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EXECUTIVE SUMMARY

Whole sediment toxicity tests were conducted at Environmental Séience & Engineering, Inc. (ESE) with
the freshwater amphipod, Hyalélla azteca and the midge, Chironomus tentans, on samples collected from
the NFF site of Naval Air Station ( NAS) Cecil Field, Jacksonville, Florida. The effect criteria for the tests
were survival and growth. A total of 10 site sediments and one laboratory control sediment were used in
the toxicity tests. After 14 days of exposure, control survivorship of Hyalella azteca and Chironomus
tentans was 98 percent and 72 percent, respectively. Survival of Hyalella azteca in laboratory control
sediment was significantly different (P=0.05) from survival in sediment from sample station POS-
SD/TOX4A. Growth, measured as dry weight, of Hyalella azteca in the laboratory control sediment was
also significantly different (P=0.05) from growth in sediment froni sample station POS-SD/TOX4A.
Survival of Chironomus tentans exposed to sediment from ‘s‘ample station POS-SD/TOX4A was
significantly different (P=0.05) from survival in the laboratory control sediment. There were no significant
differences (P=0.05) in growth, measured as dry weight of Chiroﬁomus tentans between the laboratory

control sediment and any of the site sediments.
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1.0 INTRODUCTION
Whole sediment bioassays were conducted at Environmental Science & Engineering, Inc. (ESE) on samples
collected from the NFF site, NAS Cecil Field, Jaicksonville, Floridé, to determine the potential toxicity of
thé‘test samples. Test organisms used for sediment toxicity tests were the freshwater amphipod, Hyalella

azteca and the midge, Chironomus tentans. The effect criteria for both species were survival and growth.

The tests were conduct‘ed following ASTM E 1383-94 guidelines entitled Standard Guide for Conducting
Sediment Toxicity Tests with Freshwater Invertebrates and ESE in-house protocols. All of the original raw

data pertaining to this study aré maintained at ESE, 14220 West‘Newb‘erry Road, Gainesville, Florida.

| 2.0 MATERIALS AND METHODS

2.1 TEST SAMPLES -

Test sediments were collected on December 30, 1996 by ABB-ES personnel and were received on ice at
the ESE Gainesville office on December 31, 1996. The test samples, identified as ALP-SD/TOX4A, ALP-
SD/TOXSA, G10-SD/TOX4A, G10-SD/TOXS5A, AVD-SD/TOX4A, AVD-SD/TOX5A, POS-SD/TOX4A,
POS-SD/TOX5A, G14-SD/TOX4A and G14-SD/TOXS5A, were Teceived in quantities of approximately
3.75 kilograms each. Upon receipt, the coolers were opened and the ‘cc‘mtents checked against the chain-of-
custody - to ensure that all the recorded samples were present. The témperature of the coolers was then
measured using the temperature blanks provided in the coolers. Any observations were recorded in the
sample receipt logbook. Laboratory control sediment was collected from Marineland, Florida, by ESE
personnel. The site from which the control sediment was collected has been proven to be uncontaminated
in previous tests. Chain-of-custody reco‘rds‘ and other traffic information pertaining to the sedhneﬂt samples
are preéented in Appendix A. All samples were stored in a refrigerator at 4 + 2 °C during the testing

period.

2.2 OVERLYING WATER
The water used as dilution or overlying water for the H. azteca tests was hard freshwater with a hardness

of appfoxirnately 142 mg/L as CaCO,. The water was obtained from a deep well located at the test site and

~was diluted with deionized water to achieve the desired hardness. Overlying water for the C. tentans tests
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was moderately hard reconstituted freshwater with a hardness of approximately 78 mg/L as CaCO;. The
moderately hard reconstituted water was prepared by adding reagent grade chemicals to deionized water

to achieve the desired hardness and alkalinity (EPA 1993).

2.3 TEST ORGANISMS

The‘ whole sediment bioassays were conducted using juvenile (second or third instar) H. azteca and second
instar C. tentans. H. azteca (2-3 mm in léngth) were obtained from Chesapeake Cultures , Hayes, Virginia
and C. fentans (second instar) were obtained from Aquatic BioSystems, Inc., Fort Colliné, Colorado. The
suppliers' breeding and holding conditions, such as temperature and water hardness, were similar to those
of the testing conditions, therefore, organisms were held for less than 24 hours prior to test initiation. Test
organisms were acclimated to any differences in water chemistry by diluting the receiving water with test

dilution water to 50 percent of receiving water.

24 TEST DESIGN ‘ ’ ‘
The whole sediment toxicity tests were initiated on January 7 and 10, 1997 for H. azteca and C. tentans,
respectively. Prior to use in the toxicity tests, sediment samples were allowed to warm to room temperature

and indfvidually homogenized. Sediments were then hand-sorted to remove small stones and sticks, plant

debris or indigenous organisms. The test vessels used for the bioassays were 2 L glass jérs (23 cm height

and 13 cm diameter). On day minus one, approximately‘ 200 grams of test or control sediment were
introduced into the test chambers and uniformly leveled. Eight—hundred milliliters of overlying freshwater
were added to each test chamber to provide a ratio of 1 part sediment to 4 parts overlying water. The test
chambers were then allowed to settle overnight without a‘eration.‘ On day zero, the test chambérs were
gently aerated at a fate of approximately 60 bubbles per minuté (bpm), the initial water quality
measurements were taken and the test organisms w&re‘i introduced into the test chambers. The test
organisms were indiscriminately added to the test chambers, loading one replicate at a time until loading

was complete.

The whole sediment tests were conducted using four replicates of 20 H. azteca per replicate and four

replicates of 15 C. rentans per replicate, for a total of 80 H. azteca and 60 C. tentans per sample. The test
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vessels were labeled with the site sample number and replicate number (A through D), and the test area

was identified by the ESE project number, test type and schedule, and the project manager.

The duration of the static-renewal whole sediment toxicity tests was 14-days, with the H. azteca tests being
rehewed three times a week and the C. tentans tests being renewed two times a week. During renewals,
approxﬁnately 50 percent of the overlying water was siphpned off through a 0.5 mm mesh Nytex sieve.
Any test organisms trapped on the sieve were pipetted back into the appropriate test chamber. New
overlying water was then slowly added to the test chamber while dfverting the flow onto the side of the test
chamber to minimize resuspension of the sediments. H. aztéca were fed 0.2 mL of a rabbit chow (Alachua
County Feed and Seed Store; Gainesville, FL) solution per replicate, three times a week, following renewal
of the bverlying water. C. tentans were fed a 1:6 ratio (1 mg;:6 mg) of Tetramin (That Fish Place,
Lancaster, PA) and ground cereal leaves (Sigma Chemical Company, St. Louis, MO) per replicate

following each renewal of overlying water.

Th‘e‘ tests were :conducfed in a waterbath adjusted to maintain a temperature of 20 + 2 °C under fluorescent
lighting with a daily photoperiod of 16 hours light (530 Lux) and 8 hours dark. All test chambers were
aerated at approximately 80 bpm throughout the testing period. Temperature‘, pH, and dissolved oxygen
(DO) concentrations, were measured daily. On renewal days, water quality parameters (temperature, pH,
DO, and conductivity) were measured prior to and immediately following renewal of overlying water.
Water quality measurements were taken with the following instruments: temperature--Fisher Scientific
digital thermocouple; pH--SA 290A Orion pH meter with an Orion 91-57 triode; dissolved oxygen--YSI,
Model 57 DO meter; and conductivity--YSI, Model 33 SCT conductivity meter. All instruments were

calibrated daily during the testing period.

The test chambers were observed daily for organism entrapment at the surface of overlying water, sediment
avoidance, reproductive behavior, and organism emergence. The test organisms were indiscriminately
added to the test chambers, loading one replicate at a time until loading was complete. At test termination,
the overlying water was swirled and then poured through a 0.5 mm mesh Nytex screen to collect, observe,

and enumerate test organisms. If all organisms were not immediately found, the remaining sediment was
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poured onto a 0.50 mm mesh Nytex screen sieve or a glass pan for further observation. The effect criteria
for the tests, were mortality and growth (measured as dry weight in milligrams). Growth, as group dry
weight, was measured  f0r both species by placing the organisms in pre-weighed, dried aluminum pans and
drying the organisms in a Blue-M oven at 60 °C for 24 hours. After:24 hours, the pans were removed from
the oven and placed in a desiccator to cool. The weights of the cooled pans were measured on an American

Scientific S/P 180 analytical balance and the group weight of the organisms was determined by difference.

2.5 REFERENCE TOXICANT TEST

Ninety-six-hour reference toxicant tests were conducted concurrently w1th the whole sediment toxicity tests
to determine the general health of the test organisms. The reference toxicant used was cadmium chloride
(CdCl,) at concentrations of 0, 8, 16, 32, 64 and 128 ug CdCl,/L for H. azteca and 0, 250, 500, 1,000,
2,000 and 4,000 pug CACL/L for C. tentans, respectively. The reference toxicant tests were conducted
under similar conditions as the whole sediment tests. Ten organisms were exposed per concentration

without ‘replica‘tion.

3.0 STATISTICAL A‘NALYSIS

All toxicity data were evaluated by a statistical comparison of meanjsurvival and growth of the site samples
with mean survival and growth of the laboratory control samples using appropriate statistical procedures.
Analysis of variance and Dunnett's t-test (EPA/600/4¥89/001) were used to determine statistical
significance. The 96-hour LCs, values for the reference toxicant tests, the concentration of the reference
toxicant causing 50 percent mortality of the test organisms under the specified conditions of exposure, were

determined using the Trimmed Spearman-Karber Statistical Method (Hamilton et.al., 1977).

4.0 RESULTS AND D SQQSS_IQ
4.1 SEDIMENT TOXICITY TESTS
Test conditions, including lighting, hardness, alkalinity, conductivity, temperature, and pH levels remained
at acceptable levels throughout the testing period. Test temperatures remained in the range of 18.4 to 21 2
°C, pH ranged from 7.4 to 8.2 standard units, and dissolved oxygen ranged from 7.8 to 9.1 mg/L as

CaCQ,. Data for exposure water quality parameter measurements are presented in Table 1 and 2 for H.
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azteca and C. tentans, respectively. Survival and growth data of ;the whole sediment bioassays with H.
azteca and C. tentans, are presented in Tables 3 and 4, respectively. Survival of the test organisms in the
laboratory control exposures was within acceptable limits for both tests (ASTM 1995). After 14 days of
exposure, survival of H. azteca was 98 percent and survival of C. tentans was 72 percent in the laboratory
control sediments. Growth, measured as dry weight of test organisms in the laboratory control sediments,
averaged 0.33 mg per organism and 0.86 mg per organism, respectively for H. azteca and C. tentans. The
relevant laboratory raw data are provided in Appendices B and C for H. azteca and C. tentans,

respectively.

At the end of the exposure period, survival of H. azteca in the site sediments ranged from 75 perceht (POS-
SD/TOX4A) to 100 percent (G10-SD/TOXSA and G14-SD/TOX4A) (Table 3). Survivél of H. azteca in
the laboratory control sediment was significantly different (P=0.05) from survival in sediment from only
one sample station, POS-SD/TOX4A (Table 3). At the end of the 14—day exposure, surviving H. azteca
in sediment from sample station POS-SD/TOX4A appeared pele and weak and were smaller than the
organisms in the other site samples. The remainder of the site sediments did not exhibit any acute toXicity
to H. azteca when compared with the laboratory control. Growth, measured as dry weight of H. azteca,‘
ranged from 0;23 mg/organism (POS-SD/TOX4A) to 0.43 mg/organism (G14—SD/TOX5A)(Table 3).
Growth of H. azteca in the laboratory control sediment, was 51gmﬁcantly different (P=0.05) from growth
in sediment from sample station POS-SD/TOX4A (Table 3)

Survival of C. tentans in the site sediments ranged from 18 percenf (POS-SD/TOX4A) to 92 percent (G14-
SD/TOXS5A. Survival of C. tentans in the laboratory control sediment was significantly different fP=0.05)
from survival in sediment from sample station POS-SD/TOX4A (Table 4). No acute effects were detected
for C. tentans exposed to sediments from the remainder of the semple stations. Growth, ‘measu‘red as dry
weight of C. ‘tentans, ranged from 0.45 mg/organism (POS-SD/TOX4A) to 1.12 mg/organism (G14-
SD/TOX4A). There were 1o significant differences (P=0.05) in growth of C. tentans between the

laboratofy control sediment and growth in any of the site sediments (Table 4).

Most of the sediment samples exhibited a slight to strong petroleum odor. No indigenous organisms were
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detected in the sediments during the sorting and cleaning processes. Behavioral observations recorded
during the 14-day exposures included organism emergence from the sediments and at the surface of the

overlying water possibly to feed, and amplexus (reproductive behavior of H. azteca at test termination).

4.2 REFERENCE TOXICANT TESTS ‘

The median lethal concentration (LCs,) for Hyalella azteca was determined to be 30.87 pg CdCl,/L with
95 percent confidence limits of 21.68 and 43.95 ug CdCL/L. The reference toxicant LC, for Chironomus
‘tentans:was determined to be 2,830 ug CdCl,/L with 95 percent cjonﬁdence limits of 1,980 and 4,030 ug

CdCl,/L. Both LCs, values fall within the normal sensitivity ranges of test species used for testihg at ESE.

‘ 5.0 CONCLUSION |
The toxicity test results indicated that after 14 days of exposure‘tq whole sediments from the NFF site of
NAS Cecil Field, survival and growth of H. azteca in the: laboratory control‘sediment were significantly
different (P=0.05) from survival and growth in sediment from 6n1y one sample station, POS-SD/TOX4A.
Survival of C. tentans in the laboratory control sediment was significantly different (P=0.05) from survival
in sediment from sample station POS-SD/TOX4A. There were :nd significant differences (P=0.05) in

growth of C. tentans between the laboratory control sediment and growth in any of the site sediments.
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Table 1. Water Quality Measurement Ranges® of Overlying Water During a 14-Day Toxicity Test of
- Whole Sediment From the NFF Site, NAS Cecil Fleld Jacksonville, Florida, With the
Amphipod, Hyalella azteca

Sample ID Temp (°C) | pH (s.u.)® | DO (mg/L) Cond® (umhos/cm)
CONTROL 18.5-21.2 75-82 7.8-9.0 230 - 270
ALP-SD/TOX4A  18.5-212 74-81 8.1-9.0 215 - 250
ALP-SD/TOX5A 18.6 - 21.2 75-82  82-9.0 235 -270
G10-SD/TOX4A ~ 186-21.2 75-8.1 82-89 250 - 280
GIO-SDITOX5A  18.6-21.1  77-82 1 82-8.9 235-280
AVD-SD/TOX4A  18.6-21.0  7.6-81 83-8.9 200 - 245
AVD-SD/TOX5A  18.7-21.0 75-79  83-89 | 190 - 230
POS-SD/ITOX4A - 18.7 -21.2 76-81 . 82-90 230 - 260
POS-SD/TOX5A - 18.7-21.0  7.7-8.1 18.0-9.0 220-270
G14-SD/TOX4A  18.6-21.0 7.6-8.1 79-90  220-265
G14-SD/TOX5A  18.6-21.2 75-82 8.0-9.0 225280

‘Range of 19 measurements for temperature pH and DO, and 9 measurements for conductmtyt
®pH measured in standard units (s.u.).
CConductivity.

Source:‘ ESE, 1997 |
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Water Quality Measurement Ranges* of Overlying Water During a 14-Day Toxicity Test

fable of Whole Sediment From the NFF Site, NAS Cecil Field, Jacksonville, Florida, With the
Midge, Chironomus tentans S

Sample Temp (°C) pH (s.u.)’ DO (mg/L) Cond*® (umhos/cm)
CONTROL 18.4-21.0 7;5 -8.1 85 -9.1 250 - 270
ALP-SD/TOX4A - 18.5-20.9 | - 7.5-8.0 8.5-9.1 230 - 260
ALP-SD/TOX5A | 18.5-20.9 | 7.5-8.0 j8.4 -9.1 260 - 300 |
G10-SD/TOX4A ) 18.5-21.0 7.5-8.0 85 -9.0 285 -310
G10-SD/TOX5A | 18.5-209 ‘7.5‘- 80 84-90 280 - 300 | ‘
AVD-SD/TOX4A 18.5 - 21.0 74-79 85-9.1 - ‘220 - 266
AVD-SD/TOXSA 18.6 - 21.0 | 74-17.9 ' i8.4 -9.1 . ‘ 230 -260
POS-SD/TOX4A 18.6-21.0 75-19 E8.4 -9.1 250 -280

‘ POS-SD/TOXSA : _18.6 -21.0 - 75-80 - | :8.5 -8.9 280 - 290
G14-SD/TOX4A 18.6 -21.0 75-79 8.5-9.0 250 - 270

G14-SD/TOX5A - 18.6-21.0 - 15-79 +.85-9.0 295 - 315

aRange of 18 measurements for temperature, pH and DO, and 9 measurements for conductivity
*pH measured in standard units (s.u.) '

CConductivity

Source: ESE, 1997
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Table 3.  Survival and Growth of Hyalella azteca After 14 Days of Exposure to Whole Sediments
- From the NFF Site, NAS Cecil Field, Jacksonville, Florida (Page 1 of 2)

Sample ID Replicate Survival® ('Pércem) Growth® (mg)

CONTROL A 18 0.37
B 20 0.33
C 20 0.33
D 20 - 0.28
78 (98) 033
ALP-SD/TOX4A A 19 0.39
B 20 0.32
C 20 0.38
D 18 0.36
77 (96) 0.36
ALP-SD/TOX5A A 20 0.31
‘ B 20 0.31
C 16 0.33
D 20 032

76 (95) ‘ 032
G10-SD/TOX4A A 19 0 0.32
‘ B 18 ‘ 0.28
C 20 0.32
D 20 031
77 (96) 0.31
G10-SD/TOX5A A 20 ‘ 0.30
B 20 0.35
C 20 0.33
D 20 0.30
80 (100) 0.32
AVD-SD/TOX4A A 20 0.20
B 20, ‘ 0.46
C 19 - 0.35
D 20 ‘ 0.29

79 (99) 0.33

AVD-SD/TOX5A A 19 0.35
‘ B 20 0.38
C 19 0.37

D 20 0.38

78 (98) ‘ 1 0.37
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Table 3. . Survival and Growth of Hyalella azteca After 14 Days of Exposure to Whole
Sediments From the NFF Site, NAS Cecil Field, Jacksonville, Florida (Page 2 of 2)
Sample ID Replicate Survival® (Percent) Growth® (mg)

POS-SD/TOX4A A 13 0.28
B 16 0.20
C 15 0.21
D 16 Q.24
60 (75)° 0.23¢
POS-SD/TOXS5A. A 20 0.29
: B 20 0.30
C 17 : 0.36
D 19 0.27
76 (95) 0.31
G14-SD/TOX4A A 20 0.35
B 20 : 0.41
C 20 0.40
D 20 0.47
80 (100) - 0.41
G14-SD/TOX5A A 19 0.39
o B 19 0.40
C 18 | 0.47
D 19 0.44

75 (54) 0.43

*Twenty organisms exposed per replicate (80 organisms/sample). Percent survival values in
parentheses. :

"Growth was measured by drying organisms at 60 °C for 24 hours.

cSignificantly different (P=0.05) from control.

Source: ESE 1997
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Table 4. Survival and Growth of Chironomus tentans After 14 Days of Exposure to Whole
Sediments From the NFF Site, NAS Cecil Field, Jacksonville, Florida (Page 1 of 2)

Sample ID - Replicate Survival* (Percent) Growth® (mg)
CONTROL A 6 1.48
B 10 0.74
C 12 0.75
D 15 0.48
43 (72) 0.86
ALP-SD/TOX4A A 10 1.35
‘ ' B 9 1.32
C 13 0.74
D 10 0.78
42 (70) 1.05
ALP-SD/TOXS5A A 13 . 0.73
B 12 0.63
C 11 1.35
D 13 0.80
. 49 (82) j 0.88
G10-SD/TOX4A A 14 0.71
B 12 0.87
C 13 - 0.69
D 12 ‘ 0.88
51 (85) 0.79
G10-SD/TOX5A . A 12 1.20
: B 11 : 1.16
C 12 1.11
D 15 0.67
50 (83) 1.04
AVD-SD/TOX4A A 13 0.85
B 10 - 1.05
C 14 0.67
D 1 0.72
48 (80) 0.82
AVD-SD/TOX5A A 14 ‘ 1.10
B 14 0.91
C 12 1.43
D 14 0.59
54 (90) 1.01
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Table 4. Survival and Growth of Chironomus tentans After 14 Days of Exposure to Whole
Sediments From the NFF Site, NAS Cecil Field, Jacksonville, Florida (Page 2 of 2)
“Sample ID Replicate Survival® (Percent) Growth® (mg)
POS-SD/TOX4A A 2 0.15
B 3 0.67
C 3 0.33
D 3 0.63
11 (18)° 0.45
POS-SD/TOX5A A 12 1.07
B 11 0.85
C 11 0.85
D 14 Q33

48 (80) 0.83
G14-SD/TOX4A A 12 ‘ © 1.29

B 14 | 127
C 11 1.15
D 11 ' 077
48 (80) 1.12
G14-SD/TOX5A A 14 1.41

‘ B 15 1.01
C 14 ‘ 0.89
D 12 1.02
55 (92 ‘ 1.08

“Fifteen organisms exposed per replicate (60 organisms/sample). Percent survival values in parentheses.
®Growth was measured by drying organisms at 60 °C for 24 hours. ‘
cSignificantly different (P=0.05) from control.

Source: .ESE 1997
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'Appendix B: Hyalella azteca Sediment Test Raw Data
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Appendix C: Chironomus tentans Sediment Test Raw Data
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Appendix D: Reference Toxicant Test Raw Data
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