. 

FLUORANTHENE 

96-h Test 

Mean Fluoranthene Concentration, ug/L 

Nominal Concentration, percent saturation Day 5% 10 % 20% 50% 75% 100% 
1 26.0 40 .0 67.2 120.1 163.0 206.8 
4 20.7 23 .3 26.0 38.7 74.0 104 .0 

Acrueous Loss of Fluoranthene, percent 
4 20.4 41 .8 61.3 67.8 54.6 49.7 

30-d Test 
Mean Fluoranthene Concentration, ug/L 

Nominal Concentration, percent saturation 
Day 1% 5% .10% 20% 
1 4.7 9.9 20.2 42.4 
2 2.5 7.5 16.4 34 .5 
6 1.2 5.9 12.7 25.0 

10 0.9 4.7 10.2 22.2 
16 0.5 2.7 4.9 15.9 
22 <0.3 0.9 2.2 7 . 9 
30 <0.3 0.3 0.7 3.7 

Acrueous Loss of Fluoranthene, percent 
2 46.8 24 .2 18.8 18.6 
10 80.9 52.5 49.5 47.6 
30 100.0 97.0 96.5 91.3 

Fluoranthene transformation was also noted in the 

96-h and 30-d sediment tests. Fluoranthene was measured in 

the sediments immediately after dosing and at the end of the 

test period, either 96h or 30d. 
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In the 96-h sediment tests, fluoranthene sediment 

concentrations initially ranged from <0.3 to 89,278 ug/kg 

and at-96h the range was from <0.3 to 87,751 ug/kg. The 

average loss of fluoranthene over the test period was 47.6% 

and ranged from 1.7% in the highest concentration to 83.7% 

loss in the lowest concentation. 

Table 12. Change in sediment/water fluoranthene concen-
tration over 96 h. Two trials per concentration 

FLUORANTHENE 

Mean 
Sediment 

Fluoranthene 
Concentration (ua/ka) 

Initial Final %Chanae 
ug , 

added 

100 
1000 
5000 

10000 
2 0 0 0 0 

Mean 
Overlying Water 
Fluoranthene 

Concentration (ucr/L) 
24h Final %Chanae 

453.. 0 
3239.5 

20752.5 
41204.5 
88132.5 

81.1 
553.5 

10397.5 
29758.0 
85843.0 

- 82.1 
-82.9 
- 49.9 
- 27.8 
- 2.6 

1.9 
14.9 
24.5 
56.0 
130.1 

0.9 
26 .2 
141.1 
181.1 
271.8 

-52.6 
+ 75.8 
+575.9 
+323.3 
+208.9 

ug added = ug Fluoranthene added to 190g sediment (100ml) 
prior to addition of 400ml dilution water 

At a sediment concentration of 89,278 ug/kg the 

overlying water concentration of fluoranthene was 280.1 

ug/L. This was the maximum aqueous fluoranthene 

concentration observed in my toxicity tests with 

fluoranthene, and this agrees well with the published 
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solubility of approximately 260 ug/L (Callahan et al., 

1979). The concentration of fluoranthene in the waters 

overlying the sediments dosed with 100 ug of fluoranthene 

decreased by nearly 53% over 96h. At sediment doses of 

1,000 to 20,000 ug fluoranthene, the fluoranthene 

concentration in the overlying waters increased nearly 57 6% 

over the 24h concentrations. In the 30-d sediment tests, 

initial fluoranthene concentrations ranged from <0.3 to 

4,522 ug/Jcg. At 30 days the range of fluoranthene 

concentrations was from <0.3 to 1,035 ug/kg, indicating an 

average loss of 85.5 % over 30 days (range 77.9 to 88.7%). 

Overlying waters were analyzed for fluoranthene at 1, 

7, 11, 17, 23, and 30 days. Initial sediment overlying water 

fluoranthene concentrations ranged from 9.7 to 59.7 ug/L and 

from 1.0 to 18.3 ug/L at 30 days, indicating an average loss 

of 80.2% (range 69.8 to 90.0%) over 30 days. 



57 

Table 13. Change in sediment/water fluoranthene 
concentration over 30 d. Two trials per 
concentration. 

FLUORANTHENE 

Overlying Water 
Mean Fluoranthene Concentration, ug/L 

Fluoranthene added to 190q sediment, UCT 
Day 50ua lOOuq 200ucr 

1 9.9 24.9 59.2 
6 5.9 17.2 40.4 

10 4.2 7.5 34 .7 
16 1.3 5.7 18.7 
22 1.2 5.0 18.7 
30 1.0 5.2 18.2 

Day Chancre in Fluoranthene Concentration, % 
30 -89.9 -79.1 -69.3 
16 -80.8 -77.1 -68.4 
6 -40.4 -30.9 -31.8 

Sediment 
Mean Fluoranthene Concentration, ug/kg 

Fluoranthene added to 190a sediment-. n« 
Day 50ucr lOOuq 200ucr 
1 1055.5 2316.5 4464.5 

30 126.9 380.7 1016.6 

Day Chancre in Fluoranthene Concent-rat-inn. % 
30 1 OO

 
OO
 

o
 <

£
>
 

OO 
CO 
1 -77.2 

Fluoranthene, water-only static 96h tests 

Water-only fluoranthene tests with fathead minnows 

resulted in minimal lethality within 96h. No LC50 could be 

calculated since 100% mortality was not achieved at any 

exposure concentration, including 100% saturation. 
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Measured fluoranthene concentrations at 24 h extended from 

26.0 to 206.8 ug/L and from 20.7 to 104.0 ug/L at 96h. 

Mortality was 0% in the controls and 69% at 155.4 ug/L. 

exposure. 

I. punctatus exposed to water-only fluoranthene were 

more sensitive than P̂ . promelas, with a 96-h LC50 value of 

47.8 ug/L and 95% confidence intervals of 30.1 to 72.6 ug/L 

based on 24h measurements. At 96h, the measured 

fluoranthene concentrations resulted in an LC50 value of 

24.2 ug/L with 95% confidence limits of 23.2 to 25.5 ug/L. 

Measured concentrations of fluoranthene in exposure 

containers ranged from 26.0 to 206.8 ug/L at 24h and from 

20.7 to 104.0 ug/L measured at 96h (see Table 3). 
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Table 14. Mortality of Pimephales promelas and Ictalurus 
punctatus exposed to fluoranthene in water for 
96h. Two trials per species per concentration, 
N = number of fish/trial. 

P. promelas 

Mean Fluoranthene 

FLUORANTHENE 

N=13 

I. punctatus 

Mean Fluoranthene N=10 
(% Sat.) (ug/L) (% Sat.) (ug/L) 

Nominal Measured % Mort. Nominal Measured % Mort 
0 <0.3 0 0 <0.3 0 
5 23.4 42.3 5 23.4 0 
10 31.7 38.5 10 31.7 55.0 
20 46.6 50.0 20 4 6.6 65.0 
50 79.4 38.5 50 79.4 100.0 
75 118.5 65.4 75 118.5 100.0 
100 155.4 69.2 100 55.4 100.0 

Measured Fluoranthene concentrations are the mean of the 
24-h and the 96-h concentrations. 

Mean 96-h LC50 
(95% C.I.) 

No LC50 
No 100% mortality 

Mean 96-h LC50 
(95% C.I.) 
36.0 

(26.7 to 49.1 ug/L) 

Fluoranthene, water-only static 30d tests 

All 30-d tests with fathead minnows exposed to aqueous 

fluoranthene utilized a renewal procedure due to 

fluoranthene transformation over time. In water-only tests, 

initial fluoranthene concentrations ranged from <0.3 to 43.0 

ug/L. At 4-d intervals fluoranthene concentrations were 

measured in all test beakers prior to and after addition of 

fluoranthene. Mean fluoranthene concentration in 30d water-
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only tests ranged from <0.3 to 17.9 ug/L. The mean 

concentration of fluoranthene in each beaker over the 30d 

test period was used to calculate the LC5.0 (30d) and the 95% 

confidence limits. This LC50 (30d) was found to be 7.1 (5.7 

to 8.9) ug/L. 

Table 15. Mortality of Pimephales promelas exposed to 
fluoranthene in water for 30 d. 
Two trials. N = number of fish/trial. 

FLUORANTHENE 
N=10 

Mean Fluoranthene % 

Cone.(30d) ua/L Mortality 

<0.3 0 
2.4 5 
4.8 30 
9.7 55 
17.8 100 

Saturation 
(nominal) 

0 
1 
5 
10 
20 

Mean fluoranthene concentrations are the means of all 
fluoranthene concentrations measured during the 30 day test 
period, including measurements taken both before and after 
fluoranthene renewal. 

Mean 96-h LC50 
(95% C.I.) 

7.1 
(5.7 to 8 . 9) ug/L 

Fluoranthene, sediment/overlying water static 96h tests 

Acute testing with sediment-source fluoranthene, as in 

water-only testing, demonstrated the need for multiple 

measurements of fluoranthene concentrations during the test 

period. Fluoranthene's tendency to desorb from the 
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sediments and the resulting increases in the aqueous phase 

required frequent monitoring of the concentrations in both 

the sediments and in the overlying waters. Therefore, LC50 

(96h) values were calculated on both the 24h and final 96h 

fluoranthene concentrations. 

In fathead minnow tests, the 24h overlying water 

concentrations of fluoranthene ranged from 1.7 to 133.4 

ug/L, with an average LC50 (96h) of 6.5 and 95% confidence 

intervals of 2.9 to 11.1 ug/L. Final overlying water 

concentrations ranged from 0.7 to 280.1 ug/L with an average 

LC50 (96h) of 7.2 and 95% confidence intervals of 3.6 to 

12.4 ug/L. 

The channel catfish tests yielded 24h overlying water 

concentrations of fluoranthene of 14.3 to 140.1 ug/L with an 

average LC50 (96h) of 18.1 and 95% confidence intervals of 

10.9 to 24.9 ug/L. Final overlying water concentrations of 

fluoranthene ranged from 10.7 to 213.4 ug/L with an average 

LC50 (96h) of 23.4 and 95% confidence intervals of 6.1 to 

47.6 ug/L. 

Initial measurements of sediment fluoranthene in 

fathead minnow tests yielded concentrations ranging from 439 

to 89,278 ug/kg with an average LC50 (96h) of 1992.7 ug/L 

and 95% confidence intervals of 781.8 to 3911.8 ug/kg. 

Final concentrations in the same exposure containers ranged 
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from 76.4 to 87,751 ug/kg with an average LC50 (96h) of 

421.9 ug/kg and 95% confidence intervals of 100.4 to 1160.6 

ug/kg. 

Table 16. Mortality of Pimephales promelas exposed to 
fluoranthene in sediment/water for 96 h. 
Two trials. N = number of fish/trial. 

FLUROANTHENE 

Mean Fluoranthene Concentration N=17 
Sediment (ug/kg) Overlving Water (ug/L) 
Initial 96h 24h 96h % Mort. 

<0.3 <0.3 <0.3 <0.3 0 
453.0 81.1 1.9 0.9 17.6 
3239.5 553.5 14.8 22.6 61.8 
20602.5 10397.5 24 .5 141.6 100.0 
41204.5 29758.0 56.0 181.1 86.7 
88132.5 85843.0 130.1 271.8 100.0 

Fluoranthene not renewed in sediments or in overlying waters 
(O.W.) 

; LC50 (96h), (95% confidence intervals) 

Initial 
Sediment 
(ug/kg) 
1992.7 

(781.8-3911.8) 

Final 
Sediment 
(ug/kg) 
421.9 

(100.4-1160.6) 

Initial 
O.W. 
(ug/L) 
6.5 

(2.9-11.1) 

Final 
O.W. 
(ucr/L) 
7.2 

(3.6-12.4) 

Fluoranthene concentrations measured in the sediments 

of channel catfish tests initially ranged from 3,297 to 

88,514 ug/kg with an average LC50 (96h) of 6,289.9 ug/kg and 

95% confidence limits of 2,281.6 to 11,443.3 ug/kg. The 

final sediment fluoranthene concentrations in these test 

beakers ranged from 763.6 to 125,903 ug/kg with an average 
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LC50 (96h) of 2,156.6 ug/kg and 95% confidence intervals of 

421.2 to 5,665.4 ug/kg. 

Table 17. Mortality of Ictalurus punctatus exposed to 
fluoranthene in sediment/water for 96 h. 
Two trials per concentration. 
N = no. fish/trial. 

FLUROANTHENE 

Fluoranthene Concentration N=10 
Sediment (uq/kcr) Overlvina Water (ua/L) 
Initial 96h 24h 96h % Mort. 

<0.3 <0.3 <0.3 <0.3 0 
3343.5 772 .2 14.5 11.4 30 
22205.0 16787.5 25.7 156.1 80 
37656.0 40918.0 63.0 176.1 100 
86224.5 123041.5 136.8 210,1 100 

LC50 (96h), (95% confidence intervals) 

Initial Final Initial Final 
Sediment Sediment O.W. O.W. 
(ug/kcr) (uo/kcr) (ua/L) (ua/L) 
6289 .9 2156.6 18 .1 23.4 

(2281.6-11443.3) (421.2-5665.4) (10.9-24.9) (6 .1-47.6) 

In all cases, the fluoranthene concentrations measured 

in the control sediments were below the detection limits 

(0.3 ug/L) of the spectrophotofluorometer. 

Fluoranthene, sediment-overlying water static 30-d tests 

A different approach was employed in the fluoranthene 

sediment-water 30 d tests with fathead minnows. Fluoranthene 
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concentrations were measured initially in the sediments and 

in the overlying water. The sediments were not disturbed 

again until the end of the test (30 d) when the final 

sediment fluoranthene concentration was determined. The 

fluoranthene in the overlying water was not renewed during 

the test period and water samples were removed every 4 d for 

determination of fluoranthene concentrations. The initial 

overlying water concentrations of fluoranthene ranged from 

<0.3 to 58.7 ug/L. At the end of the test period the 

concentrations ranged from <0.3 to 18.3 ug/L, indicating a 

68.8% loss of fluoranthene in the highest concentration test 

beaker over 30 days. The mean overlying water 

concentrations of fluoranthene throughout the test period 

ranged from <0.3 to 38.7 ug/L and the resulting LC50 (30 d) 

averaged 6.6 ug/L with 95% confidence limits of 3.3 to 9.5 

ug/L. Initial fluoranthene concentrations in the sediments 

ranged from <0.3 to 4522 ug/kg. At 30 d the sediment 

concentrations ranged from <0.3 to 1035 ug/kg. At the 

highest concentration employed, 

77.1% of the fluoranthene was lost from the sediments within 

30 days. 

Mean (30 d) fluoranthene concentrations in the 

sediments" ranged from <0.3 to 2789 ug/kg. Corresponding 

LC50 values averaged 692 ug/L and ranged (95% confidence 
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limits) from 399 to 920 ug/kg dry weight sediment. 

Table 18. Mortality of Pimephales promelas exposed to 
fluoranthene in sediment/water for 30 d. 
Two trials per concentration. 
N = number of fish/trial. 

FLUORANTHENE 

Fluoranthene Concentration 
Sediment (ug/kg) 
Initial Final 

<0.3 <0.3 
1056.0 126.9 
2316.5 380.7 
4464.5 1016.6 

Overlying Water (ug/L) 
• 30-d Mean 

<0.3 
5.5 

15.1 
38.7 

N=10 

%Mort 
5 

45 
75 

100 

LC50 (96h), (95% confidence intervals) 

Initial 
Sediment 
(ug/kg) 
1 2 2 6 . 1 

(728-1606) 

Final 
Sediment 
(ug/kg) 
156.0 
(74-229) 

Mean 
O.W. 
(ug/L) 

6 . 6 
(3.3-9.5) 

96-h pH tolerance tests 

Fathead minnows were exposed to dilution water with the 

pH adjusted to a range of 5.00 to 10.00 initially and 

averaged 6.08 to 8.19 after 5 d. The initial pH of the 

control water averaged 8.05 and the final pH after 5 d 

averaged 8.54. Adjustments were made with diluted 36 N 

sulfuric acid or with 0.1 N NaOH. 

• Mortalities were not observed in the controls nor 

in tests with initial/final pH ranges of 5.65/6.29 to 
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7.00/7.52. Also mortality was 0% in tests with initial/ 

final pHs of 9.05/7.86. Mortality averaged 5% in tests with 

initial/final pH of 7.65/7.75 and 10% in tests with 

initial/final pH of 10.00/8.19. In contrast a 100% 

mortality occured at initial/final pH of 5.00/6.08. 

Table 19. PH tolerance tests, Pimephales promelas and 
Ictalurus punctatus. Five day exposure. 
Two trials per pH per species. 
N = number of fish/trial. 

PH 

P. promelas 
N=10 

I. punctatus 

Exposure pH Exposure pH 
Range (mean) % Mortality Rancre (mean) 
5.00-6.08 100 3.56-3.77 
5.65-6.29 0 4.86-5.63 
6.15-6.75 0 5.62-6.26 
6.85-7.09 0 6.42-6.95 
7.00-7.52 0 8.41-8.60 
7.65-7.75 5 * 8.05-8.42 
9.05-7.86 0 

10.00-8.19 10 
*8.05-8.54 0 

PH ranges = initial and 5-d pH measurements 

* Controls, dilution water 

N=10 

% Mortality 
100 

0 
0 
0 
0 
0 

Channel catfish were also exposed to pH-adjusted 

dilution waters for 5 days to determine tolerance limits. 

Testing conditions followed those of the fathead minnow 

tests. Mortality was not observed in any test beakers with 

a initial/final pH within the range of 4.86/5.63 to 
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8.41/8.60 or in the control beakers (8.05/8.42). 

At initial/final pH of 3.56/3.77, mortality was 100%. 

Results of these tests indicate that minimum initial/final 

pH corresponding with 100% survival was 5.65/6.29 with the 

fathead minnow and 4.86/5.63 with the channel catfish. 

Calculations 

The maximum Kp observed with these sediments and 

dilution waters was 5.9 X 103. Kp, the sediment partition 

coefficient, is described as the ratio of the concentration 

of chemical in the sediments (Cs) to the concentration of 

chemical in the water (Cw), and is expressed as Kp = Cs/Cw 

(Adams et al., 1985). The sediments with the highest 

concentration of fluoranthene resulted in the maximum kp 

calculated. 

Lower sediment levels of fluoranthene resulted in lower 

calculated kps, ranging from 0.26 X 102 to 3.33 X 103. 

All kp calculations were based on 96-h sediment and water 

concentrations and included data from both the fathead 

minnow and the channel catfish tests. Estimations of 

critical tissure burdens of fluoranthene in fish are 

possible," given the maximum kp of 5.9 X 103, kow of 214,000 

(Callahan et al., 1979) and log kow of 5.33. 
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Let Cf = Concentration of fluoranthene in fish. 

Cf =(K1/K2) Cw 

Cw = time-averaged soluble fluoranthene concentration 

in water 

K1 = uptake coefficient 

k2 = depuration coefficient 

Cf/Cw = K1/K2 = BCF (bioconcentration factor) 

Using the equation of Neely (1979), 

Log BCF = 0.7 6 (log kow) - 0.23 

= 0.76 (5.33) - 0.23 

= 3.82 

BCF = 6600 = Cf/Cw 

Cw = 280.1 ug/L (maximum Cw) 

Cf = 6600 (280.1)/1000 

Cf = 1849 ug/g 

Using the maximum observed fluoranthene concentration 

in the water (280.1 ug/L), the concentration of fluoranthene 

in the fish would be approximately 1849 ug/g. 

Sublethal effects, fathead minnows and channel catfish 

Although mortality was the endpoint chosen for all 

toxicity tests, sublethal effects were observed in both fish 

species with fluoranthene, trivalent, and hexavalent 
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chromium. Fluoranthene exposure at concentrations that 

resulted in measureable mortality in test fish produced loss 

of equilibrium, with fish swimming on their sides in a 

circular, non-progressive motion. The loss of equilibrium 

appeared irreversible with continued exposure, and all fish 

that started the circular swimming motions eventually died. 

When exposed to unbuffered trivalent chromium at 

concentrations greater than 25 mg/L, or hexavalent chromium 

at concentrations used in 96-h tests, both the channel 

catfish and the fathead minnow experienced increased 

opercular rates and increased activity of all fins compared 

to the control fish. When death appeared imminent, many 

fish stayed at the air/water interface and movement was non-

progressive. 

Adult bluegill sunfish were exposed to aqueous 

chromium solutions to further investigate the sublethal 

effects of chromium in water to freshwater fish. The larger 

size of the bluegill enhanced detection of behavioral and 

physiological responses to chromium toxicity. 

Chromium toxicity and sublethal effects, bluegill sunfish 

Adul't (14.5 to 18.0 cm) bluegill sunfish were exposed 

to both trivalent and hexavalent chromium in water for 96 h. 
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As in both the channel catfish and the fathead minnow, acute 

toxic effects were not observed in bluegill during 96-h 

tests with buffered trivalent chromium in water. Survival 

was 100% in both the control and test fish, with no 

sublethal effects noted in any bluegill at nominal 

concentrations of trivalent chromium ranging from 0 to 200 

mg/L and measured chromium concentrations ranging from 

<0.001 to 5.03 mg/L. 

Aqueous exposures of hexavalent chromium ranged from 

0 to 250 mg/L (nominal) and from less than 0.001 to 281.3 

mg/L (measured). Table 20 summarizes the results of the 

96-h hexavalent chromium tests with bluegill. 

Table 20. Mortality of Lepomis macrochirus exposed to 
hexavalent chromium in water for 96 h. 
Three trials per concentration. 
N = number of fish per trial. 

HEXAVALENT CHROMIUM 

Mean chromium concentration (mg/L) 
Nominal Measured 

0 <0.001 
30 33.5 
60 6 3 . 2 

120 125.0 
180 189.5 
250 273.4 

Mean 96-h LC50 
(95% -C.r.) 

99.1 
(65.6 to 137.6 mg/L) 

N = 3 
Mean % 
Mortality 

0 
0 

33.3 
66.7 
88.9 

100.0 
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The large size of the bluegill required limiting the 

number of fish per tank, thereby reducing the sample size to 

one fish per tank, three tanks per concentration, and three 

replicate tests (total N = 9 per concentration). LC50s (96-

h) were calculated on data generated within individual 

trials, and ranged from 89.5 to 104.7 mg/L. Individually, 

the 95% C.I. ranged from 60.5 to 145.6 mg/L. 

The purpose of including the adult bluegill in this 

study was to observe the effects of acute chromium toxicity 

at the sublethal level. The detection of observable 

biomarkers or biological indicators of low levels of 

toxicity, i.e. sublethal toxicity, was the goal. Long-term 

(30-d) exposure to hexavalent chromium (over a range of 0 to 

40 mg/L chromium, nominal) resulted in sublethal effects 

similar to those summarized in Tables 21 to 26, which reveal 

observations during acute, 96-h exposure. At the lower 

concentrations used in the 30-d tests, time was the critical 

variable. Similar effects (behavioral, operculum and fin 

movement, loss of scales and epidermis) were seen at 30 d 

with 40 mg/L chromium (nominal) and at 96 h with exposures 

at the higher concentrations (120, 180, and 250 mg/L 

chromium, nominal). Due to the similarities in observed 

chronic effects, acute exposure (96 h) was chosen for 

monitoring of sublethal effects of hexavalent chromium 
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toxicity to bluegill sunfish. Tables 21 through 26 

summarizes these results, with each table representing the 

nominal chromium exposure concentration. 
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Table 21. Sublethal effects of 96-h exposure of hexavalent 
chromium in water to Lepomis macrochirus. 
Three trials, 3 fish/trial. N = 9. 

Nominal Chromium Concentration = 0 mg/L 

% Response at Time of Observation, hours 

Effect 1 12 24 36 48 60 72 84 96 

Color 67L 78L 89L 56D 67L 56L 100L 67L 56L 

Position 89L 100L 100L 100L 100L 100L 100L 100L 100L 

Fin 67S 56S 67S 89S 89S 89S 78S 56S 7 8S 

App. W 0 0 0 0 0 0 0 0 0 

E 0 0 0 0 0 0 0 0 0 

Beh. L 0 0 0 0 0 0 0 0 0 

G 0 0 0 0 0 0 0 0 0 

Operc. 100S 100S 100S 100S 100S 100S 100S 100S 100S 

Legend: 

Color (fish) 

Position 

Fin (movement) 

= D (dark) 
= L (light) 

= U (fish in upper 50% of tank) 
= L (fish in lower 50% tank) 

= S (slow = <l/s) 
= R (rapid = >l/s) 

Appearance (App.) = W (white patches on skin or fins) 
= E (epidermal sloughing, scale loss) 

Behavior (Beh.) = L (loss of equilibrium) 
= G (gulping at air/water interface) 

Operculum (Operc.) (Movement) = S (slow = <l/s) 
= R (rapid = >l/s) 
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Table 22. Sublethal effects of 96-h exposure of hexavalent 
chromium in water to Lepomis macrochirus. 
Three trials, 3 fish/trial. N = 9. 

Nominal Chromium Concentration = 30 mg/L 

% Response at Time of Observation, hours 

Effect 1 12 24 36 48 60 72 84 96 

Color 56L 67D 56D 56D 89D 56D 89D 8 9D 67D 

PositionlOOL 100L 89L 100L 100L 100L 100L 100L 100L 

Fin 56S 56S 78S 67R 56R 89S 89S 56S 78S 

APP . W 0 0 0 0 0 0 0 0 11 

E 0 0 0 0 0 0 0 0 0 

Beh. L 0 0 0 0 0 0 0 0 0 

G 0 0 0 0 0 0 0 0 0 

Operc. 100S 100S 100S 100S 100S 100S 100S 100S 100S 

Lecrend : 

Color (fish) = D (dark) 
L (light) 

Position = U (fish in 
L (fish in 

upper 
lower 

50% of tank) 
50% tank) 

Fin (movement) 

Appearance (App.) 

Behavior (Beh.) 

Operculum (Operc.) 

: S (slow = <l/s) 
; R (rapid = >l/s) 

: w (white patches on skin or fins) 
E (epidermal sloughing, scale loss) 

L (loss of equilibrium) 
G (gulping at air/water interface) 

(Movement) = S (slow = <l/s) 
= R (rapid = >l/s) 
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Table 23. Sublethal effects of 96-h exposure of hexavalent 
chromium in water to Lepomis macrochirus. 
Three trials, 3 fish/trial. N = 9. 

Nominal Chromium Concentration = 60 mg/L 

% Response at Time of Observation, hours 

Effect 1 12 24 36 48 60 72 84 96 

Color 67D 67D 67D 56D 67D 56D 67L 56D 56D 

PositionlOOL 10 0L 100L 100L 100L 100L 100L 100L 100L 

Fin 56S 8 9R 67R 56R • 56S 56S 89S 67S 78S 

App. W 0 11 33 33 33 56 67 78 78 

E 0 0 0 0 11 33 33 33 33 

Beh. L 0 0 0 0 0 11 11 11 11 

G 0 0 0 0 0 0 0 0 0 

Operc. 89S 89S 89S 7 8S 78S 100S 78S 78S 78S 

Legend: 

Color (fish) 

Position 

Fin (movement) 

Appearance (App.) 

Behavior (Beh.) 

Operculum (Operc.) 

D (dark) 
L (light) 

U (fish in upper 50% of tank) 
L (fish in lower 50% tank) 

S (slow = <l/s) 
R (rapid = >l/s) 

W (white patches on skin or fins) 
E (epidermal sloughing, scale loss) 

L (loss of equilibrium) 
G (gulping at air/water interface) 

(Movement) = S (slow = <l/s) 
= R (rapid = >l/s) 
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Table 24. Sublethal effects of 96-h exposure of hexavalent 
chromium in water to Lepomis macrochirus. 
Three trials, 3 fish/trial. N = 9. 

Nominal Chromium Concentration = 120 mg/L 

% Response at Time of Observation, hours 

Effect 1 12 24 36 48 60 72 84 96 

Color 67D 100D 100D 8 9D 89D 100D 89D * * 

Position 89L 78L 56U 67U 78U 78U 89U * * 

Fin 56R 89S 67R 67R 56R 56R 67R * * 

App. W 78 100 100 100 100 100 100 * * 

E 89 100 100 100 100 100 100 * * 

Beh. L 0 0 0 0 33 56 56 * * 

G 0 0 0 0 0 22 78 * * 

Operc. 67S 67R 67R 89R 78R 56R 78R * * 

Legend: 

Color (fish) 

Position 

Fin (movement) 

Appearance (App.) 

Behavior (Beh.) 

Operculum (Operc. 

* = Greater than 

= D (dark) 
= L (light) 

= U (fish in upper 50% of tank) 
= L (fish in lower 50% tank) 

= S (slow = <l/s) 
= R (rapid = >l/s) 

= W (white patches on skin or fins) 
= E (epidermal sloughing, scale loss) 

= L (loss of equilibrium) 
= G (gulping at air/water interface) 

) (Movement) = S (slow = <l/s) 
= R (rapid = >l/s) 

50% mortality 
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Table 25. Sublethal effects of 96-h exposure of hexavalent 
chromium in water to Lepomis macrochirus. 
Three trials, 3 fish/trial. N = 9. 

Nominal Chromium Concentration = 180 mg/L 

% Response at Time of Observation, hours 

Effect 1 12 24 36 48 60 72 84 96 

Color 67D 100D 89D 100D * * * * * 

Position 89L 56U 89U 78U * * * * * 

Fin 56S 56R 78R 67R * * * * * 

App. W 0 100 100 100 * * * • • 

E 0 78 8 9 100 * * * * * 

Beh. L 0 33 78 100 * * * * * 

G 0 0 56 78 * * • * * 

Operc. 100S 56R 89R 8 9R * * * * * 

Lecrend: 

Color (fish) 

Position 

Fin (movement) 

= D (dark) 
= L (light) 

= U (fish in upper 50% of tank) 
= L (fish in lower 50% tank) 

= S (slow = <l/s) 
= R (rapid = >l/s) 

Appearance (App.) = W (white patches on skin or fins) 
= E (epidermal sloughing, scale loss) 

Behavior (Beh.) = L (loss of equilibrium) 
= G (gulping at air/water interface) 

Operculum (Operc.) (Movement) = S (slow = <l/s) 
= R (rapid = >l/s) 

* = Greater than 50% mortality 
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Beh. L 

G 

Ot>erc. 

33 

56 

78R 

96 

Table 26. Sublethal effects of 96-h exposure of hexavalent 
chromium in water to Lepomis macrochirus. 
Three trials, 3 fish/trial. N = 9. 

Nominal Chromium Concentration = 250 mg/L 

% Response at Time of Observation, hours 

Effect 1 12 24 36 48 60 72 84 

Color 67D * * * * * * * 

Position 56U * * * * * * * 

Fin 78R * * * * * * * 

App. W 0 * * * * * * * 

E 0 * * * * * * * 

Legend: 

Color (fish) 

Position 

Fin (movement) 

= D (dark) 
= L (light) 

= U (fish in upper 50% of tank) 
= L (fish in lower 50% tank) 

= S (slow = <l/s) 
= R (rapid = >l/s) 

Appearance (App.) = W (white patches on skin or fins) 
= E (epidermal sloughing, scale loss) 

Behavior (Beh.) 

Operculum (Operc.) (Movement) 

= L (loss of equilibrium) 
= G (gulping at air/water interface) 

* = Greater than 50% mortality 

S (slow = <l/s) 
= R (rapid = >l/s) 
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The results of the biomarker experiments with adult 

bluegill sunfish exposed to aqueous hexavalent chromium 

indicate that some of the observed effects are time-

dependent . For example, changes in epidermal tissue 

(sloughing, white patches, and/or scale loss) were not 

detected at even the highest concentration (250 mg/L Cr) at 

1 hour. Obviously, these changes are exposure-duration 

dependent and lose utility as biomarkers with short (e.g. 1 

h) exposures. Changes in color appear to be too sensitive 

for use as toxicity biomarkers. Any sudden change in 

lighting or mild vibrations (such as light tapping on the 

test aquaria) produced rapid color changes in test fish. 

Although not quantitated, color changes at higher 

concentrations of chromium appeared to last longer (at times 

irreversible) than the transient color changes noted at 

lower concentrations or during the initial exposure time 

periods. Loss of equilibrium and increased rates of 

movement in fins and operculum were quite sensitive 

indicators of sublethal toxicity. In summary, more research 

needs to be done to find sensitive yet specific biomarkers 

that are readily observable indicators of sublethal 

toxicity. 

In addition to calculating 96-h LC50s and recording 

effects within 96 h due to aqueous hexavalent chromium 
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exposure, the time (hours) to death from the start of the 

exposure was recorded. All fish were observed at 4-h 

intervals, with sublethal effects recorded at 12-h 

intervals. Therefore, the time to death did not error by 

more than 4 hours (see Table 27). 

Table 27. Time (hours) to death of Lepomis macrochirus 
exposed to hexavalent chromium in water. 
Three trial per concentration, 3 fish per trial 
N = 9 per concentration. 

Concentration chromium 
(mg/L, nominal) 

180 
180 

250 
250 
250 

Time to death 
(hours) for each trial 

0 0 mortality X 3 
0 0 mortality X 3 
0 0 mortality X 3 

30 0 mortality X 3 
30 0 mortality X 3 
30 0 mortality X 3 

60 0 mortality X 2, 88 
60 0 mortality X 3 
60 0 mortality X 2, 92 

120 0 mortality, 88, 88 
120 0 mortality, 80, 88 
120 0 mortality, 92, 96 

180 0 mortality, 42, 74 
32, 64, 64 
40, 56, 68 

8, 8, 12 
4, 8, 8 
4, 4 12 
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Water quality variables were measured at the beginning 

of the tests prior to fish esposure and at 96 h. In 

general, the pH of the test solutions decreased in the lower 

chromium concentrations and experienced little change in the 

higher concentrations. As can be seen in Table 28, 

alkalinity, hardness, and dissolved oxygen decreased through 

time at all concentrations. 

Table 28. Water quality data, hexavalent chromium in water, 
Initial (T=0) and final (T=96 h) readings are 
means and (range) of 3 trials per concentration. 

Nominal 

Parameter Units mcr/L Cr Initial/Final Measurement 

Alkalinity mg/L 0 - 250 135(125-150) / 115(105-120) 

Hardness mg/L 0 - 250 106(92-116) / 82(78-88) 

D. O. mg/L 0 8.8(8.7-8.9) / 7.0(6.9-7.1) 
30 8.9(8.8-9.0) / 6.7(6.6-6.8) 
60 9.0(9.0-9.1) / 6.7(6.5-6.9) 

120 8.8(8.7-8.9) / 6.7(6.6-6.8) 
180 8.9(8.8-9.0) / 6.5(6.4-6.6) 
250 8.8(8.7-8.9) / 6.4(6.4-6.5) 

pH 0 8.1(7.9-8.2) / 7.4(7.1-7.7) 
30 6.7(6.7-6.8) / 6.8(6.4-7.1) 
60 6.4(6.3-6.5) / 6.5(6.3-6.6) 

120 6 . 1 ( 6 . 0 - 6 . 1 ) / 6 . 2 ( 6 . 0 - 6 . 3 ) 
180 5.9(5.8-5.9) / 6.0(6.0-6.1) 
250 5.7(5.6-5.8) / 5.9(5.8-6.0) 

Only the pH was affected by increasing concentrations 

of hexavalent chromium. Due to the low pH of the more 

concentrated test solutions, it was hypothesized that 
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acidity contributed to mortality and may have caused the 

lesions seen on the skin and fins of the test fish. 

PH tolerance tests were conducted with bluegill 

sunfish, using concentrated sulfuric acid added to 

dechlorinated tap water to test this hypothesis. Three pH 

ranges were set up to encompass those pHs found in the 

hexavalent chromium solutions. Three replicates were tested 

per pH. The median control pH initially measured 8.2 and at 

96 h equalled 7.6. The two acidified tests initally had a 

median pH of 5.1 and 6.2. Final measurements of the same 

solutions resulted in median pHs of 5.0 and 6.0 

respectively. Survival equalled 100% in all test containers 

at all pHs. The goal of this exercise was not to determine 

the lower limits of pH for bluegill, therefore additional 

concentrations with lower pHs were not tested. During the 

test period the fish were observed for the effects seen in 

the chromium toxicity tests. Fish color remained light in 

100% of test fish at all pHs. No fish were observed 

occupying the upper portions of the test containers. Fin 

and opercular movements remained slow (<l/s) and no skin or 

fin lesions or discoloration was noted on any test fish. 
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Table 29. Summary of toxicity tests exposing Pimephales 
promelas, Ictalurus punctatus, and Lepomis 
macrochirus to hexavalent chromium for 96 h and 
30 d. Mean LC50 with 95% confidence intervals. 

HEXAVALENT CHROMIUM 

Test Species Exposure LC50 (95% C.I.) Units 

Aqueous P. promelas 96h 23.9 (19.0-28.7) mg/L 
Aqueous I. punctatus 96h 14.8 (12.2-17.2) mg/L 
Aqueous L. macrochirus 96h 99.1 (65.6-137.6) mg/L 

Aqueous P. promelas 30d 0.9 (0.1-1.6) mg/L 
Aqueous I. punctatus 30d 1.5 (0.5-2.2) mg/L 

Sed.O.W. P. promelas 96h 12.3 (8.0-18.0) mg/L 
Sed.O.W. I. punctatus 96h 1.9 (0.4- 4.9) mg/L 

Sediment P. promelas 96h 160.5 (145.8-181. 9)mg/kg 
Sediment I. punctatus 96h 73.3 ( 66.5- 80. 4)mg/kg 

Sed.O.W. P. promelas 30d 0.041 (0.016-0.082)mg/L 
Sed.O.W. I. punctatus 30d 0.054 (0.021-0.109)mg/L 

Sediment P. promelas 30d 1.88 (1.32-2.46) mg/kg 
Sediment I. punctatus 30d 2.87 (2.16-3.63) mg/kg 

Aqueous = water-only source of chromium 
Sed.O.W.= sediment overlying water source of chromium 
Sediment= sediment-source of chromium 

Independent t-tests were used to determine if the mean 

96-h and 30-d LC50s differed significantly between fathead 

minnows and channel catfish. Results of independent t-tests 

indicate .that there was a statistically significant 

(«.= 0.05) difference of mean LC50s between these two 
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species with the following hexavalent chromium toxicity 

tests: 

1) 96-h water-only tests, p = 0.0210 
2) 96-h sediment overlying water tests, p = 0.0023 
3) 96-h sediment tests, p = 0.0057 

No statistically significant (o<= 0.05) difference of mean 

LC50s between species was found in the following hexavalent 

chromium tests: 

1) 30-d water only tests, p = 0.2929 
2) 30-d sediment overlying water tests, p = 0.4 928 
3) 30-d sediment tests, p = 0.5100 

Statistical comparisons of mean LC50s were not possible 

with trivalent chromium testing due to insufficient 

mortality (< 100%) in test fish. Results of 96-h exposure 

to fluoranthene revealed species-specific differences in 

toxicity. Table 30 summarizes the results of toxicity 

testing with 96-h sediment and aqueous fluoranthene 

exposure. 
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Table 30. Summary of toxicity tests exposing Pimephales 
promelas and Ictalurus punctatus to fluoranthene 
for 96h. Mean LC50 with 95% confidence intervals 

FLUORANTHENE 

Test Species Exposure LC50 (95% C.I.) Units 

Aqueous P. promelas 96h No 100% mortality 
Aqueous I. punctatus 96h 36. 0 (26.7-49.1) ug/L 

Sed.O.W.i P. promelas 96h 6. 5 (2.9-11.1) ug/L 
Sed.0.W.i I. punctatus 96h 18. 1 (10.9-24.9) ug/L 

Sed.O.W.f P. promelas 96h 7. 2 (3.6-12.4) ug/L 
Sed.O.W.f I. punctatus 96h 23. 4 (6.1-47.6) ug/L 

Sediment i P. promelas 96h 1992. 7 ( 781.8- 3911. 8)ug/kg 
Sediment i I. punctatus 96h 628 9. 9 (2281.6-11443. 3)ug/kg 

Sediment f P. promelas 96h 421. 9 (100.4-1160.6) ug/kg 
Sediment f I. punctatus 96h 2156. 6 (421.2-5665.4) ug/kg 

Aqueous = water-only source of fluoranthene 
Sed.O.W.i = initial sediment overlying water source of 

fluoranthene 
Sed.O.W.f = final sediment overlying water source of 

fluoranthene 
Sediment i = initial sediment-source of fluoranthene 
Sediment f = final sediment-source of fluoranthene 

initial = concentration at 24h 
final = concentration at 96h 

Significant differences (independent t-test, CK = 0.05) 

in mean LC50s (96h) were found between species in the 

following toxicity tests: 
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1) 96-h sediment tests, fluroanthene, overlying water, 
initial, p = 0..372 

2) 96-h sediment tests, fluoranthene, overlying water, 
final, p = 0.0126 

3) 96-h sediment tests, fluoranthene, sediment, initial, 
p = 0.0094 

4) 96-h sediment tests, fluoranthene, sediment, final, 
p = 0.0125 

Although statistical analyses could not be performed on 

data generated in the 96-h water-only fluoranthene tests, 

important differences in mortality between punctatus and 

P. promelas were noted. Channel catfish exposed to mean 

aqueous fluoranthene concentrations equal to or greater than 

7 9.4 ug/L experienced 100% mortality (n = 20) while fathead 

minnows experienced a maximum mortality of less than 70% 

(n = 26) at a mean fluoranthene concentration of 155.4 ug/L. 

This concentration was near saturation and additional dosing 

of fluoranthene did not result in higher water fluoranthene 

concentrations. These differences in sensitivity to aqueous 

fluoranthene are important even if statistical significance 

cannot be shown. 



CHAPTER 4 

DISCUSSION AND CONCLUSION 

This investigation demanded that some basic 

assumptions concerning aquatic toxicology be critically 

challenged, and hypotheses were conceived to address some 

of these concerns. Additional hypotheses were formulated 

to investigate species-specific differences in toxicity 

and were primarily comparative in character. 

The first hypothesis tested concerned the predict-

ability of toxicity from aqueous and sediment phase 

chromium and fluoranthene based on bulk chemistry 

analyses alone. Results of tests with chromium support 

the hypothesis that bulk chemistry analysis alone cannot 

accurately predict the toxicity of waters and sediments. 

Nominal concentrations of trivalent chromium could 

not predict lethal effects on Ictalurus punctatus or on 

Pimephales promelas. Measured concentrations of 

trivalent chromium from aqueous or sediment sources also 

had little predictive value in determining toxic effects 

on either fish species. Both short (96 h) and long-term 

87 
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(30 d) tests conducted with trivalent chromium revealed 

no important relationships between nominal chromium 

concentration and fish mortality. Measured chromium 

concentrations in water were less than 18% of nominal 

concentrations and fish mortality did not exceed 35% in 

any test with trivalent chromium. 

Hexavalent chromium and fluoranthene concentrations 

in aqueous solutions were related to mortality in both 

fish species and hypothesis number 1 can be rejected with 

respect to these two chemicals. Although 100% mortality 

was not achieved with P̂ . promelas, increasing 

concentrations of fluoranthene in water resulted in 

increasing mortalities with both fathead minnows and 

channel catfish. 

Hexavalent chromium in water tests revealed a close 

relationship between chromium concentrations and fish 

mortality. Measurements of hexavalent chromium as total 

chromium agreed closely with nominal values of chromium 

concentrations (96 to 113 %) , both in water-only and 

sediment tests and in both acute and chronic exposures 

for both fish species. 

Toxicant-specific properties that affect bioavail-

ability, such as solubility, tendency to sorb to 
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sediments, ionic composition, etc., do not allow 

accurate estimations of toxicity from bulk chemistry 

analysis. Evidently, the predictive value of chemistry 

measurements are toxicant-specific and are likely to 

yield gross under- or over-estimations of toxicity. 

Contrastingly, measurements of toxicant 

concentration may not reveal the actual concentration of 

toxicant present. In the case of trivalent chromium, low 

measured total chromium concentrations in water (< 6.0 

mg/L) did not reflect the fact that over 150 mg/L 

chromium was added to the system. At test pHs, and 

indeed, at pHs normally found in natural waters, this 

additional load of chromium would go undected by routine 

analytical procedures. Attempts at resolubilization by 

acidification of water or sediment samples may not 

completely release the precipitated or sorbed chromium 

into the test waters within a given time period. 

Prolonged contact of sediments with low pH waters may 

slowly release chromium into the overlying waters. The 

length of time required for this release is presumably 

specific for various sediments/waters and is clearly pH 

dependent. The sediment-sorbed or precipitated chromium 

is potentially toxic and, depending on the environment, 
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may or may not be detectable by routine chemical assay. 

Bulk chemistry analysis is a critical component in 

toxicity testing, however, with particular types of 

contaminants, there are severe limitations to using bulk 

chemistry data alone. Adequate protection of the aquatic 

environment may be at risk if additional sources of 

information are not included to supplement bulk chemistry 

data. 

The second hypothesis tested if hexavalent chromium 

exposure resulted in differences in toxicity to test fish 

as compared to trivalent chromium exposure. There can be 

no doubt that chromium toxicity is dependent upon 

chromium speciation because trivalent and hexavalent 

chromium toxicity tests reveal significant differences in 

toxic properties to both fathead minnows and channel 

catfish. Under test conditions, both fathead minnows and 

channel catfish appeared to be more sensitive to 

hexavalent chromium than trivalent chromium regardless of 

their source. However, measurements of chromium in 

aqueous and overlying water phases indicated that 

trivalent chromium was present in concentrations much 

lower than expected (<6.0 mg/L) and therefore comparisons 

of nominal exposure concentrations are meaningless. 
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Direct comparisons of mortalities resulting from similar 

measured hexavalent and trivalent chromium concentrations 

in water were not possible because of the low 

concentrations of trivalent chromium. 

Fathead minnows exposed to trivalent chromium 

concentrations ranging from 0.21 to 0.45 mg/L in water 

for 96 h experienced mortalities at least two times 

greater than the control fish, indicating sensitivity to 

extremely low levels of trivalent chromium. In contrast, 

channel catfish exposed to aqueous source trivalent 

chromium concentrations ranging from <0.001 to 0.720 

mg/L.for 96 h experienced 0% mortality. 

Fathead minnows experienced a maximum mortality of 

31.3% when exposed to aqueous trivalent chromium at 0.45 

mg/L chromium for 96h. Similar mortalities (25.0 to 

58.3%) were seen with hexavalent chromium concentrations 

of 19.4 to 23.1 mg/L, indicating a 43 to 51-fold 

difference in toxicity between the chromium species. 

Apparently hexavalent chromium is acutely toxic, 

with visible toxic effects seen within 12 h (at 60 mg/L) 

in bluegill. In contrast, trivalent chromium does not 

appear to be acutely toxic at maximum attainable 

concentrations (6.0 mg/L) in test waters. Increased 
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addition of trivalent chromium did not result in 

increased measurable chromium concentrations in the 

water; therefore, direct comparisons between the two 

chromium species at 30 mg/L were not possible. 

In long-term tests. (30 d) trivalent chromium 

concentrations of 0.15 to 0.72 mg/L resulted in maximum 

mortalities of 35% (channel catfish) and 30% (fathead 

minnows), while similar concentrations (approx. 1 mg/L) 

of hexavalent chromium resulted in 60% (channel catfish) 

and 65% (fathead minnows) mortality. After 30 days of 

exposure to hexavalent chromium fathead minnows and 

channel catfish experienced nearly double the mortality 

as compared to trivalent chromium exposure at 

concentrations near 1 mg/L chromium in test waters. 

In addition to the chemical properties of a potential 

toxicant, the degree of toxicity resulting from exposure 

may partially depend upon the toxicant source, e.g. 

sediment-sorbed vs aqueous-sourced pollutants. This 

hypothesis was tested by exposing both the fathead minnow 

and channel catfish to water-only and sediment-source 

chromium and fluoranthene. Sediment-only exposure to 

aquatic organisms is not feasible, obviously, but 

differences in measured toxicant concentrations from 
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sediments and waters and their toxic effects should be 

detectable by varying the toxicant source. 

Mortalities of fathead minnows and channel catfish 

were insufficient, (<40%), and were not correlated with 

measured chromium concentrations in trivalent chromium 

sediment tests and therefore these tests were not used 

for assessing this hypothesis. In contrast, hexavalent 

chromium and fluoranthene sediment tests yielded 

mortalities that allowed comparisons between sediment and 

aqueous source toxicants. 

Hexavalent chromium added to wet sediments was 

partially retained by the sediments and partially 

released into the overlying waters. The concentration of 

chromium measured in the water was dependent upon the 

level of chromium added to the sediments initially and 

upon the duration of contact with the chromium-spiked 

sediments. In 96-h sediment tests hexavalent chromium 

was added to the wet sediments at concentrations ranging 

from 5 to 40 mg (channel catfish) and from 10 to 70 mg 

(fathead minnows). The sediment/water system contained 

500 ml total volume, resulting in 10 to 80 or 20 to 140 

mg/L chromium (respectively) added to the test system. 



94 

Recovery of chromium from overlying waters at 96h 

ranged from 21% (10 mg added) to 63% (140 mg added) with 

the fathead minnow and from 1% (5 mg added) to 62% (80 mg 

added) with the channel catfish. 

In 96-h fathead minnow tests, water only exposure to 

hexavalent chromium resulted in similar mortalities to 

96-h sediment/water tests at similar aqueous 

concentrations. The minimum chromium concentration 

resulting in 100% mortality of fathead minnows was 46.3 

mg/L in water-only tests and 52.5 mg/L in overlying water 

in sediment tests. The channel catfish revealed 

similarly slight differences in toxicity based on 

toxicant source. The minimum concentration experiencing 

100% mortality was 31.7 mg/L (water-only) and 28.1 mg/L 

(overlying water, sediment tests). 

In contrast to hexavalent chromium, fluoranthene 

tests indicated differences in toxicity associated with 

the source of the contaminant. Fathead minnows exposed 

to water-only fluoranthene for 96h did not experience 

100% mortality. Maximum mortality experienced was 69.2% 

at 155.4 ug/L fluoranthene (mean of 24h and 96h values). 

In sediment.tests, however, 96h exposure resulted in 100% 

mortality at 83.1 ug/L (mean of 24h and 96h values) in 
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overlying water. Apparently the sediment fluoranthene 

contributed additional toxicity not seen in the water-

only exposures. 

The channel catfish experienced 100% mortality at a 

mean fluoranthene concentration of 79.4 ug/L in water-

only tests and experienced 100% mortality in sediment 

tests (96h) at a mean fluoranthene concentration of 119.6 

ug/L. Channel catfish appeared more sensitive to water-

only exposure than sediment/water exposure in these 

tests. 

Although not consistent or predictable, differences 

in sensitivity to sediment/water vs water-only exposure 

of fluoranthene were detected in both fathead minnows and 

channel catfish. 

The toxicants selected for this research confirmed 

their usefulness for discovering differences in toxicity 

due to chemical species (hexavalent vs trivalent 

chromium) and chemical sources (sediments vs water). As 

revealed by Trama and Benoit (1958), different ionic 

forms of a chemical (e.g. hexavalent and trivalent 

chromium) may result in pronounced differences in 

toxicity to fish. Consequently, bulk chemistry data 

alone may provide little useful information concerning of 
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biological consequences of contamination (Chapman et al, 

1987a; Prater and Anderson, 1977). The presence of a 

potentially toxic substance in sediments may not 

accurately predict its toxicity because backround 

sediment chemistry alone does not distinguish the 

bioavailablity of resident chemicals (Chapman, 1989). 

Pollutants can accumulate in the sediment and 

subsequently be released back into the overlying waters, 

and availabilities of sediment-bound pollutants are 

therefore important (Malueg et al, 1986; Francis et al, 

1984). 

The results of this research confirm the problems 

associated with describing the toxicity of a substance by 

identification and quantification only. "Is it 

environmentally important" is a question that cannot be 

adequately answered without investigating bioavailability 

and biological effects. 

The null hypothesis that states that there is no 

species-specific differences in toxicity to chromium or 

fluoranthene is rejected by the results of 96-h 

hexavalent chromium tests and fluoranthene tests. 

Significant differences (see Results) in spcecies-

specific sensitivities were detected in all 96-h 
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hexavalent chromium and fluoranthene tests. 

Long-term (30d) tests failed to reveal significant 

differences in hexavalent chromium tests and long term 

(30 d) tests with fluoranthene were not conducted with 

channel catfish. Trivalent chromium tests yielded 

measureable differences in toxicity between the two fish 

species, with channel catfish experiencing lower mean 

mortalities than fathead minnows in nearly all tests. 

Tests for statistically significant differences were not 

performed due to the lack of 100% mortality in nearly all 

channel catfish tests. 

There can be no doubt that these two species of fish 

differ in their sensitivity to both species of chromium 

and to fluoranthene, and toxicity to these chemicals is 

indeed species-specific. The mean 96-h LC50 based on 

sediment fluoranthene concentrations was over 500% 

higher with channel catfish as compared to fathead 

minnows. Maximum differences in mean 96-h LC50s 

determined from hexavalent chromium overlying water was 

over 600% higher with fathead minnows. The reasons for 

the differences in sensitivities are not apparent, but 

possible hypotheses might include genetic differences in 

enzyme or protein systems resulting from early 
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evolutionary divergence of minnows and catfish. 

Both fish species belong to the order Cypriniformes, 

and evolutionary history of the order dates back to at 

least the end of the Creataceous (approximately 80 

million years ago). Cyprinoids underwent extensive 

divergence during the Tertiary and Quaternary periods, 

with the r.vprinidae (minnows) and Ictaluridae (catfish) 

divergence taking place during the past 10 to 60 million 

years. Possible explanations for the differences in 

toxicity seen with these two species of fish may include 

production of mixed function oxygenases (monooxygenases) 

and metallothioneins that were incorporated into the gene 

pool of these suborders after the divergence from the 

parent lineage. 

Mixed function oxygenases (MFOs) are enzymes that 

catalyze the transfer of one of the two 02 atoms to an 

organic compound as a hydroxyl (OH) group. The second 

oxygen atom goes to water. Oxygenases play a major role 

in oxidation of foreign organic chemicals, such as 

polycyclic aromatic hydrocarbons (PAHs), and may include 

fluoranthene. Although further testing is indicated, 

results of this study demonstrate that aqueous 

fluoranthene exposure (96 h) from overlying waters of 
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sediments is approximately 300% less toxic to channel 

catfish than to fathead minnows. I would hypothesize 

that channel catfish have been exposed to PAHs in 

sediments for longer periods of time (geological) than 

water-column dwelling fathead minnows. Therefore, 

channel catfish may have had greater opportunity for 

enzymatic induction as compared to fathead minnows. PAHs 

may be both anthropogenic and naturally occuring in 

sediments, therefore time to induction may not represent 

a major obstacle to this hypothesis. 

Metallothioneins are proteins that are thought to 

function as a system of storage for essential trace 

metals in many organisms, from protozoa through mammals. 

Secondarily functioning as protection against toxic 

levels of trace metals, metallothioneins may be 

synthesized in response to metal exposure. This 

protection may include chromium. If the secondary 

function of metallothionein synthesis is protection 

against toxicity from trace metals, it appears that the 

system may be overloaded with contaminant levels commonly 

found in polluted environments. Long-term (30 d) tests 

with fathead minnows and channel catfish exposed to 

aqueous hexavalent chromium resulted in mean LC50s (30d) 
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of 0.9 and 1.5 mg/L chromium (respectively). 

Environmentally contaminated waters have been found with 

chromium levels exceeding 0.08 mg/L, (Moore and 

Ramamoorthy, 1984). Additional research will be 

necessary before conclusions can be made concerning the 

function of metallothionein synthesis in response to 

chromium exposure. 

The value of research involving comparative toxicity 

between two or more species are dependent upon the 

species selected for research. The selection of test 

species for this research was based on several criteria. 

The fathead minnow, Pimephales promelas, and the 

channel catfish, Ictalurus punctatus, have often served 

as test fish for aquatic toxicology research due to their 

sensitivity, large toxicity data base, and the ease with 

which they can be cultured in the laboratory. 

Fathead minnows were specifically chosen for this 

research because of the abundance of comparative toxicity 

data and their tendency to utilize all portions of the 

water column, including the sediment/water interface. 

Channel catfish were selected since they are an aquatic 

vertebrate that lives in close contact with the sediments 

and also are relatively simple maintain in the 
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laboratory. Since a major fraction of the trace metals 

entering the aquatic environment is associated with 

bottom sediments (Tessier and Campbell, 1988), and due to 

fluoranthene's tendency to sorb to sediments, the catfish 

should have an increased exposure to chromium and 

fluoranthene as compared to the fathead minnow. 

Based on their life history, channel catfish were 

expected to disturb the sediments (Miller and Robison, 

1980) and thereby increase the availability of sediment-

bound chemicals to aquatic water-column dwelling 

organisms (Muir et al, 1983). 

In addition, both species are recommended test fish 

for warm-water toxicity testing (Sprague, 1973; Brauhn 

and Scheutteger, 1975; Peltier and Weber, 1985). 

This research has demonstrated the suitability of 

using these fish species for both aqueous and sediment 

toxicity testing using these three test toxicants. Most 

individuals (>60%) of each species occupied those 

portions of the exposure vessels that were predicted by 

their life histories. Catfish predominately occupied the 

lower portions of the water column where they were 

observed to disturb the sediment surfaces. The fathead 

minnow inhabited all portions of the water column unless 
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severely stressed, at which time they tended to stay near 

the air/water interface. Different species of fish may 

vary widely in their sensitivities to the same chemical 

(Pickering et al, 1985, Schuytema 1988, and many others). 

In this study each species was found to be sufficiently 

sensitive to the toxicants employed so that species-

specific differences in toxicity could be explored. 

The visible effects of sublethal concentrations of 

chromium on fish was explored using adult bluegill 

sunfish. It was hypothesized that visible toxic effects 

would result from exposure concentrations that did not 

routinely result in the death of the test fish or that 

these effects would be apparent prior to death. As 

summarized in the previous section, extensive visible 

effects of toxicity were noted prior to death of blugill 

sunfish exposed to hexavalent chromium. 

Trivalent chromium did not result in any visible 

toxic effects on test bluegill presumably due to the low 

levels of chromium exposure. Internal physiological 

effects were not determined in this study, however, it is 

likely .that external effects reflect damage to internal 

systems. The uptake of aquatic chemicals via the gill 

surfaces can be expected to effect the fish's 
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osmoregulatory respiratory systems. Poor gas exchange 

over the gill surfaces due to damage to the gills or 

accumulation of toxicants could cause some of the effects 

noted in the bluegill (gulping, fish moving to the 

air/water interface, and increased motor activity, as 

seen in the fins and operculum). In turn, the resulting 

stresses of poor gas exchange across gill surfaces may 

contribute to color change (a general stress response) 

and loss of equilibrium. 

Although this portion of the research represented 

limited testing, the results demonstrate the presence of 

sublethal toxic effects on at least one species of fish 

due to hexavalent chromium exposure. 

The final hypothesis tested was concerned with the 

validity and predictability of sediment bioassays. Can 

sediment bioassays, as performed in this study, predict 

the toxicity of chromium and fluoranthene to channel 

catfish and fathead minnows? Are these procedures 

reproducible and do they represent tests that can be 

utilized to confirm the toxicity of potentially 

contaminated sediments? 

In contrast to bulk chemical analysis of sediments, 

the results of sediment bioassays appear to adequately 
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predict the toxicity of the sediments. A major 

disadvantage of using sediment bioassay methods is that 

one cannot be completely certain that the toxic effects 

seen are the result of a single, known contaminant. 

However, this method can be used with sediments 

contaminated with a combination of pollutants and, with 

chemical analysis, determination of the source of the 

toxic effects can be adequately predicted. 

Replicate sediment bioassay testing revealed 

reproducibility (95% confidence limits about the mean 

LC50s, both 96 h and 30 d, always overlapped) that 

allowed accurate predictions of toxicity to test fish 

from hexavalent chromium and fluoranthene. 

Sediment toxicity tests conducted under laboratory 

conditions may be reproducible but may not accurately 

depict conditions found in nature. Important differences 

exist between field and laboratory toxicity testing and 

these differences may be critical to the evaluation of 

laboratory testing. For example, dissolved oxygen level, 

pH, and flow rates of overlying water found in associ-

ation with field sediments are not easily reproduced 

accurately under laboratory test conditions. 

Sediment toxicity tests conducted under static 
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conditions are not analagous to field situations where 

water flow rates would be expected to have a important 

effect on sediment surface characteristics. The flow of 

water and the resulting changes in toxicant mobilization 

would also be expected to vary temporally. Under static 

laboratory conditions, where dissolved oxygen levels are 

maintained at levels near saturation, any matter that is 

released from the sediments is liberated into an aerobic, 

static water column. Under natural conditions, sediments 

can be viewed as dynamic, not static, with mobilization 

of potential toxicants resulting from natural and man-

induced changes in external parameters (Salomons et al, 

1987). 

Malueg et al (1984b) determined that some commonly 

used field measurements (number of organisms, biomass, 

species diversity, and dominant organism types) 

correlated with metal content of sediments in acute 

laboratory toxicity. However, these results must be 

viewed as site and toxicant-specific. Toxicity tests 

conducted in the field without laboratory validation 

seems to be the norm. Field assessements and field-

spiked sediments are two techniques often used to 

determine sediment toxicity. Laboratory bioassay results 
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have been shown to correlate with field assessments and 

indicates that laboratory toxicity tests may be used to 

determine potential problems due to toxicant buildup in 

sediments (Malueg et al, 1984a). 

There are several limitations with using field 

surveys alone. Most important among these is the 

observation that unless all the physical and chemical 

parameters are identical for substrata from different 

locations and the sources of colonizing individuals are 

identical, it is difficult to demonstrate differences 

among benthic populations due to the effects of sediment 

toxicity (Giesy et al, 1988) . 

The association between laboratory and field 

toxicity tests cannot be determined without on-site field 

evaluations. Results of toxicity testing established 

with laboratory analyses only must be viewed with caution 

if those results are to be used for the determination of 

potential toxicity. Although agreement between 

laboratory and field toxicity tests has been established 

in a few cases (Adams et al, 1986; Malueg et al, 1984), 

field-validated laboratory tests are not routinely 

conducted. In summary, both field and laboratory 

toxicity tests have a place in assessing risks associated 
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with contaminated waters and sediments. 

Methods for determining environmental risks are 

being developed that include both field and laboratory 

components. Much current research is directed toward the 

development of methods for assessing sediment quality 

(Swartz, 1988; Shea, 1988, Ziegenfuss et al, 1986; and 

others). 

Recently, several efforts (see Chapman, 1989) have 

attempted to develop sediment quality criteria that are 

based on laboratory studies and/or field biological 

effects data, including, for example, the sediment 

quality triad. The triad is based on the assumption that 

biological responses observed in sediment toxicity tests 

and in field studies are a function of certain chemicals 

sorbed to sediments (Chapman et al, 1987b). Approaches 

such as the triad, which include sediment bioassay, 

sediment chemistry, and biological effects, should assist 

in making appropriate decisions concerning the quality of 

sediments. 

Awareness of the potential hazards involved with the 

interpretation of laboratory toxicity tests alone does 

not negate their value. Indeed, toxicity tests that are 

restricted in scope are comparatively easy to interpret 
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and may have more predictive value than conclusions based 

on field studies only. Laboratory toxicity tests are 

more easily interpreted due to the controlled conditions 

under which they are conducted. 

When assessing environmentally significant toxicity 

attention must be given to the species of target 

organism, the source of the potential toxicant, the 

biavailability of the potential toxicant, the chemical 

state of the toxicant, and the concentration of the 

potential toxicant. In addition, toxicity may be affected 

by environmental factors such as pH, organic carbon 

content, dissolved oxygen, temperature, and the presence 

of other chemicals or organisms. The numerous variables 

associated with toxicity testing demamds that limitations 

be placed on the predictive value of any specific test or 

test series. For example, the waters and sediments, as 

tested in this study, reflect potential •toxicity from a 

single source. Results of these tests only serve to 

demonstrate the relationships between the fish and test 

chemicals utilized under these test conditions. 

Spatial differences in sediments and temporal 

differences in sediments from the same collection site 

also may alter the outcome of these tests. Sediment 
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characterization reflects the condition of the test 

sediments at the time of collection, and may not be 

representative of these same sediments at some other time 

of the year. Therefore, these results must be 

interpreted as site-specific and, with reference to the 

sediments, time-specific. 

Development of aquatic toxicity test protocols that 

represent conditions found in nature must consider the 

variables that have been shown to affect the results of 

these tests. Incorporating these variables into test 

protocols is often expensive and time consuming, but is 

required for adequate environmental protection. 



APPENDIX A 

ANALYSIS OF TOTAL CHROMIUM IN WATER AND SEDIMENTS 

USING THE 

BUCK 20OA ATOMIC ABSORPTION SPECTROPHOTOMETER 

MODEL WF-1 GRAPHITE FURNACE POWER SUPPLY 

MODEL WF-4 GRAPHITE FURNACE 
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Note: This procedure is a condensed version of the 

Buck/WF systems operator's manual. All manuals are the 

latest versions available as of July 1989. No dates are 

available, majority of information is published is Peking, 

China. 

The following procedure is used to analyze total 

chromium in water and sediments following extraction. This 

method does not differentiate the various chrome species, 

and nomograms must be utilized to predict the chromium state 

being analyzed. 

1.1 Initial set-up 

Hollow cathode lamp alignment 

1. All gas control valves and gas cylinders are 
closed. 

2. Adjust all electronic controls to zero and all 
button switches to out position. 

3. Verify that appropriate hollow cathode lamp 
is installed (chromium). 

4. Turn on main power supply on Buck 200A 
(switch 17) and verify that the switch button 
lights up. 

5. Allow Buck 200A to warm up for at least 30 
minutes to decrease drift. 

6. Turn lamp function switch (8) to lamp 1 position. 

7.- Adjust lamp current using lamp 1 control knob 
(11) to recommended current. Current is displayed 
on digital readout. (Recommended currents are 
listed on box that the lamp came in or on the 
lamp itself.) 
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8. Turn function switch to PMT volts. Using the 
absorbance/zero knob, adjust the voltage to -350 
volts on digital readout. 

9. Set wavelength (357.9 nm for chromium) as close 
as possible by turning the wavelength control 
knob at the right side of the Buck 20OA. Look 
for maximum deflection on the energy level meter. 
Due to variability in sensitivity of wavelength 
control knob, the wavelength should be set for 
maximum deflection on the energy level meter, 
even if adjustment does not appear to be exactly 
357.9 nm. (when set correctly, the wavelength 
will appear to be set at approximately 358.0-
358.5 nm). 

10. Align the hollow cathode lamp in horizontal 
plane. 
Adjust the knurled knob at the top left side of 
Buck 200A until maximum deflection is obtained on 
the energy level meter. If the meter goes off 
scale to the right, reduce photomultiplier 
voltage by rotating the absorbance/zero knob 
counter-clockwise until the meter 
registers approximately 80% full scale. 

11. Optimize wavelength setting. Using wavelength 
control knob (see 9. above) reduce wavelength to 
zero. Slowly increase wavelength until meter 
registers maximum deflection on the meter. If 
meter goes off scale to the right, adjust 
absorbance/zero control knob counter-
clockwise until meter reads approximately 80% 
full scale. Repeat until maximum reading is 
established. 

12. Align the lamp in vertical plane. Repeat 
procedure as in (10), above, except use lower 
knurled control knob on the left side of the 
instrument. 

13. Align the lamp axially. Slide the hollow cathode 
lamp back and forth axially for maximum 
deflection on the meter. Refer to (10), above, if 

- meter goes off scale. 
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1.2 Zeroing the Buck 200 A 

1. Use manual zero procedure. 

2. Set switch (16) to MAN ZERO position (out 
position) 

3. Set function switch (8) to ABS/ZERO position. 

4. Adjust ABS/ZERO control knob (7) until digital 
readout displays 0.000. 

5. Repeat steps 4 and 5 as needed to compensate for 
drift as instrument warms'up. When digital 
readout is stable and no drift is seen, the 
instrument is ready for sample analysis. At this 
time, set function switch (8) to CONC 
position. Instrument is left in CONC position as 
samples are analyzed. 

Periodically check the baseline stability 
by setting function switch to ABS/ZERO and set to 
0.000 as needed. 

1.3 Setting Up the WF-1 Power Supply and the Gas Flow 
Meters 

1. Turn on exhaust fan. 

2. Connect water inlet tube to faucet. Turn on. 
faucet in sink, observing water flow into and out 
of system. Flow rate should be 1-2 liters/minute. 

3. Open nitrogen gas cylinder valve. 

4. Set gas supply switch to ON. Set main gas flow 
(INT FLOW) to AUTO. Open decompressed valve. Flow 
at cylinder regulator should be 10-15 PSIG. 

5. Adjust flowmeter knobs to approximately mid 
position. 
LI INT FLOW remains in OFF position on flowmeter 
but is turned ON at the controller. 
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NOTE: 

If temperatures and times of each program step 
have not been set or have been changed, refer to 
the WF-1 operator's manual for procedure (pages 
10 and 11). 

Set as follows: 

a. Dry Time =50 s. 
Dry Temperature = 100 C. 

b. Ash Time = 20 s. 
Ash Temperature = 1200 C. 

c. Atomize Time = 3 s. 
Atomize Temperature = 2300 C. 

d. Ready Time = 30 s. 

e. Overshoot Time = 0 s. (not used) 

f. Burn Up Time = 3's. (cleaning cycle) 

g. Ramp / Step Times 

1. Step Time (DRY) = 30 sec. 
2. Ramp Time (ASH) = 60 sec. 
3. Step Time (ATOMIZE)= 0 sec. 

6. Switch ON control power supply on WF-1. (Control 
program indicators should light up). 

7. Turn Heat Power Control switch on. Located on the 
lower left front of the lowest section of WF-1. 

8. (Introduce samples, see section 1.4, below) 

9. Press Start key. The Dry indicator lights up 
first, the the Ash, Atomize, Burn Up, and Ready 
indicators light up. The program will progress 
through each step automatically to completion. 

10. Circuit Protection 

Sensor will detect overheated furnace and sound 
alarm. This will usually indicate inadequate 
cooling water flow to furnace. In the event of 
overheating, turn off power supply and wait for 
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furnace to cool down. Heating power is cut off 
automatically when overcurrent occurs. Power 
supply switch will be "tripped" off. 

1.4 Sample Introduction and Analysis 

1. Sample is aquous solution of chromium in MQ 
water. 

2. When sampling Hexavalent Chromium, the samples 
should be analyzed within 24 hr or acidified to 
pH 1.5-2.0 with concentrated nitric acid. 

3. When sampling Trivalent Chromium, which will form 
a visible precipitate at pH greater than 4.0, all 
samples must be acidified to a pH of 1.5-2.0 with 
concentrated nitric acid. Without acidification, 
the preciptate, even when not readily visible, 
will interfere with complete, linear atomization, 
and poor precision will result. 

4. When sampling sediment samples, extraction with 
concentrated nitric acid is required. (See 
Appendix C. for procedure). After extraction, 
the sampling procedure is the same as for aqueous 
samples. 

5. Sample size = 50 ul. Use MLA pipet with 
disposable pipet tips. 

6. Samples must be injected "cleanly" into graphite 
tube. Make sure pipet is aligned with hole in 
graphite furnace and hole in graphite tube. When 
the graphite tube is installed correctly, the two 
holes are in alignment. 

7. Do not inject sample until ready light is 
extinguished. 
When the light is off, the furnace has cooled 
down sufficiently to introduce next sample. 

8. After injecting sample, push START and program 
will automatically start. A brief increase in 
digital readout will be noted when injection of 

- sample takes place due to temporary light path 
blockage. 
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9. When atomization cycle starts, note digital 
readout. The peak readout in milivolts is 
proportional to the peak concentration of 
chromium. Record peak digital readout 
that occurs during atomization. 

1.5 Quality Control / Standardization 

1. A standard curve must be run with each batch of 
samples analyzed. 

2. Standard curve must include a range of 
concentrations that bracket the expected sample 
concentrations. 

3. Linearity curves on this instrument have shown a 
detection limit of 0.001 mg/L (ppm) or 1 ug/L 
(ppb). 

4. Upper limit of linearity is approximately 0.8 
mg/L or 800 ug/L. 

5. Standard Preparation: 

a. Hexavalent Chrome: Dissolve 2.8289 g Potassium 
Dichromate in MQ water. QS to 1.0 L. Standard 
equals 1000 mg/L chromium. 

b. Trivalent Chrome: Dissolve 5.125 g Chromic 
Chloride in MQ water. QS to 1.0 L. Standard 
equals 1000 mg/L chromium. 

c. Using serial dilutions with MQ water, dilute 
the stock 1000 mg/L Cr standard to the range 
of concentrations listed below. 

6. Standard curve must include, but is not limited 
to, the following: 

a. Mili-Q water blank 
b. 0.001 mg/L chrome std. 
c. 0.01 mg/L chrome std. 
d. 0.10 mg/L chrome std. 
e. 0.30 mg/L chrome std. 

• f. 0.50 mg/L chrome std. 
g. 0.75 mg/L chrome std. 
h. 1.00 mg/L chrome std. 
i. Mili-Q water blank 



117 

Run all blanks, standards, and samples in 
duplicate. Triplicate if indicated by poor 
precision of digital readout. 

7. Perform linear regression on standard 
concentrations vs peak digital readout. 

8. Use linear regression model or draw manual curve 
to determine concentrations of unknowns. 

9. All unknown samples with peak digital readouts 
greater than the peak digital readout of the 0.75 
mg/L std. must be diluted with Mili-Q water 
before analysis. 
From standard curve, determine concentration of 
unknown sample and multiply by dilution factor. 

Note: The graphite furnace technique is very 
sensitive at concentrations less than 0.75 
mg/L chrome. Concentrations greater than 
this level may not be linear and accurate 
dilutions are required. 

Dilutions: Samples that require dilutions must be 
accurately diluted with MQ water. 
Examples of dilution volumes follow: 

Dilution ml MO water ml Sample (ul) 

•1:10 9.0 1-0 
1:100 4.9 0.050(50) 
1*200 9.95 0.050 (50) 
1:1000 4.995 0.005 (5) 
1:2000 9.995 0.005 (5) 

Following analysis of diluted samples, the 
concentration of the unknown sample must be 
multiplied by the dilution factor. 

1.6 Calculations 

1. Using SAS regression procedure, a model is 
generated. 

2. Rearrangement of the regression model allows 
- determination of the concentration of the unknown 

samples. 
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3. CONC.UNKNOWN (mg/L) = DP -INT 
SLOPE 

where DP = Digital Peak Readout 
INT = Y intercept 

SLOPE = slope of the regression line 

1.7 Reference 

Buck Scientific, Inc. 
58 Fort Point St. 
East Norwalk, Conn. 06855 
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Appendix A1 

Extraction of Metals from Sediments, HNO, Digestion (Plumb, 
1981) 

Step Procedure 

1. Place dried sludge in an Erlemeyer flask (125 or 250 
ml volume). Alternatively, a 250-ml beaker with 
watch glass may be used. 

2. Moisten dried sludge with ca. 0.5 to 1.0 ml 
deionized distilled water (DDW). 

3. Slowly add 10 ml conc. HN03 and swirl container to 
control effervescence and to ensure good mixing. 

4. Place container on hot plate. Bring to slow boil. 
Continue boiling until the solution approaches 
dryness. 

5. Carefully add more conc. HN03 in 5-ml increments 
and repeat Step 5 until all visible organic matter 
is destroyed and the solution begins to clear. 

6. Continue boiling until the evolution of reddish-
brown fumes ceases. 

7. Remove container from hot plate, cool to room temp-
erature, add ca. 20 ml DDW, and separate the digest-
ate from any mineral residue, if present, by filter-
ing through a Whatman No. 42 or equivalent filter 
paper or a 0.4-u membrane filter. Collect filtrate. 

8. Rinse container and filter paper with ca. 5 to 10 ml 
DDW two times and collect rinses. Quantitatively 
transfer and combine rinses and filtrate into a 
volumetric flask (50 or 100 ml) and dilute with DDW 
to the volume mark. 

9. Dilute the solution from previous step further, if 
necessary. Analyze metal(s) by atomic absorption 
spectrophotometry according to the instrument 
manufacturer's operating instructions. Calculate 
and report the concentration of metal(s) in the 
sludge sample on a mg/kg dry weight basis. 
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Reference 

Plumb, R.H. Jr. May, 1981. Procedures for Handling and 
Chemical Analysis of Sediment and Water Samples. 
U.S.E.P.A. Environmental Laboratory, U.S. Army 
Engineers Waterways Experiment Station. P.O. Box 631, 
Vicksburg, Mississippi 39180. 
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Appendix A2. 

Modification of Plumb Sediment Extraction Procedure 

The Plumb method for extraction of metals from sediment 
yields acceptable chrome recoveries. However, due to the 
high temperature heating of the concentrated nitric acid, 
some problems may result. 

A significant loss of sample may result if the heating 
is not carefully controlled. Sample "sputtering" is common 
and loss of sample out the top of the beaker will result. 

The following modification will result in maximum 
sample retention and increased recovery of chrome as 
compared to the heat method of Plumb. 

1. Weigh 1.00 g of wet sediment into a tared 50 or 100 
ml beaker. 

2. Carefully add 30 ml of concentrated nitric acid. 

3. Mix gently and thoroughly with glass stirring rod. 

4. Cover beaker with parafilm. 

5. Most organic matter will be dissolved in less than 
one hour. To obtain maximum metal extraction, swirl 
beaker carefully but vigorously once every 12 hours 
(approximately). 

6. Repeat swirling of beaker for minimum of 48 hours. 

7. After 48 hours minimum, filter remaining solution as 
outlined in the Plumb procedure. 

8. Combine filtrate and rinses and transfer to 
volumetric flask (100 ml). Dilute with MQ water to 
volume mark. 

9. Analyze on graphite furnace/AA and dilute as needed 
according to the operating instructions. 
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Verification of Modified Procedure: 

SAMPLE MG/L WITH HEAT MG/L WITHOUT HEAT 

A Cr +3 1.0 / 1.1 2.0 / 1.9 
B Cr +3 7.6 / 8.2 11.2 / 11.4 
C Cr +3 10.8 / 10.8 15.1 / 15.1 
D Cr + 3 20.3 / 22.1 24.5 / 24.5 
E Cr + 6 2.4 / 2.4 2.4 / 2.4 
F Cr + 6 3.8 / 3.9 3.5 / 3.8 
G Cr + 6 5.2 / 5.3 * / 8.2 

* no sample 

All samples extracted as outlined in Plumb or as stated 
above. 

Recoveries of chromium with heated (Plumb) procedure may be 
low due to sample loss during heating. Carefully controlled 
heating would most likely increase these recoveries. 
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Procedure for Analysis of Fluoranthene in Water and Sediments 

This procedure is to be viewed as a supplement to the SOP 
for the analysis of fluoranthene using the Spectrophoto-
fluorometer (SPF). 

Analysis of Fluoranthene (General): 

1. Weigh 0.500 g fluroanthene crystals and dissolve in 50 ml 
of acetone. This is the stock standard, with a concentration 
of 10 g/1 fluoranthene. 

2. Dispense approximately 1 ml of stock standard into a hexane-
washed 4 liter flask. Allow acetone to evaporate (about 10 
minutes) and add 4 liters MQ water. Add stir bar and place 
on stir plate for 24 hrs. This is a 100% saturated solution. 

3. Vacuum filter the 100% saturated solution into hexane-
washed flask. The filtrate is the working 100% saturated 
solution. 

Analysis of Fluoranthene in Water; 

1. Add desired amount of 100% saturated solution of 
fluoranthene to test water. Fluoranthene degrades with time 
and sample removal intervals will greatly affect the 
measured concentrations of fluoranthene. At least two 
samples should be analyzed per test beaker: T1 immediately 
after addition of fluoranthene and T2 at end of test period. 

2. At desired time, remove 3.0 ml of test water and dispense 
into hexane-washed test tube. 

3. Add 3.0 ml of ultra-pure hexane to test tube. Vortex for 
1 to 2 minutes and allow to stand 5-10 minutes. 

4. Remove upper (hexane) layer and analyze on SPF. 

Analysis of Fluoranthene in Sediment: 

1. Place weighed wet sediment into hexane-washed and MQ-
rinsed beaker. 

2. Add desired amount of 100% saturated working solution of 
fluoranthene. Allow acetone to evaporate from surface of 
sediment, leaving crystalized fluroanthene. 
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3. Thoroughly mix sediment/fluoranthene with stainless steel 
spatula. 

4. Remove 1.00 g sediment and follow extraction procedure. 

5. Slowly add desired amount of test water and allow to 
settle 24 hrs. 

6. At 24 hours, remove 3.0 ml of overlying water and treat 
as water sample, above. 

7. Add test specimens after removal of 24 hour water sample. 

8. At end of test period, remove another 3.0 ml of overlying 
water and analyze as water sample. 

9. Pour off all overlying water and remove all test 
organisms. 

10. Thoroughly mix remaining sediment, remove 1.00 g for 
extraction. 

Sediment Extraction Procedure 

1. Remove 1.00 g wet sediment and place into hexane-washed 
50 or 100 ml beaker. 

2. Add 10.0 ml ultra-pure hexane. Stir/mix with stainless 
steel spatula, exposing as much sediment surface area to 
hexane as possible. Depending upon composition of the 
sediment, this may include spreading sediment around 
sides and bottom of beaker. 

3. Pour off hexane into hexane-washed 20 ml test tube and 
cap. 

4. Add another 10 ml ultra-pure hexane to sediment and 
repeat step 2., above. 

5. Add this hexane to the same test tube, now containing 20 
ml of hexane. 

6. Analyze the 20 ml of hexane on the SPF. 
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CALCULATIONS 

1. Water Samples 

ug/1 fluoranthene = [(R1 X SENS X SLOPE) 

+ INTERCEPT] X mis hexane extract 
mis water sample 

R1 = reading on SPF scale 
SENS = sensitivity on SPF 
SLOPE = slope of standard curve 
INTERCEPT = intercept of standard curve 

2. Sediment Samples 

ug fluoranthene/kg dry wt. sediment = 

[(R1 X SENS X SLOPE) + INTERCEPT X mis extract 
gms wet sed 

X 1 
% dry wt. sed 

Note: % dry wt. sed = dry wt. sed/wet wt. sed X 100 

Fluoranthene Analysis. Aminco-Bowman Model # 4-8202 SPF 
Spectrophotofluorometer (SPF) 

This procedure is a condensed version of the Aminco-
Bowman (June, 1976) SPF operator's manual. Consult 
manual for further information on the operation of 
this instrument. 

A. Turning SPF on: 

1. Turn switch on back of SPF on. Make sure blower comes 
on. 

2. Turn xenon lamp power supply switch on, wait 20 sec., 
thSn push red starter button and hold about 2 sec. (You 
can look at the back of the SPF and see light coming on.) 

3. Turn on ratio photometer by pushing power on button. 

4. Turn H.V. control to manual, adjust current to 0.75 max 
(knob next to H.V. control). 
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Allow SPF to warm up for 30 min. 

B. To zero the SPF. 

1. Place blank (solvent) in a 1 cm x 2 cm quartz glass 
cuvette. Be sure to use the solvent the standards 
are dissolved in as a blank. Fluoranthene standards 
will use hexane as a solvent. (Make sure emission 
shutter is closed before removing the cell chamber 
cover. The rod should be in the up position.) 

2. Turn sensitivity to zero adjust. Open emission 
shutter (down position). 

3. Adjust to zero with zero adjust knob. 

4. Turn sensitivity to 0.1. 

5. With blank subtract on low, adjust to zero with the 
inner knob on the blank subtract knob. 

6. Repeat steps 3, 4, 5 several times until the meter 
stays on zero. 

C. Setting full scale to scan for unknown samples. 

1. Close emission shutter and replace blank with 
standard. 

2. Open emission shutter. 

3. Using the excitation dial, select an excitation 
wavelength on the lower end of the scale. 

* When setting excitation and emission wavelengths, 
always turn the dial to a setting above the desired 
wavelength and then slowly turn back. 

4. Set the sensitivity switch to 3. 

5. Place chart paper on chart recorder and release pen. 

6. Turn monochromator switch to emission. (The instrument 
will scan all emission wavelengths for a response.) 

* Be sure the pen lines up on the chart paper with the 
settings on the emission wavelength dial. Adjust the 
horizontal control on the chart recorder while the dial 
is moving. 
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7. Once the instrument has scanned the full range of 
wavelengths, the pen will return to the left side of 
the chart paper. At this point, turn the 
monochromator switch to off. 

8. Increase the excitation wavelength by 100 and repeat 
steps 6 and 7. 

9. Repeat step 8 until you bracket the response curve. 

10. The excitation wavelength is the setting on the 
excitation dial that gave the greatest response. 

11. The emission wavelength is the setting on the 
emission dial that gave the greatest response. 

12. Set the instrument and the excitation and emission 
wavelengths desired. 

13. With the sensitivity vernier adjust meter to 100 
relative intensity. (If 100 relative intensity can 
be reached, lower sensitivity.) 

* Always remember to close emission shutter when the cell 
chamber is open and to open the emission shutter when 
taking a measurement. 

D. Setting scale for known samples. 

1. Close emission shutter and replace blank with 
highest concentration standard. 

2. Open emission shutter. 

3. Using the excitation dial, select the excitation 
wavelength for the known sample. Fluoranthene has 
an excitation wavelength of 354 nm. 

When setting excitation and emission wavelengths, 
always turn the dial to a setting above the desired 
wavelength and then slowly turn back. 

4. Using the emission dial, select the excitation 
wavelength for the known sample. Fluoranthene has 
an emission wavelength of 4 64 nm. 
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5. With the sensitivity vernier adjust meter to 100 
relative intensity. (If 100 relative intensity can 
be reached, lower sensitivity.) 

* Always remember to close emission shutter when the cell 
chamber is open and to open the emission shutter when 
taking a measurement. 

6. Repeat steps 1 through 4 using lower standards and record 
relative intensity for each to establish a curve. Do not 
move the sensitivity vernier once it is set with the 
highest concentration standard. 

E. READING SAMPLES 

1. Place sample in cuvette. 

2. Open emission shutter. 

3. Read relative intensity. 

4. Close emission shutter. 

5. Remove sample. 

* To determine concentrations of samples, a standard curve 
must be established. 

F. To shut SPF off. 

1. Turn H.V. control off. 

2. Turn ratio photometer off. 

3. Turn xenon lamp switch off. 

4. After light has been off for aboyt 2 min., turn SPF off. 

G. Precautions 

1. Use H.V. on manual only 

2. Make sure shutter is closed when taking readings. 

3. Don't look at light in cell when using the U.V. 
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4. 

5. 

3. 

Don't change any slit or mirror settings unless you 
know how and why. If you do change settings, return 
them to the way you found them when you are finis e 
with samples. 

Select a solvent which is invisible at the excitation 
and emission wavelengths selected. 

H. Fluoranthene standards 

1. Fluoranthene (98%) stock is obtained from Aldrich 
Chemical Company (Cat # F80-7). 

2. HPLC grade hexane is used as a solvent. 

Standards of 200, 150, 100, 50, and 10 ug/L are 
prepared and stored in amber bottles at room 
temperature. 

4. New standards should be prepared monthly. 

I. Fluoranthene standard curve 

1 A standard curve must be established using the 200, 
150,100, 50, and 10 ug/L standards. Standards are 
measured according to the procedure listed in section 

E. 

2 < plot a regression of the actual intensity (AX) of 
each standard versus nominal concentration of the 
standard. 

3. Actual intensity is calculated by multiplying the 
relative intensity (RI)(taken directly from the ratio 
photometer) by the sensitivity setting (SENS).Actual 
intensity is then multiplied by the slope of the 
standard curve plus the Y intercept of the line to 
obtain the concentration of FLU in ug/L: 

RI x SENS X SLOPE + Y INTERCEPT = CONC FLU (ug/L) 

4. The Slope of the line is calculated by entering the 
nominal FLU concentrations as ' Y' values and entering 
the corresponding actual intensities as the 'X' 
values on a calculator or PC BASS linear regression 
program. 
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5. A typical example follows: 

NOM. CONC. RI x SENS = AI x SLOPE = ua/L 

200ppb 100 0.3 30 6.67 200 
150 75 0.3 22.5 6.67 150 
100 50 0.3 15 6.67 100 
50 25 0.3 7.5 6. 67 50 
10 5 0.3 1.5 6.67 10 

The slope for the above situation is 6.67 and the Y 
intercept is zero. 

If the hexane/test water ratio is not 1:1 (eg. 6 ml 
pond water and 3 ml of hexane) then this must be 
accounted for in calculating the fluoranthene 
concentration in the following manner: 

mis hexane 
RI x SENS x AI x SLOPE + INTERCEPT x « ug/L FLU 

mis water 
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