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Evaluating Storm Water Impacts- Monitoring the Receiving Environment 
Using a Floating Bioassay Laboratory System 

C. N. Katz and G. Rosen 
Environmental Sciences and Applied Systems Branch, Code 2375 

Space and Naval Warfare Systems Center San Diego 
San Diego, CA 92152 

Abstract - The U.S. Navy is conducting an evaluation of impacts 
from facility storm water discharges to San Diego Bay. The 
investigation was prompted by the implementation of local 
regulations that require a 90% survival rate of fish or mysid 
shrimp in acute toxicity tests using undiluted storm water. An 
underlying conceptual approach was to monitor toxicity directly 
in receiving waters as well as in the undiluted discharge to 
evaluate impacts. Data collected to date have shown a full range 
in toxic response in outfall discharge samples. No toxic effects, 
however, have been observed in bay waters collected 
immediately outside the outfalls. These results, along with 
plume mapping, have suggested that the relatively small 
magnitude and ephemeral nature of these discharges were 
sufficient to explain the removal of toxicity of the storm 
discharge once it reaches the bay. 

One of the outstanding issues presented by standard toxicity 
testing is the relevance of 48- or 96 -h exposure times to test 
organisms when actual storm exposures likely occur over much 
shorter times. To investigate this issue, we conducted toxicity 
tests with a boat -mounted flow- through bioassay system, which 
was positioned immediately outside an outfall before, during, 
and after a storm event. The bioassays included survival of the 
mysid (Americamysis bahia) and topsmelt (Atherinops affinis) as 
well as embryo -larval development of the mussel (Mytilus 
galloprovincialis). Surface bay water was continuously pumped 
to the test organism containers for the full 48- (mussel) or 96 -h 
(mysid and topsmelt) exposure requirement. Bay water was 
analyzed continuously for salinity, temperature, dissolved 
oxygen, pH, light transmission, oil fluorescence, copper, and 
zinc. Additionally, dilution series toxicity and chemistry were 
conducted on first -flush and composite samples taken from the 
outfall prior to discharge. The floating- bioassay system results 
were consistent with previous monitoring that indicated toxicity 
of first -flush discharges but no toxicity in the receiving 
environment. Continuous monitoring showed that storm 
water was completely mixed out within minutes of discharging 
to the bay even though the observation point was only 15 feet 
away from the outfall. The reduction of toxicity in the receiving 
environment was a result of the very limited time exposure that 
occurs with this type of discharge. 

INTRODUCTION 

Industrial storm water discharges from Navy Facilities 
were investigated in 2003 through 2005 for their impact to 
San Diego Bay. The investigation was prompted by 
implementation of a new National Pollutant Discharge 
Elimination System (NPDES) storm water permit that 
required storm water collected at the end -of -pipe meet a 
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toxicity requirement of 90% survival using a standard 
laboratory acute bioassay. The ostensible goal of this 
requirement is to ensure that bay waters are protected from 
these discharges. While the 90% threshold should be 
protective of the receiving environment, the Navy believed 
that the requirement was overly stringent. The Navy asked 
the local regulatory agency for permission to conduct an 
evaluation of storm water toxicity and propose a 
scientifically -based toxicity requirement. 

The Environmental Sciences and Applied Systems 
Branch at the Space and Naval Warfare Systems Center San 
Diego (SSC -SD) executed a study to investigate the nature of 
industrial storm water toxicity and its impacts from four 
Navy facilities bordering San Diego Bay. The approach 
taken was to evaluate storm water collected at or near its 
point of discharge to the bay as well as in bay waters 
collected immediately outside these discharge points. 
Additionally, bay waters were monitored before, during, and 
after storm events using plume tracking techniques to 
evaluate both their spatial and temporal extent. This 
approach was designed to evaluate if the measurements made 
at onshore monitoring locations were predictive of actual 
receiving water impacts. A summary of the overall results 
of this investigation is provided here as background. 

BACKGROUND 

The toxicity investigation was conducted during the 
October through April wet seasons from 2002 through 2005. 
During that time period, 11 storms were sampled with 
rainfall totals ranging from 0.1" up to a record 3.5 ". 
Antecedent dry periods ranged from five days up to a record 
dry period of six months. A total of 13 different industrial 
storm water drainage areas were sampled at four bases 
including four piers. The samples represented drainage 
from 0.5 to 75 acres that included industrial facilities. A 
total of 41 storm water samples were collected from the 
end -of -pipe, including 26 first -flush samples (as required in 
the permit) and 15 full -storm composite samples. A total of 
63 bay samples were collected outside these outfalls before, 
during, and after the storm events. These samples were 
evaluated using three standard EPA -approved laboratory 
bioassays: the 96 -h survival of Atherinops affinis (topsmelt) 
larvae and Americamysis bahia (mysid) juveniles, and 48 -h 
normal embryo -larval development of Mytilus 
galloprovincialis (mussel). The two survival tests were 
called out in the NPDES permit, whereas the embryo 
development test was added to provide a highly sensitive test 
for bay samples. The samples were also analyzed for a 



suite of chemicals that included total and dissolved metals, 
dissolved organic carbon (DOC), total suspended solids 
(TSS), polynuclear aromatic hydrocarbons (PAH), 
polychlorinated biphenyls (PCB), and chlorinated pesticides. 

Results of the storm water bioassays with topsmelt and 
mysid varied the full range from 0% to 100% survival and 
averaged about 75 %. The tests failed the 90% toxicity 
requirement about 60% of the time with no significant 
differences between species. In contrast, the toxicity 
measured in bay waters immediately outside the outfalls 
were not toxic and had a very narrow range of results (90 to 
100 %), averaging -97% survival for the two species. The 
mussel embryo -larval development test showed comparable 
results with a high degree of variability in the storm water 
samples, ranging from 0 to 97% and averaged 15% normal 
development. Bay samples averaged 90% normal 
development, with the exception of two samples collected 
during a storm event collected after a record six month 
antecedent dry period. A Toxicity Identification Evaluation 
(TIE) established copper and zinc as the primary causative 
agents of the observed toxicity in the storm water samples. 

The observed reduction in toxicity was attributed to 
rapid dilution in the receiving environment, as measured by 
reduced chemical concentrations and observed from the 
plume mapping data. As shown in Fig. 1, the maximum 
amount of fresh water observed (minimum salinity/pre -storm 
salinity) during storm surveys was about 5 %, representing a 
20 -fold dilution. The storm water signatures were also 
ephemeral, returning to pre -storm conditions within 12 to 24 
hours. Thus, bay waters were able to assimilate the 
industrial storm water discharges from these facilities 
without resulting in a toxic impact, thus meeting the Clean 
Water Act narrative goals of "no toxics in toxic amounts" [1]. 

STUDY GOALS 

The rapid reduction of toxicity of storm water after 
introduction into San Diego Bay waters was investigated 
further, using a floating bioassay laboratory system. The 
goal was to monitor the receiving environment throughout a 
storm event to evaluate impacts under actual exposure 
conditions immediately outside the point of discharge. The 
study was designed to provide a detailed understanding of the 
interaction of storm water with bay waters to help explain the 
apparent absence of receiving water toxicity. 

METHODS 

To perform this task, a flow- through bioassay system 
was placed aboard the research vessel (RV) ECOS, which 
also housed the Navy's Marine Environmental Survey 
Capability (MESC). The MESC is a real -time data 
acquisition system that was used to continuously monitor 
surface seawater conditions and to supply water to the 
bioassay system [2 -4]. These techniques provided actual 
exposure conditions for the test organisms and continuous 
monitoring of the receiving water conditions. 
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Base San Diego before, during, and 28 h after a 25 Feb 
2003 storm event. 

-117.234 -117.232 -117.23 

33.2 

33 

32.8 

32.6 

32.4 

32.2 

32 

MONITORING SITE 

The site chosen for monitoring was Outfall 14 (OF14) at 
Naval Base San Diego (NBSD), which enters the bay 
between Piers 6 and 7 (Fig 2.). The onshore monitoring 
location was located in a large parking lot about 200 m 
upstream from the discharge point through the quay wall. 
The outfall drains -53 acres, virtually all of which is 



impervious surface. The onshore location was estimated to 
effectively sample 92% of the drainage area. Industrial 
facilities in this drainage area include vehicle maintenance 
and divers storage facilities. The outfall is tidally 
influenced with bay water reaching the monitoring location 
at a tide height of -1m. The pipe diameter at the 
monitoring location was 91 cm. This outfall had been 
monitored on previous occasions and had shown toxicity in 
storm water samples, particularly to mussel embryos. 

Outfall 
drainage area in pink. The onshore monitoring location 
is identified by the blue square. The offshore 
monitoring point was located is identified by the red 
circle. 

STORM EVENT 

Monitoring was performed over a four -day period from 
26 to 30 October 2004. The storm event, which began 
@ 0330 on the 27th and ended @ 1145 on the 28th, produced 
3.4" of rainfall. The bulk of the rainfall came during two 
periods; 2.1" during the first six hours of the event, and 0.7" 
between 1045 and 1140 on the 28th. The remaining rainfall 
fell during three half -hour periods, each producing about 0.2 ". 
The rainfall total was a record for the month of October and 
came after a five day dry period. 

ONSHORE MONITORING 

Onshore monitoring was conducted using an automated 
American Sigma 850 autosampler to collect both first -flush 
and composite storm water samples, and to measure rainfall 
and storm water flow. First -flush samples were collected 
during the first hour of flow, whereas composite samples 
were collected throughout the first 2.1" of rainfall. The 
samples collected onshore were analyzed for toxicity and the 
suite of chemicals identified earlier. 
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BAY MONITORING 

The RV ECOS with MESC system was tied up on the 
quay wall just outside OF14 (Fig 3.) so that its sensors and 
water intake system were directly in line with the outfall pipe 
discharge, about 5 m away from the quay wall. The MESC 
sensors and water intake were placed at about 1 m depth, 
though the full water column to about a depth of 7m was 
periodically evaluated. Surface salinity, temperature, 
sample depth, light transmission, pH, and oil fluorescence 
data were collected every four seconds. Two trace metal 
analyzers, using anodic stripping voltammetry techniques [5], 
were used to measure dissolved copper and zinc about every 
15 minutes. The MESC's trace metal clean Teflon® 
seawater pumping system was used to supply surface 
seawater to the bioassay flow- through system at a rate of 
about 10 L /min, as well as to collect discrete samples for 
chemical analysis before, during (4 samples), and after (3 
samples) the storm event. 

Fig. 3. RV ECOS tied up along quay wall outside OF14. 
The sensors and pump intake were directly in line with 
the outfall. Note sheet runoff over quay wall. 

FLOATING BIOASSAY LABORATORY SETUP 

Water Bath System. A fiberglass water bath measuring 106 
cm long X 61 cm wide X 20 cm high was used to house the 
flow- through exposure chambers (Fig. 4). Water was 
pumped through a PVC grid fitted with adjustable valves to 
regulate water flow to individual chambers. Inside the 
water bath, an acrylic stand with a series of 7.5 cm diameter 
cutouts held the chambers in place throughout the exposure 
period. Seawater overflow from the exposure chambers 
filled the water bath to approximately 5 cm in height to help 
insulate against temperature shift. 

Exposure Chambers. Test organisms were held in clean, 
seawater -leached 400 mL polyethylene containers (Fig. 4). 
Matching lids with cutouts were used to prevent organism 
ejection during boat movement, yet allow access for water 
flow and feeding. Both control (static) and flow- through 



chambers contained 250 mL of seawater at all times. 
Overflow ports on flow- through chambers measured 
approximately 2 cm and were covered with 300 µm PeCap 
mesh. The flow rate resulted in an average of 15 turnovers 
per hour. Control chambers were filled with clean, filtered, 
natural seawater from the research pier at Scripps Institution 
of Oceanography. One renewal of the control water was 
performed for 96 -h exposures, while 48 -h exposures were not 
renewed. Topsmelt and mysids swam freely in the 
chambers, while mussel embryos were contained in 5 cm 
diameter polycarbonate drums with 20 µm Nitex® mesh on 
each side, as described in [6]. 

TOXICITY TESTING 

Toxicity testing generally followed standard 
methodology for assessing acute whole effluent toxicity with 
topsmelt larvae and mysid juveniles [7] and chronic toxicity 
with mussel embryos [8]. Mysid and topsmelt exposures 
were 96 -h in duration with a survival endpoint. Mussel 
exposures were 48 -h, with an endpoint based on the 
proportion of normally developed, D- shaped larvae as 
examined by microscope. Onshore testing included 
exposures with effluent representing the first -flush and 
composite storm water. Effluent salinity was increased to 
34 %o with bioassay grade synthetic sea salt (Crystal Sea 
Marinemix) for topsmelt and mysid exposures. Salinity for 
the mussel exposures was adjusted with hypersaline brine 
made from clean natural seawater, resulting in a maximum 
effluent concentration of 61.4 %. Onshore tests consisted of 
3 replicates of 10 mysids, 4 replicates of 5 fish, or 5 
replicates of 150 mussel embryos, for each treatment. At 
least four dilutions of effluent (0.5 dilution factor) were 
prepared for each species. An insufficient volume of the 
composite sample prevented dilutions below 100% for mysid 
exposures, and any exposure to topsmelt. Negative controls 
included clean natural seawater and synthetic salt or brine 
adjusted to 34 %o with deionized water. Copper added to 
natural seawater was used as a positive control, to assess the 
relative sensitivity of the test organisms. 

Offshore testing included two treatments, one under 
flow- through conditions and the other a "floating" control to 
assess any impacts associated with being in the field. Six 
replicates of 10 mysids, 8 replicates of 5 topsmelt, and 6 
replicates of 150 mussel embryos were used for each 
treatment. 

All test organisms were purchased from outside vendors 
and acclimated for -24 h in the laboratory prior to use. 
Organisms used in the floating bioassay were acclimated to 
expected testing temperatures in the exposure chambers over 
approximately 1 hr and carefully transported to the water 
bath system aboard the RV ECOS. All topsmelt and mysids 
were fed twice daily with freshly hatched Artemia nauplii. 
MESC sensors were used to monitor temperature, pH, and 
salinity for all flow through chambers, and a HOBO® data 
logger was used to monitor temperature in both static 
controls and the water bath. Dissolved oxygen was also 

4 

monitored hourly in all chambers using a YSI oxygen meter. 

Fig. 4. Flow- through bioassay setup aboard RV ECOS. 
Water was continuously dripped into each of the 
treatment beakers containing topsmelt, mysids, and 
mussel embryos. 

CHEMISTRY 

All discrete samples were analyzed for total and 
dissolved copper and zinc, TSS, and DOC. First -flush and 
composite storm water samples were also analyzed for total 
and dissolved aluminum, iron, chromium, manganese, nickel, 
arsenic, selenium, silver, cadmium, tin, lead, and mercury, 41 
PAH analytes, 31 PCB congeners, and chlorinated pesticides 
including DDT, its metabolites and chlordane. 

Chemical analyses were performed in -house and by 
Battelle's Ocean Sciences and Marine Sciences laboratories, 
in Duxbury, MA and Sequim, WA, respectively. All 
analyses were performed using standard NS &T 
low- detection methods with appropriate QA /QC controls 
including method blanks, blank -spikes, matrix spikes, 
duplicates, and standard reference materials. Storm water 
samples were analyzed for metals using EPA methods 
1638m and 1640. Bay water samples were analyzed for 
metals using trace metal analysis techniques described in [9]. 
DOC was analyzed using EPA method 415.1. TSS analysis 
was performed using standard protocols developed at the 
University of New Hampshire [10]. Water samples 
analyzed for organic chemicals were extracted using EPA 
SW846 3510C. Extracts were analyzed for PAH using EPA 
method EPA SW846 Method 8270C, for PCB congeners 
using EPA Method 1668A and for chlorinated pesticides 
using EPA SW846 Methods 8081A and 8082. 

RESULTS 

ONSHORE 

Roughly 13,000 m3 of water was discharged through 
OF14 during this storm event. An additional, but 
unmeasured amount also discharged as sheet runoff (Fig. 3). 
Maximum observed flow was roughly 0.5 m3 /s. 



Undiluted first -flush (FF) storm water was significantly 
toxic (p <0.05) to mysids and to mussel larvae, but did not 
negatively impact topsmelt survival (Table 1). Composite 
(Comp) samples showed a reduced toxic effect with minimal 
toxicity to mysids and no toxicity to mussel larvae (topsmelt 
were not tested). Laboratory control survival was -100% 
for both mysids and topsmelt, and normal development was 
89% for mussel larvae. The positive control, a reference 
toxicant test with copper, indicated normal sensitivity of all 
species (within 2 standard deviations of the laboratory 
control chart mean), with LC50 values of 287, 98, and 7.6 
.tg/L, for mysids, topsmelt, and mussels, respectively. All 
water quality data were within acceptable limits. 

Table 1. Summary of toxicity data. Data represent 
percent survival (mysid, topsmelt) or percent normal 
larval development (mussel). Lowest observable effect 
concentration (LOEC) and the concentration causing 
50% mortality (LC50) or effect (EC50) are included. 
Dashed lines indicate no data. 

Exposure 
Type 

Sample 
Type Parameter Mysid Topsmelt Mussel 

Onshore OF Neg. Control 98.3 100.0 92.6 
100% effluent 63.3 90.0 1.2 
LOEC 100.0 >100.0 50.0 
LC50 or EC50 >100.0 >100.0 49.1 

Comp Neg. Control 98.3 - 92.6 
100% effluent 80.0 - 86.4 
LOEC - - 50.0 
LC50 or EC50 - - >61.4 

Offshore Receiving Floating Control 93.3 70.0a /100.06 92.2 

Flow -through 98.3 62.5a/89.36 80.5 

a Actual percent survival 
b Percent survival relative to floating control 

Chemistry results are shown in Table 2. All metals (except 
aluminum) were lower in the composite samples by about 
half the amounts measured in the first -flush sample. TSS, 
however, was higher in the composite sample as were some 
individual organic, though in the case of the organics the 
increase may have resulted from being at or near the 
detection limit. Aluminum, iron, silver, lead, mercury, and 
tin were nearly all in the particulate phase, with the 
remaining metals ranging between 30% and 70% dissolved 
phase. Copper, individual DDT isomers, total PCB (TPCB), 
and some of the higher molecular weight PAH 
concentrations were elevated above their respective water 
quality standards (WQS) in both first -flush and composite 
samples [11]. Zinc was above its WQS in the first -flush 
sample but below it in the composite sample. The typical 
elevation above a WQS was between a factor of 2 and 8 in 
the first -flush sample and about half that amount in the 
composite sample. 
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Table 2. Summary of chemistry data. Metals data are for 
dissolved fraction only. Organic summations Priority 
Pollutant PAH (PP PAH), Total PCB congeners (TPCB), 
Total DDT isomers (TDDT), and Total Chlordane 
isomers (TCHLOR) were calculated using '/ method 
detection limit for analytes measured at or below the 
detection limit. Dashed lines indicate no data. 

ONSHORE OFFSHORE 
Analvte Units FF COMP BEFORE DURING ' AFTER= 

Ag µg/L 0.00601 0.00378 - - - 
AI µg/L 14.7 17.7 - - - 
As µg/L 2.04 1.72 - - - 
Cd µg/L 0.492 0.244 - - - 

Cr µg/L 2.22 9.99 - - - 

Cu µg/L 18.9 9.89 3.9 4.7 3 7 

Fe µg/L 26.4 25.0 - - - 

Hg ltg/L 0.00597 0.00330 - - - 

Mn µg/L 29.2 13.2 - - - 

Ni µg/L 3.67 1.66 - - - 

Pb µg/L 0.493 0.441 - - - 

Se µg/L 0.848 0.356 - - - 

Sn µg/L 0.25** 0.25** - - - 

Zn µg/L 175 68.4 7.8 9 8.7 
TSS mg/L 61.2 78.7 1.4 3.8 2.2 
DOC mg/L 11.7 6.0 0.91 1.2 0.90 
PP PAH ng/L 596 387 - - - 
TPCB ng/L 71 30 - - - 
TDDT ng/L 7.5 3.6 - - - 

TCHLOR ng/L 2.4 1.8 - - - 

* Average of 4 samples 

Average of 3 samples 
** Value =l/2 Method detection limit 

OFFSHORE 

Mysid survival and mussel normal larval development were 
high in the floating controls, each exceeding 90% (Table 1). 
Mysids in the flow- through treatment experienced nearly no 
mortality. Mussel development in the flow -through 
treatment was slightly lower than the floating control, but the 
difference was not statistically significant. Topsmelt 
survival was reduced in both floating controls and 
flow -through treatments (Table 1). However, 86% of the 
topsmelt mortalities occurred in the first 24 hours. Though 
water quality of the offshore treatments was within a range 
tolerated by all species, a spike in water temperature 
(maximum of 26.3 °C) was measured at the beginning of the 
field exposure for both the floating control and flow- through 
treatments. This spike occurred when a sun block had not 
yet been put into place. Because of the low control values, 
the topsmelt data are also reported as percent survival 
relative to the controls. 

The chemistry of discrete bay water samples collected 
before, during, and after the storm event are shown in 
Table 2. For simplicity, data in the table for the four 
"during" and three "after" samples were averaged. 
"During" samples were collected during the first 2.1" of 
rainfall when it was actively raining and there was visual 
storm discharge to the bay. "After" samples were collected 

8, 16, and 40 h after rainfall and storm flow had ceased. 
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Fig. 5 MESC full -storm monitoring data for salinity, dissolved copper and zinc. 
Dissolved copper and zinc in discrete samples and cumulative rainfall data are also 

Concentrations of dissolved copper and zinc measured in the 
discrete bay samples during the storm were about 20% higher 
than those measured in either the pre -storm or post -storm 
samples, and overall varied about 11% relative standard 
deviation (rsd). These metals were consistently 60 and 90 %, 
respectively in the dissolved phase. Copper was always 
above its WQS of 3.1 µg/L, probably due to chronic hull 
paint leachate. Zinc was well below its WQS of 81µg/L. 
DOC and TSS levels measured in bay samples were more 
variable (42 and 59% rsd, respectively) and increased by a 
factor of -3 during the storm, but decreased to pre -storm 
levels in the "after" samples. 

REAL -TIME MONITORING 

Salinity, temperature, pH, light transmission, and oil 
fluorescence data measured by MESC were highly variable 
during storm flow conditions. In particular, salinity varied 
from a pre -storm value of 33.5 psu to near zero during the 
most intense rainfall periods. However, these low salinity 
conditions were maintained for very short periods of time; on 
the order of minutes or tens of minutes (Fig. 5). Over the 
exposure time period, salinity averaged 32.4 psu and thus this 
freshwater signal of 3.5% translated into an average dilution 
factor of -30. Some of the observed variations could also 
be attributed to tidal fluctuations, which were particularly 
noticeable after the storm was over (Fig. 5). Continuous 
copper and zinc monitoring, representing between 165 and 
265 analyses, showed a slightly lower variability with a 
maximum change of about a factor of two. The continuous 
monitoring with the MESC trace metal analyzers produced 
comparable (but not exact) results to the analysis made in the 
discrete samples. 

DISCUSSION 

The storm event monitored was an exceptionally high 
rainfall event, falling in the 98th percentile for rainfall totals 
in the region [12]. Therefore, this storm is representative of 
the upper range of volume discharge to the bay from this 
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drainage area. Though outfall chemistry data are 
historically quite variable, the measured levels during this 
storm were uniformly lower than those previously observed 
at this site, a result likely due to the short 5 -d antecedent 
dry period. Even with lower event mean concentrations 
than observed on other occasions (by approximately a factor 
of five), this discharge event still represents an upper bound 
for contaminant mass load to the bay from this site. 

Only copper and zinc were measured in the storm water 
samples at levels likely to cause the observed acute toxicity. 
Two separate TIE studies conducted at San Diego Navy 
facilities (as part of the Navy's overall toxicity investigation) 
identified both copper and zinc as the primary contributors to 
observed toxicity. In this study, it also appeared that both 
copper and zinc concentrations were predictive of toxicity. 
A strong negative correlation was observed between mysid 
survival and copper and zinc concentrations (r2 = 0.977 and 
0.966, respectively). For mysids, zinc very likely 
contributed to the observed toxicity in the effluent, as 
measured concentrations were high enough to cause lethality 
to this species (96 -h mysid zinc LC50= 303 µg/L; [13]) while 
copper concentrations were not high enough (96 -h mysid 
copper LC50= 153 µg/L; [13]). Strong relationships 
between mussel larval development and copper and zinc 
concentrations were also observed (r2 = 0.931 and 0.882, 
respectively). In this case, copper and zinc both likely 
played a role in the observed effects based on the sensitivity 
of this species (48 -h copper EC50= 6.43 µg/L [9]; 48 -h zinc 
EC50 =178 µg/L [14]). The absence of observed effects for 
any sample with topsmelt is consistent with the relatively low 
sensitivity of this species to the measured metal 
concentrations (96 -h copper LC50 =238 µg/L [15]; 96 -h zinc 
LC50 = 627 µg/L [16]). 

Dilution series data for storm water effluent samples 
resulted in EC50 and LOEC values of -50% for mussel 
embryos. These values were higher than the 23% average 
value observed in samples collected from San Diego Navy 
facilities. These toxicity values should translate into a 



dilution factor of between 2 and 5 needed to reduce toxicity 
to these organisms. Because pre -storm bay water was the 
diluent in these tests, the dilution factors need no adjustment 
for bay background conditions. 

Even though the magnitude of the contaminant load to 
the bay during this event was relatively high, the copper and 
zinc levels measured in the bay were insufficient to cause 
acute toxicity. The minimum dilution factor determined by 
dividing the first -flush sample concentration by the 
difference between the maximum bay water value during the 
storm and the pre -storm concentration (MESC trace metal 
analyzer data) was 5 and 22 for copper and zinc, respectively. 
The average dilution factor, determined comparably by 
dividing the composite sample concentration by the 
difference in the average values measured during and before 
the storm, was 15 for copper and 24 for zinc. The similar 
calculation using the discrete sample data, yielded an average 
dilution factor of 12 for copper and 57 for zinc. These 
dilution factors bracket the average value of 30 calculated 
from the salinity measurements. 

The range in observed dilution factors was more than 
sufficient to explain the observed reduction in toxicity of bay 
waters. The rapid mixing that occurred immediately outside 
the point of discharge led to a significant reduction in both 
chemical concentrations and limited the exposure duration to 
minutes rather than the 48- or 96 -h exposures used in 
standard bioassays. The use of standard methods, therefore, 
overestimates the impact of episodic ephemeral discharges 
like storm water. These findings support results measured 
to date at all San Diego Navy facilities, which show that 
toxicity measured at the end -of -pipe does not reflect actual 
toxic impacts in the receiving environment. 

The use of the floating bioassay laboratory system with 
the unique MESC continuous monitoring capability provided 
a useful means to directly evaluate receiving water impacts. 
Though reports of marine larval fish and invertebrates as 
field -based bio- monitoring tools are limited [17 -20], these 
results suggest that mysids, topsmelt larvae, and mussel 
embryos have good potential for use in exposures outside of 
the laboratory. These test organisms performed well under 
highly fluctuating seawater conditions. In particular, they 
did not appear to be impacted from the drop in salinity to 
near zero detected in the early stages of the storm. The 
relatively low (70 %) floating control survival observed for 
topsmelt suggests this species may have a heightened 
sensitivity to fluctuating temperature, which spiked high at 
the start of the exposure period. This temperature 
fluctuation, however, could be better controlled in future 
efforts. 

CONCLUSIONS 

The data provided by the floating bioassay system 
confirms that bay exposures are very limited as a result of 
rapid mixing and dilution immediately outside the point of 
discharge. Observed exposure times were on the order of 
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minutes rather than the 48- or 96 -h exposures used in 
standard bioassays. Thus, using standard laboratory 
bioassays of storm water discharges made at the end -of -pipe 
potentially overestimate the acute toxic impact of storm 
water discharges to receiving waters by overestimating 
exposure times. The unique data afforded by continuous 
monitoring with a floating bioassay laboratory provided a 
detailed understanding of the interaction of storm water with 
bay waters in explaining the lack of receiving water toxicity. 
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at
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te
 

re
po

rt
 s

ec
tio

ns
 to

 i
m

pr
ov

e 
th

e 
le

ve
l 

of
 de

ta
il 

th
at

 s
up

po
rt

 th
e 

el
em

en
ts

 t
ha

t a
re

 i
nc

lu
de

d 
in

 a
 f

or
m

al
 Q

A
PP

. 
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2.
 

"T
he

 t
es

t m
et

ho
ds

 a
nd

 t
es

t s
pe

ci
es

 t
o 

be
 te

st
ed

 m
us

t 
be

 f
ro

m
 t

he
 f

ol
lo

w
in

g 
T

he
 p

er
m

it 
re

qu
ir

es
 te

st
in

g 
su

rv
iv

al
 o

f e
ith

er
 a

 v
er

te
br

at
e 

or
 a

n 
m

et
ho

ds
: 

in
ve

rt
eb

ra
te

. 
T

he
 m

us
se

l 
de

ve
lo

pm
en

t 
en

dp
oi

nt
 w

as
 a

dd
ed

 
- 

1s
t 

ed
iti

on
 w

es
t c

oa
st

 m
ar

in
e 

sh
or

t-
te

rm
 te

st
 m

et
ho

ds
 (

U
SE

PA
 1

99
5)

 
be

ca
us

e 
it 

is
 a

m
on

g 
th

e 
m

os
t 

se
ns

iti
ve

 s
ho

rt
-t

er
m

 te
st

s 
- 

4t
h 

ed
iti

on
 f

re
sh

w
at

er
 s

ho
rt

-t
er

m
 te

st
 m

et
ho

ds
 (

U
SE

PA
 2

00
2a

) 
av

ai
la

bl
e.

 T
he

 le
ve

l 
of

 e
ff

or
t r

eq
ui

re
d 

to
 p

er
fo

rm
 th

e 
to

xi
ci

ty
 

- 
5t

h 
ed

iti
on

 f
re

sh
w

at
er

 a
nd

 m
ar

in
e 

ac
ut

e 
te

st
 m

et
ho

ds
 (

U
SE

PA
 2

00
2b

).
 

te
st

s 
fo

r e
ac

h 
st

or
m

 e
ve

nt
 w

ith
 m

ul
tip

le
 s

pe
ci

es
, 

lo
ca

tio
ns

, 
an

d 
- 

Fo
r 

bo
th

 a
cu

te
 (

in
cl

ud
e 

in
ve

rt
eb

ra
te

 a
nd

 v
er

te
br

at
es

) 
an

d 
ch

ro
ni

c 
te

st
 

sa
m

pl
e 

ty
pe

s 
w

as
 i

m
m

en
se

. 
A

dd
in

g 
an

ot
he

r 
te

st
 sp

ec
ie

s 
m

et
ho

ds
 (

in
cl

ud
e 

in
ve

rt
eb

ra
te

, v
er

te
br

at
e,

 a
nd

 p
la

nt
s)

 m
ul

tip
le

 t
es

t s
pe

ci
es

 
m

us
t b

e 
ev

al
ua

te
d 

fo
r 

bo
th

 s
tu

dy
 o

bj
ec

tiv
es

."
 

w
ou

ld
 h

av
e 

su
rp

as
se

d 
th

e 
ca

pa
bi

lit
ie

s 
of

 m
os

t t
ox

ic
ity

 l
ab

s.
 

M
os

t 
im

po
rt

an
tly

, 
I 

sp
ec

if
ic

al
ly

 d
el

in
ea

te
d 

th
at

 U
SE

PA
 to

xi
ci

ty
 te

st
 

E
PA

 m
et

ho
ds

 w
er

e 
us

ed
 f

or
 th

e 
to

ps
m

el
t a

nd
 m

ys
id

 te
st

in
g 

pr
oc

ed
ur

es
 w

er
e 

to
 b

e 
fo

llo
w

ed
. 

T
he

re
fo

re
, 

w
hy

 d
id

 th
e 

N
av

y 
ch

oo
se

 to
 

sp
ec

if
ie

d 
in

 th
e 

pe
rm

it.
 

A
ST

M
 1

99
9 

w
as

 u
se

d 
fo

r t
he

 m
us

se
l 

fo
llo

w
 t

he
 A

ST
M

 1
99

4 
bi

va
lv

e 
de

ve
lo

pm
en

t 
pr

ot
oc

ol
 i

ns
te

ad
 o

f t
he

 U
SE

PA
 

te
st

s 
an

d 
sh

ou
ld

 h
av

e 
be

en
 u

ni
fo

rm
ly

 c
ite

d 
in

 th
e 

19
95

 b
iv

al
ve

 d
ev

el
op

m
en

t 
pr

ot
oc

ol
? 

T
he

re
 a

re
 s

ev
er

al
 i

n 
di

sc
re

pa
nc

ie
s 

as
 t

o 
do

cu
m

en
ta

tio
n.

 
A

ST
M

 m
et

ho
ds

 a
re

 n
ea

rl
y 

id
en

tic
al

 t
o 

w
hi

ch
 W

E
T

 t
es

t 
m

et
ho

d 
w

as
 c

on
du

ct
ed

 f
or

 th
is

 s
pe

ci
es

. 
Fo

r 
ex

am
pl

e,
 th

e 
U

SE
PA

 1
99

5 
th

ou
gh

 th
ey

 d
if

fe
r 

in
 th

ei
r t

es
t a

cc
ep

ta
bi

lit
y 

re
po

rt
 c

ite
s 

A
ST

M
 1

99
4,

 A
pp

en
di

x 
F 

ci
te

s 
A

ST
M

 1
99

9,
 a

nd
 A

pp
en

di
x 

H
 c

ite
s 

cr
ite

ri
a.

 
A

ST
M

 p
ro

to
co

ls
 w

er
e 

re
fe

re
nc

ed
 b

ec
au

se
 r

es
ul

ts
 

U
SE

PA
 1

99
5.

 
It

 i
s 

un
cl

ea
r 

as
 to

 w
ha

t 
m

et
ho

d 
an

d 
w

he
th

er
 th

e 
m

et
ho

d 
w

as
 

w
er

e 
ba

se
d 

on
 n

or
m

al
 s

he
ll 

de
ve

lo
pm

en
t 

an
d 

no
t 

su
rv

iv
al

. 
co

ns
is

te
nt

 f
or

 a
ll 

th
es

e 
an

al
ys

es
? 

I 
su

gg
es

t t
ha

t 
in

 th
e 

fi
na

l 
re

po
rt

 t
ha

t 
an

y 
T

hi
s 

w
as

 c
on

si
de

re
d 

ap
pr

op
ri

at
e 

be
ca

us
e 

of
 th

e 
se

ns
iti

vi
ty

 o
f 

di
ff

er
en

ce
s 

be
tw

ee
n 

th
es

e 
m

et
ho

ds
 b

e 
de

sc
ri

be
d.

 
T

he
 r

ep
or

t n
ee

ds
 t

o 
th

e 
su

bl
et

ha
l 

en
dp

oi
nt

, a
nd

 t
he

 s
pe

ed
 w

ith
 w

hi
ch

 r
es

ul
ts

 c
ou

ld
 

sp
ec

if
ic

al
ly

 i
de

nt
if

y 
th

e 
m

ys
id

 te
st

ed
 i

n 
th

is
 s

ec
tio

n 
(r

ea
de

r 
sh

ou
ld

 n
ot

 h
av

e 
to

 
be

 e
va

lu
at

ed
, 

pa
rt

ic
ul

ar
ly

 b
ec

au
se

 o
f l

ar
ge

 te
st

in
g 

go
 t

o 
A

pp
en

di
x 

B
 o

r 
E

xe
cu

tiv
e 

Su
m

m
ar

y)
. 

W
hy

 w
er

e 
on

ly
 t

hr
ee

 r
ep

s 
re

qu
ir

em
en

ts
. 

R
ef

er
en

ce
s 

to
 o

th
er

 t
ha

n 
A

ST
M

 1
99

9 
w

er
e 

em
pl

oy
ed

 i
ns

te
ad

 o
f t

he
 r

eq
ui

re
d 

fo
ur

 r
ep

s 
(a

 r
eq

ui
re

d 
m

in
im

um
 a

s 
sp

ec
if

ie
d 

in
 

th
e 

m
an

ua
l)

? 
co

rr
ec

te
d 

in
 th

e 
re

po
rt

 a
nd

 a
pp

en
di

ce
s.

 

T
ex

t d
es

cr
ib

in
g 

th
e 

sp
ec

if
ic

 t
es

t s
pe

ci
es

 u
se

d 
w

as
 a

dd
ed

 t
o 

th
e 

te
xt

. 

T
he

 t
es

t m
et

ho
ds

 r
eq

ui
re

 tw
o 

re
pl

ic
at

es
 f

or
 e

ff
lu

en
t t

es
tin

g 
an

d 
fo

ur
 r

ep
lic

at
es

 f
or

 r
ec

ei
vi

ng
 w

at
er

 te
st

in
g.

 
T

hr
ee

 r
ep

lic
at

es
 

w
er

e 
us

ed
 f

or
 a

ll 
te

st
s 

to
 s

tr
ea

m
lin

e 
la

bo
ra

to
ry

 w
or

k 
an

d 
to

 
pr

ov
id

e 
co

ns
is

te
nc

y 
be

tw
ee

n 
ef

fl
ue

nt
 a

nd
 b

ay
 w

at
er

 te
st

in
g.

 
T

ho
ug

h 
th

is
 w

as
 a

 d
ep

ar
tu

re
 f

or
 th

e 
nu

m
be

r 
of

 re
pl

ic
at

es
 

re
qu

ir
ed

 f
or

 r
ec

ei
vi

ng
 w

at
er

 te
st

in
g,

 t
es

t m
et

ho
d 

va
ri

ab
ili

ty
 

w
as

 g
oo

d.
 

A
ll 

re
ce

iv
in

g 
w

at
er

 te
st

 r
es

ul
ts

 w
er

e 
ab

ov
e 

90
%

 
su

rv
iv

al
 a

nd
 a

 f
ou

rt
h 

re
pl

ic
at

e 
w

ou
ld

 n
ot

 h
av

e 
ch

an
ge

d 
th

is
 

ou
tc

om
e.
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3.
 

"T
he

 p
ro

po
se

d 
te

ch
ni

ca
l 

ap
pr

oa
ch

 m
us

t 
pr

ov
id

e 
th

e 
ba

si
s 

fo
r 

ho
w

 t
he

 d
at

a 
A

s 
m

en
tio

ne
d 

pr
ev

io
us

ly
, a

 f
or

m
al

 Q
A

PP
 w

as
 n

ot
 g

en
er

at
ed

. 
w

ill
 b

e 
ev

al
ua

te
d 

fo
r 

da
ta

 a
na

ly
si

s 
an

d 
ev

al
ua

tio
n 

st
ep

s.
 

Fo
r 

ex
am

pl
e,

 h
ow

 
T

ab
le

 5
 d

id
 s

ho
w

 th
e 

Q
A

 o
bj

ec
tiv

es
 a

nd
 th

e 
te

st
 a

cc
ep

ta
bi

lit
y 

w
ill

 t
he

 d
at

a 
be

 e
va

lu
at

ed
 f

or
 w

he
th

er
 t

he
 q

ua
lit

y 
as

su
ra

nc
e /

qu
al

ity
 c

on
tr

ol
 

re
qu

ir
em

en
ts

. 
A

s 
de

sc
ri

be
d 

ab
ov

e,
 t

ex
t 

w
as

 a
dd

ed
 t

o 
th

e 
(Q

A
 /Q

C
),

 a
nd

 t
es

t a
cc

ep
ta

bi
lit

y 
cr

ite
ri

a 
(T

A
C

) 
re

qu
ir

em
en

ts
 w

er
e 

ac
hi

ev
ed

? 
m

et
ho

ds
 a

nd
 r

es
ul

ts
 s

ec
tio

ns
 th

at
 b

et
te

r 
de

sc
ri

be
s 

an
d 

T
he

 Q
A

PP
 s

ho
ul

d 
in

cl
ud

e 
da

ta
 a

na
ly

si
s 

an
d 

ev
al

ua
tio

n 
pr

oc
ed

ur
es

. 
Fo

r 
ea

ch
 

qu
an

tif
ie

s 
th

e 
ev

al
ua

tio
n 

of
 p

er
fo

rm
an

ce
 r

el
at

iv
e 

to
 Q

A
 /Q

C
 

te
st

 e
nd

po
in

t 
an

d 
m

et
ho

d,
 th

e 
re

su
lts

 f
or

 v
ar

io
us

 e
nd

po
in

ts
 m

us
t 

be
 c

al
cu

la
te

d 
ac

co
rd

in
g 

to
 E

PA
 f

lo
w

ch
ar

ts
 i

n 
th

e 
W

E
T

 m
an

ua
ls

. 
T

he
 r

es
ul

ts
 m

us
t 

be
 

ex
am

in
ed

 o
n 

a 
te

st
 -b

y 
-t

es
t b

as
is

. 
T

es
t 

re
su

lts
 s

ho
ul

d 
be

 r
ev

ie
w

ed
 to

 e
ns

ur
e 

th
at

 

ob
je

ct
iv

es
 a

nd
 T

A
C

. 

(1
) 

da
ta

 w
er

e 
pr

op
er

ly
 r

ep
or

te
d 

an
d 

(2
) 

pr
op

er
 e

st
im

at
es

 w
er

e 
ge

ne
ra

te
d 

ac
co

rd
in

g 
to

 E
PA

 f
lo

w
ch

ar
ts

 (
se

e 
R

ep
or

t 
Pr

ep
ar

at
io

n 
an

d 
T

es
t 

R
ev

ie
w

 s
ec

tio
n 

of
 th

e 
m

an
ua

ls
).

 
N

ot
e,

 a
ll 

th
es

e 
st

ep
s 

sh
ou

ld
 b

e 
sp

ec
if

ie
d 

in
 a

 d
oc

um
en

t 
in

 
ad

va
nc

e 
of

 th
e 

da
ta

 a
na

ly
si

s 
to

 e
ns

ur
e 

th
at

 a
ll 

da
ta

 m
ee

ts
 th

e 
ap

pr
op

ri
at

e 
an

d 
re

qu
ir

ed
 Q

A
 /Q

C
, 

T
A

C
 a

nd
 s

ta
tis

tic
al

 a
ss

um
pt

io
ns

 b
ef

or
e 

th
e 

da
ta

 is
 i

nc
lu

de
d 

in
 t

he
 o

ve
ra

ll 
da

ta
 e

va
lu

at
io

n.
" 

. 

T
he

 d
is

cu
ss

io
n 

on
 t

ox
ic

ity
 d

at
a 

qu
al

ity
 a

ss
ur

an
ce

 /q
ua

lit
y 

co
nt

ro
l 

st
ar

tin
g 

on
 

pa
ge

 2
8,

 n
ee

ds
 t

o 
be

 r
ef

in
ed

 a
nd

 m
or

e 
de

ta
il 

pr
ov

id
ed

 (
e.

g.
, t

he
 r

ep
or

t h
as

 a
 

be
tte

r 
de

sc
ri

pt
io

n 
of

 m
et

ho
ds

 a
nd

 m
at

er
ia

ls
 p

ro
vi

de
d 

in
 th

e 
T

IE
 t

es
t 

m
et

ho
d 

di
sc

us
si

on
).

 
Fo

r 
ex

am
pl

e,
 th

e 
se

nt
en

ce
 "

E
xc

ee
da

nc
es

 i
n 

se
ve

ra
l 

da
ta

 q
ua

lit
y 

ob
je

ct
iv

e 
di

d 
no

t 
au

to
m

at
ic

al
ly

 i
nv

al
id

at
e 

a 
te

st
" 

so
 h

ow
 w

as
 th

is
 d

oc
um

en
te

d 
in

 th
e 

Q
A

PP
? 

A
ls

o,
 a

cc
or

di
ng

 to
 t

he
 m

an
ua

ls
, t

he
 t

es
t 

ac
ce

pt
ab

ili
ty

 c
ri

te
ri

on
 

(T
A

C
) 

(9
0%

 o
r 

gr
ea

te
r 

su
rv

iv
al

 a
nd

 t
he

 c
on

tr
ol

s 
fo

r 
ac

ut
e 

te
st

 m
et

ho
ds

) 
is

 

m
an

da
to

ry
. 

Pl
ea

se
 s

pe
ci

fy
 w

he
th

er
 a

ll 
te

st
s 

ac
hi

ev
ed

 t
he

 T
A

C
? 

W
he

re
 i

s 
th

e 
di

sc
us

si
on

 o
f t

he
 Q

A
PP

 d
at

a 
an

al
ys

is
 a

nd
 e

va
lu

at
io

n 
pr

oc
ed

ur
es

 (
in

cl
ud

e 
as

 a
n 

ap
pe

nd
ix

)?
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4.
 

Fo
r 

th
e 

ev
al

ua
tin

g 
th

e 
ac

ut
e 

to
xi

ci
ty

 o
bj

ec
tiv

e,
 t

he
 s

tu
dy

 m
us

t 
de

te
rm

in
e 

th
e 

fo
llo

w
in

g 
st

at
is

tic
al

 a
na

ly
si

s 
fo

r 
ea

ch
 t

es
t m

et
ho

d,
 (

1)
 s

ta
nd

ar
d 

t -
te

st
, 

(2
) 

no
- 

ob
se

rv
ed

 a
dv

er
se

 e
ff

ec
t 

co
nc

en
tr

at
io

n 
(N

O
A

E
C

),
 a

nd
 (

3)
 t

he
 L

et
ha

l 
C

on
ce

nt
ra

tio
n 

(L
C

50
) 

ac
co

rd
in

gl
y 

to
 U

SE
PA

 2
00

2.
 

E
ac

h 
of

 th
es

e 
en

dp
oi

nt
s 

sh
ou

ld
 b

e 
co

ns
id

er
ed

 f
or

 th
is

 s
tu

dy
 o

bj
ec

tiv
e.

 
In

 A
pp

en
di

x 
B

 i
t 

ap
pe

ar
s 

th
at

 th
e 

an
al

ys
is

 o
f t

he
 s

ta
nd

ar
d 

t -
te

st
 w

as
 n

ot
 

co
nd

uc
te

d.
 

A
pp

ar
en

tly
, 

A
pp

en
di

x 
C

 d
oe

s 
pr

ov
id

e 
th

e 
st

at
is

tic
al

 t
 -t

es
t a

na
ly

si
s.

 
H

ow
ev

er
, a

 m
aj

or
 o

ve
rs

ig
ht

 o
f A

pp
en

di
x 

C
 i

s 
th

at
 th

e 
co

nt
ro

l 
re

sp
on

se
 d

at
a 

is
 

no
t 

in
cl

ud
ed

. 
I 

su
gg

es
t t

ha
t 

th
es

e 
st

at
is

tic
al

 e
nd

po
in

ts
 b

e 
in

 o
ne

 t
ab

le
 f

or
 e

as
e 

of
 c

om
pa

ri
so

n 
fo

r 
th

e 
re

ad
er

. 

T
he

 e
nd

po
in

ts
 c

ite
d 

in
 t

he
 c

om
m

en
t w

er
e 

al
l 

co
nd

uc
te

d/
 

de
te

rm
in

ed
 a

nd
 r

ep
or

te
d 

in
 th

e 
ap

pe
nd

ic
es

. 
Pr

e 
-s

to
rm

 b
ay

 
w

at
er

 r
es

ul
ts

 a
ct

 a
s 

th
e 

co
nt

ro
ls

 f
or

 t
he

 o
ut

fa
ll 

sa
m

pl
es
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T
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e.
 

A
dd

iti
on

al
ly

, 
in

 M
et

ho
ds

 (
p3

5,
 t

bl
 6

) 
m

et
al

s 
M

D
L

 v
al

ue
s 

ar
e 

id
en

tif
ie

d.
 

H
ow

ev
er

, 
th

e 
gr

ay
 s

ha
de

d 
va

lu
es

 i
n 

T
ab

le
s 

14
, 

15
, 2

2,
 2

9,
 

36
 d

o 
no

t 
ap

pe
ar

 to
 f

ol
lo

w
 th

e 
M

D
L

 r
ep

or
tin

g 
cr

ite
ri

a 
id

en
tif

ie
d 

on
 p

g 
35

 o
r 

38
. 

Pl
ea

se
 c

la
ri

fy
 a

nd
 m

od
if

y 
if

 ne
ed

ed
. 

T
ab

le
 d

at
a 

re
po

rt
ed

 a
s 

no
n 

-d
et

ec
t a

re
 s

ho
w

n 
as

 M
D

L
 v

al
ue

s.
 

T
he

 t
ex

t 
w

as
 c

or
re

ct
ed

 to
 r

ef
le

ct
 t

hi
s.

 
A

 s
en

te
nc

e 
w

as
 a

dd
ed

 t
o 

ea
ch

 a
pp

ro
pr

ia
te

 s
ec

tio
n 

on
 o

rg
an

ic
s 

th
at

 s
um

m
at

io
ns

 w
er

e 
m

ad
e 

us
in

g'
' t

he
 M

D
L

 w
he

n 
th

er
e 

w
as

 a
 n

on
 -d

et
ec

t 
va

lu
es

. 

9.
 

M
et

al
s 

re
su

lts
 (

p 
48

, 
66

, 
80

, 
94

):
 

T
he

 r
es

ul
ts

 f
or

 e
ac

h 
of

 th
e 

si
te

s 
sh

ow
 

m
et

al
s,

 n
am

el
y 

co
pp

er
 a

nd
 z

in
c,

 b
ei

ng
 c

om
pa

re
d 

to
 P

er
m

it 
pe

rf
or

m
an

ce
 g

oa
ls

 (
63

.6
 a

nd
 1

17
ug

/L
).

 A
re

 t
he

re
 o

th
er

 c
on

st
itu

en
ts

 
id

en
tif

ie
d 

in
 th

e 
Pe

rm
it 

as
 h

av
in

g 
pe

rf
or

m
an

ce
 g

oa
ls

? 
It

 i
s 

re
co

m
m

en
de

d 
th

at
 a

 ta
bl

e 
be

 a
dd

ed
 t

o 
th

e 
m

et
ho

ds
 s

ec
tio

ns
 i

de
nt

if
yi

ng
 

th
e 

be
nc

hm
ar

ks
, c

hr
or

tic
 w

q 
st

an
da

rd
s,

 w
at

er
 q

ua
lit

y 
ob

je
ct

iv
es

, 
et

c 
th

at
 e

ac
h 

co
ns

tit
ue

nt
s 

w
ill

 b
e 

co
m

pa
re

d 
to

 l
at

er
 in

 t
he

 r
ep

or
t. 

N
o 

ot
he

r 
co

ns
tit

ue
nt

s 
ha

ve
 a

 p
er

fo
rm

an
ce

 g
oa

l 
in

 t
he

 p
er

m
it.

 
A

 
se

ct
io

n 
an

d 
ta

bl
e 

w
er

e 
ad

de
d 

to
 t

he
 m

et
ho

ds
 d

es
cr

ib
in

g 
th

es
e 

ch
em

ic
al

 d
at

a 
be

nc
hm

ar
ks

 a
nd

 c
om

pa
ri

so
ns

. 

10
. 

T
IE

, p
60

: 
T

he
 t

ex
t 

in
 th

is
 s

ec
tio

n 
m

en
tio

ns
 th

e 
3 

ou
tf

al
ls

 a
t N

av
al

 
St

at
io

n.
 

I 
be

lie
ve

 t
he

 s
ite

 s
ho

ul
d 

be
 t

he
 S

ub
 B

as
e.

 P
le

as
e 

re
vi

ew
 th

e 
se

ct
io

n 
to

 s
ee

 i
f 

1)
 

th
e 

te
xt

 s
ho

ul
d 

be
 m

ov
ed

 to
 a

pp
ro

pr
ia

te
 p

ar
t 

of
 th

e 
N

av
al

 S
ta

tio
n'

s 
re

su
lts

, 
or

 2
) 

th
e 

si
te

 w
as

 m
is

na
m

ed
. 

T
hi

s 
co

m
m

en
t 

pr
ov

id
es

 a
dd

iti
on

al
 s

up
po

rt
 f

or
 u

si
ng

 a
 c

on
si

st
en

t 
na

m
in

g 
sc

he
m

e 
(s

ee
 

G
en

 C
om

m
en

t 
1 

ab
ov

e)
. 

T
he

 s
ite

 w
as

 m
is

na
m

ed
 a

nd
 c

or
re

ct
ed

 in
 t

he
 te

xt
 a

s 
Su

bm
ar

in
e 

B
as

e.
 

11
. 

D
is

cu
ss

io
n,

 T
ox

ic
ity

 E
va

l, 
p1

05
: 

It
 i

s 
no

t c
le

ar
 i

f m
us

se
l 

la
rv

al
 

de
ve

lo
pm

en
t t

es
ts

 a
re

 r
eq

ui
re

d 
an

d /
or

 u
se

d 
fo

r t
he

 N
PD

E
S 

Pe
rm

it.
 

M
us

se
l 

la
rv

al
 d

ev
el

op
m

en
t 

te
st

s 
ar

e 
no

t 
re

qu
ir

ed
 u

nd
er

 th
e 

pe
rm

it.
 T

he
 te

xt
 w

as
 a

lte
re

d 
to

 r
ed

uc
e 

co
nf

us
io

n.
 

12
. 

C
on

cl
us

io
ns

, 
fi

na
l 

pa
ra

gr
ap

h,
 

p1
22

: 
W

hi
le

, 
I 

ag
re

e 
w

ith
 th

e 
ge

ne
ra

l 
as

su
m

pt
io

n 
th

at
 t

he
 s

to
rm

w
at

er
 ru

no
ff

 is
 n

ot
 c

au
si

ng
 r

ec
ei

vi
ng

 w
at

er
 

to
xi

ci
ty

, 
th

e 
te

xt
 a

s 
w

ri
tte

n 
is

 v
er

y 
st

ro
ng

 a
nd

 a
pp

ea
rs

 t
oo

 c
on

tr
ov

er
si

al
. 

It
 i

s 
re

co
m

m
en

de
d 

th
at

 th
e 

la
ng

ua
ge

 e
ith

er
 b

e 
ex

pa
nd

ed
 o

r 
to

ne
d 

do
w

n 
to

 g
et

 t
he

 p
oi

nt
 a

cr
os

s 
w

ith
ou

t o
ff

en
di

ng
 th

os
e 

pa
rt

ie
s 

of
 w

ho
m

 y
ou

 a
re

 
ho

pi
ng

 to
 g

ai
n 

bu
y 

-i
n 

fo
r 

al
te

rn
at

iv
e 

st
an

da
rd

s.
 

W
e 

un
de

rs
ta

nd
 th

e 
na

tu
re

 o
f t

hi
s 

co
m

m
en

t a
nd

 w
ill

 t
ak

e 
th

is
 

un
de

r 
ad

vi
se

m
en

t 
in

 f
in

al
iz

in
g 

th
e 

te
xt

 i
n 

th
e 

fi
na

l 
re

po
rt

. 

1 
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4.
 

T
he

 r
ec

om
m

en
da

tio
ns

 f
or

 th
e 

pr
op

os
ed

 t
w

o 
al

te
rn

at
iv

e 
to

xi
ci

ty
 

re
qu

ir
em

en
ts

 s
ee

m
 f

ai
r 

an
d 

re
as

on
ab

le
. 

N
o 

co
m

m
en

t n
ec

es
sa

ry
. 
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H
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C
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M
M

E
N
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R

E
SP

O
N
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O
 C

O
M

M
E

N
T

S:
 

1.
 Q

ua
lit

y 
of

 W
or

k 
T

ex
t 

w
as

 a
dd

ed
 t

o 
be

tte
r 

qu
an

tif
y 

th
e 

Q
A

/Q
C

 i
te

m
s 

Fi
rs

t 
of

f,
 t

hi
s 

do
cu

m
en

t 
co

nt
ai

ns
 a

 l
ot

 o
f w

or
k;

 1
1 

st
or

m
s,

 1
36

 s
am

pl
es

, 
35

0 
to

x 
id

en
tif

ie
d.

 T
he

re
 w

as
 n

o 
fo

rm
al

 i
nt

er
ca

lib
ra

tio
n 

be
tw

ee
n 

te
st

s.
 

T
he

 a
ut

ho
rs

 a
re

 to
 b

e 
co

m
m

en
de

d 
fo

r j
us

t t
he

 s
he

ar
 v

ol
um

e 
of

 ef
fo

rt
 

la
bo

ra
to

ri
es

. 
A

 c
om

pa
ri

so
n 

of
 re

fe
re

nc
e 

to
xi

ca
nt

 d
at

a 
w

as
 b

e 
ap

pl
ie

d 
to

 t
hi

s 
st

ud
y.

 
I 

ca
n 

on
ly

 ju
dg

e 
th

e 
qu

al
ity

 o
f t

he
 w

or
k 

ba
se

d 
on

 t
he

 
m

ad
e 

an
d 

in
cl

ud
ed

 i
n 

th
e 

te
xt

. 
T

he
 M

SD
 d

at
a 

pl
ot

s 
an

d 
su

m
m

ar
ie

s 
pr

ov
id

ed
 i

n 
th

e 
bo

dy
 o

f t
he

 t
ex

t. 
T

he
 r

aw
 d

at
a 

w
er

e 
co

nt
ai

ne
d 

in
 

di
sc

us
si

on
 d

es
cr

ib
ed

 in
 th

e 
di

sc
us

si
on

 s
ec

tio
n 

do
 p

ro
vi

de
 o

ne
 

th
e 

ap
pe

nd
ic

es
 t

ha
t w

er
e 

no
t 

in
cl

ud
ed

 w
ith

 t
he

 d
oc

um
en

t 
an

d,
 th

er
ef

or
e,

 I
 

ca
nn

ot
 ju

dg
e 

th
e 

qu
al

ity
 a

t t
he

 r
aw

 d
at

a 
le

ve
l. 

H
ow

ev
er

, 
ba

se
d 

on
 th

e 
te

xt
ua

l 
su

m
m

ar
ie

s 
th

e 
da

ta
 a

pp
ea

r 
so

un
d 

an
d 

of
 g

oo
d 

qu
al

ity
. 

N
eg

at
iv

e 
an

d 
po

si
tiv

e 
co

nt
ro

ls
 g

en
er

al
ly

 p
er

fo
rm

ed
 w

el
l. 

M
SD

 c
al

cu
la

tio
ns

 i
nd

ic
at

ed
 th

at
 r

ep
lic

at
e 

va
ri

ab
ili

ty
, 

on
 a

ve
ra

ge
, 

w
as

 n
ot

 e
xt

re
m

e.
 

In
 m

y 
re

ad
in

g 
of

 th
e 

do
cu

m
en

t, 
no

 
gl

ar
in

g 
di

sc
re

pa
nc

ie
s 

w
er

e 
di

sc
us

se
d 

th
at

 s
ho

ul
d 

ca
us

e 
m

e 
to

 d
is

m
is

s 
th

e 
w

or
k 

ba
se

d 
on

 p
oo

r 
qu

al
ity

. 
H

ow
ev

er
, g

re
at

er
 q

ua
nt

if
ic

at
io

n 
of

 d
ev

ia
tio

ns
 (

i.e
. 

pg
 

ty
pe

 o
f c

om
pa

ri
so

n 
of

 th
e 

da
ta

 g
en

er
at

ed
 f

ro
m

 th
e 

tw
o 

la
bs

. 

38
, 

1ç
` 

Pa
ra

) 
m

ay
 b

e 
ap

pr
op

ri
at

e.
 

Si
m

ila
rl

y,
 p

or
tio

ns
 o

f t
he

 te
st

in
g 

w
er

e 
co

nd
uc

te
d 

at
 a

no
th

er
 f

ac
ili

ty
 (

N
au

til
us

 E
nv

ir
on

m
en

ta
l)

 a
nd

 a
n 

in
te

rc
al

ib
ra

tio
n,

 
or

 a
t 

le
as

t 
a 

co
m

pa
ri

so
n 

of
 re

fe
re

nc
e 

to
xi

ca
nt

 r
es

po
ns

es
, 

w
ou

ld
 s

ee
m

 
ap

pr
op

ri
at

e.
 

Si
m

ila
rl

y,
 c

he
m

ic
al

 a
na

ly
si

s 
de

vi
at

io
ns

 a
re

 d
es

cr
ib

ed
 a

nd
 

qu
al

if
ie

d,
 b

ut
 n

ot
 w

el
l 

qu
an

tif
ie

d.
 

Fo
r 

ex
am

pl
e,

 a
n 

in
di

ca
tio

n 
of

 h
ol

di
ng

 ti
m

es
 

ex
ce

ed
en

ce
 w

as
 d

es
cr

ib
ed

 a
nd

 f
la

gg
ed

 i
n 

th
e 

da
ta

ba
se

, 
bu

t 
no

 m
en

tio
n 

of
 th

e 
ho

ld
in

g 
tim

e 
ex

ce
ed

en
ce

 m
ag

ni
tu

de
 (i

.e
. 

1 
da

y 
or

 1
00

 d
ay

s ?
).

 
C

he
m

is
tr

y 
pr

ob
le

m
s 

su
ch

 a
s 

th
os

e 
de

sc
ri

be
d 

in
 th

e 
re

po
rt

 a
re

 c
om

m
on

 i
n 

st
ud

ie
s 

of
 th

is
 

m
ag

ni
tu

de
 a

nd
 a

re
 to

 b
e 

ex
pe

ct
ed

, 
bu

t d
es

cr
ip

tio
ns

 o
f t

he
ir

 m
ag

ni
tu

de
 a

re
 

im
po

rt
an

t 
to

 e
ns

ur
e 

th
at

 t
he

y 
ar

e 
no

t a
t a

 l
ev

el
 o

f c
on

ce
rn

. 



SC
H

IF
F 

C
O

M
M

E
N

T
S 

(c
on

t.)
: 

R
E

SP
O

N
SE

 T
O
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O

M
M

E
N

T
S:

 
A

bi
lit

y 
to

 A
ns

w
er

 S
tu

dy
 Q

ue
st

io
ns

 
T

he
 r

ev
ie

w
er

 c
la

ri
fi

ed
 th

e 
co

m
m

en
t 

on
 "

po
w

er
 a

na
ly

si
s"

 b
y 

1.
 

E
va

lu
at

e 
th

e 
m

ag
ni

tu
de

 o
f i

nd
us

tr
ia

l 
st

or
m

 w
at

er
 to

xi
ci

ty
 f

ro
m

 
ph

on
e.

 
T

he
 s

ug
ge

st
io

n 
w

as
 t

ha
t N

av
y 

co
ns

id
er

 th
e 

nu
m

be
rs

 
N

av
y 

fa
ci

lit
ie

s 
an

d 
ty

pe
 o

f d
at

a 
ne

ed
ed

 w
he

n 
m

ov
in

g 
fo

rw
ar

d 
ra

th
er

 th
an

 a
 

T
he

 s
tu

dy
 a

pp
ea

re
d 

ca
pa

bl
e 

of
 a

ns
w

er
in

g 
th

is
 q

ue
st

io
n 

at
 th

e 
sa

m
pl

ed
 

si
te

s.
 

T
he

re
 is

 a
 c

on
st

an
t s

tr
ug

gl
e 

be
tw

ee
n 

a 
w

et
 w

ea
th

er
 s

am
pl

in
g 

de
si

gn
 th

at
 f

av
or

s 
m

or
e 

si
te

s 
fo

r 
fe

w
er

 s
to

rm
s 

or
 fe

w
er

 s
ite

s 
fo

r 
m

or
e 

st
or

m
s.

 
W

hi
le

 n
o 

sp
ec

if
ic

 f
ac

ts
 a

re
 g

iv
en

 to
 s

up
po

rt
 t

he
ir

 c
la

im
, t

he
 

au
th

or
s 

st
at

e 
th

at
 th

e 
si

te
s 

se
le

ct
ed

 a
re

 r
ep

re
se

nt
at

iv
e 

of
 al

l 
N

av
y 

fa
ci

lit
ie

s.
 

W
ith

 t
hi

s 
ca

ve
at

, t
he

 r
an

ge
 o

f s
to

rm
 s

iz
es

 a
nd

 i
nt

en
si

tie
s 

fi
ts

 
w

el
l 

w
ith

in
 t

he
 s

ca
le

 o
f m

et
eo

ro
lo

gi
ca

l 
ex

tr
em

es
 f

or
 th

is
 r

eg
io

n.
 

M
y 

su
gg

es
tio

n 
to

 f
ol

lo
w

 u
p 

on
 t

hi
s 

th
ou

gh
t, 

si
nc

e 
th

e 
ra

ng
e 

of
 co

nd
iti

on
s 

is
 

as
su

m
ed

 to
 h

av
e 

be
en

 c
ha

ra
ct

er
is

tic
al

ly
 s

am
pl

ed
, 

w
ou

ld
 b

e 
to

 c
on

du
ct

 
so

m
e 

po
w

er
 a

na
ly

si
s 

to
 d

et
er

m
in

e 
an

 o
pt

im
um

 s
am

pl
e 

si
ze

 f
or

 
de

te
rm

in
in

g 
th

e 
m

ea
n,

 m
ed

ia
n 

or
 e

xt
re

m
es

 in
 w

at
er

 q
ua

lit
y 

or
 to

xi
ci

ty
. 

ca
lc

ul
at

io
n 

ne
ce

ss
ar

ily
 n

ee
de

d 
in

 t
he

 r
ep

or
t. 

T
hi

s 
w

ill
 a

ls
o 

pr
ov

id
e 

co
nt

ex
t 

fo
r 

es
tim

at
in

g 
th

e 
co

nf
id

en
ce

 b
ou

nd
s 

de
ri

ve
d 

fr
om

 th
is

 s
tu

dy
 w

he
n 

de
sc

ri
bi

ng
 N

av
y 

w
at

er
 q

ua
lit

y.
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2.

 
E

va
lu

at
e 

ca
us

es
 o

f t
ox

ic
ity

 
T

he
 a

pp
en

di
ce

s 
w

ith
 th

e 
fu

ll 
re

po
rt

 f
ro

m
 t

he
 c

on
tr

ac
to

r 
w

ill
 a

ls
o 

T
hi

s 
qu

es
tio

n 
w

as
 o

nl
y 

pa
rt

ia
lly

 a
ns

w
er

ed
. 

T
he

 c
au

se
s 

of
 to

xi
ci

ty
 w

er
e 

be
 i

nc
lu

de
d 

in
 t

he
 f

in
al

 r
ep

or
t (

w
e 

re
gr

et
 t

he
 o

m
is

si
on

 o
f t

he
se

 
ev

al
ua

te
d 

in
 th

re
e 

fa
sh

io
ns

: 
1)

 t
ox

ic
ity

 id
en

tif
ic

at
io

n 
ev

al
ua

tio
n 

m
an

ip
ul

at
io

ns
 

re
po

rt
s 

du
ri

ng
 th

e 
re

vi
ew

 p
ro

ce
ss

).
 

(T
IE

s)
, 

2)
 c

or
re

la
tio

ns
 b

et
w

ee
n 

to
xi

c 
re
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