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EXECUTIVE SUMMARY

This report presents results from a 2001 investigation of mercury contamination in forage fish in
Bayou Grande (Site 40), Operable Unit 15, at the Naval Air Station (NAS) Pensacola, Florida.
The additional sediment and fish sampling at Site 40 was conducted to reduce the uncertainty
within the upper trophic level fish model presented in the Site 40 Final RI Report Addendum
(EnSafe, April 24, 2000). This fish model is the Red Drum (Sciaenops ocellatus) Mercury
Bioaccumulation Model developed by Evans and Engel (May, 1994), which estimates the
transfer of mercury from sediment to forage fish to red drum (predatory fish). Seven Phase II
sample locations (1996 samples) from the Site 40 RI were selected for re-sampling. Sediment
samples were collected from these locations for mercury and TOC analyses. Forage fish were

also collected from these locations for whole tissue analyses for mercury and percent lipids.

Sediment mercury results were compared to the USEPA/FDEP sediment benchmark level of
0.13 ppm. HQs were calculated for each location. Sediment mercury results showed decreases
at four 1996 sample locations to HQs below 1 in 2001. Two 2001 sample locations had sediment

mercury HQs greater than 1; one of these showed an increase from 1996.

Forage fish were collected from six of the seven sample locations (one location did not have an
appropriate habitat for forage fish). Both sediment and whole fish-tissue mercury results were
used to estimate predatory fish mercury concentrations using the Evans and Engel Model. Both
1996 and 2001 sediment results are presented in this document. The sediment mercury results
were modeled to estimate the methyl mercury tissue concentration in predatory fish, while the
prey fish tissue mercury results provided an exact measurement for use in the Model. The
modeled results were compared to the USEPA NOAEL of 0.15 ppm and the LOAEL of 0.30
ppm (Appendix A).

In comparing the HQs based on sediment mercury detections in 1996 and 2001, risk predicted
for red drum has decreased at six of the seven sample locations, with an increase at one location.

The maximum NOAEL HQ based on model results from sediment concentrations decreased



from 37.69 in 1996 to 4.45 in 2001. HQs based on the results from the actual forage fish data
indicate a maximum NOAEL HQ of 1.68 and a maximum LOAEL HQ of 0.86. This indicates

that the model conservatively estimated risk to predatory fish from sediment concentrations.

The NOAEL HQs based on sediment concentrations have decreased substantially from 1996 to
2001. Only two locations (040MZ216 and 040MZ247) have HQs greater than 1 from the
measured prey fish concentrations. All of the LOAEL HQs are below 1 from the 2001 sampling
event. None of the IRP sites investigated at NAS Pensacola have been associated with mercury
contamination. This study conservatively estimates the risk to the red drum by assuming the fish
will spend all of their life in Bayou Grande and at Site 40. Therefore, excess risk is not predicted

for predatory fish based on the detected concentrations at Site 40.

i
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1.0 INTRODUCTION
This report presents results from an investigation for mercury contamination in forage fish in

Bayou Grande (Site 40), Operable Unit 15, at the Naval Air Station (NAS) Pensacola, Florida.

2.0 BACKGROUND

Site 40, also known as Bayou Grande, is an estuarine water body adjacent to the northern border
of NAS Pensacola in Escambia County. Bayou Grande extends roughly east to west
approximately 5 miles inland into the south-southwestern portion of Escambia County. The
northern and central portions of NAS Pensacola, and the areas of west Warrington adjacent to the
bayou, drain into the bayou. Bayou Grande flows eastward into Pensacola Bay near NAS
Pensacola’s Magazine Point. The total surface area covered by Site 40 is currently used for
swimming, fishing, and other boating activities. Seasonal water temperatures limit swimming to

the warmer months, while fishing is generally a year-round activity.

Previous investigations at Site 40 included a Phase II assessment of nearshore sediments in 1996.
In 1998, prey fish were collected and analyzed for pesticides and polychlorinated biphenyls
(PCBs). Based on the results of the Site 40 baseline risk assessment as presented in the Final
Remedial Investigation (RI) Report (EnSafe, 1999), these compounds were found to pose a
potential risk to human health as a result of ingestion of contaminated fish species that inhabit
Bayou Grande. A more detailed risk assessment was conducted for the fish ingestion pathway
using site-specific values. The results of the site-specific risk assessment for the fish ingestion
exposure pathway at Site 40 was presented in the Final RI Report Addendum (EnSafe, April 24,
2000). The Final RI Report Addendum determined that risks associated with the ingestion of
contaminated fish are within acceptable limits. However, mercury concentrations in predatory
fish were not based on measured results, but were estimated based on detections in sediment.
The modeled results indicated a potential excess risk to predatory fish. Therefore, an agreement

was reached to sample forage fish and sediment for mercury to validate the model results.
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The Technical Memorandum of June 27, 2001 presented the rationale and procedures to address
the previously identified data gaps. The memorandum presented a plan to conduct further
sediment and fish sampling at Site 40 to reduce the uncertainty within the upper trophic level fish
model presented in the Site 40 Final RI Report Addendum and the uncertainty within the
ecological risk assessment for predatory fish. This fish model is the Red Drum (Sciaenops
ocellatus) Mercury Bioaccumulation Model developed by Evans and Engel (May, 1994), which

estimates the transfer of mercury from sediment to forage fish to predatory fish.

3.0 FIELD SAMPLING

Field sampling was conducted during August of 2001. The Technical Memorandum outlines
how seven Phase II sample locations from the Site 40 RI were selected for re-sampling based on
an evaluation of Phase II mercury and total organic carbon (TOC) results. Locations were
selected to represent a range of low-to-high mercury and TOC detections. Sediment samples
from each location were collected and analyzed for total mercury, and TOC analyses.
Forage fish samples were also collected for whole tissue analysis of mercury and percent lipids.

Figure 1 shows the sample locations. Table 1 summarizes the samples collected and the analyses

performed.
Table 1
Site 40 Sample Locations and Analyses
Sample Location Sediment Analyses Fish Tissue Analyses Remarks
040MZ130 Hg; TOC Hg; % Lipids
040MZ216 Hg; TOC Hg; % Lipids Duplicate also collected.
040MZ237 Hg; TOC Hg; % Lipids
040MZ244 Hg; TOC Hg; % Lipids
040MZ247 Hg; TOC Hg; % Lipids
040MZ316 Hg; TOC Hg; % Lipids
040MZ401 Hg; TOC No fish available
Notes:
TOC = Total organic carbon.
% Lipids = Percent lipids in fish tissue.
Figure 1 Sample Locations, Site 40
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Table 2 presents the sediment mercury results for the 2001 sampling, and compares these to the
Site 40 Phase II sediment results (1996 results) for the same sample locations. Using a sediment
benchmark level of 0.13 parts per million (ppm) (McDonald, D.D., 1994; United States
Environmental Protection Agency [USEPA], 1995), hazard quotients (HQs) were calculated for
each location. An HQ exceeding 1 indicates a potential for excess risk from mercury in
sediment. As shown in Table 2, mercury concentrations in sediment decreased from 1996 to
2001 (the table reflects Y2 the detection limit for those samples where mercury was non-detect).
Four sample locations with mercury HQs greater than 1 in 1996 (040MZ130, 040MZ244,
040MZ316, and 040MZ401) had HQs below 1 in 2001. Only two 2001 sample locations
(040MZ216 and 040MZ247) had HQs greater than 1 (1.85 and 2) and only one sample
040MZ216 showed an increase from 1996 (1996 mercury HQ — 0.23; 2001 mercury HQ —
1.85).

Table 2
Comparison of Mercury Results in Sediment
Site 40
Sample Location 1996 Results (ppm) HQ! 2001 Results (ppm) HQ*
040MZ130 22 16.92 0.0025° 0.019
040MZ216 0.03° 0.23 0.24 1.85
040MZ237 0.08 0.62 0.01 0.077
040MZ244 0.64 4.92 0.0031° 0.02
040MZ247 0.28 2.15 0.26 2.0
040MZ316 0.14 1.08 0.0027° 0.02
040MZ401 0.155° 1.19 0.0028" 0.02
Notes:
a = HQs based on a sediment benchmark level of 0.13 ppm.
b = Results were non-detect; number reflects 2 the non-detect value.
ppm = Parts per million.
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Fish Tissue

Fish sampling was conducted as outlined in the Technical Memorandum.  Pinfish
(Lagodon rhomboides) were collected from four sample locations, while striped mullet (Mugil
cephalus) were collected from two locations. At all locations, the smallest size pinfish or mullet
were selected to represent forage fish. No fish were collected at sample location 040MZ401;
attributed to a lack of appropriate habitat for forage fish at this location. Table 3 presents the fish
tissue mercury results for the Site 40 samples. The table also presents the percent lipid analyses

and supplementary information related to the fish sampling.

Table 3
Fish Tissue Mercury Results
Site 40
Fish Species Number/Size of Mercury in Fish
Sample Location Collected Fish Collected Tissue (ppm) Percent Lipids

040MZ130 Pinfish Approx. 30/1.5” 0.042 0.59
040MZ216 Striped Mullet 2 ea/2” 0.033 0.34
040MZ237 Pinfish Approx. 30/1.5” 0.06 0.38
040MZ244 Striped Mullet 2 ea./2” 0.01° 0.47
040MZ247 Pinfish Approx. 30/1.5” 0.026 1.3
040MZ316 Pinfish Approx. 30/1.5” 0.052 1.1

040MZ401 No fish collected — — —

Notes:

Results were non-detect; number reflects % the non-detect value.
Parts per million.

ppm

4.0 RED DRUM MERCURY EXPOSURE MODEL

4.1 Background

A model was performed which predicts mercury tissue concentrations in the red drum based on
concentrations of mercury in the sediment of Site 40. This model is based on the red drum
mercury bioaccumulation model developed by Evans and Engel. The model assumes that
mercury uptake into the red drum occurs via prey ingestion exclusively. The three prey sources
are forage fish, crustaceans, and infaunal invertebrates. The Site 40 Final RI Report Addendum

and Evans and Engel explain this model in detail.
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The equation used in the model is briefly explained below:

- ( . *R] *[(er)ocr) + (Cerl(%Cer) + (Cimv)(%Cinv)]

g+kK
where:
a = Assimilation efficiency of mercury from food, or 0.8.
R = Feeding rate of the red drum, or 0.02/day.
g = growth rate coefficient, or 0.003/day.
K = Methyl mercury excretion rate from the red drum, or 0.00035/day.
o = Methyl mercury tissue concentration in forage fish.
%Cf = Percent of red drum diet composed of forage fish, or 0.3.
Cer = Methyl mercury tissue concentration in crustaceans.
%Ccr = Percent of red drum diet composed of crustaceans, or 0.6.
Cinv = Methyl mercury tissue concentrations in infaunal benthic invertebrates.
%Cinv = Percent of red drum diet composed of benthic invertebrates, or 0.1.

The first part of the mercury model equation calculates the bioaccumulation factor for
methyl mercury, adjusting for input and excretion of this metal (which are assumed to be in
balance at steady state). The second portion of the equation estimates the accumulation of
methyl mercury from the prey pathway, based on the assumption of a diet comprised of 30%
forage fish, 60% crustaceans, and 10% infaunal invertebrates. The Site 40 Final RI Report
Addendum and Evans and Engel also explain how Cf, Ccr, and Cinv are calculated. These are

briefly reviewed below:
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Cf = (12)(Cs)

- (Cs*2) ],
Sl

Where: Cs = the total mercury (in ppm) in sediment. The Site 40 Final RI Report and Evans and

Engel explain the other coefficients used in the above formulae.

4.2.1 Site 40 Modeling Results

Table 4 presents the mercury sediment results for each of the Site 40 sampling locations to
calculate the mercury in the red drum using the Evans and Engel model. The calculated
concentration is then compared to the no observable adverse effects level (NOAEL) and the
lowest observable adverse effects level (LOAEL). Table 4 lists the red drum mercury
calculations for the 1996 sediment mercury results, and compares these to the 2001 results for
the same sample locations. As shown in the table, risk predicted for the red drum in Bayou
Grande from the 1996 sediment data ranged between HQs of 0.514 (040MZ216) and 37.687
(040MZ130). Risk predicted for the red drum in the bayou from the 2001 sediment data ranged
between HQs of 0.043 (040MZ130) to 4.454 (040MZ247). The data show a decrease in red
drum mercury HQs at six of seven sample locations from 1996 to 2001, with an increase at
location 040MZ216. The maximum HQ decreases from 37.687 (040MZ130) to 4.454
(040MZ247) between these years. This decrease is attributable to the lower detections of
mercury found in the 2001 sediment samples, and demonstrates a substantial decrease in

predicted risk for the red drum since the 1996 sampling effort.

For the 2001 sampling, the Evans and Engel model was also run using actual forage fish tissue
mercury data obtained from the fish collected at each sample location. Table 5 presents these

data. As shown in the table, risk predicted for the red drum in the bayou from the actual 2001
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forage fish tissue data ranged between HQs of 0.113 (040MZ244) and 1.722 (040MZ247) with
the NOAEL. All HQs are below 1 when compared to the LOAEL. No fish were collected at
sample location 040MZ401; however, the estimated values for this sample from Table 4 are also

presented in Table 5 for comparison. As can be seen from the



‘uoljiut J1ad sued = wdd

(100Z VVON) wdd 0g°0 3O [9A9T SI03JH 9SI3APY 9[qEAISqQ 1SMO] = 7TIVO1

(100Z YVON) wdd 610 JO 1937 SI095F 9SI2APY 9[qeAIISqO ON = TdVON

“Juenond) piezey = OH

‘[9POIAl AINDISIA] WINL(J Py Yy woy uone[no[es ajendoidde ayj Suisn ysy 53105 ur uoneRUIOUOD AINdIaW 3y} FUNBWINSI AQ PIALISP SINSIY = q

"3N[BA 193]9P-UOU 3] 7 SI1I9[J2I JOGLUNU $1I9J0P-UOU JIoM SJ[NSAY = [

:S2j0N
$20°0 S0'0 TLO00 8200070 8L000°0 €000 +8200°0 10¥ZIN0Y0
w00 S0°0 69000 LT000°0 9L000°0 €000 L2000 91EZNO0Y0
£CT 154 4 8990 920'0 £L0°0 cleo 920 LYTZNOPO
£0°0 00 8000 £000°0 60000 $00°0 1£00°0 YYTZWOY0
60'0 LT°0 920’0 1000 1000 200 100 LETZNOYO
90T 11y L19°0 200 900 887°0 Y70 91TZINOV0
00 $0'0 900'0 £000°0 100°0 £00'0 52000 OEIZNO0Y0

sHasY 1007
G8'8 99°C 86£°0 9100 £v0°0 9810 «SS1°0 10¥YZINOYO
[ L4 09¢°0 v100 6£0'0 891°0 P10 9IEZNOY0
T 8y 0ZL0 9200 8L0°0 9ee’0 870 LYTZINOPO
8¥'S 96°01 P9l ¥90°0 6L1°0 89L°0 $9°0 YYTZNOY0
690 LE'T 90C°0 8000 00 960°0 800 LETZNOPO
970 150 LLOO £00°0 8000 9¢00 £0°0 91TZWNOV0
881 69°LE £59°S o 9190 9T (A4 0€1ZIN0Y0
s1[ns3Y 9661
OH OH (udd) anssiy, (wdd) (aurd) (udd) (12) (udd) D) Justda (udd) (sD) uoned0] ddweg
1AVO1 TAVON wna pay ul 34 S9JRI(IIIIAU] SUBIIVISNIY) ageao m1 34 JudUNPIs ul 3H
w 3 ul 3
pajewnsy ysig a8eaoy ul LINIWA—RPOIA AINIII WNI(q pay
ystg (291 aiydoa I, soddp) ur Lanosdy
[A4ULAN
co0z © ounp

D]oOVSUB] SYN — dPUDLD) NOADY — (p 1S
7 wnpuappy 1ioday uonndysaauy [p1powdy [out.f



‘o[t Jod syred = wdd
(1007 VVON) wdd Q"0 JO [9A37T $19953F 3SI9APY I[qBAIISGO 1SIMO] = 14v0o1
(1002 YVON) wdd ¢1°0 JO [9A97] SI93JJH 3SI9APY 3]qeAI3Sq0 ON = TAVON
‘Juanion() prezeq = OH
"SISA[eUE 9NSS1} YSIJ S[OYM WOL PIALIAP SJNSAY = 2
"3aN[BA J09J9P-UOU AU} %; SIOI[JI JAQUINU $109)aP-UOU AIam SINSSY = q
‘uosLreduwiod 10 payninsqns st UCLEIO[ SIY} 10§ § 9[qe.], WOl ysyy 95eI0] Ul AINDIW JO AN{eA PIIBUINSD YT, ‘[0PZINOY( UOIEI0] I8 P10a][00 d1aM Ysiy afe10] oN = e
:$a30N
200 S0°0 L00°0 €000°0 80000 £00°0 q8200 0 < [OYZINOV0
970 150 LLOO £000°0 8000°0 7500 qLC00°0 91£ZINOY0
980 (478! 8520 920'0 £L0°0 920°0 920 LYTZINOVO
90°0 110 L10°0 £000°0 1000 2100 q1€00°0 YYCZINOY0
(430) £9°0 $60°0 100°0 €00°0 90°0 100 LETZINOYO
¥8°0 99°1 1ST°0 ¥20°0 TL90°0 £€0°0 174t 91TZNO0Y0
1T°0 o 290°0 £000°0 100°0 w00 q5¢00°0 0E1ZIN0Y0
OH OH (wdd) (urdd) (Au1)) (udd) (13D) (wdd) (wdd) (sD) uoped0 Adwes
TAVO1 TAVON anssi ], wnIq $I)LIGILIIAU SuE3dEISNI) JUs judwIIpas u1r SH
pay w1 3 ur Sy u1 3 ageso, u1 3
PAINSEIN YSIY 3810, U AINIIIA—[IPOIA AINDIIA] WIni(q pay
gsig 19A97] diqdoay, saddn) ur Ay
SEICLAR
zooz - aunp

D1ooDSUa SYN — dpunin nodvg — O ang
7 wnpuappy 140day uoynSisoauy (p1paway (oul.y



Remedial Investigation Report Addendum 2
Site 40 — Bayou Grande — NAS Pensacola
June |, 2002

data, the red drum model predicts a much lower risk for Site 40 using actual forage-fish tissue

mercury data in place of estimated fish tissue mercury data.

The modeling of the 2001 sediment and fish tissue mercury data should substantiate the overall
reduction in mercury concentrations in Bayou Grande since 1996, and the decreased risk
predicted for predatory level fish at Site 40. Figure 2 shows the sediment HQs and red drum
NOAEL and LOAEL HQs for each sample location at Site 40.

5.0 UNCERTAINTIES

5.1 The Lack of Mercury Sources at NAS Pensacola

Though there were some mercury detections in sediment and surface water samples from the Site
41 wetlands bordering Site 40, this mercury is not attributable to any Installation Restoration
Program (IRP) site at NAS Pensacola. A review of historical environmental documents for the
base revealed that there have been no process streams involving mercury at any IRP site. Field
sampling at the sites investigated thus far has revealed isolated detections of mercury above
USEPA and FDEP standards, but none of these investigations have required development of
remedial alternatives to address mercury contamination. None of the IRP sites still under review

are awaiting disposition because of mercury contamination.

5.2  Red Drum Feeding Range Within Site 40

The Site 40 Final RI Report Addendum (EnSafe, April 24, 2000) details how red drum are
dependent on estuaries for at least the first few years of life. Larvae and juveniles are generally
found in shallow waters, in areas not greatly affected by tides, with grassy or muddy bottoms and
moderate salinities. Adult red drum migrate to nearshore ocean waters and only come back to
the estuaries to spawn. They would therefore likely spend the majority of time in nearshore
ocean waters, only coming back to Bayou Grande to spawn; primarily feeding on prey from
Pensacola Bay and the Gulf of Mexico (EnSafe, April 24, 2000).
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Figure 2 Sediment and Fish Tissue NOAEL and LOAEL HQs, Site 40
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Further, it is assumed that red drum find all of the Bayou Grande equally attractive for foraging.
Using 300 feet from the NAS Pensacola shoreline on Bayou Grande as the outer boundary for all
of Site 40 corresponds to a total surface area of approximately 310 acres for Site 40 (EnSafe,
April 24, 2000). Site 40 therefore comprises about one-third of Bayou Grande’s surface area of
approximately 960 acres. This study assumes that red drum will spend all of their life in Bayou

Grande and at Site 40, thereby very conservatively overestimating the risk.

6.0 CONCLUSIONS AND RECOMMENDATIONS

The NOAEL HQs based on sediment concentrations have decreased substantially from 1996 to
2001. Only two locations (040MZ216 and 040MZ247) have HQs greater than 1 from the
measured prey fish concentrations. All of the LOAEL HQs are below 1 from the 2001 sampling
event. None of the IRP sites investigated at NAS Pensacola have been associated with mercury
contamination. This study conservatively estimates the risk to the red drum by assuming the fish
will spend all of their life in Bayou Grande and at Site 40. Therefore, excess risk is not predicted

for predatory fish based on the detected concentrations at Site 40.
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