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EXECUTIVE SUMMARY

The results from the 1995-96 study have provided a valuable third year of information on
key water quality parameters. Temporal trends for most parameters are not clearly definable,
although elevated levels at some sites this past year raise some concerns. The Cocheco River still
appears to be a key problem area for both nutrients and bacteria. In fact, there are numerous
concerns at most of the freshwater sites, possibly with the exception of the Lamprey River site.
Despite the lack of consistent effects of storm events on most parameters, the consistently and
often statistically significant adverse impact of storms on bacterial levels shows the importance of
identifying and preventing future contamination from the presently unidentified sources.

INTRODUCTION

The third year of a project designed to determine the effect of rainfall on contaminant levels
in tributaries to Great Bay was conducted from July 1995 to June 1996. The project was a
cooperative effort between the NH Office of State Planning, NH Coastal Program, NH Department
of Environmental Services, NH Fish and Game and the Jackson Estuarine Laboratory. The project
was similar in design to the two prior years conducted in 1993-1994 and 1994-1995, however,
several changes were made. Based on the results of the previous two years, several stations were
eliminated. These included upstream stations in the Exeter and Cocheco Rivers (14 EXT and 22
CCH) and the Portsmouth Harbor station (GB 13). Several analyses were eliminated because they
shed little light onto the effect of rainfall and runoff. The analyses that were eliminated in 1995-
1996 included total phosphorus and particulate nitrogen. Chlorophyll analysis was added for
1995-1996. Similar to 1994-1995 project year, four storm events were monitored for two
consecutive days, rather than eight storm events sampled one day each as was done in year one.

The purpose of the study was to: (1) add to the water quality database established in 1993-
1995 for Great Bay tributaries; (2) determine the effects of > 0.5 inches of rainfall the day of and
the day before sampling on the concentrations of indicator bacteria, total suspended solids, and
nutrients; (3) identify problem areas in the estuary (i.e. those which are contributing greater
amounts of contamination). (4) identify temporal trends in water quality parameters

METHODS

Fourteen sites in the Great Bay watershed were sampled and analyzed following four -
rainfall events by JEL personnel, and four times between October 1995 and June 1996 during dry
(random meteorological) conditions by DES and OSP personnel. The sites consisted of one
freshwater site and one tidal site each in the Exeter, Lamprey, Oyster, Bellamy, Cocheco and
Salmon Falls Rivers. One additional upstream freshwater site each was included on Oyster and
Cocheco Rivers. (Fig. 1). A description of the site locations is as follows:

9 EXT, downstream of 14 EXT, is located at the upstream side of the Rte. 108 bridge in
downtown Exeter;
GB 80 is located in the Squamscott River at the railroad bridge crossing.

Vv
5 LMP is located at the upstream side of the Rte. 108 bridge in downtown Newmarket;
GB 15 is located at the mouth of the Lamprey River as it enters Great Bay.

Vv
8 OYS is located near the Durham/Lee town line where the Oyster River crosses Rte 155A;
5 OYS, downstream of 8 OYS, is located near the fish ladder in the mill pond, above the
dam in Durham;



GB 50 is located at the mouth of the Qyster River as it enters Great Bay, adjacent to Wagon
Hill Farm.
Bellamy River : .

5 BLM is located upstream of the Rte. 108 Bridge in Dover, upstream of the Sawyer’s Mill
Apartment complex;

GB 2 is located just upstream of the Scammel Bridge crossing on the Bellamy River.
Cocheco River

11 CCH is located in Dover at the Watson Road Dam;

7 CCH, downstream of 11 CCH, is located just upstream of the dam in downtown Dover;

GB 21 is located approximately 150 meters upstream of the tidal junction of the Cocheco
and Piscataqua Rivers.
Salmon Falls River

5 SFR is located just upstream of the Rte. 4 bridge in Rollinsford;

GB 22 is located approximately 150 meters upstream of the tidal junction of the Salmon
Falls and Piscataqua Rivers.

Measurements of temperature, salinity (conductivity), dissolved oxygen, pH and
observations of weather conditions were recorded at the sampling times. Separate containers were
used for collection of water samples for microbial, suspended solids chlorophyll and nutrient
analyses. Storm sample collection and processing methods were conducted according to JEL
SOP’s 1.05 and 1.06. Nutrient analyses for JEL samples were done using Lachat Method 11-107-
06-1-C for ammonium, method 30- [07-04-1-A for nitrite/nitrate and the wet chemistry method of
Parsons et al (1981) for orthophosphate. Dissolved organic nitrogen was analyzed using
Shimadzu ion specific chromatography with an ANTEK Nitrogen detector on filtered samples.
Chlorophyll a analysis was conducted using acetone extraction from glass fiber filters and
spectrophotometry. Microbial analysis of JEL samples involved standard membrane filtration
methods using mTEC agar for detection of fecal coliforms and Escherichia coli and mE agar for
detection of enterococci.

Rainfall records were examined to determine whether 1995-1996 sampling dates fit the
criterion for either “dry” or “storm” sampling. Sample dates were then regrouped as €ither dry or
storm samples. Means were established for all parameters and graphed to determine differences
between stations and between dry and storm samples. Differences were tested for significance
using one way ANOVA (P< 0.05), and t-tests for samples with unequal variance (P<0.05). Data
collected in 1995-96 were compared to 1994-95 and 1993-94 data for common stations and
parameters, using the same graphic and statistical methods used for 1995-96 data. Data from the
three years of the study were used to construct a cumulative database for the common sites and
parameters. The three year means were established for all parameters and graphed to determine
differences between stations and between dry and storm samples. Observed differences between
dry and storm samples were tested for significance using one way ANOVA (P< 0.05) and t-tests
for samples with unequal variance. Combined dry and storm data for 1993-1994, 1994-1995 and
1995-1996 were compared to determine if there were interannual differences for specific
parameters. Observed differences were tested for statistical significance using t-tests for samples
with unequal variance (P< 0.05).

RESULTS

Rainfall conditions on sampling dates for 1995-1996 are shown in Table 1. All sampling
dates met the designated criterion for the dry and storm groupings. Results of field measurements
and laboratory analyses for all parameters except indicator bacteria for dry weather samples are
listed in Table 2 and these same data for storm samples are listed in Table 3. Means calculated for
each of the stations and parameters are included in the tables as well.



Dry vs Storm Samples: 1995-1996

lv
Mean dissolved oxygen concentrations were not directly comparable for dry and storm
samples due to seasonal and temperature differences at time of collection, however the range of
values and means were similar on storm and dry sampling dates. Lowest measurements were
detected at the freshwater sites (Tables 2 and 3).

rcen n :

Very little difference in mean percent oxygen saturation was found between dry and storm
samples at all stations (Tables 2 and 3, Fig. 2 ), and none of the differences were statistically
significant (Table 4). Mean of storm measurements at the tidal sites (except GB 80) had a higher
% saturation than the mean of dry sampling dates. Violations of the NH DES Water Quality
Standard of 75% O; saturation will be discussed in another section.

At all sample sites, the mean pH for dry weather samples was similar to storm sample pH.
Lowest pH was measured at 11 CCH and some unusually high pH measurements were taken at 5
SER and GB 22 during a storm in September 1995 (Tables 2 and 3).

1 n li
With the exception of sites GB 80, GB 15 and GB 2, the TSS mean was higher for storm
samples (Fig. 3). Though some of these differences in means appear to be considerable when
viewed graphically (9 EXT, 7 CCH, GB 21, GB 22), only GB 21 was found to be statistically
significant (Table 4).

o icul . .

Rather than expressing the suspended organic material as a percent of the TSS, the actual
weight was used for comparison. Marked differences were observed between dry and storm
samples for 11 CCH, GB 21, 5 SFR, and GB 22 with storm samples higher than dry (Fig 4). The
higher mean suspended organic material at these sites was due to extremely high values in samples
taken during a storm in September 1995. Chlorophyll content for the sample sites indicate that a
plankton bloom was responsible for the high the organic content (Figs 26 and 27). Because the
higher storm concentrations were due to two sample dates (9/18 and 9/19), the differences were
not statistically significant (Table 4).

loroph
Mean chlorophyll a concentrations were similar at most stations in dry and storm samples,
though much higher in storm samples at 5 OYS, 11 CCH, GB 21, 5 SFR and GB 22 (Figure 5).
An As mentioned above, the means were greatly influenced by the September 18 and 19 storm
samples, and showed no difference statistically (Figs. 26 and 27; Table 4).

: o ion (NHA

Mean ammonium ion concentrations were lower following storms for sites GB 80, GB 50,
11CCH, GB 21, and GB 22: slightly higher following storms for sites 9 EXT, 5§ LMP, GB 15, 7
CCH, and 5 SFR; and were similar at 5 OYS, 5 BLM and GB 2 (Fig. 6). None of the observed
differences were statistically significant (Table 4).

Nitrate concentration (NO3)
Mean storm and dry concentrations of NO3 were similar at GB 80, 5 LMP, GB 15, 5
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OYS, GB 21 and GB 22, and higher in storm samples at 9 EXT, 8 OYS, GB 50, 5 BLM, GB 2,
11 CCH, 7 CCH and 5 SFR (Figure 7). However, only at site 9 EXT were the concentrations
statistically higher in storms than dry weather samples (Table 4).

lved inorganic ni = +NOs)

Mean dissolved inorganic nitrogen (NH4 +NO3) was higher in storm samples than dry
weather samples at 9 EXT, 5 LMP, GB 15, 8 OYS, GB 2, 11 CCH, 7 CCH, and 5 SFR and
lower in storm samples at GB 80, GB 50, GB 21 and GB 22. The greatest difference, though not
statistically so, was observed at 9 EXT (Figure 8).

Dissolved Organic Nitrogen (DON)

The individual site mean for dissolved organic nitrogen (DON) was lower in storm samples
at all sites except 5 OYS, 5 BLM, 11CCH GB 21, 5 SFR and GB 22 where storm sample means
were higher. The greatest differences in means between dry and storm samples were found at sites
11 CCH and GB 22. Though it appears that DON concentration decreases at some sites following
rainfall and increases at others, none of the observed differences were statistically significant (Fig
9; Table 4).

Total Dissolved Ni n N=DON+D
Total dissolved nitrogen was similar at most sites and slightly higher in storm samples at 11
CCH, 7 CCH, 5 SFR and GB 22 (Fig. 10). None of the differences were statistically significant.

Orthophosphate (PO4)

Mean PO4 concentration was higher in storm samples at eleven of fourteen sites. Except for
sites 11 CCH, 7 CCH and 5 SFR, the storm sample mean was higher than the dry weather mean.
The greatest differences in means were observed at 9 EXT GB 80, GB 15 and GB 50, 5 BLM and
GB 22 (Fig. 11). No statistically significant differences were found, however (Table 4).

Bacterial Indicators

Results of laboratory analyses for all three bacterial indicators of water samples collected
during dry weather conditions are listed in Table 10. The results for storm event samples are listed
in Table 11. Geometric means calculated for each of the stations and indicators are included as
well as the ratio of geometric mean values for freshwater (FW) sites to their corresponding
estuarine water (SW) site. There were four sample dates for dry weather and eight for storms.

The comparisons of geometric means for dry weather and storm event samples are shown
in Figures 27a-c for all three indicators. Generally, the geometric means for storm events were
higher than those for dry weather. For fecal coliforms (FC), 12 of 14 sites had higher means for
storm events (Figure 27a). The comparisons show 14 of 14 sites had higher E. coli (Ec) (Figure
27b) and 13 of 14 had higher enterococci (Figure 27¢) during storm events. The sites where storm
event means were lower than dry weather were GB80 and 11CCH for FC and GB2 for
enterococci, although for all three exceptions the means were virtually identical. Statistical
comparisons of the dry and storm results were made using paired t tests, and the results are shown
in Table 12. FC were significantly different at 4 sites, Ec at 6 sites and enterococci at 6 sites.
Storm event data were greater than dry weather in every case. Three sites, 9 EXT, GB 80 and
7CCH, had significant differences for all three indicators. At SOYS and 5 BLM, both Ec and
enterococci were significantly different. In addition, Ec were significantly different at GB 50 and
FC were significantly different at GB 21. The sites where there were no significant differences for
any indicator are GB 80, GB 15, 8 OYS, GB 2, 11 CCH, 5 SFR and GB 22.

The State of New Hampshire has adopted different bacterial indicators for water quality
classification in different environments and for different purposes. Enterococci is the standard for
marine and estuarine recreational waters, fecal coliforms are for shellfish-growing waters and
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Escherichia coli is used to classify recreational freshwaters. Geometric means and frequency of
relatively high levels for each indicator, condition and site are critical to classification protocols,
and were compared to State standards in this study.

In tidal waters, the limit for fecal coliforms to prevent a prohibited classification is <88
FC/100 ml and 10% of samples not over 260/100 ml. The geometric mean limit was violated
during dry weather in four of the six tidal sites, GB 80, GB 15, GB 21 and GB 22, all sites that
are presently classified as prohibited. FC were <14/100 ml, the standard for approved
classification, at GB 50, and just over the approved limit at 15/100 ml at GB 2 (Table 10). These
results are also consistent with present classification of these sites, although GB 50 is actually just
outside of a nearby approved area. The same trend held for storm event results (Table 11), except
that the geometric means for the two lowest sites, GB 50 and GB 2, were both >14/100 ml,
although still <88/100 ml. For recreational use, swimming in tidal waters requires a geometric
mean to be <35 enterococci/100 ml in three successive samples in 60 days with no sample
>104/100 ml. The geometric mean and high value limits were not violated at any of the tidal sites
during dry weather (Table 10). The geometric mean limit was violated at GB 21 only during storm
events, but values >104/100 ml occurred at least once in four sample dates for all six tidal sites.
Again, GB 50 and GB 2 had the lowest values for enterococci following storms, as seen for FC.

In freshwaters, the limit for Class A waters is <47 E. ¢oli/100 ml, with no sample over
153/100 ml in three consecutive samples. For Class B waters, the limits are 126 and 406/100 ml,
respectively. Swimming waters requires limits of <47/100 ml for a geometric mean with no
sample >88/100 ml. During dry weather, sites 11 CCH, 7 CCH and 5 SFR had geometric means
>47/100 ml, but <126/100 ml, thus meeting Class B but not Class A requirements. The other
sites, 9 EXT, 5 LMP, 8 OYS, 50YS and 5 BLM all had geometric means <47/100 ml, although at
least one of four samples were >88/100 ml at 9 EXT, 5 OYS and 8 OYS. Following storms, six
of the eight freshwater sites had geometric means >126/100 ml, and the other two sites, 5 LMP
and 11 CCH, had geometric means >47/100 ml. Thus, conditions are cleanest at 5 LMP and 5
BLM during dry weather, with adverse effects of storms at both, especially 5 BLM.

Differences Between the Day of the Storm and the Following Day Samples

Samples were collected for bacterial indicator analysis on both the first day of storm events
and the following day. This was a follow-up to last year’s study where the concern was to
determine when to best detect the flush of contaminants that may be washed into surface waters
during storms. Without detailed assessments at each river-estuary site, the hydrology and
contamination response was not known. In last year’s study, the only instance of significant
difference was for enterococci at 11 CCH, although the second day results were generally higher
that the first day. For this study, the first day geometric means were higher than the second day
means in 11 of 14 sites for FC (Figure 28a), 8 of 14 sites for Ec (Figure 28b), and 7 of 14 sites for
enterococci (Figure 28¢). The only instance where a significant difference was calculated was for
enterococci at GB1S, where the first day mean was significantly greater than the second day mean
(Table 12). Thus, it appears that either day gives similar results, probably as contaminants
continue to be washed by sampling sites from upper portions of the respective watersheds.

Between Site Differences as Indicated by 1995-96 Data

Analysis of the concentrations of the contaminants of concern (i.e. TSS, nutrients, bacteria)
and water column condition (D.0.) was conducted to determine which sites appear to be “problem
areas” with respect one or more contaminants. Particular attention was paid to differences between
upstream and downstream freshwater sites in those rivers with more than one freshwater site
(Exeter, Oyster and Cocheco Rivers) and between the downstream freshwater site and its tidal
counterpart.



] n li

Means for TSS at all freshwater sites were generally low in both dry weather and storm
samples (=5 mg/L). Occasional higher TSS concentrations (10 mg/L or greater) were measured at
11 CCH and 5 SFR due to plankton blooms and at 7 CCH under particularly windy conditions.
TSS concentration at site 8 OYS was higher than 5 OYS during dry weather and storms, so it
appears as though some of the suspended load settles out before the freshwater endpoint in the
Oyster River. In comparison to their freshwater counterparts, the tidal sites each show elevated
concentrations in TSS. Sites GB 80 in the Squamscott River, followed by GB 15 (Lamprey), GB
21 and GB 22 (Salmon Falls) have the highest concentrations under both sampling conditions.
GB 50 (Oyster) and GB 2 (Bellamy) are similar, and lower than the previously mentioned sites.
Statistically, GB 80 and GB 15 were higher than all other sites in dry weather and higher than all
sites except GB 21 and GB 22 in storms (Table 5). When dry and storm data are combined GB 80
is significantly higher than all other stations and GB 135 is higher than all stations except GB 80
(Table 5).

nded Particul ic Materi M
SPOM appeared elevated in storms at GB 22, 5 SFR, GB 21, 11 CCH and GB 21 in

Storms and at GB 80 and GB 15 in both dry weather and storms. This parameter is a measure of
both living (plankton) and nonliving (detritus) organic material. The station differences observed
for SPOM in the 1995-1996 data at GB 22, 5 SFR, GB 21, 11 CCH and GB 21 were primarily
the result a plankton blooms in the Salmon Falls, Cocheco and Oyster Rivers following a rain
storm in September. The higher concentrations observed in the tidal Squamscott and Lamprey
Rivers are likely due to resuspension of detrital material from the marshes surrounding these river
mouths.

h

Elevated chlorophyll a was measured in storm samples at GB 22, 5 SFR, GB 21, 11 CCH,
and 5 OYS and in dry weather samples at GB 22. Though the means appear extraordinarily high
by comparison, they are greatly influenced by the 9/18 and 9/19 storm sampling. Heavy rains
following an extended hot dry period resulted in ideal conditions for a plankton bloom at these
sites. Nutrient concentrations were high as well, therefore the magnitude of the bloom may have
been light limited. The bloom did not result in anoxic or hypoxic conditions, and oxygen was >
100% saturation at GB 21 and GB 22 (Table 3; Figs 2 &5).

With regard to nitrogen, a great deal of variation was observed in the form or “species” of
nitrogen between sites, as well as within sites between dry weather and storms was observed.
Natural processes and transformations of the different forms of nitrogen, such as plant and animal
excretion, detrital decomposition, uptake and assimilation, make it difficult to view nitrogen
concentrations as a more conservative component such as salinity can be viewed. Some general
trends were observed, however, and some identifiable problem areas can be determined.

Highest mean NH4 concentrations at the freshwater sites, in descending order, were
measured at 11 CCH and 7 CCH in both dry and storm samples and at 5 SFR, 5 LMP and 9 EXT
in storm samples. Highest mean NHy4 concentrations at the tidal sites were measured at GB 21,
GB 15 and GB 80 in both storm and dry samples, and GB 21 in dry weather samples (Fig. 6).
Statistically 11 CCH was significantly greater than all other sites in dry weather, greater than all
except 7 CCh and 5 SFR in storm samples and > than all except 7 CCH in storm and dry samples
combined. The only other statistically significant difference for ammonium was in combined
samples where 7 CCH > 8 OYS (Table 5).

Mean nitrate (NO3) concentrations were highest at the freshwater sites



11 CCH, 7 CCH,5 SFR, 8 QYS and 5 OYS (dry and storms). In the tidal sites, mean NO; was
highest at GB 21, GB 22 and GB 80 (dry and storms) (Fig. 7). When NHy and NO; are
combined as DIN, the sites with the highest concentration of dissolved inorganic nitrogen in both
dry weather and storms are 11 CCH, 7 CCH, and 5 SFR. Tidal sites with elevated mean DIN are
GB 21 and GB 22 (Fig. 8).

Mean concentrations of dissolved organic nitrogen (DON) were highest in the Exeter (9
EXT) Salmon Falls (5 SFR), and Oyster Rivers (5 OYS), though differences between sites were
not as great as they were for DIN. DON concentration at the tidal sites were similar, though
highest at GB 22 in storms (Fig. 9). No statistical differences were found between sites under any
conditions for DON concentration (Table 5).

Mean total dissolved nitrogen concentration at each freshwater site was compared with its
tidal counterpart, as well as with the “upstream * freshwater sites in those rivers with multiple sites
(Oyster and Cocheco Rivers). Though no significant differences between freshwater and tidal
sites were found, graphic presentation of the data (Fig. 10) suggests that all the freshwater portions
of the rivers contribute some nitrogen to the estuary, and the Cocheco (upstream site 11 CCH in
particular) and Salmon Falls make significant freshwater nitrogen contributions.

Highest concentrations of PO4 were measured at each of the tidal sites and at 11 and 7
CCH in the Cocheco River. Comparison of the concentrations at these two sites to GB 21 indicate
that there is a freshwater source of POy in the Cocheco River (Fig. 11). Results of statistical
analyses indicate that POy4 concentrations under all conditions combined at GB 80 are significantly
higher than all freshwater sites except 11 and 7 CCH (Table 5).

Dissolved Oxvgen

On numerous sampling dates both dry and storm at many sites, percent O saturation fell
below the NH water quality criteria of 75% saturation (Table 2 and 3). All but one violation (a dry
weather measurement at GB 22) occurred in the freshwater sites. Mean percent saturation was
higher at half the sites in storm samples, and lower in the others (Tables 2 and 3, Figure 2). No
statistically significant differences were found in dry weather, however, in storm samples, O;
saturation was significantly lower at 11 CCH than at all tidal sites and at 5 SFR. Site 5 OYS was
significantly lower than all tidal sites except GB 80 and lower than 5 SFR. Site 5 BLM was lower
than GB 2, 15, 21, 22 and 50; site 5 LMP was lower than GB 15, 21 and 22 and 9 EXT was
lower than GB 15, 21, and 22. These same sites (in descending order 11 CCH, 5 OYS, 9 EXT, §
BLM, 5 LMP) were also significantly lower in % saturation in combined storm and dry weather
samples (Table 5).

Bacterial Indicators

There were many differences between sites for all three bacterial indicators for the different
conditions sampled (Figures 27-28). Statistical comparisons were made of wet and dry condition
results to determine which sites might be the worst sites, and which sites might be the least
contaminated. The results of the statistical analyses are shown in Table 13, which shows which
pairs of sites are significantly different. To determine which site is greater in each case, Figures
27a-c and Tables 10 and 11 should be reviewed. The highest FC geometric mean was at GB21
during both dry and storm events, and was significantly higher than GB 50, GB 2 and 5 LMP for
both conditions, S BLM and 8 OYS during dry weather and GB 80 and 11 CCH following storms.
Other sites that were significantly higher than other sites during dry weather were 5 SFR and 11
CCH compared to GB 50, GB 2 and 5§ LMP. GB 50 and GB 2 were the least contaminated sites,
both being significantly lower than the GB 21, 5 SFR, 11 CCH, 7 CCH, and GB 15, with GB 50
lower than GB 80 and GB 22. Only 5 OYS and 9 EXT were not significantly different than any



other site. For storm events, 7 CCH, 9 EXT, 8 OYS and 5 SFR had significantly higher levels of
FC that 5 LMP, GB 50 and GB 2. Again, GB 50 and GB 2 were the least contaminated sites and
were significantly lower than GB 21, 7 CCH, 9 EXT, 8 OYS, 5 SFR, 5 BLM, 5 OYS, GB 22 and
GB 15, while GB 2 was also significantly lower than 11 CCH.

Like the FC data, the highest Ec geometric mean was at GB 21 during both dry and storm
events, and was significantly higher than GB 50, GB 2 and 5 LMP for both conditions, 5 BLM
during dry weather and GB 80 and 11 CCH following storms. Another site that was significantly
higher than other sites during dry weather was 5 SFR, compared to GB 50, GB 2 and 5 LMP.

GB 2 was the least contaminated sites, being significantly lower than the GB 21, 5 SFR, 11 CCH,
7 CCH, GB 15, GB 80, GB 22 and 9 EXT. Only 5 OYS and 8 OYS were not significantly
different than any other sites. For storm events, 9 EXT and 8 OYS had significantly higher levels
of FC that 5 LMP, GB 50 and GB 2. Again, GB 50 and GB 2 were the least contaminated sites
and were significantly lower than GB 21, 7 CCH, 9 EXT, 8 OYS, 5 SFR, 5 BLM, 5 OYS, GB 22
and GB 15, while GB 2 was also significantly lower than 11 CCH and GB 80.

The enterococci results were somewhat different from the FC and Ec results. The highest
geometric mean was at 8 OYS for storm events and 7 CCH during dry weather. For dry weather,
both 7 CCH and GB 21 were significantly higher than 5 LMP and GB 50, while 5 SFR was
significantly higher than gb 50, the least contaminated site. Many sites were statistically the same
as all other sites. For storm events, * OYS was significantly higher than GB 2, GB 50, GB 15,
GB 22 and GB 80. Sites 9 EXT, 5 OYS, 7 CCH and 5 BLM were significantly higher than GB
50 and GB2, which were again the least contaminated sites. GB 21 also had significantly higher
levels than GB 2. Only 5 SFR, 11 CCH and 5 LMP were not significantly different than any
other sites. '

Overall, the sites that were most consistently high were GB21, 7 CCH and 5 SFR under
both conditions, 9 EXT and 8 OYS during storms, and 11 CCH during dry weather. The least
contaminated sites were by far GB 50 and GB2 under both conditions.

Interannual Comparison

Dissolved Nutrients and Other Abiotic Parameters

Combining dry and storm sample data for each of the three project years provided an
opportunity to assess interannual variation in the water quality parameters and possible water
quality trends at the sites under all conditions. DON and % oxygen saturation were calculated for
project years two and three only.

For ammonium, concentrations were higher in the 93-94 and 95-96 than the 94-95 year at
nine of the twelve sites sampled for the three year period, however none of the 93-94 to 94-95 to
95-96 PO4 concentrations (Figs. 13 and 14). Concentrations in 1994-95 were for the most part
lower than the preceding and succeeding years, and the 93-94 to 95-96 comparisons were ,
inconsistent as which years had greater or lower concentrations of NO3 and PO4. Significant
differences were found for NO; at GB 15 (95-96>94-95) and GB 22 (95-96 >94-95) (Table 8).
No significant differences were found for PO4 (Table 6). The three year comparisons for TSS
concentrations indicate that TSS was similar for the three project years (Fig 15). No statistically
significant differences were found (Table 8), however, TSS appears to have increased at GB 15
and decreased at GB 80 and GB 50 throughout the period.

DON Concentrations were similar in the two years, with only GB 22 showing a noticeable
increase over the previous year (Fig 16). Percent oxygen saturation was slightly higher in the
1995-96 samples at twelve of fourteen sites and slightly lower at two. The interannual change,
however, was minor (Fig. 17).

Bacterial Indicators
Dry weather and storm event weather results from all three project years were compared to
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determine if there were any observable trends at any sites. The geometric means from all three
years are shown in Figures 29a-c for dry weather and Figures 30a-c for storm events. In
particular, the results show how contaminants are this last year compared to previous years. For 5
sites, 9 EXT, 5 LMP, GB 21, 5 SFR and GB 22, the geometric means of the different indicators
were highest in 1995-96 compared to both other years in 5 of the 6 indicator/conditions presented
in the 6 figures (Figures 29 and 30 a-c). ANOVA was run to determine any significant differences
between years for the indicators at different sites. The results of the statistical analyses are shown
in Table 14. There were no clear trends amongst the sites for significant differences between
years. In the comparison of 1995-96 to the second study year 1994-95, indicator geometric means
were higher in 1995-96 for FC at GB 80 and 5 SFR, for Ec at GB 80, and for enterococci at 5
LMP and GB 50 (Table 14). In the comparison of 1995-96 to the first year 1993-94, the
geometric means for indicators during 1995-96 were significantly higher than 1993-94 in 9 cases
and the opposite was true in two cases. In the comparison of the fist year 1993-94 to the second
year 1994-95, the first year was greater than the second in three cases, and less that the second
year in two cases (Table 14). In general, the first two years did not show consistent differences
for sites and indicators under dry and wet weather. The past year has shown numerous cases
where indicator levels were higher than in both of the previous years.

Cumulative Database Comparison of Storm vs Dry Samples: 1993-96

Dry weather and storm data for the three project years were combined to establish a
cumulative three year database (Table 9; Figs. 18-23). The cumulative data shows a pattern similar
to the individual project year data in terms of the sites which appear to exhibit water quality
problems and the effects of storms on concentrations of specific parameters. Sites 11 CCH, 7
CCH, 5 SFR, and 5 OYS have the highest mean concentrations of ammonium and nitrate of the
freshwater sites and sites 7 CCH, 11 CCH and 5 SFR show elevated concentrations of nitrate in
storm samples (Fig. 19). Sites 7 and 11 CCH and 5 SFR have elevated ammonium
concentrations in storm samples (Fig 18). The storm vs dry differences for nitrate and ammonium
at these sites are statistically significant for nitrate 9 EXT only, where storm samples are
significantly higher than dry weather. The concentrations under both conditions, however, are
relatively low (= 0.10 mg/L) and much lower than the Oyster, Cocheco and Salmon Falls Rivers.
Of the tidal sites GB 21 and GB 22, and to a lesser extent GB 15 and GB 80, show elevated
concentrations of ammonium and nitrate (Figs. 18 and 19).

Orthophosphate concentrations are highest at GB 80, GB 50, GB 21, GB 22, and 11 and 7
CCH, however storm sample means are only slightly greater than dry weather means at the tidal
sites (Fig 20). TSS concentrations are highest at GB 80 and GB 15 and do appear to increase
slightly in storm samples (Fig. 21 ).

For Dissolved organic nitrogen (DON) no consistent pattern of difference was observed
between the two year dry vs storm comparison (Fig 22). The same was true for oxygen saturation
as well (Fig. 23). .

An evaluation of all sites using the combined results for all three years was made as a basis
to make general statements about the effects of storm events on water quality using a large
database. Data are summarized in Tables 15, 16 and 17 for FC, Ec and enterococci, respectively.
The geometric means of the 3-year databases for all three indicators for dry weather and storm
events are shown in Figures 31a-c. The geometric means for all three indicators following storm
events were always greater than for dry weather (Figures 31a-c). Statistical analysis (ANOVA) of
these results strikingly shows that this effect is significant in every case (Table 14). Thus, the
large databases for the indicators over the three year time period of the project allow for more



robust analysis of the effect of storms, and show that in every case, storm events appear to be
contaminating the surface waters at the study sites. The adverse effects on water quality are seen in
all tidal and all freshwater sites.

DISCUSSION

Analysis the data collected in tributaries to Great Bay over the three project years indicates
appears that 1) rainfall has an impact on the concentrations of some contaminants at some sites; 2)
some sites (rivers) exhibit more severe water quality problems than others; 3) violations of bacterial
water quality standards are widespread, especially following storms; 4) oxygen saturation
seasonally is below NH water quality standards for all of the tributaries in their freshwater portion
regardless of weather conditions; 5) there is considerable interannual variation in nutrient
concentrations and therefore no clearly observable trends in these parameters over the three year
period, and 6) sources of contamination cannot be clearly identified as either point or nonpoint
from this data. '

Rainfall impacts and problem areas

The bacterial data are strong evidence of the significantly adverse effects that storm events
have on the water quality at all sites. Some favorable water quality results were observed during
dry weather. However, bacterial water quality standards for Class A and shellfish-growing waters
were violated at virtually all sties following storms. Estuarine sites also had questionable data
relative to the recreational water standard following storms.

Though few statistically significant differences in nutrient concentrations were found
between dry and storm samples, the differences in concentrations following rainfall cannot be
ignored. Both the dry weather and storm data exhibit a great deal of “within treatment” variation.
This amount of variation in a relatively small data set makes obtaining significant differences
between treatments using ANOVA (P< 0.05) or t-tests very difficult, even if there is an obvious
difference in means. The concentrations of ammonium, and in some cases nitrate (8 OYS, 5 OYS,
GB 21 and GB 22) are higher in storm samples than in dry weather, particularly at the sites that
exhibit more severe water quality problems. These sites include 7 and 11 CCH and GB 21 in the
Cocheco River, sites 5 SFR and GB 22 in the Salmon Falls River, 8 OYS, 5 OYS , and GB 80 in
the Squamscott River. Sources of nutrient contamination in these rivers appear to be:

Cocheco River: The freshwater portion of the Cocheco (upstream of 11 CCH) appears to be a
major source of nutrient (both nitrogen and phosphorus) contamination to Great Bay, though
additional input of contaminants directly into the tidal portion cannot be ruled out. Site 11 CCH
(downstream of downtown Rochester) had nutrient concentrations that were significantly higher
than all other sites except 7 CCH, indicating that there are significant sources of contamination in
the Cocheco River upstream of this site. Sources of nutrient contamination in the freshwater
Cocheco sites are probably a combination of point sources (Rochester POTW) and nonpoint
sources (urban and agricultural runoff).

The freshwater sites showed different trends for bacteria. 11 CCH had relatively low
levels of bacterial contaminants while 7 CCH had relatively high levels of indicators, especially
following storms. The associated tidal site, GB 21, had by far the highest levels of FC and Ec,
both during dry and storm events. The area around the dam and below it to GB 21 appear to have
relatively high levels of bacterial contamination, implying urban-Dover related sources could be
important.

Salmon Falls River: A combination of point source (Berwick, Rollinsford, Sommersworth
POTW’s), and nonpoint source in the form of urban runoff from Rollinsford and Sommersworth,
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agricultural runoff in Rollinsford (several large dairy farms) are likely contributing to the nutrient
load and high concentrations of nitrogen and phosphate measured at 5 SFR. This input no doubt
affects the tidal portion of the river, though there are both point (South Berwick POTW) and
nonpoint sources directly to the tidal portion that impact site GB 22 as well. Based on bacterial
indicators, the freshwater and estuarine sites in this watershed were not the cleanest or the dirtiest.
A consistent and relatively strong adverse impact of storms is apparent for last year, with a solid
effect based on the three year database. Solving the problem of storm contamination could
markedly improve water quality in this river.

Qyster River: Problem areas appear to be in the freshwater portion of the Oyster River (8 OYS and
5 0OYS). Since little difference in nutrient concentrations was found between 5 OYS and 8 OYS,
the upstream site (which receives runoff from agricultural fields) and downtown area (urban
runoff) probably both contribute to nutrient loading to the tidal portion of the river. The clean
downstream water at GB 50 also points to the freshwater stretches of the river as sources bacterial
contaminants. The significantly higher levels of Ec at 5 OYS following storms last year and the
long-term effect at GB 50 and both freshwater sites suggests that the freshwater portion could be
having adverse effects on water quality at a site that is in close proximity to a recently classified
approved shellfish-growing area. Further improvements in water quality, especially following
storms, will be needed for any expansion of approved sites for shellfish harvesting in that area.

Exeter/Squamscott River; The data for 1995-1996 once again indicate that the freshwater portion
of the Exeter River does not appear to have an impact on the tidal Squamscott River with regard to
nutrients and suspended sediments. Even though storm sample concentrations of NO3; were
significantly greater than dry weather samples, the concentrations under both conditions were
among the lowest measured. Nutrient concentrations at site GB 80 in the Squamscott are affected
by point sources (Exeter and Newfields POTW’s) and nonpoint sources (agricultural runoff, septic
systems) in the tidal portion of the river. The strong effect of storms suggests that some nonpoint
sources of bacteria exist in the freshwater portion of the river. The lack of effect of storms this last
year at GB 80 is probably related to the observed higher levels of bacteria during dry weather. The
source of this contamination is not known, although the Newfields POTW is located just upstream
from GB 80, and the agriculturally-active Stuart Farm is just past that.

Bellamy and Lamprey Rivers: By comparison to other rivers, the data indicates that neither the
Bellamy nor the Lamprey Rivers appear to be contributing excessive nutrients to Great Bay. The
same is essentially true for bacteria, although the Bellamy at 5 BLM is severely affected by storm
events, with both Ec and enterococci being significantly higher during storm events compared to
dry weather.

Parameters

Oxygen Saturation; Though the data indicates that oxygen saturation was frequently below NH
DES water quality standards (75% saturation) in the freshwater portions of all the tributaries, the
dissolved oxygen measurements (most = 5 mg/L) do not indicate severe biological problems.
Furthermore, these saturation assessments were based on point samples, mostly taken in the early
morning when O, saturation would be at its lowest point in the day. Additionally, the lowest
measurements were observed in early fall following an extraordinarily hot and dry summer.
Depressed oxygen would be expected due to the lack of flow and stagnation of shallow water that
is enriched with nutrients.

Dissolved organic nitrogen: DON appears to be an important component of the total nitrogen and
exceeds or equals dissolved inorganic nitrogen (NH4 + NO;3) at some sites. The constituents of
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DON can be a variety of proteins, free amino acids as well as other substances, and the
interpretation of the concentration of DON without fractionation and identification of its
composition is rather vague. There are however, several interesting observations that can be made
with regard to DON concentration. Those sites which exhibit more severe water quality problems
(for nutrients such as total N, POy) , such as in the Cocheco, Salmon Falls and Oyster Rivers had
lower concentrations of DON relative to DIN.

4_and NOs: The inorganic species of nitrogen should continue to be measured. They are the
forms of N most readily assimilated by plant species and are therefor most likely to be associated
with nitrogen enrichment. Also, at the sites (rivers) that appear to have the most severe water
quality problems, total N is composed to a great extent of DIN.

TSS: The freshwater portions of the tributaries do not appear to be contributing to the total
suspended sediment load in Great Bay. Though it appears that rainfall may increase suspended
sediments slightly at tidal sites, the effect of wind driven waves on resuspension of sediments that
are already in the estuarine system can confound the interpretation of the results. There is no doubt
that heavy rains (>2” in 24 hrs) will wash sediments from the land into the rivers and the estuary,
however, it is widely accepted that wind driven resuspension is the most important cause of water
column sediment load and sediment transport in shallow estuaries.

SPOM: Measurement of the suspended particulate organic material is a useful and inexpensive
water quality parameter. Done in conjunction with water column chlorophyll and nutrient
concentrations, it helps explain processes that occur in turbid heterotrophic estuaries such as Great

Bay (Fig 26).

Chlorophyll a;: Water column chlorophyll is a useful measurement when trying to determine the
impact of nutrient loading in estuaries. Processes such as plankton blooms that involve the
transformation of free inorganic nitrogen into the living form play a critical role in determining
estuarine water quality. Measurement of water column chlorophyll also helps interpret TSS and
SPOM data (Figs 26-28).

Bacterial Indicators

The use of the three indicators in this study has provided some key information on the
effects of storm events on water quality throughout the estuary. There is increasing pressure in
coastal New Hampshire and surrounding towns to have clean, usable waters, both fresh and
estuarine, for a variety of purposes. Clearly stated standards provide invaluable references for
bacterial results from this study, and suggest that determining the effects of storm events on
whatever unidentified sources of contaminants ar present is extremely important.
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Table 1. Rainfall conditions relative to sampling dates and classification
based on the following criteria:

Wet>0.25" cumulative rain on of and day prior to sampling date

Dry =<0.25" rain.

Cumulative
rainfall on
Sampling sample date  Condition
DATE Agency & prior day classification
9/18/95{JEL 06/1.21 Wet
9/19/95|JEL 0/0.06 2nd d wet
10/17/95|DES 0.01/0.01 Dry
11/2/95{JEL 1.89/1.98 Wet
11/3/95{JEL 0.02/1.91 2nd d wet
4/9/96|DES 0.01/0.26 Dry*
5/7/96|DES 0/0.13 Dry
S5/17/96{JEL 0.82/0.83 Wet
5/18/96{JEL 0/0.82 2nd d wet
6/4/96|DES 0.08/0.17 Dry
6/23/96|JEL 0.18/0.31 Wet
6/24/96|JEL 0/0.18 2nd d wet

* Rainfall could have occurred 2 days before sampling occurred.




110°0|800°0 {100 (600°0 [600'0 |8¥0'0 (2000 |2}0°0 |E00'0 [E00°0 (L20°0|200°0 |¥20°0 |€00°0 |96/L/G
£00°0 (¥00°0 [LLO'O|LLO'O |L10'0 |¥00°0 {200°0 |210°0 |€00°0 [200°0 {800°0 (2000 [B8L0°0 {2000 (96/6/V
2€0°0 [PEO'O0 |0S0°0!990°0 [ZOL°0 |SEQ0°0 [Z00°0 {19070 |900°0 {L00°0 |2¥0°0 [900°0 [860°0|2L0°0 |S6/.LL/01L
22 99| H4SS| 1299 HOOZ YOO I a9 WIS 0589 SAOS| SAO8|SIED| dW1S/0889D 1X36

3Lva
7/8w NOLLVI.LNADNOD #0d
020 [ec0  [610 [2L'0 [S00 [220 |80 [120 [€20 [020 [€2°0 [22'0 [S20 [€ED ueep
vZ'0 [91°0 [S00 [v0'0 [#O'0 |vE0 (220 [82°0 [9L°0 020 [62°0 |LL'O |2€0 [92°0 [96/%/9
9’0 [Zt'0 [st'0 [z00 [v1'0 [60°0 [12°0 [90°0 [v2'0 940 SL'0 [02'0 [SZ'0 (/20 [96/L/S
6€°0 [pv'0  [IE0 [0E°0 [00'0 [I€0 [Z1'0 [2€°0 [BE'0 [0E0 [TP'0 [EE'0 |L20 [2¥O0 [{96/6/¥
000 [9t'0 [S20 [80°0 [00°0 [¥b0 [KL'O [ZL'O [SL'O [91°0 900 [61°0 |BL'O |6€°0 |96/LL/0}
2289| H4SS[ 1289 HOOZ YOO Il| 28D W1BS| 058D SACS| SAO8|SI 8D dW1S/ 0889 IX36 31va

1/3w NOLLVILNIDNOD NOd

¢c’0 [9¢'0 ¢c’0 [IlE'0 [9€°0 [90°0 |60°0 [Z0°0 |IlcO 91’0 cLl’o |20 |LL'0 [SO°0 ueey

60°0 |ECO 910 (980 (9¢'0 100 {90°0 {90°0 [ECO 120 L0°0 (9170 ¥0'0 [60°0 96/¥%/9
91’0 (2170 91’0 {(2L'0 |[ELO €L’'0 {L0°0 |60°0 |SIL'O L1170 1’0 |60°0 (€10 200 96/L/S
€0 P10 ZL'0 [le’o {610 ¢0'0 |E}°0 |60°0 |IC°0 clo 80°0 {(¥1'0 |(PL°O {90°0 96/6/¢
060 [§5°0 6€°0 [$5°0 |98°0 20°0 [8L°0 |50°0 |€2°0 610 €20 [60°0 (60 |EQ0'O S6/L1/01

cc g9 HiS S| 1289 HOOZ| YID L 299| WG S| 06 89 SAOS| SAO8| SL 89 dWis 0889 IX3 6 J1va
1/3w NOLLVILNADNOD £ON
2L'0 (600 SL'0 [t2°0 8y'0 20°0 j£0°0 |S+°0 (900 $0°0 60°0 (¥0°0 L0 |SO0°0 ueew

ZL’0 18170 cl’'0 |20 (vE'O €0°'0 [S0°G |E0'0 ([SI°O 90°0 LL'0 [90'0 ([eL'0 [60°0 96/¥/9

vL'0 |60°0 ci'o |LL1'O [21'0 91’0 [(90'0 9€°0 |¥0°0 20’0 90°0 [90'0 |00 (¥O°O 96/L/S
0L'0 |80°0 €20 |ee’0 |00 S0'0 (¥1'0 (0L'0 [S0°0° |€E0°0 90°0 (v0'0 |S}°0 ([¥0°0 96/6/¥%
40°0 |€0°0 ¢l’0 |v2'0 |SL°0 €0°0 [€0°0 [0L'0 (200 S0°0 ¥1'0 |20°0 (610 (200 G6/L1/01

¢CHD| HISS| 289 HOOZ| YOO L 289 W18S| 0589 SAOS| SAOS8| S 89D dW1S 088D 1X36 31vd

1/3w NOLLVILNADNOD ¥ HN

9661-G661 Soleinqul Aeg jeosn 10 ejep Jaylesm Aig g 9lqel



MNmO H4S S| 1289 HOOLZ| 4D !t 289 WG S| 0689 SAOS| SAOB|SLED| dWN1S( 088D 1X36 3iva
Ayaponpuo) add X LINITVS
0g'c |0L°} S1'2 |0€°L Sv'l G8°L (¥’ [SS'L |EL°) 0s°L YL’y |G6°0 19°6 |Si7L ueeyy
0c'¢c (00°¢ 00°¢ (02} 08t 02’2 |08°0 0¥’k |09} 08’1 S2°'S |09°0 98°0L (OV°L 96/¥/9
09'L (09°0 00°¢ (001 080 08°'L (OP'L |08°'L |OF'L ov'i oe’'Lt |08°0 0c’'s [(00°¢ 96/L/S
ov'y |02} ov'L (091 00t o2t 02t |09'L 040 0oc’'t 08°'S [0} 00’y (08°0 96/6/¢%
00’y (090 0c'e (0v'} 03¢ 02'c (0¥’ oL |OF'L 09°L oc'y |02t ovZ (0ov'L 96/LL/014
/8w IWOdS
6862 19v'LS |/9°0€ |6 Ly (96°2€ |LL'¥2|29°€S [92.°61 |99°GZ |00'BC (E€EC'9L |08°'SS (89°91 [91°L9 ueepy
s2'cl [€9°25 [18'€2|SL'9y (€16 [0E°6L (¢¥ PP |9P'EL [LL°0E [€6°02 |EL°EL |0S°LE |2E'S) [00°0G [96/¥/9
82°LL 10G6'ZE |18°€2 |9v'8E [EE°€E [L0°91 |GB'ES (€E6'0¢2 |28 LE |ZL'62 ([2L'SL |[00°0G [OP'EL |00°0G |96/L/S
€C'EC|12°G8 {0082 |[PL LS [9¥'8E [8G LE |00°S.L |6G°LC |0C'E 1S°'BZ |00'EL |LL°GS8 [66°'EL |PL°LS (96/6/F
265°'v9 [00°0c [90°Lv |[00°0S [0€'6L (€262 [8E LY |[L0°LL [#8°9E ([EE'EE ([BO'€2 |00'0S [00°'PC (0G°L8 |S6/LL/01
2 d9D| H4SS| e 899| HODZ| YOO L 209| WG S| 058D SAOS| SAO8| S 89D dN1S 0889 1X36 Jiva
sedio %
0e'6 j02'¢ SL°L (0272 G2'S G¥'8 |G66°C |s¢'B (Si' ¢V 09°S LvLe |SL°L LO°LE [S6°L Ueepy
00'91L [08°E ov's (092 09°'v ov'LL {08°'L (Ov'OL [02°S 09°'8 SZ2'8¢€ |09°} 98°0Z |08°C 96/¥/9
00’6 [09°} ov's [09°¢ ov'¢ o't |09°C 109’8 |OV'Y 08’y 09’8 |09°} 08°8€E |00°S 96/L/S
00’9 [(0%¥°% 00'Ss |08°¢ 092 08°t 109°L |08'S |02'E (/A8 4 (112084 A1) A" 09°'8C |0V} 96/6/¢%
02'9 (00°¢ 08°'9 (08°¢ ov'LL (0¥'L |08°S [0C'8 (08¢t 08’y 02’8l |0v'C 00°0L |09} S6/LL/01
22 gD HASS| e a9 HODZ| UDDLL 289| WG S| 0S89 SAOS| SAO8| S 89 dN1S 088D 1X36 3iva
/S NOLLVY.LNIDNOD SSL
G100 (2100 [v20°0|820°0 [9¥0°0 [S20°0 |€00°0 [SC0°0 |YOO'0 (€000 (¥20°0 (S00°C [OVO'O [SO0°O uesiy
€100 /€000 |210°0(520°0 {850°0 [LL0°0[L00°0 [210°0|S00°0 [200°0 (520°0 |800°0 |020°0 [€E00°0 |96/¥/9

9661-G6661 SsapeIngll Aeg jeain o} elep Jayjeam Aug 'z slqel



%08 |%¥8  |%V8 |%IL |%SL |%IL |%8L |%e8 |%99 [%e8 |%08 |%9Z |%08 |%99 [96/%/9
%E6 |%96 |%G6 |%P6 |%16 |%L6 |%06 |%P6 (%06 |%E6 |%B6 |%88 %98 |(%¥8 |96/1/S
%101 |%58 |%66 |%98 |%6L |%SOl |%88 |%B6 |%L8 (%98 [%O00} |%¥8 |[%E6 |[%Z.L |96/6/%
%1S |%6L |%0S |%28 |%6S |%l6 |%¥9 [%9S |%E9 |%69 [%B6 |%08 |%¥8 |%9¥ [S6/L1/01
zzc 89| H4SS| te@D| HOOZ 40D 11| caD| W1ES[ 0S89 SAOS| SAO8|SI89| dW1s| 088D Ix36 31vd
uornjernjes wISAxO %
09'8 |0£'6 [016 |SE6 (01’8 |S56 (068 (0P8 |B¥8 [e¥'6 |SEOL[S06 [58°8 [0SZ ueepy
ov'Z (008 008 (069 [0t'Z (089 [ov'Z [02°Z |or'9 [0i'8 069 (022 [08'9 |02'9 |96/v/9
08°6 [020L |OELL|0SOL 066 (096 |0L0 096 [08°6 [09°0F |0EZ}[0FOL [02°6 |02°6 [96/1/S
06 L1 |08°0L [06°LL|0ZLL |08°6 |OvZk|OF LE [09°LL[00°LL |02'8L |OP'ZE |09°0L [02°LL [08°6 [96/6/%
0c'S (02’8 [02'S |08'8 [09'S |ov'6 |[02'9 |02'S [0£9 [08Z |086 [0E8 [02'8 [0B% [S6/LL/OF
22 89| uiSS| 12D HOOZ| YOO +1| 28D W18 S| 058D SAOS| SAO8|{ St 89| dW15[ 088D 1X3 6 3lva
18w '0°a
€ECH €221 [B22h [BE'LL |OS'EF [80°LEL [86°LL (02 FE €6 FF (0S50 (€221 [88°LL [OV'EL [€9°CH ueep
0021 |0S°ZL [00°ZL [05°91 [00'8L [0€'9L |08 0L'SL|00°ZL |00°9F |08'6}|00°8L |06'0Z]0S'8F [96/%/9
0L'ZL [00°€l [0 1L [00°LL [0S°LL [00°0L [02°LL [09°01 [08°LE [00°0L [0€°2L [00°0L [0S°2L [00°2L [96/1/S
09°2 [06's [09°Z [0o0'S 059 [0€9 [00'S [029 [06S |00'S |02'9 [00'9 {022 [00°9 [96/6/F
09°21 [0S'¥1 |[02°€L [O0'EF |008L |OZ +F[OGEL [06°LE [00EL |00 kE |09°CL[0S'EL [0SCH 00V [S6/Z1/01
22E8D| udSS| 128D HOOZ| YOO 1| 2dD| W18 S| 05 89| SAOS| SAOS|S8D] dW16|0889 IX36 31va
duray
§2°G [008L [00v [SZ28 |Sc ¥Zh [0SGH[00°SL [SSZI [S209F [SL°ZZL [009 [0S +8 [S2L [0S 2t ueepy
008 [00'96 [00°9 [00°0F[00° 111 [00°02 [00°06 [00°02 [00°081 [00'SSL [00°0L [00°LLL[00°2E [00°0EL [96/¥/9
002 [00°19 [00°C [00°69 [00°0Z |00°0F[00°+9 |00°%} [00°CcH (00 0L [00°'2 [00°28 |[00'2 |00°00+ [96/Z/S
00'S |00°tS [00°2 [00°29 [00°+Z |00°0L [00'S |00°04 [00°60} [00°S8 [00°2 [00°8S [00°0 [00°08 [96/6/F
00’9 [00°¥OF [00°9 [00°06 [00°S¥Z [00°2Z |00°S6 |00°G2 |00°0EZ [00°0LL [00°0F [00°SZ [00°'SL [00°08L [S6/Z1/01

9661-5661 Souenquy Aeg jeain 1oj eiep ssyream Aig "z aiqel



vEE [6v¢ [6LE |c61 |66+ |e0c |[v6 t [6€¢ [€0c [9¢cc |92 9 [80°F [819 [SE'L uespy
€Ev'9 |ev'9 |I6€ |eL2 |s62 |0Ove |95¢C |S8¢C |69E |PI'E [8E°L |€6°0 |[90°G [€2°T |96/¥/9
Iv'€ [86°0 |LE€ |bv+ |92t |SG e (SL'+ |9S¢C |86 [8¥'L [2L¥ [16°0 |65k} [POTL [96/L/G
28°L €S0 |S9°b [+ F [09°0 [82h [S€+ |92°F |6p'k |S60 (9SS [SSO [06'v [p'O  [96/6/¥
b1 |v0'Z |e8€ |pee |91 'E |88t |60C |00C |S60 |/PE [BEL [€6°F [BL'E 2L} [S6/LL/OL
Zzg9| WiSs| 289 HOOZ[ U0 1| 289 W8S/ 0589 SAOS| SAO8| G189 dW1S| 0889 1X36
sjuawrdidoaeyq
08'8 |22'€ |60S |eSe¢ |02 € [S6¢ |/€C [BY'Z (60C (69'C (08°S [v0'Z [0L'v (8.2 ueeyy
220 |Z96 |08+ |9€€ |S0'9 |9S€ |29€ |[8tc [L9v |vvk [WL¥ |ve € [08'C |88 |96/¥/9
901 |86°0 |pe't 0§t |ev'i |ov'L |0t'Z |sv'L |eS'h oS’k [0S} [0E'F [Ig'¥ [28°0 [96//S
92°L |81k |BO'E |29°E [89°E |05 [e8'+ |9+E (820 [Ob'L [EVO [86°0 (6279 [9L°0 [96/6/%
9126 [vO'y  [ve ¥y (29t |99°L |65 |v6'+ |80E |ov+ [tp9 |SSOL[v9Z [IGS [S9°9 [S6/LL/O}L
ZzED| udSS| 1289 HOOZ| YD Ik| a9 WiE S| 058D SAOS| SAO8| G189 dW1S/0889] 1X36
1/31 iAydoropyd
J0'g |88'9 |808 |689 |99°9 |6/ [¢69 [16'L [v0'Z [00°Z |SI'8 |[€0°L [¥6°L [88°9 ueopy
€9 |v6'9 [L8°Z [€0°Z 699 |v9'L [v0°Z |I9Z [c}'Z [80°Z [68°L [v6'9 [eLL [58°9 [96/9/9
€98 229 [1€® |69 |vZ9 [8LZ |v8'9 [9LL [evZ [0bZ (pv8 |/8°'9 218 |98°9 [96/L/S
008 069 |[80°8 [089 |0ov9 |Zt'8 |0L'Z |v0B [0gZ |0eZ [9+8 |0E'L (918 |0L'L [96/6/¥
008 069 |[vos [089 |089 |0z8 |09 [9,'8 [029 059 |[IFB [00°Z [SLZ [0L°9 [S6/L4/0}
Z2g0| udss|12@D| HOOZ| YDO Ik 2do| W1ds| 0589| SAOS| SAOS|SIE8D| dW15|088D] IX36 3alva
Hd
%18 |%98  |%c8 |%E€8 |%9L |%E6 |%08B |%E8 |%ilL |%EB  [%¥6 %28 |%98 [%B9 uesi

9661-G661 saeinquy Aeg jeaip 1o} ejep seyieam Aig T ajqel



681°0C |S00'0 {€50°0(220°0 |Z20°0 |S¥0°0[LLO°0 |2/0°0 (6000 {200°0 |€L0°0|L00°0 |S.0°0 [6€0°0 |S6/8L/6
2289 Hd4SS| 1289 HODLZ UdD L 28D W8S 0589 SAOS| SAO8|SHE8D| dN1S5/088D; 1X36

3iva
1/8w NOLLVY.LNAIDNOD ¥Od

15°0 820 SC°'0 |ELO SL'0 91’0 |[#2’0 6L°0 [(IEO cco 91’0 (¥1°0 §¢'0 (020 uesiy

0€'0 41X 1€°0 {€0°0 ct0 €20 (620 (620 |P€°0 600 ¢e’0 |192°0 |S¢0 |[L2°0 96/€2/9
610 8L'0 8L’'0 |91°0 $0°0 60 P10 910 |L20 €20 610 |P1°0 $2°0 |22°0 [|96/LL/S
ec'o 00°C LE0 [00°0 9¢'0 600 |EED €S0 |PE0 0e'0 ¢e’0 |0L'0 6v'0 |2E'O S6/€/11
€C'0 90°0 SL'0 [80°0 000 9L°'0 (800 |60°0 |€€'0 [ECO 000 |SO°0 120 1200 §6/2/11}
€20 S9°0 S0 |ve'0 6€°0 00°0 [IEQ 20’0 (820 [€cCO cl’0 000 01’0 |00°0 |S56/61/6
98’} £9°0 LE'0 |0E0 000 420 |CE0 200 (82’0 ¥2'0 ¥0'0 (.20 61°0 |SE'0 56/81/6
22E9| H4SS| 1289 HODZ  udD L] 289D| W19S| 058D SAOS| SAO8(SiHD] dW1S 0889 IX36 3iva

T/8w NOLLVILNIDONOD NOd

¢c’0 6€°0 61°0 (6€°0 090 SL'0 |SLO cl'0 |[gee’0 (22’0 91’0 |2L0 10 (P10 ueepy

120 9€°0 l£°0 [89°0 vL°0 €0'0 {600 00 |I20 8¢'0 S0'0 |P1°0 €0°0 |LL°0 96/€2/9
910 €170 9L'0 |S1°0 SL°0 S0'0 [LI°O 90°0 (610 0L'0 60°0 |60'0 €L’'0 [80°0 96/L4/S
620 2’0 910 |S¥0 S2°0 210 |2€°0 €L’'0 |S§°0 12°0 ct'0o |ec0 €L'o [i2'0 S6/E€/1L
L0 8c’0 €L’'0 |ve'0 0€'0 11’0 10€°0 62°0 |2€°0 0c'0 L2°0 [¥2°0 6€°0 (220 S56/¢/11

$2'0 99°0 0€°'0 [S€°0 S0°L 9v'0 [E0°0 LL'0 SO0 SP°0 S0 |c0'0 62’0 |L0°0 G6/61/6

820 99°0 0L'0 |SEO 80°1 80°0 (€0°0 80°0 [S0°0 60°0 9¢'0 |20°0 v0'0 |2L'0 S6/81L/6

228D HISS| 1289 HODZ| YOO Ll 289D WIES| 0589 SAOS| SAO8[(SL B9 dW1s 0889 IX36 31vd

1/8w NOLLVILNIDNOD €ON

£0°0 XA c¢L’0 (L2°0 8€°0 60°0 1/0°0 80°0 [L0°0 v0°0 2’0o |S1°0 LL'0 |ELO ueepy

L0°0 L2'0 L0°0 |0L'0 LE°0 S0°0 [L1'O §0°0 [60°0 S0 S0°0 (60°0 €10 [60°0 96/€2/9
60°0 L0 b0 VL0 ¢€'0 900 (S0°0 S0 (#0°0 $0°0 $0°0 |S0°0 01’0 |60°0 G6/LL/S
010 S2°0 L0 |890 S1'0 €€'0 (¥0°0 €0°0 {€0°0 1070 400 |61°0 0°0 |¥0°0 S6/€/1 1
cLo 60°0 $c’0 |LV0 $S°0 v0'0 [€0°0 cl’0 800 20°0 Sv'0 |S50°0 SL'0 |CL'0 S6/c/it
00°0 10°0 ¢0’0 |e2'0 L0 10’0 |60°0 S0°0 (90°0 c0°0 c0'0 |6€°0 oL'0 |¥E'O G6/61/6

L0'0 10°0 000 (600 8.0 ¢0°0 (800 010 [80°0 c0°0 80°0 |10 LL°0 |20°0 S6/81/6

2299 HJSS| 1e8D| HOOZ 40D LL| 28D WIES| 0589 SAOS| SAOB8|SIED| dW15/088D] IX36 aiva

/8w NOLLVY.LNIONOD ¥ HN

9661°S661L Sajteing) Aeg 18eJD oyl Joj ejep ojdwes W0IS °E dlqeL



60°EY |90°8S S6 vE [Z2 SE |00 BE |69 2C |GV EV |09 LI |[E8 ¥E |ve €2 |Cc 8+ |SB ¥S 0L 61 [VI ¥ |c Aeq WiolS

¥0 LV |86 %9 |LZ L€ |0S OV |cb'G¥ |9G°6l |SE'6E |0L°€C|L60E [€€¥C [6L°02|22°6% [v0O'ZL|[vO'8¥ [I AeQ wiclg
90°'2Zv (2519 (9€°EE(68°LE [LLLV [2L'i2 |0V LY [S9°0C |06°CE [BZ'€EC |L1S'6) [1€'2S |Z1'8L |[VE'SP |uBely

00°9€ |SS'PS [LP'62|9v'8C [0i'8E ([BS'¥IL [1L°GE |Z9°91 |SL'9% |L9°9) |[6L°9} (€L°2L |0S'LL |PS'L9 |96/¥2/9

€8°0¢ |¥SL9 [BL'8L|[LLSE (8v'eb (92744 [SCLE |ve'LL P2 LL [/9°6)F ([62'8BF (L5°82 |SV'EL |9G°GS |96/E2/9

00'SZ [/9°Lv [vv'vZ|0L'8E [68'8E [ES'EZ 629 |[LL' VI |EL'GE [p¥'¥C |PSEL |SS'¥S |6C¥) |6E°LL [96/81/S
i1v'62 |[pL2S [2eveisi'ov |vb'vy [EL°C2 [9P'BE (B2’ lZ |65°4AC [16°LC |08'8) [00°0S |¥B'FL |00°0S ([96/LF/S

Sy'2Z (000G [8¥'€L [99°0L [00°02 [SO'Ie [¥i'2€ |00°'kL |Z9°6) |PS'PC [S8°9k [bL'CP |E1°9| |29°LP [|S6/E/L1)

€C'€E [00°09 [ep L2 [L2°'SE [62'SE |00°SZ [62°SE |vL'pZ |¥B'9E [EG'EC (6G°LL |SB'ES |02'LL |SL'EP S6/¢/11

68'88 [00'98 [9p°2/[58°€S |00'SS [BS'LE([/9°ty (00°SZ |[BE'YE |[6S°LZ [L2°G2 |00°0S |L2°62 |00°0S |S6/61/6

0908 (G218 |9V E9 [v¥ vy (P8BS (SGL'8L [BE'2S |vL'2E |22'CP |61°9Z |BY'VE |£49°99 [/9°CC |9B°CY (S6/B1L/6

22g9| Ydss| 1289 HODZ Yoot 28D WIES[ 058D SAOS| SAOB[SIED| dWN15/088D IX36 3ivd

druediQ %

0S§'kL  |SE'Y chZL |ZL'EL |0C'S §6'9 |0v°E 08°0} |£6'8 SL'L ge'le [SE°2 1682 |5¥'9 2 feq wioig
cE'9l |SC'¢ SL'2t [00°¢E SH'¢g 06’9 |00°P G9'9 |S9'S 006 09°61 [06°} 21’82 [S0°E i feQ wioig
16'€l  [0E'V £9°v1 [BO'8 89'S €69 |0L°E €L°'B |LE'L 8E'8 8v'0c [€t'¢ vS'82 |SL'Y ueey

00°S 0c'c 08’9 |0C'S oc'y 09’6 |08°C ov'8 |0c'S 09'6 0v'Z2 02’2 [00°91 |09°¢ 96/¥2/9
09°6 09°¢ 00°4 1 j08°2 09t 08’9 |02°E 08°'S (00" 02'CcL [Ov'9L |0V’ 08°'teZ (08°| 96/£2/9
0c'L ov'e 006 |0C'¥ 09t 08’9 |08°C 0261 |09'F 006 02’64 |0C°C £9°09 (08°S1L |96/8L/S
08°9 08¢ op'L |08°C 09't 08'8 [02°S ov'6 |{08'S 09'8 09°ZL [0C'} L9°cy (097} 96/L /S
08°6 08'C 19°62 |/9°0F |00°6 09°L [09°S 000} [£9°61 099 08°Z1L |08°E |00'LE (0S¥ S6/€/1 1
4 00'¢C 0c'LI |08°C or'e 09'S [Ob'E 08°'S |08'E 08'9 08°C€ [09°¢C 00'IlE |0C'E S6/¢/1 1
00°'vZ {00°CF |00°EZ |09°C 00’y 08'€ |ov2 09°'S |0v'9 08°S o0'itc |02t 0Z'8 |02°E (§6/6L/6
L9°'P% |09°6 00°61 |09°FE o0'el |0v'9 [02¥ 09'S |00°6 ov's 09°LtL [Ov'C 00°'Gl (09°§ §6/81/6

229D H4ASS| 1289 HODZ YOO LI 28o| W1gsS| 0S89 SAOS| SAOB|SIED| dN1Si08ED| 1X36 31va
/8w NOLLVI.LNADNOD SS1

$50°0 |2+0°0 |FEO0|S20°0 (Z20°0 (2€0°0|0LOO |vPO'O[LLO'O (0100 [E¥0°0[600°0 [£S0°0 |¥I0°0 |ueoWy

S00°0 |200'0 [900°0[Z10°0 [S20°0 [600°0 [#00°0 |600°0 [€00°0 {2000 (800’0 |¥O0°0 |OLO'O [POO'0 |96/€2/9
¥10°0 |0100 |020°0[¥1l0°0 [SLO'0O [9€0°0 [800°0 (Z10°C |0LO°0 (2000 [620°0|900°0 [|8Z0'0 |600°0 |S6/L14/S
[20°0 |910°0 |PEO'O|OYO'0 [5€0°0 [Z20°0(S40°0 (PE0°0 (¥10°0 [$20°0 |£20°0(GL0°0 |190°0 |210°0 |S6/E/L1
8200 |920°0 |SE0'O[8E0°0 [8E0°0 [2€0°0 (0LO'O [6£0°0 (61L0°0 (¥10°0 |0O¥0'0|110°0 |¥BO'0|2LO'0 |S6/C/L1)
¥30°0 |600°0 |/S50°0|€g0’0 [520°C [L¥O'0 [2LO'0 |€50°0 0100 [600°0 [B8Z0°0 j800°0 [280°0|600°0 |S6/61/6

9661-6661 SalBIng) Aeg jeaun 9y} o} ejep ajdwes wiols ‘g e|qel




02’6 ov's 0.8 |08°9 00°/, 05’6 (0S°6 00704 (06°L 06°L 00'6 [00°6 06’6 [02'8 |§6/cC/L}
0s'8F [00°91L (0681 (02'91 (00°9L (08°9L j00°LL |00°ZL |O0C'SE [00°'SL |OL'64 |02°ZF |02°'8L |00°9) [S6/61/6
00°8L |06°Z} |00°'8L |00°L} |OS'ZL |00°ZL |OQ°ZY |00°Z) |00°'€L [OS'EL |02°8L (00°8BL [|00°8L [00°LL |56/81/6

2289 H4SS| 1289 HOOZ| YDd L 289 N18S 0S89 SAOS| SAOB|SI gD dW1S|088D| 1X36 31va

duway,

00°tl [00°09} [0S50% [05°2S} [00°89L [0S°81 [00°19L [00°02 [0§5°022 [00°2LL [0L°9L [00°8€E) (€26 [00°291 |2 AeQ wiolg
SZEL [osvig[si gL {00 Z4L joo'giE [S2' €2 [00°LEL (G2 €2 [05°2LZ (06921 [SL vl (0004 [21°6 [0S tZL |1 Aeq wioig
18°L 00°991L [61°2Z |€8°9GL |Z9°ELL [vE'8L [EB'9EL (18781 [Z9°VIC [E8°PBL |60°LL [02°0CL |S1LL |08'PPI |UBON

00°S 00°LLL [00°'F |00°C¥i |00°SPL [00°EC |00°68 [00°EC |[00°60C [00'EQC [00°LL |00°0CE (00 L [00°OLL |96/¥C/9
00°'6 00°2vt [00°L [00°0€l |00 LEL {00°22 [00°8¥ L [00°€Z [00°ELE [00°661 [00°9L |00'EZL [00°EZ {00 PP |96/E2/9

00°0 00°0 00°L 00°8 00°0 000 96/81/S
00°0 00°0 0c'ii 00°01L 000 00°0 96/L1/S
00°0 00°0%L [00°0 |00°0€L [00°SEL [00°6 |00°0SI |00°CL |00°L0C |00'CEL [0C'L 0s'v S6/€/L1

05°'S 00°2ZL [0Sy |00°CLt |00°22¢C [0G°61 |00°'28 |0G°6L |[00°0EL jOO'E0L |0S'E |00°08 [0S'E [00°CCl |S6/2/t 1
00°¢¢ [00°08L (00°IZ [00°S8} |00°L0C |00'82 [00°ZLL (00782 |00°0¥C |00°C22 |00°S2 |00°8EL [02°EC |00°L91 |S6/61/6
00°LZ [00°lS2 j00°LZ |00°28} |00°C0C |00°LZ [00°08) [00°LT [00°S6Z |00°0ST |00°9Z [00°0FL |00°'¥Z |00°LT) [S6/81L/6

cc 89| H4SS| 1289 HOOL| YDO LK 289 WIES| 0589 SAOS| SAO8|SLBD| dNTIS| 0889 I1X36 3iva

ydd X LINITVS

8L'9 S0t cc’'9 (EE'C S.°| Sv'L [Oov'L 94"l |LS'C SL'L 06°€ |§2°I cl'y (Sl g feg
SE'01 |SO'€E SS'v [CC'} ol'e SE'L |09'L §S°IL |48} S'Cc |ESE |00} L5'F 0¥} i Aeq
L5'8 S0°€ 8€'s (8| cve ov'L |0S°L G9'L (2¢'¢ S6°¢ LL'e (€471 PP [LS'4 ueepy

08’} oc'L 00'c 002 09°L- |0o¥'L |00°} ov'L |09°C 09°L 09’y |09°1 082 [09°I 96/v2/9
00'¢ 09°1 00°'2 |00°} 00°¢C 080 (00'} 00°L [69°0 ov'e 00't (0970 0c'e [00'L 96/€C/9
08’} 001 0c'c |09°L o'l 09°L |08'} ¢8'c (0871 0c'e 09'¢c |0C'} 19’8 [08°} 96/81/S
00°¢ 091 08°'L |62°L 09°t 00°'¢c [00°¢ 00°¢ [09°} ov'e 1€°€ [{09°0 €E'9 |08°0 96/LL/S
oc'e ov'i 00'v (vEP 08’1 09°L [08°1 ov'L (i8°E 09'1 00°€ 09°} 00'S 00°¢C S6/€/1 1
or'i (1 TAN ov'e (00°t 0c’L ov'L [0C'| ov'L o'l 09°1L 08't 0¥v'1L €E'S (0¥ 56/2/11
€€'LZ |09'8 29°91 (0V°L 0c'c oc't [00'I ov'L (022 09’1 ov’'S |09°0 ov'e [09't 56/64/6
00°9€ |08°Z 00°C1 [09°) 0972 0¢'t [0c'2 08°'lL |08'E oc'c 00’ (0971 Ov'E 0v'C 96/81/6

cTHOD| HISS| 128D HODZ WD LI 289D WI8S| 0589 SAOS| SAOS8|SLED! dW1S( 088D 1X36 1/8w WOdS

9661-5661 sojseinquy Aeg jeair) ayy 10} ejep ajdwes wiolS °E ejqel



%<6 %8 %16 |%0L %¥S %66 |%cl %Ll %8 Y% tL %86 |%LL %16 |%9L 96/¥2/9
%98 %94 %98 (%Ll %9 %l6 |%29 %00} [%99 %E8 %88 %09 %98 [%E8 96/€2/9
%96 %96 %96 |%88 %88 %06 |%88 %Ll8 |%l8 %<6 %C0t | %P6 %06 [%E6 96/81/S
%66 %68 %66 %98 %98 %16 [%¥8 %l8 |%P8 %¥v8 %804 %06 %86 |%9L 96/21L/S
%C0L |%E6 %P0l |%96 %98 %06 |%S8 %68 |%l8 %9L %E6  1%V6 %E€8 |%L8 S6/€/1}
%C8 %¥8 %98 |%v8 %V 8 %S8 |%I18 %¥8 |%0L %0L %88 (%88 %18 |%EL S6/2/t L
%0PL %941 %821 |%E9 %SY %S0} |%6S %601 |%LP %2l %l |%ES %9L  [%SS G6/61/6

%Sk |%96 %801 | %E9 %vS %001 (%iY %00} (%6¥ %SL %V0Ll |%9Y %8L (%E9 S6/81L/6

2289| H4SS[ 1289 HOOZ| uoDil| 28D WIES| 058D SAOS| SAO8|S18H| dWN1§/08€D IX36 3iva

uonjernjes udBAxQ %

vv'0lL 1C0°0F |v2'0l [0E'8 XAy'A €8'8 |BL'L £L'8 |¥9°L |§2'8 89°6 (2¢'8 gi'e (662 [2Aeq uualg
1.8 c6'8 91’6 |€c'8 814 ¥€'8 66’9 0e'8 |E¥'L [8L'8 ¥e'6 |Ev'L Li'8 |L9°L 1 keg wioig
L5°6 LY'6 0.6 [9¢'8 61°L 65’8 [B8E'L 25’8 €572 X 9v'6 1£8°L '8 |€8°L ueely

06°L 8¢ L 08°L [EE'9 L6V 06", (09'9 oL'L |Sv'L 0L'9 02’8 |LL°9 09'L |4S5°9 96/¥2/9
0t°L LL°9 00°L |06°9 oLt ov'L (¥9'S 09°'L |[06°S 0e’L 00°L |EE'S 08’9 |6¥°L 96/€2/9
0c'0FL |0C'0F |0€E'01 |SE'6 S0°6 0c'6 |00°6 56’8 |0¥'8 0L'6 09°0} [08°6 ov'6 (096 96/81L/S
€9°0L 1[09'6 $9°0L |0V'6 0¢’'6 LI'6 [00°6 68'8 (006 02°6 SE'LL [09°6 £2°01 |0C°8 96/41/S
9l'tt |06°0L |pi'2L|OE'LL |OEOF [€9°6 |0L'6 8€'6 (06°6 02°6 ov'oL |0t Ll |OV'6 [BCOL ([S6/E/LL
0E'6 0+'0L [08'6 |O¥P0L |02°0l |09'8 |OE'6 05’8 (0F'8 ov's 0004 [O¥'0L |0c’'6 (08’8 S6/c/L}
06°t1 j09°LL |0.°01 (029 0S¥ 09’8 |08'S 06’8 |08'F ov'L 05°6 |0C°S 0€'9 |0§°S G6/61/6
08°L 02’6 02’6 (029 02'S 0c's {00'P 02'8 [0¥'9 08°L 09'8 |Ov'Y or'9 |02°9 G6/81/6

2zg9| Hdsslizgo| HOO L udD | 289D WIE S| 0S8D| SAOS| SAO8|SLED| dW15/088D| IX36 3iva

13w -o'd

0P El |29°2F |ecer|ZZct |ov et |esek (2L €V [Z82h|29°vL (212t [ooFwt|erel [EL€L[06°21 [2Aeq wiols
ELEl |Z0°El |06Ct 002t |0S5Ck [e82L|EL’EL [06'ZL[Z2 Lt (02 Ll /€€l [e€'€EL [0G'EL [L§°2t [I Aeg uuoig
SP'GL |S0°'SL [BZ'SL|Iv'vE [v¥SvL |€9°¥L [PE'SE [99°FL[9L°EL (PPEL |0L°G) |BF'SE [G9°SL |SL'GL |Ueeiy

002z |or't2 |00'22|09'02 [08°6F [00°0Z |0E'0C [00°0Z|0S'61 |0G'8BY [00°2C |0G'lc |00'CC |06'2C [96/¥¢/9
0022 0122 |os'+2|ovoc |os'iz [o002 (oL Le [oo'OZ|0B'LZ |06'8L |0G°LZ |06'2C |0G'lc |06°lE |96/E2/9
00'El [00Et |08 CH|OLEL |00°€EL [08°LL|OEVL [00'CL|0L'EL [OF'EL [06°EL |0B'EL |00} (02 FL (96/81/S
0z'2zi |o6'ZL loo'zL{oe'eL [00'€r [00°CH [06°CL |O0L'LL[06°CF (02°'ClL (06°C) |00'EL |00°€EL OS2l |96/LV/S
0.8 00°6 0€'8 [00°6 02’8 066 [(00°0L (09’6 (019 0i'8 00°6 [0¢'8 00°6 (0§'8 S6/E/1}

9661-5661 saeIng|iy Aeg jeain ay) 1o} mep adwes LIOIS °E dQeL



2289 uiSS| tc8D] HOOZ| UDD ++| 28D] WIas| 05 89 SAOS] SAO8[SL8D| dW1S] 088D] IX3A6 31va
1/81 sjuswSidoaeyyg
GBSt |04'Z2 |L80Z|ss'v [02Z |9Z'v |eve |ec2 |12t |¥E'F |vO'S |L0'S |eZ'€ |62'S |2 Aeq wuoiS
G5'v¥ |6E LE |92'6 |06'E |88'vZ |0L'F |98'C |cb'C |L66 |96+ |L8'¥ (g€ |cov |[89°E |1 Aeq wuoig
02°0€ |¥56C (b8 FL|2c v |v0'9F |€L'b |¥9'C |8LC |PeLE (GO} |26'F |LL'P [88°C 8PP |ueeny
60°'v 002 |cbv |LL'G |66'v |82 € |0Z'€ |86°€E |E0ZE (8L} |S¥'S [80°SF |L9°L |[ELOV |96/¥2/9
ove |s»Z leLc |16G 666G |v0'Zc |98'2 |28°2 |ve vl |08'L |€2'9 |vB'Z |60°L |69°'v |96/€2/9
90't  |8z't |0tz |vS'2 [89Z |p2'b |vE'L [90°F [2L°0 |2€'F [2S'F |82+ |Ov'F |28 € |96/81/S
¥0'F  |pbb |cv' b |vbe  |vZe |oet |95+ |¥E'F |[v8'F |99°F [v6°0 9Lk 2072 [2L°F |96/LVIS
82’k |¥6°'0 |vE'F [Z€+ |86°0 [06°0 |[26°0 [88°0 |PZ'F [29°0 |8v'L [0€'F |9tk [88°F [S6/E/LL
06 |88°0 |96'¢ |90°'F |ee+ |29k |86°0 |02+ |9L°F |v8°0 |¥6'0 [90°F |ZOE |€8'F [S6/2/4}
16°9G |Z5° 901 [BB'EL |15 8 |€+ 02 |29°C |ecv |OO'€E |GG OF |F9'L (69 LL[09°C |SLV |€L ¥ |S6/6L/6
98°0ZL |2+ 911 |P6'62 |69 |/868 |v6'L |[£0'9 |vL'E |S0°2Z VS E |LL'LL|LO'B |0OB'E |8PE |S6/BI/6
2289 udSS| 289 HODZ| udD ti| 2a9| Wids| 0S89 SAOS| SAOS|SLED| dW1S| 088D IX36 31va
/31 Aydororyd
vv'L  [LS'L |2€°L |[0FZ |92'9 |€9°Z |[00°Z |0ZZ |9t'Z |s0'Z |8¥’Z Jo6'9 [eeZ [S6'9 [ueeny
2LL €69 [I€L |2vLZ |[669 [0LZ |[v0°L |eLZ €2 L |L0°Z |€9°Z |v8'9 |2€Z |16'9 [96/ve/9
19°Z |22 |w'L ('L [06'9 |s2°Z [90°Z [94°Z |0€'Z |ov'Z |89°Z [60°Z |SS'Z [22°L |96/€2/9
¥8'9 |96'9 |v6'9 |€0°Z |189 |66Z |26'9 |S€Z |8t'Z |80°Z [20°Z |96'9 |e0°Z |L6'9 [96/81/S
979 |G8'9 |00°Z |10°Z (129 |0ov'Z |66'9 [S€'Z |¥0°Z [+69 [00°Z [98°9 |bbZ |LL'9 |96/Z1/S
699 [68°'9 |S8'9 [80°Z |p9'9 [2€Z |88'9 |L€'Z |98°'9 |pSO |vL'Z |SL'9 |L69 |v9'9 |S6/E/L1
2L (169 [92°Z |0v'Z |19 |8LZ |88'9 |94LZ |e0'Z |069 (8L L [28°9 |€2°L [6L9 |S6/2/L1
2E'8 |96 |60'8 |L+'Z |¥8'9 [€8°Z |60°L |9i'8 |8e'L |92'Z [90'8 ([v6'9 |99°Z |LL°L |[SG6/61/6
vE'8 |21'6 |eLL |v2'Z |88'9 |v6'Z |2b'L |Bt'8 622 |e2Z |i+'8 (169 [vZZ |0bZ |S6/81L/6
2289 uiSs| 1289 HOOZ| udD t1| 2a9| WIES| 0589 SAOS| SAOS8|SI 8D dWis|o8EgD| 1x36 alva
Hd
%80t [%I6 |%GOF |%6Z |%89 [%96 |%9L |%96 |%EL |%8L |%EOL |%08 |%S8 [%8L |¢c Aeq wiolg
%96 %98  |%S6 |%LlL |%89 |%E6 |%L9 |%E6 |%L9 |%8L |%i6 |%bl |%98 [%vL |1 Aeq wioig
%20l |%26 |%00} |%8Z |%89 |%G6 |%el |%P6 |%0Z |%8L |%00L |%SZ |%S8 [%9L |uesp

9661-C661 sajienqgly Aeg jeasn) ay) Joj eyep sidwes wio)lg °E ajqel



16'€ le'e GZ'¥ |6C°¢E 60°S cc’l |¥9'L 8y’ |G8°¢ 10°'¢ |95t |60°} ¢e's [oL'e ¢ AeQ uuolg
vv'0L [09°S G9°€ [€5°¢ 959 el jie’e SS°L |9EV cL’e 10’y |08°E 10’9 |¥0'C 1L AeQ wiolg
Ll Sy’ G6°€E (16°C 4:5 AT N cS’L 0LV 90'¢ |6L'E |Sb'C 19°'S [L0°C ueepy

vS'L vv'e 98°L |66°€E 8l'c L't (0470 89°F (8L°9 Sb'e ¥8'¢ {120 €6'9 (9570 96/¥2/9
98°'¢t ce’L ci'e [9L°¢ €e'8 ¢Sl |le'e S€'¢ [91°9 i8¢ |€6°'E (Pl 0L's [89°1 96/€C/9
19°¢ el 99'¢ (S'} 81 6v'L [6¢°C 06l [cc'¢ L40°¢ [80°E [99°} 0oe'.L |66°C 96/81/S
65'¢ 1671 ep’e (Li') 66°0 clL'c (v6°1 0L} |§L°C oB'c [ov'v [ve't 6L'8 (8L°1 96/41/S
80°€E 1871 cS'e SOV 00°'c 86°0 [cv'| £8°0 |00°cC v6°1 cb’'e [ev't 8¥'eE |10°C S6/€/1}
Lt vo°L SLL (vl') 0c’) €20 |00°) cl'0 (et v¥'0 Le’'c |58'6 86°L (OP'E §6/¢/1 1
6E'8 v9'L $6'8 |8E'E LLEL (S2°L (vl'e ¥l [10°S 85’} 1c’s (9074 8G'E (¥8'C G6/61/6
L2've |25ehk |IE'9 [Sv'E LL°SL |[Z2’0 |80°'p Sv’L [68°L Lp'2 25’V |8e°2 9L’ (L1671 S56/8L/6

9661-5661 soleIngul Aeg jealn oyl Joj mjep ojduies wiolg ‘g 9|qelL



Table 4. Comparison of storm vs dry weather samples 1995-1996 for selected stations

parameters using Welches t-test for samples with unequal sd

and

Parameter

Station

Significance

Interpretation

NH4 -

11 CCH

5SFR

7CCH

9 EXT

NO3

11 CCH

5SFR

7CCH

9 EXT

R/
L]

&S
-

STORM > DRY

GB 22

PO4

GB 80

GB 15

GB 50

GB 21

GB 22

11 CCH

9EXT

7CCH

50YS

9 EXT

666 6666666 6 0666 666G

GB 21

O
H

o
™
N

STORM > DRY

GB 22

55FR

SPOM

11 CCH

GB 21

GB 22

5 SFR

CHL A

50YS

11 CCH

GB 21

5SFR

GB 22

% 02 SAT

5 BLM

11CCH

GB 21

GB 22

9 EXT

6|6|6/6/6| 66666 66066 66




Table 5. Station comparisons using ANOVA for dry weather, storm and all samples
combined 1995-1996

Data Parameter Significance (P) Pairs
Dry Weather NH4 <.0001 11 CCH >all other stations
NO3 NS
DON NS
PO4 NS
TSS <.0001 GB 15 and 80 > all other stations
SPOM <.0001 GB'.15 and 80 > 9 EXT, 5 Imp, 5 OYS

GB80 >5 SFR, 7CCH, 5 BLM, 11 CCH, GB 2
GB 50, GB 21, GB 22

% 02 SAT NS
CHLA -~ NS
Storm samples NH4 <.005 11 CCH > all except 7 CCH and 5 SFR
NO3 <.0001 11 CCH > all except 7CCH
DON NS
PO4 NS
TSS <.0001 GB 80 > all except GB 21, 22, 15
GB 15 > all except GB 21, 22, 80
SPOM 0.0193 GB 22> all except GB 21, 15, 80
NS if 9/18 and 9/19 elimanated
% 02 SAT <.0001 11 CCH < all tidal except GB 80

11 CCH< 55FR

5 QYS < all tidal except GB 80
50YS<5SFR

5 BLM < GB 2, 15, 21, 22, 50

5 LMP < GB 15, 21, 22

9 EXT < Gb 15, 21, 22




Table 5. Station comparisons using ANOVA for dry weather, storm and all samples
combined 1995-1996

8 OYS < GB 15, 21, 22
7 CCH < Gb 15, 21, 22
CHLA NS
95-96 D &S NH4 <.0001 11 CCH > all except 7 CCH
7CCh>80YS
NO3 <.0001 5 SFR . GB 50 and 9 EXT
7CCH>GB 2,5 LMP and 56 BLM
11 CCH >all except 5 SFR and 7 CCH
DON NS
PO4 <.0001 GB 80 > all fw except 7 and 11 CCH
TSS <.0001 GB 80 > all other stations
GB 15 > all except GB 80
SPOM 0.0017 GB 22. all except GB 15, GB 80, GB 21
% 02 SAT < .0001 11 CCH < 5 SFR, GB 2, 15, 21, 22, 50
5 OYS <GB 2, 15, 21, 22, 50 and 5 SFR
9 EXT< GB 2, 15, 21
5 BLM <GB 2, 15, 21
5 LMP < GB 15
CHLA NS




Table 6. Interannual comparison of storm and dry data combined for the three project years
using Welch's t-test for samples with unequal sd

Data Parameter Station Significance |Interpretation

Dry and Storm combined

93-94 vs 94-95 vs 95-96 [NH4 5 LMP

GB 15

7CCH

11 CCH

NO3 GB 80

GB 15 .0184 95-96 > 94-95

8 OYS

11 CCH

5SFR

V66676 6666

GB 22 .0342 95-96>94-95

DON GB 22

PO4 GB 80

GB 15

GB 2

GB 21

GB 22

TSS GB 21

6|6 666066 |6

9 EXT
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Table 9. Comparison of Dry vs Storm data for the cumulative 93-96 database using Weich's
test for unequal sd

DATA PARAMETER |STATION SIGNIFICANCE | INTERPRETATION
CUMULATIVE 1993-1996 |NH4 5S8FR NS
DRY VS STORM
NO3 11 CCH NS
50YS NS
9 EXT P=.0086 STORM > DRY
DON GB 50 NS
GB 22 NS
P04 9 EXT NS
GB 50 NS
GB 22 NS
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Table 11. Bacterial indicator concentrations at all sites on the 1st and 2nd days of storm
events.

FECAL COLIFORMS
DATE SEXT GBS0 5LMP GB15 80OYS 50YS GBSO SBLM GB2 11CCh 7CCH GB21 5SFR GB22

9/18/95] 3900 34 252 100 770 5300 28 410 4 42 1000 1300 130 820
9/19/95| 520 28 145 25 900 8 290 2 26 360 160 140 60
11/2/95) 400 1740 55 1260 60 70 60 124 52 190 840 65 124
11/395f 380 2160 285 1280 940 410 390 565 950 1150 2000 885 1350
5/17/96 72 100 35 84 208 162 57 160 53 240 4 320 595 210
5/18/96{ 522 40 43 96 56 56 24 20 31 135 106 330 40 85
6/23/96 68 32 16 350 250 102 26 9350 20 120 1500 1400 3200 320
6/24/96 78 24 36 186 290 88 5 330 8 315 140 640 710 345

288

Geo, Ave. 298 101 70 19§ 297 262 32 269 25 127 306 653 295 252
1st day 296 117 53 247 342 269 41 438 27 89 335 836 356 288
2nd day 299 87 92 155 259 254 25 165 23 180 280 510 244 221
1st:2nd day 1.0 13 0.6 1.6 13 1.1 1.6 26 12 0.5 1.2 1.6 1.5 13
FW:SW 29 04 92 8.1 108 02 0.5 12

E.coli

DATE 9EXT GB80 SLMP GB 15 80YS 50YS GBS0 5BLM GB2 11CCh 7CCH GB21 5SFR GB 22

9/18/95| 3800 K7 190 8 770 700 10 300 2 42 850 1000 130 580
9/19/95| 380 22 125 20 480 220 8 200 2 24 320 125 110 50
11/2/95] 380 1420 55 1160 300 60 68 50 215 43 140 560 40 102
11/3/95] 380 1440 285 400 420 880 358 39 520 690 910 1200 785 1300
5/17/96 55 100 26 52 204 104 39 2 34 150 16 150 425 195

5/18/96] 476 40 44 96 56 56 24 20 28 95 70 215 40 75

6/23/96 62 30 15 350 220 o4 26 9350 17 115 1400 1200 3200 320

6/24/96 78 24 34 152 290 78 4 266 8 235 140 550 480 310
Geo. Ave. 268 20 62 146 276 156 26 219 22 102 229 453 242 220
1st day 265 108 45 206 319 142 29 337 22 75 227 563 290 246
2nd day 271 74 85 104 239 171 23 143 22 139 231 365 202 197
1st:2nd day 1.0 1.5 0.5 2.0 13 0.8 13 24 10 0.5 1.0 1.5 14 13
FW:SW 30 04 108 6.1 9.9 0.2 0.5 L1
ENTEROCOCCI
DATE 9 EXT GB80 SLMP GB 15 80YS 50YS GB50 5BLM GB2 11CCh 7CCH GB2! 5SFR GB 22

9/18/95] 2160 10 KX | 14 360 625 4 400 2 21 392 6 145 22
9/19/95F 234 0 97 2 323 144 1 110 2 24 165 3 13 5
11/285) 240 580 105 1035 950 150 42 128 375 46 135 485 58 36
1173095 380 590 380 420 350 1020 960 345 260 1080 2580 595 148 222
51796 55 37 2 15 52 50 32 61 34 23 30 111 32 18
5/18/96 62 33 7 10 116 126 15 24 2 30 31 54 20 20
6/23/96 31 24 13 23 76 59 3 34 1 35 81 147 87 32

6/24/96 27 8 33 5 22 15 2 139 1 58 53 49 112 25
Geo. Ave. 137 27 41 26 157 129 12 104 11 49 131 62 56 27
1st day 172 47 3 47 191 129 11 101 12 30 106 83 69 26
2nd day 110 16 54 14 130 129 12 106 9 82 162 47 46 27
1st:2nd day 1.6 3.0 0.6 33 15 1.0 0.9 10 13 04 0.7 1.8 1.5 1.0

FW:SW 5.0 1.6 135 110 9.7 038 21 2.1



Table 12. Summary of statistical analyses of bacterial indicator data using paired t tests.

Comparison Results of statistical analysis and explanation
Fecal coliforms E. coli Enterococci
1994-1995 DATA
Dry vs Storms
9 EXT storm > dry (P < 0.01) storm > dry (P <0.01) storm > dry (P <0.01)
GB 80 NS NS NS
5LMP storm > dry (P < 0.05) storm >dry (P <0.01) storm > dry (P <0.01)
GB15 NS NS NS
80YS NS NS NS
50YS NS storm > dry (P < 0.05) storm > dry (P < 0.05)
GB 50 NS storm > dry (P < 0.05) NS
5 BLM NS storm > dry (P <0.05) storm > dry (P < 0.05)
GB2 NS NS NS
11 CCH NS NS NS
7CCH storm > dry (P < 0.05) storm >dry (P <0.01) storm > dry (P < 0.05)
GB21 storm > dry (P < 0.05) NS NS
5SFR NS NS NS
GB 22 NS NS NS
1st vs 2nd day storm samples
GB15 NS NS 1d > 2d (P<0.05)
All other sites NS NS NS

Between site differences for all sites and conditions: see Table 15,

Between site differences: Freshwater (FW) éompared to paired saltwater (SW) sites

9 EXT vs GB 80 wet&dry
5LMP vs GB 15 wet
SLMP vs GB 15 dry

8 OYS vs GB 50 wet

8 OYS vs GB 50 dry

5 0YS vs GB 50 wet
50YS vs GB 50 dry

5 BLM vs GB 2 wet
11CCH vs GB 21 wet
7CCH vs GB 21 dry

All other site/conditions

NS

NS
FW<SW (P < 0.05)
FW>SW (P<0.01)
FW>SW (P<0.05)
FW<SW (P < 0.05)
FW>SW (P<0.05)
FW>SW (P<0.05)
FW<SW (P<0.01)
FW<SW (P<0.01)

NS

NS

NS
FW<SW (P < 0.05)
FW>SW (P<(0.01)
FW>SW (P<0.05)
FW<SW (P < 0.05)
FW>SW (P<0.05)

NS
FW<SW (P<0.01)
FW<SW (P<0.01)

NS

NS

NS

NS
FW>SW (P<0.05)

NS
FW<SW (P < 0.01)

NS
FW>SW (P<0.05)

NS

NS

NS




Table 13. Statistically significant differences between bacteria at all sites.

Bottom left matrix = wet conditions;

Top right matrix = dry conditions.

|

Fecal coliforms

(ANOVA: *P<0.05; **P<0.01)
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Table 14. Summary of statistical analyses of bacterial indicator data using 1-way ANOVA.

INTERANNUAL COMPARISONS

Fecal coliforms E. coli Enterococci
1994-95 vs 1995-96
Wet conditions NS NS NS
Dry conditions
GB80 94-5<95-6 (P<0.01) 94-5<95-6 (P<0.01) NS
5SFR 94-5<95-6 (P<0.05) NS NS
SLMP NS NS 94-5>95-6 (P<0.05)
GB50 NS NS 94-5>95-6 (P<0.01)
1993-94 vs 1995-96
Wet conditions
5SFR 93-4<95-6 (P<0.05) NS NS
GB2 NS NS 93-4>95-6 (P<0.05)
Dry conditions
GB80 93-4<95-6 (P<0.01) 93-4<95-6 (P<0.01) NS
5SFR 93-4<95-6 (P<0.05) NS NS
5LMP NS NS 93-4>95-6 (P<0.01)
GB15 93-4<95-6 (P<0.01) NS NS
GB21 93-4<95-6 (P<0.01) 93-4<95-6 (P<0.05) NS
GB22 NS 93-4<95-6 (P<0.05) NS
GB50 NS NS 93-4<95-6 (P<0.05)
1993-94 vs1994-95
Wet conditions '
GB2 NS NS 934 > 94-5 (P < 0.05)
GB13 NS NS 93-4 > 94-5 (P < 0.05)
'Dry conditions
5 BLM 934 < 94-5 (P < 0.05) NS NS
GB350 NS 934 > 94-5 (P < 0.05) NS
5SFR NS NS 93-4 < 94-5 (P < 0.05)
ALL 1993-96 DATA: STORM VS, DRY CONDITIONS
9 EXT storm > dry (P <0.01) storm > dry (P < 0.01) storm > dry (P < 0.01)
GB 80 storm > dry (P < 0.05) storm > dry (P < 0.05) storm > dry (P < 0.05)
5LMP storm > dry (P < 0.01) storm > dry (P <0.01) storm > dry (P < 0.05)
GB 15 storm > dry (P <0.01) storm > dry (P <0.01) storm > dry (P < 0.01)
50YS storm > dry (P < 0.01) storm > dry (P < 0.01) storm > dry (P < 0.01)
GB50 storm > dry (P < 0.01) storm > dry (P < 0.01) storm > dry (P < 0.05)
5BLM storm > dry (P < 0.01) storm > dry (P < 0.01) storm > dry (P < 0.01)
GB2 storm > dry (P <0.01) storm > dry (P < 0.01) storm > dry (P < 0.05)
7CCH storm > dry (P < 0.01) storm > dry (P < 0.01) storm > dry (P < 0.01)
GB 21 storm > dry (P < 0.05) storm > dry (P < 0.05) storm > dry (P < 0.0D)
5SFR storm > dry (P < 0.05) storm > dry (P < 0.05) storm > dry (P < 0.01)
GB 22 storm > dry (P <0.01) storm > dry (P <0.01) storm > dry (P < 0.01)




Table 15. Fecal coliform concentrations (per 100 ml) at all sites: 1993-96.

DRY 9.EXT GB80 S-LMP GB15 5-OYS GBSO 5-BLM GB2 7-CCH GB2t 5-SFR GB22
8/24/93| 6 7 4 60 6 1 3 5 220 54 4 1
9193 S1 5 5 15 5 4 7 1 133 74 2 8
10/5/93| 8 6 2 50 13 0.8 6 8 166 9 4 41
122093 16 46 6 49 9 4 2 5 2 177 23 47
4/19/94] 26 4 20 8 0.8 7 2 12 29 29 30
;3P4 77 56 19 14 100 86 53 27 59 225 73 27
6/22/94| 325 5.5 15 625 75 70 220 55 725 1125 2175 100
7126/94| 30 17 10 210 40 10 100 9 80 58 20 10
8/30/94] 12 20 1 37 14 9 210 9 70 40 210 9
10/2494] 90 32 20 104 50 10 800 9 108 400 55 60
11/8/94| 25 14 30 80 70 9 1140 30 330 160 44 34
3/2195] 30 10 25 9 30 20 14 A 10 16
4/18/95| 20 12 9 13 21 9 9 9 180 57 10 20
SRPS5| 26 9 9 30 18 9 10 9 155 140 10 9
6/6/95| 70 30 14 9 24 9 48 10 67 117 200 20
101785 140 156 22 230 305 20 135 715 165 480 760 425
4/996| 20 54 7 87.5 8 0.5 6.5 1 65 140 36 35
SrIp6| 51 118 275 94 615 175 205 17 112 320 153 204
6/4/96| 66 110 29 14 66 30 98 40 196 365 630 35
Geo.Ave. 31 23 9 48 26 7 3 10 87 G 39 30
1993-94 2 12 6 23 15 5 11 7 66 3 17 23
1994-95 31 17 10 59 29 9 84 12 92 87 35 18
1995-96 5§ 102 19 118 56 9 36 15 124 298 227 102
WET 9-EXT GBS0 S5-LMP GB15 5-OYS GBS0 S-BLM GB2 7-CCH GB21 S-SFR GB22
9/9/93| 1240 175 40 160 660 45 103 105 3110 1180 10 258
9/27/93] 820 280 30 3040 1160 25 3 195 2800 140 14 100
11/2/93] 105 14 16 220 122 183 168 43 48 5 20 60
11/1893| 460 160 50 200 1520 545 180 210 3600 645 132 405
12/6/93| 260 328 360 420 S8 90 75 360 540 120 110
5/17/94 220 31 46 36 183 46 N 55 112 11 98 20
5694 115 60 16 165 210 55 85 47 102 295 143 111
6/13/94] 210 225 70 355 3200 525 130 35 325 5500 40 5700
6/14/94| 57 2 P 106 158 330 133 70 200 2 200 28
8/22/94| 66 60 34 30 720 18 8000 22 760 330 183 260
9/26/94] 440 2000 600 720 750 220 190 270 1650 1920 1350 1880
11/1/94} 2100 85 17 6715 29 9 9 32 280 1375 70
11/2/94| 40 55 55 947 2000 182 430 74 340 545 1330 480
411395| 440 23 10 8 90 1 20 3 15600 180 48 33
41495 60 28 15 4 28 8 2 13 4140 MW 90 49
5/12/95] 100 36 9 40 2320 40 73 2 10200 40 18 21
5/16/95] 80 2 13 75 140 26 81 2 1000 148 52 40
5nNIPs| 70 54 4 50 10 12 61 z b 126 62 41
9/18/95) 3900 34 252 100 5300 28 410 4 1000 1300 130 3820
9/19/95] 520 28 145 25 900 8 290 2 360 160 140 60
11/2/95] 400 1740 S5 1260 60 70 60 124 190 840 65 124
11/3/95] 380 2160 285 1280 940 410 390 565 1150 2000 885 1350
5/1796] 72 100 35 84 162 §7 160 53 4“4 320 5 210
51896 522 40 43 96 56 24 20 31 106 330 40 85
6/23/96| 68 32 16 350 102 26 9350 20 1500 1400 3200 320
6/24/96] 78 24 36 186 88 S 330 8 140 640 710 345
Geo.Ave. 21 o4 4 173 312 131 149 31 550 272 133 150
1993-94 250 42 42 29 472 &4 101 46 419 130 72 143
1994-95 149 63 23 117 242 2 130 26 1216 261 120 99
1995-96 298 101 70 19§ 262 32 269 25 306 653 295 252




Table 16. E. coli concentrations (per 100 ml) at all sites: 1993-96.

DRY 9-EXT GB80 S-LMP GB15 5-OYS GBSO S-BLM GB2 7-CCH GB21 S-SFR GB22
s2493| 12 6 3 us 2 4 4 4 1390 6 6

orp3| 98 6 4 18 220 7 10 2 240 137 1

wsesl 00 13 3 11 a2 3 15 330 108 6
op3l 19 s1o1s e B 11 6 4 25 140 46
419/04| 16 8 3 10 3 8 4 21 2 2

sppoal 67 6 18 325 59 64 43 15 4T 125 47

6204l 275 S 14 625 625 220 45 375 875 1275 100

26/04f 30 17 5 210 S 10 7 64 S8 20 2

1

B2 8Y e

75
40
8/30/941 12 16 37 14 1 210 1 70 40 210 7
10/2494| 33 32 11 104 33 3 800 1 108 219 55 34
11/8/94] 25 14 23 39 66 6 610 19 330 123 4 4
3/21/95] 16 4 pAl 1 10 6 14 24 5 16
4/18/95] 20 12 2 13 21 1 3 3 m 57 10 6
51285 26 6 7 21 18 1 2 1 155 T 4 7
6/6/95| 52 21 14 9 A 7 48 10 67 117 20 12
10/1795) 90 9% 12 145 115 11 S5 585 130 360 400 370
4/9/96] 17.5 38 s 17.5 8 0.5 6 1 30 100 145 25
5r1/6| 465 78 235 76 51 145 18 15 74 170 88 118
6/4/96] 56 90 4 94 66 23 94 35 114 295 460 15
Geo.Ave. 28 2t 7 42 30 s 26 6 90 66 31 22
1993-94 28 14 7 27 29 10 13 7 100 32 15 28
1994-95 p 15 6 51 27 2 48 4 89 n 28 10
1995-96 45 71 14 65 42 7 27 13 76 26 14 &
WET 9-EXT GBS0 S-LMP GB1S $-OYS GBSO S-BLM GB2 7-CCH GB21 S5-SFR GB22

9903 480 12 25 110 310 45 53 9 1300 820 4 186
9/2793| 640 270 20 2990 880 25 18 195 2200 120 7 100
11/2/93| 190 30 40 200 140 230 280 S0 80 10 280 90

11/18/93] 440 150 44 200 1300 41 172 198 3200 625 53 320
12/6/93| 240 323 340 420 53 90 60 240 350 108 90
5/17/94| 240 32 52 47 360 190 9 64 90 7 130 28
5/26/941 1125 20 142 130 54 83 165 9 200 98 43
6/13/94] 195 17.5 425 3000 525 115 338 305 4200 35 500
6/14/94| 62 14 133 220 110 105 189 h] 280 4
8/22/94| 58 40 165 540 15 8000 18 660 300 135 260
9/26/94] 350 2000 S10 560 570 220 190 270 1650 1200 1250 1850

nE3a
g

11/2/95| 380 1420 55 1160 & 68 21S 140 S60 40 102

11/1/94; 630 65 13 45 26 8 46 31 170 895 45 60
11/2/94] 50 55 54 87 1920 167 330 62 310 420 1310 385
4/13/95) 220 23 7 6 84 1 20 2 150 110 16 25
4/14/95} 0 15 21 A 7 20 13 120 53 n 36
51295 100 32 8 20 40 31 60 18 800 25 16 19
5/16/95] 50 2 13 65 120 23 62 16 80 114 S0 35
SnIPs| 70 4“4 4 40 100 11 54 16 49 92 42 5
9/18/95| 3800 32 190 8 700 10 300 2 850 1000 130 580
9/19/95| 380 22 125 20 220 8 200 2 320 125 110 50

50

390

92

20

11/3/95| 380 1440 285 400 880 358 520 910 1200 785 1300
5/17/96} 5SS 100 26 52 104 39 34 16 150 425 195
5/18/96) 476 40 4 9% 56 A4 28 70 215 40 75
6/23/96| 62 30 15 350 9% 26 9350 17 1400 1200 3200 320
6/24/96] 78 24 152 78 4 266 8 140 550 480 310
Geo.Ave. 188 S6 » Mo 229 28 12 27 272 210 104 103
1993-94 233 35 42 220 418 # 89 42 212 123 56 ;]
1994-95 111 56 28 8s 176 18 107 22 317 181 90 68
1995-96 268 90 62 146 156 26 219 22 229 453 242 220




Table 17. Enterococci concentrations (per 100 ml) at all sites: 1993-96.

DRY 9-EXT GBS0 5-LMP GRBR15 5-0YS GB50 5-BLM GB2 7-CCH GB21 5-SFR GB22
8/24/931 9 9 10 9 9 9 10 9 70 10 10 9
97793 20 9 20 9 10 9 60 10 S0 9 10 9
10/5/93] 9 10 9 50 20 9 9 10 80 40 9 20
12/2093] 9 40 50 40 10 9 9 10 20 50 10 30
4/19/94| 10 20 9 9 9 10 9 9 10 9 10
51394 4 8 9 05 S50 14 12 14 ] 10 3 10
6/22/94] 20 1 11.5 9 50 0.8 14 3 39 3 3 10
7726/94] 20 70 10 50 50 9 20 9 40 40 9 9
8/30/94 9 9 9 9 9 9
10/2494| 30 9 20 30 70 9 20 9 20 80 20 10
11/8/94f 9 9 9 20 S0 9 30 20 20 20 20 9
3/2195{ 30 10 10 10 9 30 9 10 20 9 20
4/18/95! 9 9 9 9 9 9 10 9 9 30 9 9
5”85 9 9 9 9 20 9 9 9 30 9 9 9
6/6P5| 9 9 9 10 9 9 9 9 S0 10 40 9
10/1785] 95 10 20 37 110 0.5 118 16.5 58 p< 90 38
4996 S 8 4 4 17.5 2.5 4 215 17 27 12 2
51196 4.5 18 1.5 6.5 4 35 0.5 1.5 36 45 45 9
6/4/961 7 13.5 1.5 26.5 11.5 8.5 18 48.5 65 54 22 9
Geo.Ave, 12 10 10 12 19 [1 13 10 27 19 1 11
1993.94 10 8 15 9 17 7 13 9 27 13 7 i3
1994-95 14 12 10 16 2 9 16 10 2 20 14 10
1995-96 11 12 4 13 17 2 8 13 39 30 18 9
WET 9-EXT GBS0 S-LMP GB1S5S 5-0YS GBS0 5-BLM GB2 7-CCH GB21 S5-SFR GB22

9/9093| 100 92 80 60 28 n 10 74 85 525 85 685
9/27/93| 80 30 175 4180 262 08 10 98 268 14 8 24
11/293] 250 20 70 90 3% 100 270 & 60 20 110 40

11/1893] 233 400 84 200 1930 70 700 240 120 265 135 190
12/6/93} 505 403 350 1020 196 240 260 210 345 52 265
517/94; 80 20 9 20 170 %0 70 60 20 10 20
5/26/94] 16 135 3 1128 102 9 435 17 37 124 305
6/13/941 7.5 5 155 60 75 10 2 19 9 2575 46

6/14/94| 60 9 9 40 110 240 20 50 130 9 70

17

40
4
69

28353

8/22/94f 79 m 23 8 245 33 K73 50 50 25
9/26/94] 150 400 230 190 260 80 40 260 140 19 350
11/194| 46 85 17 660 11 550 21 39 550 6 38

11/2/94} 258 48 40 1745 257 9% 2719 30t 145 121
4/13/95 116 100
4/14/95| 18 8 8 6 30 10 12 8 5 U 15 18
Snyest s 8 2 8 124 1 2 12 50 28 8 10
S5N16/95] 24. 15 1 16 132 30 15 46 35 68 20 24
sniest 27 18 6 28 43 9 18 5 20 32 32 14
9/18/95] 2160 10 KXl 14 625 4 400 2 392 6 145 22
9/19/95] 234 0 97 2 144 1 110 2 165 3 13 5
11/2/95] 240 580 105 1035 150 42 128 375 135 485 58 36
117305 380 590 380 420 1020 960 345 260 2580 595 148 222
5/17/96] S5 37 2 15 50 32 61 34 30 m R 18
5/18/96| 62 33 7 10 126 15 A 20 3 54 20 20
6/23/96¢ 31 U 13 23 59 3 34 1 81 147 87 K7
6/24/96| 27 8 33 5 15 2 139 1 53 49 112 25
Geo.Ave. 77 2 26 60 148 19 69 26 82 (<) as ky)
1993-94 80 36 37 127 210 46 57 67 87 84 23 50
1994-95 41 3s 10 61 113 11 s7 22 51 80 27 36
1995-96 137 27 41 26 129 12 104 11 131 62 56 27
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Figure 1. A map of the Great Bay Estuary and its tributaries showing freshwater and
tidal sampling sites for the 1993-1994, 1994-1995 and 1995-1996 NPS studies
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