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SUMMARY

As parn of the Albemarle/Pamlico (A/P) Baseline Monitoring Plan, the Division of
Environmental Management (DEM) conducted a synoptic water quality study of the A/P
Study area. On July 25, 1989, one hundred and twenty-eight stations were
sampled by personnel from both DEM and the Division of Marine Fisheries
(DMF) within a § hour time frame. A total of 33 water quality parameters were
sampled at each stadon from the surface, photic zone, bottom and throughout the water
column. The Synoptic Study was designed to provide an indication of the spatial
heterogeneity of selected water quality parameters within the A/P study area.

The sampling time frame was set to coincide with a satellite fly-over, allowing the
water quality data to be utilized for ground-truthing and calibraong models using NOAA
AVHRR and Landsat T™ satellite images. Similar synoptic studies have been conducted in
the Neuse in 1982(Khorram and Cheshire 1983) and the Albemarle Sound, Chowan,
Alligator and Pamlico Rivers in 1985. Data from these studies is available for between year
comparisons and further calibraton of models developed from the 1989 data. All the water
quality data has been entered into the Center for Geographic Information and Analysis’
(CGIA) computer system and is available to any interested partes for use with the satellite
dara.

Results from the Synoptic Study indicated that contraventions of water quality
standards and elevared concentratons of most parameters were found in areas of greatest
human acuvity, the Pamlico River, the Neuse River, and the western Albemarle Sound near
the mouth of the Chowan River. Each of these basins have been designated nument
sensitve waters (NSW) by the Environmental Management Commission resulting in more
stringent nutrient controls for permirted dischargers. DEM has expanded its sampling
effort and has developed nutrient management strategies for all three basins.

In the other areas, ambient water quality stations are located in every river and sound
except for the Pamlico Sound and the Currituck Sound. Conclusions drawn from the
results are bound by the fact that all information was gathered within a few hours on one
day. The spatial patterns throughout the area and within specific portions of the area did
provide insight as to adequacy of the existing sampling nerwork with certain areas being
identified as needing additional information.

Overall the results indicate that present ambient water quality monitoring by DEM is
covenng the most impacted locations in the A/P Estuarine area. However, results in the
Roanoke Sound suggests that additional evaluations are needed to determine enrichment
sources. DEM has coordinated with United States Geological Survey (USGS) to include
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some extra parameters at three of their continuous monitoring stations in the Pamlico and

Roanoke Sounds.
The following conclusions are presented for each sound or river:

» Albemarle Sound. The upper or western Albemarle Sound, near the mouth of the
Chowan River, is experiencing eutrophication as evidenced by elevated
chlorophyll-a concentrations and phytoplankton populations. Dissolved oxygen
concentrations and pH values were high reflecting the increased algal acuvity in
this area of the sound. No metals taken in the Albemarle Sound were above state
standards.

» Cwrrituck Sound. Total nitrogen concentrations in the Currituck Sound were similar
to concentrations found in the Pamlico and Neuse Rivers, while phosphorus
concentratons were much lower. Suspended solids were elevated in the
Currituck Sound as the area is shallow and wind mixing results in suspension of
bottom sediments. All other parameters were within state standards and within
normal ranges except pH. Values for pH were above the state standard of 8.5 SU
for tidal saltwaters at two statons. Dissolved oxygen concentrations and
chlorophyll-a concentranons were not excessive indicating that phytoplankton
activity was probably not the cause of the high pH values.

* Roanoke Sound. This report refers to both the Roanoke and Croatan Sounds as the
Roanoke Sound. Phytoplankton populations in the Roanoke Sound indicare that
enrichment is occurring on the ocean side of Roanoke Island. Phytoplankion
populations were at or above bloom levels at both stations with chlorophyll-a
concentrations of 38 and 50 ug/l. The dominant species present were two small
filamentous blue-green algae, Anabaenopsis raciborskj and Lyngbva species.
Both of these species are common summer dominants in the Albemarle Sound.
Further sampling in this area is warranted 1o determine the extent and sources of
enrichment.

» Pamlico Sound. Most parameters were within state standards or expected ranges
with the exception of a few stations. Phosphorus concentrations in the lower
Pamlico Sound near the mouths of the Neuse and Pamlico Rivers were elevated
due to the inputs from both rivers. The nutrient sensitive Neuse and Tar-Pamlico
basins have high loadings of phosphorus which result in increases in phosphorus
in the sound. Lowest chlorophyll-a concentrations were seen in the Pamlico
Sound. One sample containing a lead concentration of 32 ug/l (state standard 25
ug/l) was obtained in the Pamlico Sound near Wysocking Bay.
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« Pamlico River. The Pamlico River was declared nutnient sensitive in 1989 as a result
of information documenting elevated phosphorus levels, algal blooms, dissolved
oxygen depletion and recurring fish kills. Data collected during the Synoptic
Study supports this designation. Dissolved oxygen concentrutions were
depressed in the upper Pamlico River near Washington throughout the water
column. pH values were also low with a surface reading of 5.8 SU.
Downstream from Chocowinity Bay to Bath Creek, percent saturations were
above 110 percent and dissolved oxygen concentratons ranged from 9.6 10 11.0
mg/l. Phytoplankion population esumates and chlorophyll-a concentratons
indicare that phytoplankton activity was probably responsible for the
supersaturation, The high phytoplankton populations also contributed to the
elevated turbidity in this area of the river. There was a high towl organic carbon
concentration at the mouth of South Creek. Elevated concentrations of aluminum
and manganese were found; however, these metals are common to the soils of the
Tar-Pamlico Basin and indicative of freshwater inputs to the estuary. Phosphorus
concentrations were highest in the Pamlico River with values well above the
optimal level for algal growth.

« Neuse River. The Neuse River was declared nutrient sensitive in 1988 due to many
of the sume problems identified in the Pamlico River. At New Bern, dissolved
oxygen concentrauons were below 5.3 mg/l and percent saturation estimates were
below 70%. Further downstream dissolved oxygen concentrutions increased
with a high of 10.6 mg/l or 136% saturadon. These measurements were from the
mouth of Upper Broad Creek, where the chlorophyll-a concenzaton was 250
ug/l, far in excess of the state standard of 40 ug/l. Phosphorus concentradons
were slightly less than those of the Pamlico River. Of the metals sampled, onlv
manganese was elevated in the upper Neuse River. As in the Pamlico River,
manganese occurs naturally in the sediments of the Neuse River and is indicative
of freshwater inflow.

* Alligator River. Three statons were sampled in the Alligator River. Conductivity
and salinity for these stations indicate the influence of the Pungo River through
the inracoastal waterway canal. No water quality problems were observed. The
lack of water quality impacts within the Alligator River was identified in its
designation as Qutstanding Resource Waters.

* Pungo River. Chlorophyll-a concentrarions and phytoplankton populations were
high near Belhaven and at marker 4 near the mouth of the Pungo River. The
upper station on the Pungo had lower phytoplankion populations; however,
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numient concentrations were slightly higher. All other parameters were within
normal ranges.
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INTRODUCTION

The Albemarle-Pamlico Estuarine Study (A/P Study) was initiated in 1987 under the
administration of the United States Environmental Protection Agency (EPA), with funding
through the National Estuarine Program (NEP). The goals of the A/P Study include
determining the environmental problems facing North Carolina's estuarine areas and
protection and management of those estuaries to provide for recreational, industrial, and
commercial uses (EHNR 1989a). Several projects were identified as essenual to the
success of the program. Among them was the development of a baseline water qualiry
monitoring plan to supplement information gaps from existing monitoring efforts and to
provide a basis for evaluating the long-term effectiveness of management strategies
implemented as a result of the A/P Study.

The baseline water quality monitoring plan was developed by DEM with assistance
from DMF and USGS. Using DEM’s existing ambient monitoring program, 20 new water
quality stations were added to the 74 exisdng ambient stations in the A/P Study area. Other
components of the baseline mnni:erinﬁ plan included fish tissue analysis at 26 statons,
sediment oxygen demand (SOD) sampling in critical areas, and a synoptic water quality
study. Implementation of the baseline monitoring plan began in October 1988, This report
presents the results of the synoptic water quality study.

While the amount of water quality data available in the major rivers of the A/P study
area is large, litde informadon is available from the open water areas of the system. The
synoptic water quality study was designed to provide researchers with some indicaton of
the spatial heterogeneity of a wide variery of water quality parameters throughout most of
the A/P study area. Data collected during the Synoptic Study may also be used in
conjunction with National Oceanic and Amospheric Administration (NOAA) AVHRR
satellite images and Landsat TM images. These satellites create images utilizing reflected
energy in both visible and reflected bands. These bands have been associated with specific
water quality parameters. Calibration using the real-ime synoptc data will allow 30 meter
resolution for water quality parameters such as temperature, suspended sediment,
chlorophyll-a, and salinity. Once a model is developed which determines the
concentrations of a specific parameter asso::iﬁwd with the various bands detected, earlier or
later satellite imagery can be used with the model to provide information on the spatial
heterogeneity of selected parameters within and between dates. Previous synoptic studies
on the Albemarie Sound, Chowan, Alligator and Pamlico Rivers and on the Neuse River
(Khorram and Cheshire 1983) could provide further data for refining models and



determining water quality rends. Khorram and Cheshire’s work is a good example of how
Landsat data can be used. '

One hundred and twenty-eight stations were sampled on July 25, 1989 berween
10:00 AM and 3:00 PM. This sampling coincided with a satellite fly-over to allow use of
the data for Landsat calibration. A special thanks goes to DMF which assisted with the
synoptic sampling by providing personnel and boats. Without the assistance of DMF, DEM
would not have been able to sample all the statons within one day.

STATION LOCATIONS

The A/P Study area encompasses five major river basins: Chowan, Neuse,
Pasquotank, Roanoke, and Tar-Pamlico. For comparative purposes, Table 1 presents the
surface area and the number of perminted surface water dischargers in each basin. An

estimation of drainage area is also provided for the Albemarle, Pamlico, and Curmituck
Sounds.

Table 1. Number of square miles and permited surface water dischargers within the
AJP Study area by niver basin and sounds.
# OF PERMITTED DISCHARGERS
DREAMNAGE AREA

Chowan 1.315 29 3 26
MNeuse 6,192 117 39 278
Pasquotank 3.697 53 7 48
Roanoke 3.603 249 24 225
Tar-Pamlico 5.401 128 21 107
SOUNDS**
Albemarle 500
Pamlico 2,080
Curnituck 153
* Estimates from NRCD 1988,
== Ecrimates from Gicse, et al. 1979,

Stations were located to provide coverage for most of the A/P Study area (Figure 1).
Stations were established in transects for increased efficiency and coverage. Due to fiscal
constraints, stations were not located in the upper Currituck Sound, upper Chowan River,
Perquimans River, Pasquotank River, or North River.

Table 2 lists the stations and the segments to which they were assigned. Appendix II
provides station locations and their latitudes and longitudes. Figure 2 graphically depicts
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Figure 1. Station locations for the A/P Synoptic Study - July 25, 1989. See Appendix II
for station location information. Original map produced by DEHNR Center for
Geographic Information and Analysis.
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Figure 2. Segments used for analysis of A/P synoptic data. See Figure 1 and Table 2
for station groupings and numbers.




the segments. For ease of analysis, stations were grouped into segments after review of
the duta indicated which stations were similar. ’

Table 2. Grouping of stauens by scgment as depicied in Figure 2.
MAJOR AREA SECMENT STATIONS
ALBEMARLE SOUND ALBE! APE31.13

ALBEZ APESI4-22

ALBES APES26-34, 3841
CURRITUCK S0UND CURR APES35.17
ROANOKE SOUND ROAL APES42.48 -
PAMLICO SOUND Fs1 APES47-55

P52 APES56-66

P53 APE567-74

P54 APEST75-83
PAMLICO RIVER PAMI APES120-128

PaM2 APES106-113,116-119
PUNGO RIVER PLNGOD APES113-115
ALLIGATOR RIVER ALLIGATOR APES23.25
NEUSE RIVER NEU! APES96-105

NEL2 APESE4.95

METHODS

Table 3 lists the water quality parameters collected at each site. Each boat had at least
one person from DEM experienced in water quality sampling. This person was responsible
for insuring quality control and correct sampling technique as described in DEM's Standard
Operating Procedures Manual for Chemical and Physical Sampling (EHNR 1989b). All
equipment was calibrated prior to sampling. Sample tags, bottles, calibration sheets, field
sheets and lab sheets were prepared in the lab and distributed to each boat.

Table 3. Waler qualiy parameters collected at each synopuc station. Sce text for addiuonal

explanation.
DEPTH PROFILE SURFACE PHOTIC ZONE BOTTOM
(1 meter increments) {grab samples) {compasite samples) {grah samples)
Lnssalved Oaygen Fecal Coliform Residue, Total Total Organic Carbon
Temperature Chlorides Residue, Suspended Sulfides
Conductivily Sulfate Chloraphyll-a trichromatic
Salinity Cadmium Chlerophyll-a comected
Chramium Pheophytin
Copper Ammonia as N
Nickel Total Kjeldahl Nirogen
Lead Nitrate Nitrize
Zinc Total Phospharus
Aluminum Orthophosphorus
Beryllium Phytoplankion
Cobalt
Iron
Manganese
Arscnic
Mercury




All boats were at the location of their first stanon and prepared 1o begin sampling at
10:00 AM. Sampling was completed by 3:00 PM in order to collect the sampies during the
satellite fly-over.

Dissolved oxygen, pH, temperature, conductivity and salinity were measured from
the surface to the bottom at one meter intervals. Secchi depth was taken as described in the
DEM's Standard Operating Procedures Manual for Chemical and Physical Sampling
(EHNR 1989b).

Photic zone sampling was done using a Labline or Van Dorn bottles which were
lowered to twice the Secchi depth and then slowly raised allowing the boule to fill. Bottom
samples were taken at approximately one foot from the bottom using a Labline or Van Dom
bottle. Grab samples were taken by leaning over the gunwale and dipping a bottdle in at a
depth of approximately 0.15 meters. The bottle was held so that no water entered until the
correct depth was reached.

All samples were placed on ice and taken 1o DEM's Cary Laboratory within 24 hours.
At the lab all samples were logged in and prepared for analysis. Analyses were performed
using EPA approved standard methods (Amencan Public Health Associanon 1985). All
data collected were entered into a spreadsheet for statstical analysis on MacIntosh SE and
Il using StatView II™ or StatView 512+™. Data were also mansferred to the Depantment
of Environment, Health and Natural Resources (EHNR) Center for Geographic
Informagdon and Analysis for mapping purposes and inclusion in the A/P Swdy database.

Phytoplankion samples were preserved using a modified Lugol's solution. Samples
were identified and counted using a modification of Utermohl's (1958) inverted microscope
technique as described in DEM's Standard Operating Procedure's Manual for Biological
Assessment (EHNR 1990).

Data for all parameters are tabulated in Appendices II through IV. Appendix I
contains maps of selected parameters.

RESULTS AND DISCUSSION
hysi mical Pa

Temperature. Surface water temperatures ranged from 25.7 to 31°C (Figure 3).
These values were within the normal range for the coastal areas of North Carolina (Giese et
al. 1979). Thermal stratification was slight with a2 maximum surface to bottom diffsrence
of only 2.5°C. '



The box and whisker chart shown in Figure 3 provides details of the full dismibution
of the temperature data collected for each segment. The horizontal line crossing the box is
the sample median or point at which 50% of the data falls above and 50% falls below. The
notch around the median indicates the 95% confidence interval and the upper and lower
ends of the boxes are the 75 and 25 percentiles. This range provides a graphic indication of
where the bulk of the data are distributed. The upper and lower whiskers indicate the 90th
and 10th percentiles and the dots depict extreme values.
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Figure 3. Surface water iemperatures by segments for the AJ/P Synopuc Study.
See Table 2 for delinition of segment abbreviations.

Dissolved Oxygen. Surface dissolved oxygen (DO) measurements ranged from 4 to
11 mg/l with surface saturation of 49 to 141%. Figure ALl in Appendix I gives the
complete distribution of surface DO concentrations. The Neuse River had the highest
incidence of low DO and sawration with surface DO concentrations of 4.7 mg/l (58%
saturation) to 5.3 mgfl (67% sawration) at New Bern (APES103-105) and Thurman
(APES100-101). DO concentrations throughout the water column were low (less than or
equal to 5 mg/l) at these stations (Table 4).

DO concentrations and saturation were also low in the upper Pamlico River at
Washington (APES128) and marker 16 (APES127). The water columns at these two
stations were well mixed with DO, temperature, and salinity fairly uniform throughout.

Highest DO concentrations were recorded in the Neuse River at the mouth of Upper
Broad Creek (APES102), and in the Pamlico River at the Bath Creek to Durham Creek



transect (APES120-122), at the Broad Creek to Blounts Bay transect (APES123), and at
the mouth of Chocowinity Bay (APES126). Table 5 presents DO, percent saturation, and
chlorophyll-a concentrations for these statons. Surface waters at all six stations were
supersaturated and chlorophyll-a concentrations were elevated. Samples were taken near

midday when phytoplankton photosynthesis would be high, releasing oxygen into the

Waler.
Table 4. Surface and botiom dissolved oxygen (DO), percent saturation, temperature, and
salinity for stauons with low dissolved oxygen concentrations. :
LOCATION DEFTH Do % SATURATION TEMPERATLRE SALINITY
meters mg/l " ppt
NEUSE RIVER
APES100 0.15% 5.2 b4 27.5 0.5
5 0.0 0 26.5 10
APES1O1 0.15 53 &6 27.8 1
3 0.3 4 26.9 &
AFES103 0.15 4.9 60 271.2 4
. 5 0.1 1 26.5 75
APESIO4 0.15 4.8 59 26.5 ]
4 0.2 2 26.5 7
APES105 g.15 4.7 58 6.6 0
2.5 0.2 2 25,1 0
PaMLICO RIVER
APES127 015 4.9 60 7.0 0
3 4.1 50 26.1 0
APES128 0.15 4.0 49 25.7 0
5 1.9 46 25.4 ]

Table 5. Surface dissolved oxygen (DO), percent saturation
(% SAT), and chlorophyll-a (CHLA) for stations
with elevated dissolved oxveen concentrations.

oo CHLA

LOCATION me/l % SAT ug/l

Meuse Hiver

APES102 10.6 136 250

Pamlico River

APES120 9.9 130 58

APESIT 11.0 141 34

AFPES122 9.6 126 21

APESIZ3 10.0 128 42

APES126 9.8 126 48

Albemarie Sound

APES14 9.0 115 G4

APES1E E.8 113 25

APES17 B 113 27

The state standard (15 NCAC 2B.0211 & .0212 (b)) for dissolved gases states that
"saturation shall not be greater than 110 percent”. In addition to the supersaturation in the
Neuse and Pamlico, three other stations were above the 110 percent saturation standard.
APES17 and APES16 in the Albemarle Sound off Harvey Point, both had 113 percent
saturation and a DO of 8.8 mg/l. APES14 located in Bull Bay on the Albemarle Sound had



115 percent saturation and a DO of 9.0 mg/l. Chlorophyll-a concentrations at these stanons
were elevated indicating that phytoplankton activity was probably responsible for the

supersaturation.

pH. The standard for pH is 6.0 to 9.0 SU for freshwater and 6.8 10 8.5 SU for
tidal saltwaters. Surface pH values in this study ranged from 5.4 to 9.4 standard units
(SU). Most of the high pH values were seen in the Albemarle Sound area (Table 6) with
values ranging from 9.2 10 9.4 SU. The 9.4 reading was taken at the mouth of the North
River (APES34). Dissolved oxygen concenrtrations at this station were slightly elevated
with a percent saturadon of 105, indicatng that the elevated pH was probably due to algal
activity. Phytoplankton density was 10,394 units/ml and chlorophyll-a was 94 ug/l. The
state standard for chlorophyll-a is 40 ug/l.

Table 6, Surface pH, dissolved oxygen (D), percent saturauon (SAT), and
chlorophyll-a {CHLA) for A/P synopuc Stations with elevawd pH
mecasurements (>8.5 SU}.

STATION MalN WATERBODY pH oo SAT CHLA
sSU mg/l % el
APES3 Albemarle Sound 9.4 8.4 105 G4
APES35 Currituck Sound 9.2 1.8 99 26
APES3S Currituck Sound 9.3 77 g7 27
APESa6 Roanoke Sound 9.2 1.5 ] 50

Lowest surface pH values were from the Pamlico Sound off Sandy Point (APES47)
and the Pamlico River at Washington (APES128). pH readings were 5.4 and 5.8 SU,
respectively. Only surface values were taken at the Sandy Point station; however, depth
profile pH readings were made at Washington. Those readings indicated the pH decreased
throughout the water column. Dissolved oxygen concentrations were also very low at this
station with values ranging from 4.0 mg/ at the surface to 3.9 mg/l at bottom. These
values did not meet the state standards of 5.0 mg/ for dissolved oxygen and 6.8 SU for
pH. Figure Al.2 in Appendix I depicts all the surface pH readings.

Conductance, Salinity, and Chlorides. As expected, spatial patterns for specific
conductance, salinity, and chlorides were similar (Appendix I, Figures A1.3-5). Lowest
concentrations were seen in the Albemarle Sound where freshwater inflow is a major
factor. From the Albemarle Sound water moves down into the upper Pamlico Sound
(Giese et al. 1979). Seawater entering through the Oregon Inlet is diluted by the Pamlico
Sound waters resulting in lower concentrations of all three parameters at the Sandy Point
and Long Shoal Point transects (PS1).



Highest values were measured in the Pamlico Sound from the Pingleton Point to
Hatteras transect (PS2) down to the Great Island 1o West Bay mansect (P54) (Figure 4).
The proximity of these stations to both the Hatteras and Ocracoke Inlets results in the
increased concentrations in this area of the Pamlico Sound.

The net movement of water within the A/P system, as indicated by conductance,
salinity, and chlorides, appears to be in a clockwise fashion from the Albemarle Sound
down into the Pamlico Sound and up into the Neuse and Pamlico Rivers. Within the
Pamlico it appears that sufficient water is moved up into the Pungo and into the Alligator
River to increase salinities and conductivities in these waterbodies.

The highest chloride value found was 15,000 mg/l near the mouth of the North River
(APES33). This value is so much greater than the conductivity and salinity readings
obtained at and near this staton that we will assume a sampling or analysis error was made
and disregard this sample.

Comparisons were also made across the transects within the Pamlico Sound. While
there appeared to be a slight increase from west to east in salinity, conductance, and
chlorides, only chloride concentrations were significantly higher (p=0.05) on the east side
(Figure 5). The stations used in each grouping are indicated in Figure 6.
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Figure 5. Chloride concentrations for the Pamlico Sound from west to east.
Groupings for each box plot are depicted in Figure 6.
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Total and Suspended Solids. Total solids levels ranged from 79 mg/ to 37,000 mg/l
(Figure 7 & Appendix [, Figure AL6). The lowest levels of total solids were at the western
end of Albemarle Sound and at the most upstream stations on the Pamlico and
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Figure 7. Towl solid concentrations by segment for the A/P Synoptic Swdy. (A) All

the stations grouped into thineen different segments, (B) All the stations grouped into

five main segments by sound or river, (C) The Pamlico Sound, including Roanoke

Sound, grouped from north to south, and (D) The Pamlico Sound grouped from west to east.

Neuse rivers. The highest levels were in Pamlico Sound encompassing the area between
Ocracoke and Portsmouth Islands to mainland between Swanquarter and Engelhard.
Levels were higher in this area due to a greater concentration of seawater and its dissolved
mineral salts. Within the Pamlico Sound there was no difference from west to east in total
solid concentrations (Figure 7, graph D).
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In an estuary, the concentration of suspended or particulate matter is considerably
higher than that found in rivers or the ocean (Postma 1967). Particles flowing down a river
have a tendency to be circulated: first downstream in the surface waters, second settling to
the bottom waters, third moving upstream with the saltwedge, and finally being mixed
again with the surface waters. This process occurs many times before the particle is
pushed out to the ocean or deposited in the sediments.

The levels of suspended solids during the APES study ranged from less then 1 mg/l
to 45 mg/l (Figure 8 & Appendix I, Figure AL.7). The highest concentration was found in
the Pamlico River in Blounts Bay; however, adjacent stations had levels which were much
lower. The area with the highest concentrations of suspended solids among adjacent
stations was Currituck Sound where concentrations of 35, 37, and 38 mg/l were observed.
The shallowness of Currituck Sound (1-2 meters) and wind mixing contribute to its high
levels of suspended solids in this area.
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Figurc 8. Suspended solids by segments for the A/P Synoptic Study.

Turbidiry. Turbidity depends on the amount of suspended materials, the production
of organic matter, and the tidal currents and storms which ¢an resuspend sediments
(Guilcher 1967). Turbidity in estuaries is variable and higher than in neighboring marine
waters (Damell 1967). High turbidity limits the growth of most phytoplankton and rooted
vegetation (Day 1952) and promotes the growth of surface algae such as Anabaena and
Microcystis (Damell 1961).

Turbidity concentrations ranged from 1.6 10 19 NTU (Figure 9 & Appendix I, Figure
AL8). None of the turbidity concentrations were above the state water quality standard of
25 NTU's. Highest turbidities were seen in the upper Pamlico River. Elevated
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phytoplankton densities probably conmibuted to the turbidity in this segment of the Pamlico
River (PAMI).
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Figure 9. Twhbidity concenmauons by segment for the A/P Synopuc Study.

Secchi Depth. Secchi depth readings are used as a measure of water transparency.
Secchi depth readings ranged from 0.3 m in the Pamlico River at Blounts Bay (APE5123)
to 1.8 min the Pamlico Sound near Buxton (APES56). Overall, the lowest Secchi depth
readings were from the upper Pamlico River (PAMI1) (Figure 1(}). Secchi depths ranged
from 0.3 to 0.45 m in this portion of the swudy area. Turbidity, phytoplankton densities,
and chlorophyll-a concentradons, factors which affect Secchi depth, were elevated in this
area resulting in the lower Secchi depths.
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Figure 10. Secchi depth readings by segment for
the A/P Synoptic Study.
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Secchi depths from the Currituck Sound were also low, ranging from 0.4 t0 0.45 m.
This area is shallow with bortom depths of 1 to 2 m. During sampling, winds were out of
the north at approximately 15 knots. Wind mixing at these stations resulted in high
suspended solids which reduced Secchi depth readings.

Sulfate/Sulfides. Sulfide concentrations were all below laboratory standard reporting
limits. Sulfate concentrations during the APES Synoptic Study ranged from less than 5
mg/l to 1600 mg/1 (Figure 11 & Appendix I, Figure AL9). Highest suifate concentratons
were seen in the Pamlico Sound segments, where salinities were high.

During a study of the Neuse and Pamlico River in the early 1980's, Matson and
Brinson (1985) found that sulfate concentrations in the meschaline surface waters of the
estuarine portions of these systems were enriched by 5 to 43 percent. It was also noted that
these levels decreased in the late summer, presumably due to sulfate reduction in the anoxic
bottom waters and sediments. These authors stated that the sulfate enrichment of these
systems was the result of the biological oxidation of pyrite in the subsurface sediments.
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Figure 11. Sulfawe concentratons by scgment for the A/P Synoptic Study.

To analyze the synopuc sulfate data, the laboratory results were converted to moles
and a sulfate/chloride ratio was determined. These ratios were then compared to the molar
sulfate/chloride ratio of seawater which is 0.0517 moles (Dryssen and Wedburg 1980).
The sulfaze/chloride ratio was used to determine what kinds of sulfate processes were
occumng within the estuary. A sulfate/chloride ratio which was higher than that found in
seawater indicates that sulfates are precipitating out of solution and being deposited into the
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sediments. A sulfate/chloride ratio which is lower than that found in seawater indicates that
sulfates are being released into solution from the sediments (E.J. Kuenzler, personal
communication). Rados which were greater than 0.0517 were considered "enriched”
relative to seawater. This enrichment should not be confused with nutrient enrichment
since it is solely based on the sulfate ratio. Furthermore, this ratio is considered enriched
only in comparison to ocean waters. Ratios were not determined for stations which
reported no salinity and for station APES120 which had a positdve salinity, buta
questionable chloride result.

When the APES sulfate and chloride concentratons were converted to the
sulfate/chlonde rato (Figure 12), they showed that 77 percent of the stations were not
enriched, since ratios were equal to or less than that found in seawater. Nine percent were
between 0-5 percent enriched, while another fourteen percent of the stations were more
than 5 percent enriched. The highest percentage of enrichment found in this study was 27
percent. These results agree with Matson and Brinson's finding that sulfate levels are low
during the summer. The lzvels of sulfate enrichment found during this sampling event are

not indicative of any en'.ronmental problems.
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Figure 12. Sulfate/chloride ratios for all stations with salinilies greater
than zero, Ratios greater than 0.0517 were considered 1o be
"enriched” with sulfate reladive 1 seawater,
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Total Organic Carbon. The amount of total organic carbon (TOC) in a natural body
of water is the result of interactions berween the net productivity of the system, the
exudation of organic substances from phytoplankton, and the import and export of organic
matter from the surrounding waters and sediments (Stumm and Morgan 1981). Total
organic carbon concentrations of 2.6 to 9.1 mg/l have been reporied from the Patuxent
River in Virginia (Sigleo and Macko 1985), and TOC concentrations of 5.2 to 7.0 mg/l
have been reported from New Bedford Harbor, Massachusetts (Brownawell and
Farrington 1985). Copeland et al. (1984) reponted average TOC concentrations of 7.3 to
9.3 mg/l for the Pamlico River.

Concentrations of TOC in the Albemarle Pamlico Estuary ranged from less than 5
mg/1 1o 300 mg/l (Figure 13 & Appendix I, Figure AL.10). The Pamlico Sound area had
very low TOC with 89 percent of the stations having concentrations less than 5 mg/l.
Positive results in the Pamlico Sound ranged from 5 to 8 mg/l.
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Figure 13. Total organic carbon by segment for the A/P Synoptic Study.

Only three stations had TOC results above 25 mg/1: Albemarle Sound from Sandy
Point to Leonards Point near midchannel (96 mg/1), Albemarle Sound between Caroon Pt
and Harbor Point (120 mg/1), and South Creek at Mouth (300 mg/1). These high TOC
concentrations may be the result of phytoplankton die off. Copeland et al. (1984) reported
that sediment composition in the Albemarle Sound grades from sand in the shallow water

areas 1o organic-rich muds in the main channel. There is a possibility that the sediments
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were disturbed during sampling resulting in a higher total organic carbon concentration in
the water column. This explanatdon does not explain the high value at Caroon Point as
Copeland et al. (1984) indicates that the bottom sediments in this area are predominantly
very fine sand. Since the actual reason for these high TOC concentrarions is unknown, itis
recommended that these areas be targeted for further investigation.

Metals. The analysis of metals in estuarine areas has previously been difficult due to
interference caused by salinity. The metals for this study were analyzed by a plasma
analysis which produced more confident results than have been reported previously. On
laboratory spiked samples of estuarine water, 80 percent recovery was obtained. These
results indicates that values reported in this study tend to be slightly below actual levels.

The concenrtrations of cadmium, chromium, nickel, beryvllium, cobalt, and arsenic
were all below reporting levels (Table 7). Concentrations of lead, zinc and mercury were
less than reporting levels at over 98 percent of the stations. The only one lead
concentration above the reporung level of 10 ug/l (32 pg/l) was found in the Pamlico
Sound near Wysocking Bay (APES 66). This lead concentration is interesaong since
elevated lead concentrations are ofien detected around marinas or coastal towns.
Wysocking Bay has neither, so the sources of lead are not known. The two positive
(above reporting level) zinc concentrations (14 and 32 pg/) were found at Albemarle
Sound at midchannel between Edenton and Albemarle Beach, and in the Pamlico River at
mid channel between Pungo River and Goose Creek, respectively. The two posinve
mercury concentrations (0.64 ug/l and 0.47 ugN) were found in the Neuse River between
Cockle Point and South River, and in Rose Bay, respectively.

Table 7. DEM Laboratory reporung levels and percent of samples below the

reporting level for metals sampled duning the A/P Synoptic Study.

(All reporung levels are in ug/l.)

Reporting % Samples Reporting % Samples

Meta| Level (RL) E.l.lnz_E.L Metal Level (RL) Below RL
Cadmium 2.0 100 Chromiuvm 25 100
Copper 2.0 58 Nickel 10 100
Lead 10 99 Zinc 10 98
Aluminum 50 21 ‘Beryllium 25 100
Cobali 30 100 Iron 30 17
Manganese 25 56 Arsenic 10 100
Mercury 0.2 9%

Copper, aluminum, iron, and manganese concentrations by segment are presented in
Figure 14 and in Appendix I, Figures Al.11-14. Copper concentrations ranged from less
than 0.2 pg/1 10 20 pugA. The highest concentration was found in the Pungo River across
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Figure 14. Copper, aluminum, iron, and manganese by segment for the A/P Synopuc Study.




from Belhaven, which is not depicted in Figure 14. Aluminum concentrations ranged from
less than 50 pg/l to 1400 pg/l. The highest concentrations were. found in the Pamlico River
near Washington. This station is at the upper end of the estuary and thus the waters at this
station are more riverine and carry a greater sediment load than the other estuarine stations.
Therefore, high aluminum concentrations at this site would be expected because of the
higher levels of aluminum which occur in the piedmont sediments. [ron concentrations
ranged from less than 50 pg/l to 3200 ug/l. ‘The highest concentrations were found in the
Chowan River at its mouth. Manganese concentrations ranged from less than 25 pg/lto
220 pg/l. The higher concentrations of manganese were found in the upsoream stagons in
the Neuse and Pamlico Rivers. Like aluminum, the high levels of manganese in the upper
estuarine stations of the Pamlico and Neuse River are indicative of the freshwater inputs
into the estuary.

Nutr

Nitrogen. Three forms of nitrogen were sampled: ammonia/ammonium
(NH3/NHy), nitrate/nimite (NO2/NO3), and total kjeldahl nirogen (TKN). Total nimogen
(TN) esumates were obtained by adding TKN and NO2/NO3. Nitrogen is imponant for
phytoplankton growth and as an indicator of cultural enrichment. Researchers in the Neuse
and Pamlico systems have shown that nitrogen’s abundance is a major factor conwrolling
nuisance phytoplankton populations (Paerl 1987, Kuenzler et al. 1979, Hobbie 1971).

NH3/NHy is a readily available form of nirogen for phyteplankton and is usually
high in domestic discharges. Concentrations of NH3/NH4 ranged from below the
detection limit of 0.01 mg/ (indicated as 0.005 mg/ in Tables, Appendices and Figures) to
0.15 mgA (Figure 15). There are no in-situ water quality standards for nutrients, but
nutrients in point source discharges are regulated, particularly in nutrient sensitive waters.

The highest median concentration for NH3/NH4 was 0.05 at the mouth of the
Chowan River in the Albemarle Sound (ALBE1). Highest concentrations were seen in the
upper Alligator River at Highway 64 (APES25) and marker 22 (APES24). Concentratons
were 0.15 and 0.13 mg/1, respecuvely. Lowest concentrations (below detection) were seen
in the Curnituck Sound, in the Pamlico Sound at the Pingleton Point and Wysocking Bay
transects, and in the lower Pamlico River from South Creek to Pamlico Point.
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Figure 15. Ammonia/ammonium (NHy/NH,) and total nitrogen (TN) by
segment for the A/P Synopuc Study.

TN concentrations ranged from 0.20 mg/ in the Albemarle Sound off Wade Point
(APES29) to 1.31 mg/ at the Chowan River at Edenhouse (APES3). Figure 15is
somewhat decepuve as it shows TN in the Currituck Sound to be different from all other
stations. Statistically this difference is not significant. There are only 3 stations and
observations for this segment which limits the power of the statistics. For the most part,
TN concentations were greatest in the upper Pamlico, the upper Neuse, the Cumituck
Sound, and the Pungo River (Figure 15 & Appendix I, Figure AL.15). Phytoplankton
populations in the Pungo River and upper Pamlico and Neuse Rivers were also high due to
the availability of nitrogen and phosphorus.

Comparisons made across the transects within the Pamlico Sound indicated no
differences in TN or NH3/NH4 from west to east.

Phosphorus. Phosphorus is another important nutrient for phytoplankion growth.

For this study, two forms of phosphate were sampled: total phosphorus (TP) and
orthophosphate (PO4).



Highest concentrations for TP were found in the Neuse and Pamlico Rivers (Figure
16 & Appendix I, Figure AL.16). Median concentrations for TP ranged from 0.1510 0.2
mg/l in those two systems, while the medians ranged from 0.03 to 0.075 mg/1 for all other
groups. A concentration of greater than 0.1 mg/l TP is considered adequate to support
nuisance algal growth,

PO4 concentrations exhibited the same spaual patterns as TP with highest
concentrations in the Neuse and Pamlico River (Figure 16). Concentrations in the lower
Pamlico Sound at the mouths of the Neuse and Pamlico Rivers were also elevated due to
the inputs from the Pamlico and Neuse Rivers. Data collected by DEM in special studies
and ambient water quality monitoring support this inference as the nutrient sensitive Neuse
and Tar-Pamlico basins have historically had high concentrations of phosphorus. These
high phosphorus concentrations are not due totally due to nawral causes. There is
extensive eutrophication in these waters due to anthropogenic sources.

No differences within the Pamlico Sound from west to east were found for TP or
PO4.
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Figure 16. Total phosphorus and orthophosphate by segments for
the A/P Synoptic Study.




TN.TP. A comparison of the ratios of TN to TP gives a rough indication of which
nutrient may be limiting phytoplankton growth and, as a limiting nutient, should have
stricter controls to insure that phytoplankton growth continues to be low. Phytoplankion
species composition is also controlled to a cenain extent by which nutrient is in abundance.
While nutrients are not the only factors controlling phytoplankton populanons, they are
relatively easy to measure and control, unlike temperature and sunlight.

TN:TP rados of 5 to 10 usually indicate co-limitation, values below 5 signify nitrogen
limitation and values above 10 signify phosphorus limitation. As would be expected from
the high phosphorus concentragons, the Pamlico and Neuse Rivers were essentially
nitrogen limited (Figure 17). Statons in the lower Pamlico Sound near the mouths of the
Neuse and Pamlico were also nitrogen limited except for APES7S5, APES76, and APES77.
The Currituck Sound was phosphorus limited with an average TN:TP rado of 23.

;.| B ;
g 155' Qg
EE%*% %é;

TIECE I ¢
man{ 40

15d 1
75d 1
£5d 1

twvd { o
wwva { {I1-»

13
LAV 1
(g
HHND A
VO +

SEGMENTS

Figure 17. Total nitrogen (TW) w total phosphorus (TP) ratos by segment for
the A/P Synoptic Study

Roanoke Sound was also phosphorus limited at stations APES45 and APES46,
Phytoplankton populations were elevated at these two stations with chlorophyll-a
concentrations of 38 and 50 ug/l and phytoplankton densities of 149,648 and 337,146
units/ml. Phosphorus concentrations were probably low due to assimilation by the
phytoplankton.



Biological P 1er

Chlorophyll-a and Phytoplankion Biovolume and Der:siryt Due to time constraints,
phytoplankton analysis was only performed on fifteen stations from the Synoptic Study.
Analysis was done on those stations with chlorophyll-a concentrations of 38 ug/l and above
(Table 8). Chlorophyll-a concentrations vary according to the algal species present and
bloom levels may be present at chlorophyll-a levels less than the state standard of 40 ug/l.
Chlorophyll-a data for all stations are presented in Appendix I, Figure AL 17 and Appendix
I11. '

The highest chlorophyll-a concentration (250 ug/l) was taken at the mouth of Upper
Broad Creek in the Neuse River. Unfortunately, the phytoplankton sample from that
station was not preserved so species composition and population estimates are not
available. Elevated DO and pH values at this station were a result of the high
phytoplankton activity.

A review of Table 8 and Figure 18 indicates that elevated phytoplankton populatons
were present in the most urbanized portions of the Synoptic Study area with peak growth
where retention times and possibly urban inputs are greater such as Bull Bay (APES14).
The upper Albemarle Sound, Neuse River, and Pamlico River all had high chlorophyll-a
concentratons and bloom level algal populations. Bloom level algal populatons are
defined as biovolume estimates greater than 5,000 mm3/m3 and/or density estimates greater
than 10,000 units/ml. Elevated nutrient levels and slow flushing contribute to the
abundance of phytoplankton found in these three areas.

In the Roanoke Sound, chlorophyll-a CDnCcntmt-iDns were also elevated. APES45
had an chlorophyll-a concentration of 38 ug/1 with a phytoplankton biovolume estimate of
13,441 mm3/m3 and a density estimate of 149,648 units/ml. APES46 had a chlorophyll-a
concentration of 50 ug/l, a biovolume estimate of 26,708 mm3/m3, and a density estimate
of 337,146 units/ml. The chlorophyll-a values seem low when compared to the biovolume
and density estimates; however, this is due to the dominance of Anabaenopsis raciborski
and Lynghva species A, two small filamentous cyanophytes (blue-green algae). These two
species have a small amount of chlorophyll-a relatve to their size. Both of these species
are common summer dominants in some of the more eutrophic waters of the state.
Anabaenopsis raciborski has the ability to utilize nirogen from the atmosphere allowing it
to out compete other species.



Table 8, Chlorophyll-a (CHLA), phytoplankion biovolume, phytoplankion density, and dominant
classes by biovelume and density for A/P synoptc stations with chlorophyll-a concentratons
greater than or equal to 38 ug/l. Abbreviations for classes are: BAC-bacillariophyceae, CHL-
chiorophyceae, CRY <ryplophyceae, CHR-chrysophyceae, DIN-dinophyceae, CY A-
cyanophveeae, EUG-eurlenophyceae.

DOAIMANT DOMINANT
CHLA BIOYVOLLME DENSITY CLASSBY CLASSEBY
LOCATION ug/l mma/m3 units/ml BIOVOLLUME DENSITY
ALBEMARLE SOAND
APES1 44 3,928 4,309 BAC.CHL.CRY BACCRY.CHL
APESS 40 3,834 6,848 DIN.CHR.CHL CRY
APES14 94 4,379 19,914 DIN.CRYCYA CYACRY
APES34 34 1.231 10,394 CYA CYaA
ROANOKE SOUND
APESas 38 13.441 149 648 CYABAC CYA
APES46 50 26,708 337,148 CYA CYA
NEUSE RIVER
APES96 45 5,120 431,672 DIN.BAC BAC
APESST T3 6,497 30,920 DIN BACCYA DN
APES98 94 9,163 36,335 DN BACCYA DDN
APESSS EE 14,172 71,971 DN BAC.CYA.DIN
PAMLICO RIVER
APES120 58 22,093 13.043 DN BACCYADIN
APES121 54 7.637 16,071 DN BACCYACRY
APES12] 42 1,768 9.188 CRYBACEUG BACCRY.CHL
APES126 48 2429 16,595 DIN BAC.CRY.DIN
PLUNGO RIVER '
APES114 48 2.429 26,727 DIN.BACCRY BAC
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Figure 18. Chlorophyll-a concentrations by segment for the A/P Synoptic Study.

Lowest chlorophyll-a concentrations were seen in the Pamlico Sound (Figure 18),
where concentrations ranged from 1 ug/l to 33 ug/l with a mean of 9 ug/l. Means for all
other areas ranged from 20 to 66 ug/l. Dilution, sedimentation, and assimilaton of
nutrients within the rivers and tributaries prior to entering the Pamlico Sound probably

account for the lower algal growth found in the Sound.



Blue-green algae (Class Cyanophyceae) dominated the low salinity waters of the
Albemarle and Roanoke Sounds, while in the more saline waters of the Neuse and Pamlico
Rivers, dinoflagellates (Class Dinophyceae), diatoms (Class Bacillariophyceae), and
cryptophytes (Class Cryptophyceae) were the dominant classes.

Overall, dominant species by biovolume included: the dinoflagellates, Gymnodinium
aurantium, Gymnodiniym species, and Gyrodinium uncatenum; the blue-green algae,
Anabaenopsis raciborski; and the diatom, Cyclotella species 2. Cyclotella species 2, a
small cenmric diatom, has been found in the Neuse, Pamlico and New Rivers and is usually
associated with eutrophic conditions.

Density estimates at most statons were dominated by Cvclotella species 2,
Chroomonas minuta (Cryptophyceae), and the blue-green algae, Qscillatoria geminata,
Lyngbva species A and Anabaenopsis raciborski. Qscillatoria geminata, another blue-
green, is commonly associated with enriched conditions.

Fecal Coliform Bacreria. Fecal coliform bactena are used as an indicator of the
possible presence of other bacteria which may affect human health. The state standard for
fresh and tidal saltwaters is 200 membrane filter fecal coliform colonies (MFFCC)/100ml,
where 200 MFFCC/100ml is the geometric mean of 5 consecutive samples taken within a
30 day period. More stringent standards are applied to SA waters, tidal saltwaters whose
best usage is shellfishing and which also meet the standards for SB and SC waters. Fecal
coliform counts for SA waters may not exceed a geometric mean of 14 MFFCC/100ml.
Within the Synoptic Study area, 64 of the sampling stations were within SA waters. Of
these statons, no samples were above the state standards for either SA waters or tidal
saltwaters.

Table 9. Percent of fzcal coliform samples which were below DEM
Laboratary reporting level of 10 MFFCC/100m] by segments
for the A/P Synopuc Stedy

% OF SAMPLES BELOW

SEGMENT # OF SAMPLES 10 MFFCC/100m]

ALBE] 11 80

ALBE2 9 100

ALBE3 12 75

CURR 3 &4

ROAN 5 100

ALLIGATOR 3 100

P51 g 100

P52 11 100

Ps3 ] 1040

P54 9 100

PAMI 9 33

PAM2 Il 100

NEUI 10 30

NEL2 12 100

TUTAL 13 g6




Eighty-six percent of the samples taken were below the DEM laboratory reportng
level of 10 MFFCC/100ml (Table 9). None of the stations sampled had fecal coliform
counts above the standards. The upper Pamlico and Neuse Rivers had the highest
incidences of detectable fecal coliform levels, but these values were all below state
standards.
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CONCLUSION

For the most part, contraventions of state water quality standards occurred in the
areas experiencing the greatest pressure from anthropogenic sources. Elevated chlorophyll-
a concentratons and phytoplankton biovolume and density estimates were found mainly in
the western Albemarle Sound (near the mouth of the Chowan and Roanoke Rivers), the
Pamlico River, and the Neuse River. Nutrient concentrations in the Pamlico and Neuse
Rivers were higher than in other areas. These areas have the greatest number of
dischargers and have documented occurrences of algal blooms and fish kills (NRCD 1988)
indicating that eutrophication is a major problem in these areas.

The areas where metals were detected also occurred in the western Albemarle Sound,
the Pamlico River, and the Neuse River. Sediments from the watersheds of these waters
normally contain these metals.

In the Pamlico Sound, most parameters sampled were within state standards or not
elevated with the exception of a few stations. These stations were near inputs such as the
Pamlico or Neuse River. In the Albemarle Sound below Edenton, elevated chlorophyll-a
and phytoplankton populations occurred in Bull Bay (APES14), and in the mouth of North
River (APES34).

The Roanoke Sound had some high chlorophyll-a concentrations and phytoplankton
populations. Nitrogen and phosphorus concentrations were not elevated; however, this
could be a result of phytoplankton uptake. The dominant species were Anabaenopsis
raciborski and Lyngbya species. These two small filamentous blue-green algae have been
identified in other coastal and freshwaters and are usually associated with europhic
conditons. DEM has no ambient stations in the Roanoke Sound and litde water quality
informaton has been published for that area. Phytoplankton populations and chlorophyli-a
concentratons indicate that this area warrants further study.

Overall, the results indicate that present ambient water quality monitoring by DEM is
covering the most impacted areas of the A/P Estuarine Study. However, the Roanoke
Sound warrants special sampling to determine if apparent enrichment is a normal conditon.
The only area which is not being sampled by DEM is the Pamlico Sound and negonations
are being initiated with USGS to provide quanterly sampling at several stations in the
Pamlico Sound and possibly the upper Currituck Sound.
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APPENDIX 1. MAPS OF SELECTED PARAMETERS
FOR THE A/P SYNOPTIC STUDY.
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Appendik [l AlbemaricPambco Esmarine Study Svooptic Saton Lacatens and Phesical Daw, Julv 25, |985 |
[Statian | Locauen [ % | lauwde | Lorgiude. Time| Dewh | DO | Temp.| pll | Conduecance] Saliniy
[Number_| | { imeters) (ma | (0 | [tuMbeven] (%0
APES 1 | Chowan River at Edenhouse [75%] 360235 | 784215 (1315 015 | 8.2 | 298] 79 &8 I 0
1t | o [ 298] 80] 4 0
A S i b B B B ) ] 0
| | 1§
APES 7 | Chowan River a Edenhouse |S0%| 360750 | 764150 |1335) 015 | 79 | 294 | 75| &% )
1 72 | 282|761 &8 ]
2 63 | 276] 721 &5 )
3 61 | 2751721 &9 ]
4 &1 | 274 ] 7.1 &9 0
5 55 1372170 &5 ¢
& 50 | 2701 69 58 0
T 48 | 269 68 T | [
AFES 3 |Chowan Ruver mt Edenhouse 28%] 360300 | Te4130 [ 1345] 015 | 1.7 | 282 | 7.1 & | 0
i 1.0 282 ] 7. L |
2 61 | 2746 ] 13 8 | 0O
3 FRETRRET 89 | o
4 51 | 271070 % | O
; 5 47 [ 210] 59 8 | o
|
APES 4 !Rosnoke Rrver at Mowith Marker G 757 0% 355640 | TE4130 | [245) 015 54 284 | 58 98 )
1 1 4.9 279 | 68 97 | @
|| 3 26 | 263 | &8 35 i 0
[ 28 [ 28 [261]65 &8 D
|
APES 5 [ Albernarle Sound from Edenion io Albernarle Beach | %0% 355635 | TH3BOO | 1115 D.1% | &4 | 280 | 68 %3 | 0
1 5 791671 93 | @
i 2 £ | 216|651 95 | @
APES & | Albermarle Sound fram Edenton to Albemarle Beach | 75%) 355745 | 7T6380C | 1130 01%5 | 66 | 283 | &6] &3 | D
| 60 [ 279 [68] %2 [ @
| = T4 | 274 | 6.7 494 0
- l 3 50 | 271 ] 67 5| 0
i | 4 25 [ 264 [ 68 88 | @O
. 5 24 263 | 6.4 G i]
I |
APES 7 | Albemarke Sound from Edenton 1o Albermele Beach 509, 355R50 | Te3A00 | 1145] 015 &S 275 | 63 | vl 0. |
] IR E T n
2 531 |8 |65 83 i
[ ] 2 | 267 | &8] 92 0
| a 5) | 268 68| 92 r
{ 5 34 263 | 68| b 0
|
APES & | Albemarie Sound frm Fdenton 1o Albemarie Beach Mark 25%| 140010 | 763735 | 1200] 015 | &5 | 274 | 69  #e o
"AST 1 63 | 273 | A b | i
F] 60 [ 270 70 % , o |
3 19 | 269 74l 45 0
] S8 | 267 | 6% b 0
5 45 | 266 68! g I 0 |
I 52 | 43 | 264¢ | 68| T
APES & |Ederson Hav a Marker 1] 2 ISP00 | 763705 [1215] o015 [ 70 | 388 |73 WM | 0
: 1 [ 69 |280/73] % | o
2 5.5 274 |1 13 =0 [
3 63 | 213 |74 % | o
1 63 | 113 a0 =)
5 61 | 271071 &0 - 0
|
APES 10 | Albemarle Sound from Sandy Piio Leonasds Pt #0¢%| 355800 | Tezsdo [1o00] 05 | 66 [ 22071 g2 | 0O
] 6.5 8.3 | 7.1 S0 0
2 65 | 283 | 7.1 S0 | o
APES 11 | Albemarle Sound {rom Sandy Prig Leonssds Py 60%| 355845 | TE3000 | 1020 0.1% 7.1 81169 90 o
1 T0 | 279 [ .1 ) i
2 68 | 27871 30 i
[— 3 55 2781 11 ) ']
[ 63 | 277 ] 71 %0 i
5 65 | 716 ] 1.1 %0 i
& 5.3 % |34 90 o

-50-



| Appendin |1 Albemarte Pamico Estanne Sludy Synoptic Staon Locauons and Prvsical Diata July 15, 15985 15
Sisuna | Locauan % | Lauosde | Longaude: Tone| Degth | DO | Temp | pH [ Condusiance Salimits |
wurnber | | l ’ I:m:l.t:r':'li g (A '-!u\*.-'\m-"-—'ﬂ'l 1%
| | {
APES 12 | Albemarie Sound from Sandy Prio Leonards M 40| 355930 | venoin (1005 0485 | T4 [ 277171 [ | D
1 | 1 | 73 [ 27185014 B2 0
| 2 | 69 | 2721733 87| ©
3 6t [ 211] 12 57 ]
i 68 | 27.1] 1.3 7 0
| 5 |67 271173 &7 g
| & 67 | 211 ] 13 85 1
| 7 66 | 271 ] 7.3 87 0
| ]
APES 13 | Albemarie Sound from Swndy Pt to Leonards Pt [20%] 360010 | 763050 [1050] 015 | 70 | 279 ] 7.1 25 0
| 1 1 | 69 I273 172 % | ©
| =% {sx [asalza] =85 | o
1 1 3 68 71172 [H o
| | | 4 87 |-270 [ 72 85 ]
] 1 £ 67 | X0l 33 35 1]
| | { [ 66 | 70|73l [5 0
; ! 6.5 6.6 27.0 | 72| 35 o
1 ! I {
APES ¢ | Albemarle Sound in Bull Bay as Marker | 1 355635 | Je193% |12%6] 018 | 90 [290]76] 230 | ©
] 1 1 1 [ 1 B0 | 281 | T
| | | | 2 54 | 283 | §75 g |
I | | | =3 3 12831 78 200 4 0
| | | | ' |
APES |5 | Albemasle Sound from Snug Harboe w Bull Ray 7S] 355550 | 7R2050 (1327] O.15 | B3 | 298 [ ®p 85 | D
| 1 1 82 | 30| [ w7 | o
| 2 | 1z |23l [t | o
| s TR TR [ 197 | -0
M EFAEFEEN 157 0
L5 Jo [ ze0] | 197 G
[ & 70 | 180 | 207 | O
7 44 1280, 74] 20 | 0
| ! 1 ! !
APES {6 | Albernarie Sound from Snug Herbor o Bull Bay [50%] 3ei210 [ Te2:s0 [1352] 018 T HEEREY 120 4]
[ | ! I | 90 | %0 1130 2
[ 3 TR 1 n
T 3 | 78 | 280 o ]
i 4 | 74 | WO e
! 5. | 1% 1 Fid (1 R
. ! &€ | 70 | 278 o T
! | - g R L 1 s I o, T 1o B
I | i | i
APES 17 | Athemarie Sound from Snug Harkor w Bull Ras 5% 360325 | 674D | 1429 D15 | 88 | WO k6 143 [
| 1 | 1 1 1 | -a&t | 3540, 147 5
| ! | 2 | us [ 290 IETE D
| I | 1 | B8 | 290 [ 138 0
= | I 75 | Mol gDl 12 f
! 11 | | i
APES 18 | Albemarle Sound from Sievensor Pie Shp ™ 0% 360020 | "606o0 | 12130 045 | 7.7 | 28| T A 137 =
| | | ST 418
| = | | 1.5 76 | 197 | 247 |
| | ;
APES 19 | Albemasle Suund from Sievenson 10 Ship Py TE%: IGO0 1 TEDLS | 11430 Q15 T8 28.7 4 19| 135 ¥
] 7.6 284 | las [
| 2 74 | 2801 [ 257 i]
! { by 70 | 280 | I 15y i
| [ 4 65 | 280 | 167 0
{ | | 5 68 | 280 | W | 0
T | T & &8 | 280 7% 188 | o
! ! |
APES 20 | Alhemurte Sound from Sievenson Prw Ship Pt SOE] 360730 | 761000 (1114] 045 | 76 | 283 [ B0 262 0
1 76 | 2831 | T [
2 | 74 | 20 | 283 [
3 | 12 | 28 71 Q
I 72 | 280 1 an [
5 70 | 200 7 o |
[ 48 | 279 276 | 68 |
g 1 &5 314 | 2T ] 75 a5 | 0o
1 | |

-5]-




Appendix 11 Albemarle/Pamice Estuarine Study Synoptic Suation Lacations ard Physicad Daws July 25 1989 } ]'
Slation Laocation % | Lavnuie | Longaude Time] Depth | DO | Temp | pli | Conducarce 54"'-':_.‘:!
Mumber imewsrsi| (mpTy | O | TuMhosiem)| (%)
APES 21 | Atbemarle Sound from Sizvenson P 1o Ship Pt 25%] 360440 | 761000 [1045] 095 | 74 | 28077 26 1 @
1 T4 | 28.0 ] 224 o
2 72 | 380 | 123 o
3 10 | 279 | 120 o
| 4 65 | 275 | 124 o
| 3 68 | 279 | 225 o
: 6 | 66 11219i1a 228 4
| | L
APES 22 | Albemnarie Sound from Stevenson Pt to Ship Py 10%] 360458 | 761020 (1004 0085 | 75 [ 282 [ 8.1 212 4]
1" PA i |ors | 22 232 0
2 | 175 1 231 FEE 0
3 73 | 220 | 213 a
4 7.2 80| 8.0 233 0
| i
| |
AFES 73 | Alligaor River ot Murker 37 354072 | 60150 [1100] 015 | 7.0 | 2781 72 4720 3
1 1.0 [ 278 470 3
] 69 | 21.8 4720 | 3
3 - B.& 7.8 4106 | 2.5
|
APES 24 ' Allignior River s Murker "727 354805 | T&0330 [ 1030] 0.5 7.0 278173 I960 13
1 1.0 TR 010 | 23
2 7.0 | 278 @61 | 25
3 70 [ 278 | wge | 28
i 65 | 275 ]. 3940 | 2%
APES 25 | Alligaor River m US - 64 509, 355400 | 760035 [ 1000] 0.15 | 75 | 280 74| 3760 22
1 73 | 380 | n. [ 32
2 G4 1 21Tk AT | 22
3 61 | 215 %50 IL 2.3
APES 26 | Alligntor River it Marker G 77 A 355640 | TE5920 | 1440] 0.15 51 280 )| 82 1740 1
| Y | 82 | 30 1740 |
| 3 8.1 [ 275 ] 1900 1
| 3 74 | 270] | 2540 pi5
i : ] 70 *i:* T 2690 E )
| |
APLS 17 | Albemarle Sound from Wade P o Alligator River (%, 355806 | 755828 | 1D0O| OL15 | 78 | 275 | 1.8 1090 N
! | i | 78 (275 1 10%0 ]
| | 3| 7.7 278 1090 1.l
| I 3 76 | 270 1150 P
| | 4 64 | 270 i 1820 I {
I I_ 45 5.1 izwu | 2550 T
I
APLS 28 | Atbemarle Sound from Wade ™ 1w Alligaws River TS0 360220 | 755928 | 1oes| o018 15 [ 7o) 2sl Bad n.s ]
= 1 15 | 270 it (N
2|75 ] 310 Bt D
| T 3 T4 3707 B | 0°F J
! . & 17130} 170] 84| o< |
l 5 72 | 2.0 B | 05 |
5s | 671 | 270 512 | ns _}
APTS 2% | ATbernarle Sound from W sde 14 1o Alligaior River S0%| MG00506 | TeDO1S | 1110] 015 7.0 270 | T4 576 o _i
1 Tl | 3.0 576 0.1
] 7.0 70 | 57 05
3 1.0 | 27.:0] | 578 015
4 68 | 2701 | 576 028
5 65 [ 76] | 5% 0.5
& £9 | 355 | 631 0.5
|
APES 30 | Albemarle Sound from Wade Prio Alligaor River 25%| 360830 | 760108 [1145] 045 | 76 | 270 74 312 0
1 16 | 270 ET) o
2 T4 7.0 ETog] ]
3 12 | 270 e i
i 1.0 | 270 am | o
APES 31 | Albemarle Sound from Alligmor B o Nonh B 5" 360105 | 755745 [1405[ 0.15 | 7.8 | 375 | 86 1240 | 0
1 80 | 275 12e0. | 1
2 T8 | 175 1240 |




| Appendin I Albematie Pamico Estiarme Study Synoptec Swiwn locations and Physcad Dot July 25 1965,
Swnon  Hlocauon T &% | Lavmide | Longuede| Tume| Depeh | DO | Temp | oH | Conducance! Salnis
Sumbe | | I [meters)i (mgM | (°C) | (W hemiem ) | “:_l__'
— | R | T
A EFEF | 1300 1
£ | 7o [ 288 1310 1
& 62 | 265 | 1310 1
| \
APES 321 | Albemarle Sound from Allgator B o SNemh B TAS” 360340 | 755605 [1340] 015 | 79 | 275183 807 0.5
| | 1+ | 8o | 275 g | oS
| 2 1 78 | 270 g6 | oS
| | 7.7 | 270 [ e
! 1.5 | 270 950 0.5
I s | 65 | 270 1010 0.5
I & 62 | 265 1020 0.5
APES 31 | aAlbemarle Sound from Allgstor B to North R “N" 36000 | TS5450 | 1315] 015 76 | 275 ] 78 456 ")
| 1 76 | 275 456 025
| 2 | 75 | 270 361 | 02%
{ 1 74 | 70 466 | 028
| 4 140 | 10 s | 0
| | 5 &0 | 27.0 480 | 02F
| 1 | | |
APES 34 | Albermarle Sound from Alligaws B 1o Nerth B | 360915 | 755330 [1245] 0.5 | 84 | 275 [ 94 1140 -5
GP._"171" PA | I I 1 | 8s |27 2EL 2
|1 ] 2 B3 [ 275 ] 190 os
= L | I |
APES 35 | Currituck Sound at NC-158 | 160515 | 754545 | 1120 0.05 | 78 | 280 92 PR F|
| | 1 7.7 [ 280 ] | 2770 2
| ]I 2 78 | 280} 2770 2
| |
APES 36 | Cumnuck Sound off Thoralars [sland 361000 | 752735 (1050 0.5 | 77 | 20 ]93 2870 2
| 1 7.7 | 28.0 I 2870 2
| |
AFPES 37 | Curituck Sound off Dew Island | 361230 | 754840 [1020] 015 | Ta& [ 285 | 85 1591
| | T 28.5 385
| |
APES 18 | Albemarle Sound (rom Pont [larber o Cargon Py [ 1 3%%745 | 75473% (ool o35 | 72 | 278 | sal 0.
| R"2" PA = = ' - [ =3 |33 05w
| i ] ' | 3 FEFEE [ 70s ik
. ; ] 3 T2 [d7s) o me oA ]
| i | | [
APES 3% | Albemarke Scund from i larbor 1o Camon 1 | | 3&0010 | 754830 fa025] G5 1 T2 i) |
| I | 1| 7?3 Iavel| |
: | 3 | 72 | 275 |
1 I 70 215
4 | &7 1375
{ | a5 | 81 {275 1
5| 1 |
APES 40 | Albcmerle Soumd from Poi 1arme o Casoon P1 [0 360200 | 754820 |1055] 015 | 71 17.8 |
| i | T [ =7.8 [
=i i T EREEE 0l
I I 3 FIRETE |
| | | & TEEE
I | | 1 I
APES 41 | Albemarle Sound from Puoimt Harber o Carcon ™ {254 360340 | 754810 [1120] 015 T3 27.5 | 20 &
[ I i 73 (3751 570 i
; ' | ’ 2 2 |75 570 Dk
1 == ! ] ] T -
APES 21  Croatan Sound at Marke R IL4ROS | 754200 1 1135] 015 76 | 286 |86 1118 ns |
| 1 75 1 245 1 arn 03
i 2 7.3 | .5 | 1140 g5
| i 3 72 | 285 | 13w | oé
[ 4 09 [ 272 | 1040 | 5B
APES 43 | Croaan Sound st Marker 40 "8 Pa 155200 | 754255 |1100] 005 | 76 | 2RO | B4 451 0.l
S 16 | 280 470 6.2
| 2 74 | 180 Sa4 | 02
I I 3 72 | 2580 6T | 02
3 1 1 i
APLS 44 | Croaten Sound st Marker 1M "47 Pa | 355435 | 754435 (1035 015 | 7.5 1 31100 83 538 i 0.1
| ki 5 2l 543 0.2




| Append:x 11 Albemarle Pamlics Eitwarine Study Synoptic Swtion Locstinns and Phveical Daw July 23, 1949

]

Ston | Lecaum [ % | Laumide | longilude| Tone| Do | DO | Temp. | pH | Conductancs) Saliniis
Sumbe | 1 R fuMhosiom)] (%
| 2 75 | Zao S 02
i 3 74 | 2E0 Sk 02
. 72 | 380 G4 02
| |l 5 72 | 38.0 S 0.2
| |
(APES 45 |Roancke Sound & Maker G5 354910 | 753535 | 1205 015 | 7.1 | 288 | 86| &850 a
Ee== = =1 70 | 287 T | 4z
| 2 46 | 283 TeE0 | 4%
l : !
APES 46 |Rosncke Sound st Marker G 317 PA 355600 | 753920 T10007 015 | 7.5 [ 282521 2500 | 1.5
| 1 T4 | 281 2910 | LS
| 2 64 | 280 MEQ | 2
| T {
APES 47 | Pamlico Sound from Sandv P 1o Oregon Injes 353900 | TS4300 [100%5) 0.1% T4 | 280 | 54 60 3
-Murker FIR $M °2" [ 1 T4 | 280 640 3
| 75 | 285 10230 ]
| 3 | 76 1285 10230 &
| A% 7.6 .’ 285 [ 19230 &
| | | !
APES 48 |Pamlico Sound from Sandy B 1o Oregon Inlet 25%] 354105 | 753945 [1103] ©15 | 72 | mo[ez] 12m0 | 7
| 1 71 | 280 | ==
z 12 | 280 | 13oo | 7
| 3 10 | 270 | 17280 | 9
| | | |
APES 49 | Pamnlico Sound from Sandy P to Oregon [niet 354250 | 753780 | 11300 ©.15 72 | 2a0]l61] 1200 | 7
- FIR M "240H" 2 | 1 72 | 230 | 120 [ 7
| 3 732 | 335 | 13300 | #
3 | 70 {270 [ 18240 14
[ | [
APES 50 | Pamlice Seund from Sandy PLio Cregar [niet 354440 | 753620 [1200] 015 | 72 | 201 60] 11380 | 7
- R 4AMIL PA” [ 1 T2 | 280 11280 | 7
¥ | 72 [ 760 e | 7
3 7.0 70 12480 | 7.5
; ¢ | &8 | 270 17280 : 12
|
AVES 51 | Pamisco Snund from |ang Shoal P1io Rodanine % 153200 | 754400 | 1247 015 | 80 | 270 8.8 10560 #
715 g [ 1 | 8o [ 280 520 4
[ | | | |
APES 52 |Pamixo Sound from ang Shos! P11 Hedanthe [75m) 353420 [ 756100 11211 015 | 70 | 27084 24000 15
| | 1 | 70 [ 270 22000 5
| 2 &5 [ 210 24000 15
F] 6.1 [ 210 1490 15
! ]
APES 53 | Pamlico Sound fromn Long Shosl P in Rodanthe 6%, 153450 | 743800 |1140] 045 | 70 | 270 | B4 | 22080 14
| 1 7.0 | 270 23040 14
=] 2 65 | 27.0 2780 17
! » | 486 [ 270 2780 17
i |
APES 54 | Pamlico Sound from | ong Shoal P10 Rodambe 9l A5ISI0 | 75as00 | Li1il 0318 | 70 270 | B4 21120 13
| [ 1 | 68 [270 2300 17
| | A 270 a0 | IV
3 | a4d | 260 18220 T 17
APES 55 | Pamlico Sound (rom Long Shoal Pt o Rodenthe [ 10! 353600 | 753115 | 1021 013 65 [ 27To [ &S 1820 | 17
- aMICC | 075 | &2 | 270 270 | 17
% | 1.5 | 5.5 | 210 20760 | 19
|
APES 36 | Penlico Sound from Pingleton Pt io Halteras foga! 3151830 | 753730 [ 12000 0.13% 6% [ 283 [ 70 e | 2
-5M 717 i 65 | 285 eI
2 %] 8.5 050 0
3 65 | 28.8 27900 1::95
APES 57 |Pamlice Sound from Pingleion Py to Hatterss T5%| 352300 | 754230 | 1130) 0.15 70 | 284 ) 76 28010 | I8
1 1o | aac 27950 18
] 7.0 285 1 28830 18
3 70 | 20 29140 I8
i 70 | 285 28530 18
5 &5 | 285 2REI0 K]
& 63 | 285 22370 65
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| Apmendin [ Alhemarls Tamico Esuarine Siudv Svnopuc Stanon [.ocations and Phy vicad Dace, Juls 23 1985

Suiton | laocsuon | % | lateude L.m;_u:ud:" Tume{ Deubh | D O Tnhp],- pH | Comduciancs, Salind
e = e | ]{me- me | (0 uMhotiemil %
\ | | | | |
APES S8 Pamlxe Sound from Pinglewon P io Hateras 50% 352605 | 754540 T1100] 015 | 70 | 280 76| 27310 17
| | 1 |70 | 30 27310 18
| | 2 | 70 | 220 27310 1]
l 1 3 [ és [ 2801 27310 18
| | 4 70 | 280 28200 i3
| 5 54 | 280 28200 i3
& i3 | 20 28200 TE]
1 7 19 | 780 J 28200 18
]
APES 59 | Pamlico Sound from Pingleion P to Hageras 25%] 352930 | 754330 [1030] 015 | 75 | 280072 25380 17
| 1 70 | 250 15390 17
2 70 | 260 25380 17
3 [ 70 | 250 25380 | 17
4 | 1o [ 2e0 25400 | 17
5 6.3 280 28320 | 17
& 57 | 280 24450 1%
APES 60 | Pamlwo Sound from Pinglewon Pt 1o Hatleras 10%] 353250 | 755020 | 1000] 045 | 80 | 260 | 740 1760 | 11
|- FL &M | 1 78 1280 | 1m0 | 13
| . 2 | 74 280} 250 | 1
[ 3 £6 | 0] | 21620 | 1S
£ $0 [ 280 | 24440 | 16
i s 5D | 280 { 40 | 18
| ! !
|APES &1 | Parniico Sound off Engleburd w Marker 11 4M 352730 | 755550 | (000" 015 | &1 | 2800 79| 26900 | 1£3
| 5| 62 | 280 ) 75| 26900 | 1&3
i =3 2 | 2800 19| 26900 | 161
|3 E0 | 380 79 26900 | 162
I=a 6.1 | 280 | 79| 26800 | 163
[ &0 | 279 [ 79[ 2e900 e
| | | | 1 . 1
APES &2 | Pamirco Sound Fom Wysocking Bav o Hatteras e R Th4a20 (1112] 0% | &3 [ 2l el a0 | 133
|- FL 7M™ -1~ i 1 T L | &2 | 2811 8.1] 31200 151
| | 2 T w2 | 261081l 31300 1% 3
[ - | [ 3 [ &2 [ 28186 31300 1G4
| | : 4 &3 [ 280 [ 81| 31300 | iGs
I i | | | |
APES 63 | Pamlico Sound from Wysocking Bay o atcras 75%] 351600 | 7545930 (1057] 015 | &6 | 260 831 35100 | 1°%
I ] { [ 1 | && [ d81 182} 291068 [ 173
| | | | 2 § &7 | 280 [ A3 W0 | 17e
| | 3 | &5 | 280 B2] 29100 175
| | [ 4 | &5 | 20| 82] 29200 178
| | 5 | &3 [ 279 [82] 294p0 | 1K2
1 | | i & £ [ 279 811 30000 16 =
| ! | | 1 kT 24 | 278 | 80 14300 222
| 5 == i | 1
APES &4 | Pamlico Snund from Wy sncking Rav w llatizras [50% 352050 | 755350 11336 015 | 67 | 282 [ A3 T 29000 175
1 a7 | 283 421 19300 17 v
_ | i : 66 | 283 F 8.2 29300 K
BN . 3 67 | 281 | 82] 25200 | 1
| B 4 B6 | 281 | R2| 29200 | 1A
= | | 5 (281 {81 29700 | 1%
: T T ¢ oy Tavalva] o0 | 3
| | | | \ |
APES 65 | Pumlico Sound from Wysocking Rav o | lsticras 25% 352219 | 755720 112531 018 { 66 | 283 | B2 17600 | 165
. FL 7™ | | 1 [ &6 [ 23828 27600 | &%
i | 3 66 | 2811 81| 27700 158
] &6 | 2813 &1 27400 149
| |
APES 65 | Pamlico Sound from Wysecking Bay w Halteras 10%] 352310 | 7e014s | 1320 0.1% 5.5 203 | &1 24800 163
NS 1 65 | 283 | 81| 26800 162
2 64 | 283 [ 8.1 26800 163
3 63 [ 283 [ a1 2eR00 162
| | |
APES &7 |Pambico Sound from Blulf Pt w Ocracoke SO 350920 | 760035 [1145] 0185 | &3 [ 277 7780 32000 | 0%
- FLR 14 : | 1 | &5 | 217 78] 33000 | 208
1 2 | 60 | 277 791 33100 20¢
| F] 60 | 2770 79 30000 0%

{1




-

| Appendin [ Aiberarle/Pamiico Esmarine Swdy Svaopu: Suton Locstions and Phvsical Do fuby 15, 1989 |
Swiion | Locauon | % | Latwde | Longitude Time| Depth | B0 | Temp | pH | Conductarce Salinis |
-s:'_:-;_b: l T" {imetms) imgft | T {uMhot'omy] 1%l
| | @ &0 | 2171 7% 33000 204
| |
AFES 66 | Pamlico Sound from Bluff P to Ocracoke-Marker BL | 70%] 351238 [ 760425 [12107 015 | 6¢ [ 277 78| 32000 158 |
1 | &1 | 2771 78] 32t00 158
2 [ 6o |2ry{7s] 32100 20
1 | 60 | 2771 19| 32200 20
APES &9 | Pamlico Sound from BlufT P 1o Ocracoke: FL M 0% 351650 | TR061S | 1240] 0.5 | 64 | 279 | 1.7 29800 1%
1 | 62 [ 279 78] 29m00 154
2 | 58 1278|780 30000 18.5
| 3 s4 | 277 ] 78] 30600 13
§
APES 70 | Pamlico Sexmd o Bl Pris Oeracske- FL &M 10%; 351925 | 760715 [1285] 0.5 | 69 | 28.1 | 7.8 27400 16.7
1 67 | 28.1 | 79| 27400 16.7
| 2 65 | 281] 79 27400 167
| 3 &5 | 281 ] 7.9 27400 6.7
i 35 | 65 | 28.1| 191 27500 168
|
AFPES 71 |Parnlics Sound frem Juniper Bay 1o Porsmouth L 350920 | 760630 1108 015 | &4 [ 2771 78] 31900 155
.FLGSM ™5 | ] 1 61 | 276 78] 32200 1% 8
| | 2 60 | 277178 32100 19 3
| 3 5.7 2751 1% 12300 20
| 4 55 | 275 | 1.9 32300 20
5 £5 | 374 79| 32300 20 |
| 55 [ so [274178] 32400 20
1 | |
APES 72 | Pamlico Sound frm Juniper Bay o Portsmouth | 351400 | 761335 1035 015 6.5 2161 7.8 29100 119
-FL 2 6M LM~ 1 62 | 276 18] 29200 [
2 62 | 276 78] 29300 17.9
1 | 59 [ 2761 78] 2930 |8
| 3.5 | 56 [ 275 78] 29400 18
| 1 i
APES 73 | Pamlsco Sound frm Juniper Bay to Pansmouth | [ 3s17¢0 | 7614p0 [1010] 015 [ 63 [ 274 [ 7701 27400 i67
LFLGSM"1° | 1 631 | 275 1.7 27400 167
F] &2 | 2751 730 21500 i67
APES 74 | Pamlico Sound frm Juriper Hav to Posmoath L | 152125 | 761450 | 1000] 015 | &0 | 281 72| 22900 15n
-G 3" PA | [ 1 | 59 [ 28201758] 23900 137
| 2 | sz [ 2820175] 23000 138 ]
| R | 3 13 | 277 70 27500 E
I | !
APES 7% | Swanquans o Core Sound 0% 350212 | TAI6I0 | 1200] 0.15 | 70 | 27.8 | 8.0 ] 30300 19.5
| | 1 70 [ 278 | 30400 13§
| 1 2 70 | 2781 30400 19 4
| 3 70 | 278 | 10400 198 |
| &9 | 278 10400 198 |
] | s &8 | 377 10460 195 |
| [ & &0 | 276 11380 0
' T =
APES 76 | Swanguarier to Core Sound - Marker (JK F1 5 4% 350820 [ Tersan [1125] 0185 75 | 279 | B§ 28730 1%
1 | v& [ 279 28730 18 5
2 | 75 | 378 28730 18 5
3. § 75 | 278 18790 18.5
i 73 | 178 287%0 16.5
] 5 1 70 | 278 25080 18
i & i 1.0 | 273 314580 20
APES 77 | Swanguarier W Core Sound S0%| 151150 | T61TES |1050] 045 | 7.2 278 | &80 21570 177
1 72 [ 219 27510 178
2 7.1 | 279 27600 178
] T | 395 28000 17.9
4 5.9 278 28130 18
] 58 | 278 28440 TH
APES 7B | Swanquans 1o Core Sound - Marker 88 "W~ 25% 350430 ] 781750 [1o20] oS5 | 70 [ 2751791 470 155
B A P 24600 15.5
- T B I ) 27.6 2LR40 15.7
| 3 63 | 213 | 25020 16 %
I 4 3.0 | 278 T 28410 15
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Appendix |1 AlbermariePambico Estwarme Study Syrophc Suton Locations and Phssical Daw July 25 1488 |
[Sratian Locaion T | Lavtude  longitude Tome Deth | DO |T_r-._rht£_1!_pH Conducance| Saliniiy
[ umber ’-{m:_;frsil lm:a-'hl (] (uMhosiom)] (&
APES 79 | Swanguener to Core Sound - Marker FLG 1507 PA [ 10%] 351745 | Te1%30 [ 1000] 015 | 7.0 | 280 | 80| 21500 3%
L 70 | 280 21810 14
2 70 | 280 21900 138
3 69 28D 22090 4
[ 18 7.5 23750 14.9
]
APES 80 | Pamnlico Sound from Great lsland 1o Wen Bay BO%| 3150670 | 762210 (12357 015 | K1 [ JR1 [ B[ 26450 17
i 81 | 280 26510 17
2 B0 | 280 26510 17
3 79 280 26790 17.2
4 76 | 379 17320 17.5
5 72 79 2R0R0 18
& L2272 11540 1
APES B |Pamlico Sound frm Grear laland o Wen Bay S0%| 351030 | TeX:4d | 1310 015 1.3 280 (79 23570 15.2
- SM "1"5PA 1 72 1 380 24060 152
2 71 | 0 24064 153
3 531233 156100 163
d 286 | 173 17850 178
| W |
APES B2 |Pamnlico Sound from Gress Island 1o Wen Bay 0% 351455 | 762335 [1347] 045 | 75 [ 28078} 21430 13.3
| SR 7.5 | 780 | 21530 135
‘2 74 | 279 | 21570 13.5
| 3 72 |- 275 21950 14
4 63 | 274 | 23040 145
Zr 5 2.1 27.1 ; 27110 171
APES %3 [Pamlico Sound frm Great lsiand 1o West Bay 10%] 351830 | 762345 [lado| o015 | 73 [ 279 [ 79 19780 12.3
-FL 4M Pa | & 73 | 7% | 19780 12.3
[ 3 F B | 19780 123
3 3 |27 ] | 21950 L4
| 4 il Tzizi | 26670 161
] ] I I
APES 84 | Newse Raver frm Maw P 1o Pount of Marshe 78 "NR® RO 350640 | 762835 [ 10000 018 66 | 2771 71 ] 24800 143
| = - e A AT T
1 2 [ &5 [m3l1] zawm0 [ 15
i [ &3 1378170 ] 24200 145
[ | 4 | as [ 276 70] 24800 149
{ = i 1}
APLS B3 [ Newse Rover from Maw PYio Pount of Marsh GO%] 350780 | Te2va0 [ 1030 o [ e3 [ 2750 1 20300 | 148
| 1 | 63 [276|70] 24300 | 146
i E 2 62 12761 701 324300 148
| [: i3 61 | 778 [70] 24300 T
| 4 60 1 279, 7] 24500 149
| : T T [
APES &6 [Seuse Hiver from Maw 1 1o Poim of Marsh AD%: FS0RA0 | TeuMgE s 08 a3 315712 24300 | 144
|- Marker 50 | e [ 63 [ 276 72| 2aso0 | 125
' [ "3 i e2 (8171 34400 | 149
_____ o8 e 39S 73] 34300 153
A ;ﬁﬂ 12771 71] 24500 149
APES 87 | veuse River from Maw P10 Point of Marih 20%| 350950 | 763200 fiilo! gis | eC 78] 7o) 2000 | 144
-FLG"I” L 1 a0 26l 1a] 20300 | 144
[ 2 [ s |23sb71] 24300 14.4
| | |
APES 88 | South River st Mouth - Marker "WRI" 345850 | 763500 Pigas. 013 | so [285 ) A9 20100 11.6
| 0 | 285169 20100 11.6
b i 49 | 3835)69 20200 11.7
| I 49 (a6l 69 ] 20300 L1.8
| 4 4B | 246 | 69| 30400 119
APES 89 | Newse River from Cockie Pro South River To% 350025 | 763535 |1230] 015 5.4 M0/ 70 19400 11}
= i 53 281170 20400 12
2 50 282 | 59 20400 12
1 51 | 283 | 69 20400 12
4 50 | 2821 7.0 20400 1
= | |
APES S0 [ Neuce River from Cockle P1io South Rever 0% 350135 | 73630 [1240! o5 | 72 fasil T3] 20400 12
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Appendin |1 AlbemariePamiico Estuaree Stwdy Synopuic Sution Lacatnons and Mivacal Daa July 25 1989 |

Siatien [ocation % | Launsde !m;ﬂud:' Trnel Depth | DO | Temp | pH [Cﬂ\iﬁm'c' Salinuy |
Surmber imetersy| (mg | (FC) [uMhouom)] (%)
1 73 | 281 ] 72 20400 12
] 71 | 230 | 72| 70400 12
] 71 [ 281 ] 700 20400 115
i 71 12810 70] 20400 12
APES 51 | Newse Paver from Ceckle PL o South Faver 25%] 350308 | 763728 | 1300] 048 | 72 | 282 | 7.1 20800 1213
1 72 | 283 | 72| 2090 123
2 72 28771l 21000 124
1 7.0 | 287 |72 21000 12.7
i 1 Ezss 7.1 21200 128
AFES 52 | Newse Raver from Jancro o Tampis 0% 345515 | 764535 [1330] o018 [ 7.2 [ 286 [ 121 1390 7.8
- Meker FLG "1 1 7.0 85| 72 14200 19
] 67 | 285 | 7.2 14300 15
| 3 [ 284 | 7.2 14400 ]
‘ 1 | 283 | 72| 14%00 8.1
APES 93 | Neuse River from Janero to Temple 6% JASES0 | ToA330 [1345] 045 | T4 | 385 | T2 14150 1.9
| 1 1 T4 284 | 7.1 14190 7.8
] T4 | 284 72] 14150 79
| 3 i 7.5 %znj 7.3 14210 i
1
!
APES 94 | Neuse River from Janero 1o Temple 40| 45755 | Teas537 |135%5) ©15 | 7Y | 2R [ 73 137TRC 1.7
| | S - e 1 3800 1.7
| 2 | 75 [ 285 (74 13790 7.5
| 3 7.5 28.5 | T4 13790 7.6
| i 76 | 288 ] 74 13800 16
1
APES 85 | Neuse River from Janciro 1o Temple 10%] 345900 | 764530 [1215] 018 g0 ! 28473 14430 52
! | 1 80 (282 7e| 1aa0 8.1
| | 2 73 1283 [ 73] 14300 | 8
| L | |
— J_ 3 55 : 280 | 70 . 15000 9.1
APES %6 | MNeuse River from Beard Cr ta Slocum Cr Q0% 345745 | TeS342 [ 1200] 0.1 ) 284 | 8% 10254 ]
| | [ 1 [ 79 T 384 ] | 1m250 52
1 | I Ry | imo f
| 73 ez 31 10780 | T
| | | |
(APES 97 | Newse River from Beard Cr 1o Slacum Cr 60%| 145825 | 765330 [1120] 045 [ %0 | 28A | 86 11180 T
51 ey =agEd | 11180 T
EFEEFEEFTTN [ 11180 7
, 3 | &7 | 28 12530 T
1 4 18 | 281 1 15289 10
| | [ g1 3T 1 18920 12
& | oo - 278l | #1780 | 13
| | {9 [t s | e o1
| i | i | |
|APLS 9% | Newse River from Beard Cr 10 Slocum Cr. A0k 345905 | TeS310 (1100 Q1% | 93 ZE¥ [ B7] 1oe0 | 7S
| i 1 £5 @ SAe| | 11600 | &
| | BT | 13230 | 9
| | 3 [ a1 [ 32 | 14510 [l
e | | 4 15 | 28.2 | 13910 10
| | s oo | 713 T 21330 13
El | & R S| I° 21780 | 132
I | | | |
APLS 98 | Neuse River from Beard Cr to Slocum Cr. 10%] 345950 | 745250 | 10158) 0.1% 73 | 2861 K1 12000 | &
1 70 [ 284 13050 8.4
| 2 &7 | 281 | 13430 g
LR ! 3 a5 72| 14040 3.1
4 1.4 282 l 15510 10
A H o0 | 217 19870 135
APES 100 Meuse B frm Rowland Prio Fisher Ldg Py 5% 350125 | T65E12 | 1235] 015 L ] 27.5 | 5.5 1140 0.5
-FLGAM 1T 1 1 | 274 [ 1140 0.7
2 ENETT] 1440 1
| 3 19 | 269 2120 1.5
[ o1 [ 2646 | 17420 19
5 00 | 2651 16580 10
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| Appencen |1 Albemaric TPamiico Eswarmne Study Svropc Swtion lacauom and Phyucal Data July 35 1589 |
[Starion | Locayon % | lauede [Longiude! Tame] Depth | DO Temp | pll | Conductance Salinils
wumoer | (metrs)l (mpe G0 {{uMnosiagnt) (%
APES 101 Seuse Rover from Rowland P wo Fisher Ldg Pt SO 350207 | 765750 [1255] 015 | 53 | 278 |66 1510 | 1
T ) §3 | 377] 1310 ]
F] 19 | 274 | 1150 3
3 03 | 269 &
APES 102 Newse R frm Rowlend P io Fisher Ldg Pt L5%| 350255 | 765725 | 1310) Q.15 | 10 &_!_ 87 | 88 a020 4
-FLR3M "2 | G v B M N 1) 200 4
2 | 20 v 2RO 3400 5
3 | 18 r 17 16400 6.5
APES 103 Seuse Fuver mt L5-17 a1 New Bem T5%| 350635 | TIOIS0 | 1410] 015 | 49 | 272 | 6.5 180 0
L | 49 | 264 183 0
] 2 | 47 | 246 | 189 P 0
| i E] a5 | 264 A58 |
| | i 21 | 2635 11740 6.5
i 3 0.1 | 265 12610 iE]
I I
APES 104 Newse Raver a U517 11 New Bern S0 0G4S | TTO13S | 1430} 0.15 | 48 | 365 | A4 37 ]
| | | 1 47 | 283 105 o
| | { ! &7 | 261 [ 137 i
| | ==2 T EECR T
| | | 02 (263 | nme | 7
I 1 1 I |
APES 105 Newss River a U5-17 a1 New Berm 25%) 350650 | 770117 (14487 015 | 47 " J6s [ 63 s 1 0
i | 1 48 | 258 | g 1 o
| 2 | ad |33 134 { ©
| | 25 | s | 751} 5 | o
| | { | ! |
APES 106 Pamlico River frm Rose Buy 1o Pemlico Py 175%] 351905 | 742000 [1085] 015 [ &5 [ 276 7S] 17100 10
- G 1 Pa | | | i {275 74 17000 Gy
| 1 7 | &5 4] T4 17 9%
| | | 3 [ st {75f74] 17300 [ 190
] | B 1
APFES 107 Pamlico River from Rose Rav 1o Pambice Py 50 3152005 | 7Teamio [10@0] 005 1 T3 T 2781 14 15900 | &
| | | T [ 1 [ =% (376 (76| 35900 | &
e i ! 2 T =7 e lve] 15900 | %
i —
| | | i | 3 ¢ ny o 3vg 76| 1500 | 9
T I |« A7 277 | 15| 16000 [l
= | [ T = st 7775 180 | a2
[ [ [ & 3 T3te 78] vego0 | 4s
1 i T i
4715 108 Pamlico River from Hoss Hay 1o Pamiico B 25%| 152120 | 762700 | 1020] 045 | "1 7 277 ] 78] 16500 B
! 1 | &9 vl 98] 1e80 | oul
| T Of AR - 2VI078] 17000 YA
] zg =Tl 7a] gvemo 10
] | + | 2 2 6% 19300 12
[ | s I& ' 273" &3] 21400 128
| APES 104 Rase Ray st Mouth - Marxer FL R IM 727 35::_:11 762630 | 1000] 015 | F9 "4 713 ! 17300 10
| | md 12700) TS E T
2 [ &g (| TS| Q7400 ¢ 10
i 25 | 36 73| 69 | 0000 | 113
| | ¥
APES 110 Pamiwce River frm.Pungo Biver W Cronse Or e AR R TeIsEs | 120 0% & " 0! 78T 12%0 1 aa
-GS PA [ 1 66 | 2900757 13600 | 6%
| ) fe ' 6|73 12000 § 7
I 25 | 32 | 3881111 12700 7
T I |
APTS 111 Pamlico River from Punge River 1o Goose Cr soml 352030 | teasoe [1135] oas [ mo zme (78] 12600 | &%
! 9 | 284|791 12500 6.8
2 71 282 | 770 1270 7
1 53 [ 281 761 13200 7.3
4 | &1 [0l 7s] 1370 7.7
5 | 63 79| 76 14000 T4
i i }
APES 113 Pamlico River frm Pungo R. o Geose Cr 0% 352240 ] 763330 1 1120] 015 | B0 | 283 | 78| 12600 7
1-ORS M "PH" - | 1 13 | 281 | 1.7 13400 E:
| ] i 2 64 | 279 76| 1350 1.5
1 | 3 66 | 278 | 78] 13400 [ e
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Appendiz |1 Albemasle/Pamlico Estuarine Swwdy Symoptie Sunion !.a.am;u wnd Phyvucal Daw Julw 25, [98% |

Swtion | locabon % | lautde | Longiude Tone Degan | DO | Temp | pH | Condumance. Salinls
Sumber o ) (uMhos/am) (%)
3.3 | 65 4 2TE |76 13600 16
APES |16 South Creek at Mouth - Marker G 7" PA 352115 | 764217 11235] 015 | ES5 | 294 | 8.1 G500 5
1 B0 | 292 | 17 G300 a8
2 70 [ 290079 500 5.0
3 [ 36 [282]71] 10800 5
|
APES |19 Pamlico River from Mure P1 1o Hickory Bt 75%] 352150 | 764035 11250] 015 | 7.1 | 2%.1 | 18 3100 4.7
Marker G1” 1 | 69 29077 9400 4.5
| |
AFES 118 Pamlico River from Mase Pt 1o Hickory P 50%| 352300 | 7es010 (1305 018 | 83 | 288 | &1 Gi00 | 4
Meke G1” 1 1 83 288 81 200 | 47
2 | B3 | XS | A1 10000 | S4
3 | Bl [M2]a0 10500 5.5
d | 7.8 2.2 1 8.0 10600 57
£ 1 75 [ 282800 10700 57
]
APES 119 Pamiico River from Mare Pt te Hickory P 25%] 352347 | 763935 [1320] 015 | 67 | 231 [ 75 11700 6.4
Marker 17 1 | 67 (260 ]75] 1m0 6.1
? 16 | 375 [ &8 13000 7.1
i 25 10 [ 277 {68 12600 7
APES I.t]'Pun_Lu River a1 Marker FL R 4M 4" 352655 | Te3a30 [1243] 08 | Ta 289 | 8.7 10140
1 1 7.7 | 286 10210
2 65 | 288 11180
3 x5 | 282 15910 |
4 22 | 283 18380 |
5 74 | 278 17460 |
& xr [ 713 15680 |
55 12 | 274 | 11420
T T i
APES 114 Pungo River st Markes G "117 PA 353120 | 763500 J1403] 0315 | &1 | o0l&3l THOo | @
1 Bl | 280 ] TG | %
2 68 | 276 | THD 9.2
1.5 b0 12"4: 7810 9.1
APES 115 Pungo River st Marker R "24" 153300 | 762755 | 11a&] 015 45 | 298] 61 RS9 75
| 1 a5 | 254 2510 75
| [ 2 32 118 a0 1158
i [ 25 T 12 157i Al 1%
| | | {
|APES 120 Pemlice River from Bath Cr o Dhirham Cr 90%| 352453 | 764930 | 1303] 015 | 94 . 96 | &4 a4l 14
| i 1 71 | 287|191 <350 18
! 2 a4 | 386 |78 2350 11
APES 131 Pamiice River from Bath Cr 1 Durham Cr 50| 352558 | 764970 [1320] oS [ 1ol 294 (9] 5040 29
' I 91 | 7& 90| S0 I
i ] 3 16 | 28a ] B 5300 132
L 3 agn | 376l 7S WS 4
- 37 L o0 [ 2TV 069 11330 | A ]
I |
APES 122 Pemiwo River frm Rath Crio Durham Cr- FL G 17 [10% 352700 | 764915 ; 1320 015 | 96 | 3196 | &4 6560 | 1%
[ 1 | o] 290 &8 £520 iy
2 | 10 | M7 64 1190 43
3 | 03 [0 7% 9010 a5
4 | o0 13770 11380 549
|
APES 123 Pamlico River from Broad Cr Lo Blounts Bay 5% 352707 | 765735 [ 1230] 0.15 | 100 | 285 | 7.2 TS lI 04
1 4 | 28473 B ]
% 73 | 278 ] 1.0 1430 04
s 2.7 0.3 270 64 4650 49
[APES 124 Pamlico River from Broad Cr to Blounts Bay- M "5 [50%: 352745 | 765737 [1200] 005 | 72 | 282 | &8 424 0.4
i 61 | 237 s8] BN 1
7 64 | 273[66] 1000 | 13 |
28 | ob [ 70| 64 RO50 L1
APES 125 Penlico River frm Brrad Cr to Blounu Bay- FL G °17 [25%] 352845 | 765725 (11401 0.1% 77 [ 2306t 160 2.1
| | ] 64 | 2718 | 67 1640 ]
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| Appendiz il Albemasie/Pamlico Esmasine Swdy Svnoptc Sateon Locations and Phvscal Daw, July 25 1989 ]

Swnon | loeaumn % | jaumde | Longiude Teme] Depen | DO [ Temp | o T Condumercs! Sl||r\-lr\-
| Sumber | imet=rsll tme 1 L 0 | | fuMhosiomy| (%)
| P8 | 28 | 271 | &4 2120 4.1
APES 126 Chacowmnity Bay i Mouth 3526947 [ 70140 1055 05 [ 58 [ 286 [ 73 121 0
1 T3 | 278 10)] 245 0
] 51 | 272 ] &8 151 [
=i
APES 127 Pamlico River near Hills Pt - Marker FL R "167 353025 | TTOL1S | 1040] O.15 49 | 270] 59 82 ]
1 a4 | 266 58] B2 0
] 42 (26258l 54 0
] 261]58] 85 0
|
APES 128 Pamlico Ruver st US-17 st Washungton 50%| 3153231 | TI0R42 [1010] o015 | 40 [ 2357 [ 58! 82 )
1 40 | 358 | 58! k] 0
2 40 | 255] 58] 83 | 10
1 THREFTIETY £33} 0
i 39 | 254 [ 571 [E] | .0
] 19 | 254551 TR
| | 1
CHOC | | Chocow imiy Bay pr1s] oS5 | 92 fwa|73] as1 | of
| 05 | 68 | 286 | 712 370 | 04
' | 1 [ &2 | 28289 B | 04
| [ - 15 ] 47 |280]&s 55 | 0.3

""EI]..'
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Agrpmaniadan N1 O hermicsl snd baadogcal de

T* Symopud Swdy, July 25, 1989

Sauon | Tune | Secon [Fecal cobiom{ Ohlundes K anductance 1§ Sulate | Reawduc, 1 [Residuc, suspl Turbndaty | Chl e tn | Chi e corr] Phea [ NVY e NITKN oo NINOZ « NOJ] P, wnal [ PO4_T TOC [ Sulfue
Nusnber mesen)| (#100ml) | {mgh) | (uMhonicm) | (mg) | (mgf) | (mph) | ) | (pa) | owt) | O | mwt) | (mt) | (mas) | () | (mg) | mpt |
APES || 1018 | 0% «ifl 1 [0 <3 [ 1 66 % ] 4 0 04 (] 0 09 ol oo | 1 | <o)
APESZ | 1M | 030 <t __| 1 L] <3 [ 2 ] po] Fi] 4 0.0} 0 [ pi_| oo1 | 1w | <00
APES Y | 15 | Dan <ifh 1 (2] <3 54 1 ] % n & 004 [¥] 0l 017 oo | 1 | «m
APES 4| 1243 | 030 il ] i 3 w | 2 19 pu] M ] 0 0) 019 ool | o001 1| <01
APES S | 1113 | 0% i ] 1o b 1o 3 £ a2 0 3 0 04 01 008 | 001 | I6 | <01
APES & | 110 | D60 <10 ' 1n & W 4 NS u » 3 008 04 0 o008 | ool | <0
APES T | 1148 | oo N3 K] 1o 3 %0 1 ie 10 5 1 00 04 01 o | ool 1| <bl
APESE | 1z | om0 i AS T [ y | 53 b 1] [ 004 01 0l 0o | <000 | B | <01
APESS | 1113 | 0% <10 ] (2 5 | m 3 &1 n » 3 004 03 0l oo | oo B | <01
APES 10 | 1000 [ 080 <|0 ] 10 [ ™ 3 16 13 13 3 007 04 [T 00) | <om | 10 | «0)
APES 11 | 1030 | DAD k] L] 1o b 1] 4 b1 | e n i o0} 03 017 00y | «<00i 7 <l |
APES 12 | 1003 | om0 <10 [ [ 3 1] 1 5 F1] = 3 002 03 nis 005 | ool | % | <o)
APES 1) | 1050 | 080 <ifh 1 10 <3 " F] 61 11 1 <1 00 04 ol o006 | 001 | 8| <0l
APES 14| 12% | 033 «i0 ] 240 ’ 1m0 [ [ (1] w 3 004 0 0 6 | ool | 31 | <01
IAFES 1Y nrl oLin i u 190 L] (] <1 117 1] n 3 ony 0.} «0 01 0 «fl i) L] i1
AFES 16 | 13 | 130 <10 i 130 & (1] <1 41 n B 3 003 0] 001 o4 | <001 | 7 | <01
APES 1T | 1449 <10 1] 160 ] 120 1 (X » n 4 00} 0] <001 00% | <001 | 8 | <01
APES 18| 1113 <10 " 300 n ™0 [] 11 n n 4 (1] 0 <0 0} 005 | <001 | 11| <01
APES 19 | 1143 | 100 <10 1] ] [} no 4 1) = 19 F] 002 0 001 o |00 | 1 | <o
APES 70 | 1114 | 100 <10 (H] 300 1l 170 3 (5] F7] » ‘ 003 0] 00 ond | <001 | 8 | <01
APES 71 | 143 | 093 <10 0 50 [E] 130 4 58 n = 3 0.07 0.3 001 004 | <001 | 7 | <01
(APES 72 | 1004 | 080 <10 41 2600 [] 160 6 61 19 [0 . 001 03 <001 004 | <001 | B | <01
(APES 13 | 1100 | 070 <10 1300 o] 170 W00 3 11 3 3 <lo| om 03 <00 001 | <001 | 10 | <0}
APES 24 | 1030 | 070 <10 120 4000 170 2400 5 212 ] <1 011 0.} <001 002 | <001 | 16 | =0}
APES 25 | 1000 | 073 <10 [F-T] o 130 200 <1 16 [ s <1 [XE 0.4 <0 01 002 | <001 | 16 | <01
APFES 26| 1480 | 0B0 0 a0 1800 n 1000 ] 18 14 14 <1 0.4 0.} <001 00) | <D0l | 12 | <ol |
APES 27 | 1000 | 0RO <10 w4t} 1600 [ 910 5 16 13 ] <) 0,04 0] 00 00) | B0l [ 11 | <01
APES 28 | 1043 | 070 <I0 o] 140 3l 480 [ 44 13 15 <l 0 (M 0] <0 0l 004 | <00l | 9 | <01
APES 29 | 1110 | 080 <if 1400 340 M 120 3 61 1] 5 3 0.0] 0] <0 01 Uo4 | <00l | B _| <0}
AMS 30 | 1145 [ 110 <i0__| o 110 19 190 & 47 2 ] < 0o 0.4 <00 004 | <om | B | <0
AFES 31 4G | 07 <l 150 1360 a6 T3 7 4 4 14 <) 007 04 <{h0| noy | «00| I =0
AMS Y2 | M0 | 070 1 190 820 W ) 1 1A 17 16 <l (] 4 <001 00y | <001 | & | <0
AFES 33 | 1315 | 0%0 <0 13000 490 2 80 5 46 ] 13 4 0.01 04 <001 D04 | <00l | W | <07
APES M | 1243 | 030 1] ] 120 1] ) 1l 73 ] P < 0.0 i 00l o0 | <001 | 13 | <0}
[APES 33 | 1120 | 040 <10 B I (1] 14420 hT] 9.8 ) w | <10 oo 0. ai) Oid_ | «00] | 15 | <til
APMES 36 | 1030 | 040 <10 (] X 120 1700 b5 ? n i) <) | <00l K] «lh 00 | <001 | 16 | <]
APES 37 [ 1000 | 043 11 1300 Wi 150 2400 3 51 ] 19 1 G} K] <) 0% | <00 | it | <0
APES 30| joo0 | 030 <10 160 J00 21 10 ] 5s 1 1 <l (1] 04 <00 005 | <001 | 11| =01
AFES 39| 1025 | 070 <10 130 30 1] 310 9 %] ] = <l 00 04 <0 i1 oo | <00l | 120 | oeny |
APES 40 | 1035 | 030 <10 130 390 21 ¥ (E] 1] 40 L 1 0.0 0.6 <00 00y [ <001 | 13 | eny
AFES a1 | i | osn e (i1 W | 20 50 ] 1 7] ] <1 | em (X < 0oy [ <com | 12 | cur
ares a2 | 0w | 0w et L owo | nen | w [ e ¥ om T 7e | 0® | 2 ] <t | ot [ 0 o 1 om [ oo | 12 | <o
APES 43 | 110 | 1w «ill 190 T4 L 6| v 3 " 1% < [ 04 <00 o | com | 11 | <0y
APES 44 [ 100 | 110 =10 130 S 2] w0 | s | 4} L] L] I (] 03 <t 0 004 | =001 | <l
APES 43 | 120 | 060 1 pL nw | e wm . W 91 L) M [ 1 0 07 «i 0l 0 <00 | 8 [ <o}
APES a6 | 1 | 040 0| o n 2] e [ B [ 49 1] < | oo 08 «0 0] o | <om | 12 | <01
APES &7 | 1om | 1o (T T W | e | W} 69 14 13 < | om 06 <0 01 000 | <0 | 8 | <0}
ARsan | noy | e i 300 1w | aw | e w 52 7 ] < 00 03 0 0] o | <00 | 5 | <01
amses | 1w | 1o =10 4300 (L0 i (LT 17 X 9 ] <l [ 04 <0 01 D04 | <001 | & | <01
APIS 30 | 1300 | 110 <10 4700 1 oon 480 Mo |15 il n Fi] <1 | ool 03 <0 1 004 | <001 | 5 | <01
APES 31 | 1241 | 0% =10 3 | ieboe | 70 | e | 47 | 75 £ 1 ] [ 04 <001 oM | ool <5 | <itl
aPES S | an | 1oo 10| om0 T4iuni 110 1eom 1 13 11 12 1 L] 04 <l o0l oo «3 | «ni
APES 53 1 & 110 « |l palLl] i by L L) 172 1] 1L ] nng [ %] <0 ol of) 0 L3 <1
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Appendin T Chewroe el and bologecal dans Tor AP Synopue Swady, huly 25, 1989

Secchi [Fecal colilonn Chinndes Konductanie 1} Sullaie | Besadue, T (Residue, susp] Tubndiy | Chl e i |0 s cort] Phes | NI as N] TEN a3 NINOZ » NOY|
{mescrs) (af1hd) | (mgfl) | fuMbestom) | (mghy | (mad) Ampfy ] GSTU) ) (e | () [ R0 | fme) ] (mgT) | (e} |
AUES 34 L L <10 oo - LU L L L) (G, 15 11 [ N T O Y 03 0l
AL 33 1 <10 TNNKD | 2N ELT o | e 1 B i_|_om | 04 <0l
AES 36 | 1200 | 0R6 | <1 1w WKKH CTE U T 1 H <1 <00l | o4 | oo
APES ST | 00 | 130 | <10 [F-LE FLLT 1401 A B [ b 3 1 0.0] 04 | <ttii
APES SB[ 1io0 [ TS0 | o [ ewo [ s | e [ owew |7 16 | 4 a o0l | o4 | o0
APES 59 | oM | 110 <10 9900 26K i | 11 74 4 ] <l iT) 0.4 <00)
APES 60 | 000 [ 100 <10 4700 180000 92 LK) 11 11 ] [ 2 001 04 <o)
APES 61 | 1000 | D50 <10 9400 2ALKN) 1 301 LB 11 11 16 13 2 i 04 <0 0|
APES 62 [ 1z | 120 <10 12000 25000 1500 [ 24000 6 21 4 4 <l =001 03 <001
APES 63 | 1157 | 1.20 <10 11000 oM [ jam | e | a4 ] 19 | W [] 1 I [E] <001
AMES @ | 1228 [ 120 <10 11000 | 4000 | j4in [ 39K 1 24 [ ] <l 001 04 <0 0]
: | 1783 | 080 il L] pAILLT 140 | 2N -7 [ 15 14 1 < 01 0.3 <1101
132 | 040 <10 1000 24IMK) 12001 B | M | a2 7 & 2 <001 (X} <00
143 [ 170 <1 11000 26INN) e [ kwwn L o ok [ L T 1 €l 0.0 04 < 0]
1210 [ 110 <10 1 200 TN 400 ;T ) 1% 11 ] F] <] 003 04 <0.01
1240 | 090 <10 GH0K) 2300 1204) 2400 T 8 1 [ ] 005 03 0.0}
1255 | 045 <10 10000 24000 1100 N n 1] ] ] <l 0ol 03 <0 0|
o | 110 <10 10000 260K 1500 F5IHN) 7 18 ] 2 <1 0 4 04 <001
1035 | 110 <10 990 26000) 1400 | 28000 7 11 4 3 €1 002 0.4 <00
| 1010 | 080 <10 9500 2400 1000 | 73000 6 | 19 ] 3 <1 002 0.3 <0 01
1000 | 060 <10 1900 21000 31 21000 12 47 ¢ [ ] <l 009 0.3 <001
1500 AL KN 1 LK 13 12 Z 0.0l 04 <001
1400 | 29000 3 1.7 12 11 ] 0.0l 0.4 =0 i
1400 | 25000 3 217 T 10 ) 0.0 0.3 <001
1200 | 28000 f 22 w_| 9 F] 00| 03 < 01
000 | 24000 10 13 12 11 F] 0ol 03 <00
1300) FHNN ) 16 T 18 <l 00 03 <0 01
| 20 10 49 13 1 €l 0o 0.4 <0 01
100 1800 R BT 10 [] 1 00| 04 <001
| a0 | dvoon ] 5 ) 14 13 12 2 g01_J 04 <0.01
I T S T ¥ 232 b} b1l <l 0 04 04 [0
1200 | 1% 5 ] 17 16 <l 002 0% 0.1
1200 | 18000 ] 12 12 11 2 n o7 05 0.0
[0 1HIMK) 10 ] [] [] 2 0.0 04 0.01
a0 141HK) 1 Y] [] [] ] 0o 04 <0 01
[ LT a 19 & 3 i 00l 04 [
[ IR [] 11 ] 1] 1 [T 0.6 001
90 | zwmw | 7 [ 2 i} 10 7 001 0.4 0.01
L A EL L ! . 7 PO et W LTS I am 0.5 =0.01
Ry 1 11 1 B ' S N S N N A T 11} 0.3 <00y
w0 e " e ] — 4 |5 o [ 0 [
2 | AN L. L) S VS 3 B I T A [ =l L] 0.3 <0
TV BT T [ A a4 ] BT 0.6 <001
ol e L I 41 E] m ) [T 06 <0110 T
oL PO L L L 1 49 9 K 3 LA 08 <001 028 J 0§ =3 [-<00
+J1. R . 1 e Sta | (A 44 L 1] 1L | om 0 <0 0] 036 | 013 | <3 | <ul
L0 T 10 13 _ [T 05 | 03 03 018 | oon 6 | <01 |
31| w0y 6 82 | 1% T 00y 04 04 [F] 00 [ 10 | 01
240 Ll 16 ~ g4 | 30 0 13 <0 0 06 ] 0 | o1 g | -0
b e ke 12 ] 8 2 102 03 019 016 | oos | & <
i Ei i _h 12 L | & ] 1 1 ird 0.5 031 016 | 006 | 9 | <)
. 5 1 i " 17 ] T e T 0oy 04 [EF DR | 006 16 | <thl
AVES I06 | 10%% | 000 | el | 4wa | (Hen THM | M o T an [ 5 <1 il n4 <001 EE [T <4 <
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Appendin (11 Chemical and biological dat

& Synoptic Snady, huly 29, 1909

Siation | Taw | Seceh [Fecal colifomm] OWowdes [Conshuctane 1] Sulfuie [ Reasdue, T [Reavdue, misp] Turtndoty [ O o e [ O o con[ Poen TRITY a0 NTTRN we NINOZ ¢ ol | PO TOC | Sulfude
Niambar - D) | {mgh} | fuMbosfem) | (g} | {mgfl) | (NTU) | (eaf) | (epd) | e (e | (ew) | (mwd) | (mgh) | (mel) | fmg)] e
APES 107 | 10e0 | 100 <10 6100 13000 T30 11000 1 41 i 10 I 00 06 <01} 012 | 009 | <% | <0} |
APES 108 | jo | )00 <10 A 10 860 121601 9 41 12 12 < 0.01 03 <001 011 | 008 | <% | «01
AMES 109 | 1000 [ 080 <10 &340 18000 [T 121K 12 11 7 1 | 0ol 06 «fl 0] 01 | ooy | <5 | <0)
APES 110 | 1200 | 060 <10 A 13000 0 0 1 [ 16 13 ] <001 03 001 026 | 02 5 | <01
APES 111 | 110 | 090 10 430 13000 30 w100 ] 33 n n I <001 [X] <001 0w | ol 3 | en)
APES 112 ] 1120 | 080 <10 4300 14000 410 S100 9 ] M M <l_| <00l 03 <00} 013 | 01 & | <0l
APES 118 | 129 | 060 <10 1300 11000 450 [ 14 69 1] 0 1 001 03 <001 01 | 022 | Mo | <0} |
APES 117 | 12% | 040 <10 Ton 10000 W 300 12 64 12 1 <l (1] 06 001 0y | a2y | 7 | <01
APES 118 | 1M8 | om0 <i 3700 [ 430 o 3 12 13 13 <l | <00l 03 <001 021 | 022 | 3 | <0 |
APES 117 | 1D | 080 <10 4K 11000 40 Ton 1o 4h 5 3 =1 0o 01 <001 06 | ois | 3 | <01
[APES 113 | 124 <10 1300 00 40 10000 ] 31 n 1] & <0 0 0k [T 01| 00 | < | <0l
APES 114 | 1407 | 043 <10 a0 100 20 A0 [} 44 41 u 1 <01 01 (%] (1] o | oo | & | <01
APES 115 | 1146 | 043 [ L] W00 g 4 16 ] 1 ] 0l 01 031 o0k | o004 | 21 | <0l
arEs o] 18 | 09 <\ 150 450 (] 1m0 1] L5 ] (5] n [] 001 [ «0.01 om | o [ 1w | <01
APES 121 | 1020 | 043 <10 1700 3100 190 320 & (%] 1 L2 ] 0o 03 «0.0] 025 | 01a | 8 | <01 |
APES 172 | 1340 | 043 <10 1200 (2] 1 4100 <1 51 n n ] 00 03 0.01 om | 02 T_| <01 ]
AFES 1D | 120 | 0M [[] 190 T n 50 45 14 u 41 1 00 03 012 08 | o004 | 13 | <01 |
APES 14| 1200 | 003 <18 110 4% 12 T il 1] 7 n <1 00 04 034 017 | ooy | 1 | <01
|ams o] e | on <10 4n0 1700 15 w0 10 0 ET] N [ 00} 0.6 (1] 07 | 007 | i1z | <01 |
APES 126 | 1033 | 030 <10 M 1 1] ™ 13 16 7] - [ 0.01 [T (1 02 | 00y | 13 | <01 |
APES 177 | 1040 | 040 [[] L] " <3 110 <l 16 i] 1 =1 0.1 04 (3] 015 | 001 | Ns | <o)
APES 118 | 1010 &0 <) [ <3 130 11 L] 2 1 <l ol 03 [} 014 002 1] <fi |




Apcendix |V, Melals dala from the AP Synoplic Study, July 25, 15885

Siation Cadmium [Chromium Copoer | Mickel | Lead r Zing | Aluminum | Beryllium | Cobah Iren ihl.a.l'qa"ﬁa! Arsanic | Mercury
Number (pgilh | (wg/l) [fugdi g tugriifiugii) fugl) (gt [{uwgil)l (pgftyl (uall) | (g} | (wgil}
AFES <2 0 <25 <20 <10 <10 <10 650 <25 , <50 2400 <25 <10 <0.2
APES 2 <20 <25 3.4 =10 =10 <10 620 =25 <50 3200 =25 <10 =02
APES 3 c2 <25 2.1 <10 | <10 <10 E4D <25 <50 | 2000 €25 <10 «0.2
APES 4 <2 0 <25 22 <10 <10 <10 230 <25 «50 S00 79 <10 <02
APES S 2.0 <23 20 | «10 | «10 <10 aco =25 =50 830 83 <10 «0.2
APES & 2.0 <25 <2.0 <10 <10 <10 250 <25 <50 220 76 <10 0.2
APES T 2.0 <25 2.2 <10 <10 14 260 =25 <50 240 46 <10 <02
APES S <20 <25 <2.0 <10 <10 <10 250 <25 <50 §60 <25 =10 0.2
APES @ 2.0 «25 <20 =10 =10 =10 <50 <25 <50 78 <25 <10 «<0.2
APES 10 2.0 <25 <20 <10 =10 <10 130 <25 =50 430 <25 <10 <02
APES 11 <20 =25 3.8 <10 <10 <10 180 <25 =50 E40 <25 <10 <02
APES 12 2.0 <25 4.3 <10 <10 <10 270 <25 <50 B20 <25 <10 <0 2
APES 13 =20 <25 <20 <10 <10 <10 400 <25 <50 1100 <25 <10 0.2
APES 14 =20 <25 <20 <10 =10 <10 280 <25 <50 560 65 <10 <02
APES 15 <2 0 <25 =2.0 =10 <10 <10 150 <25 <50 410 <25 <10 <0 2
APES 15 <20 €23 12 <10 | <10 <10 170 <25 <50 | 1800 =25 <10 =02
APEST <2.0 <25 [N} <10 <10 <10 180 =25 <50 | 540 <25 <10 <0 2
APES 18 <2.0 <25 2.1 <10 <10 <10 270 <25 <50 480 <25 <10 «0.2
APES 19 <2.0 <25 <2.0 <10 <10 <10 170 <28 <50 180 <25 <10 <02
APES20 | <2.0 =25 56 <10 <10 <10 260 <25 <50 700 <25 <10 <0 2
APES 21 <20 =25 2.7 <10 <10 <10 290 <25 <50 E20 <25 <10 <0 2
AFES 22 <2 0 <25 «20 | <10 | <10 <10 380 <25 <50 E70 <25 <10 <0 2
APES 23 <20 =25 2 <10 =10 <10 : - T <25 =50 160 <25 <10 <0 2
APES 24 <20 =25 <20 | «10 | <10 <10 100 <25 <50 150 <25 <10 <0 2
APES 25 «2.0 <25 2 =10 <10 <10 120 <25 <50 180 <25 =10 =0 2
APES 26 2.0 <25 2.2 <10 <10 <10 Ed4 <25 <50 130 <25 <10 0.2
APES 27 <2 0 <25 <20 | <10 <10 | <10 62 <25 <50 120 <25 <10 <02
APES 28 <2.0 =25 <20 | <10 | <10 | <10 280 | <25 <50 240 <25 <10 <0.2
APES 29 =20 <25 <2.0 <10 =10 |. <10 180 =25 =50 300 <25 <10 <0.2
APES 30 =20 <25 3.2 <10 =10 <10 170 <25 <50 140 <25 <10 <0 2
APES 21 2.0 =25 <20 | <10 | =10 | <10 100 <25 <50 130 <28 <10 <0.2
APES 32 <20 =25 <2.0 =10 =10 <10 160 <25 <50 170 <25 <10 <0.2
APES 33 <20 <25 2.1 <10 <10 <10 120 <25 <50 260 <25 <10 =02
AFES 14 <20 <25 <20 <10 <10 <10 180 <25 <50 1890 40 <10 <0 2
AFES 315 «2.0 <25 2.9 <10 <10 <10 130 | <25 <50 180 a3 <10 <0 2
APES 36 <20 <25 3.4 | <10 | «10 | «10 110 | <25 <50 | 150 id <10 =02
APES 37 2.0 <25 <2 0 <10 <10 <10 130 <25 <50 200 55 <10 <02
APES 18 20 <25 2.0 <10 <10 <10 230 <25 <50 340 <25 <10 <02
AFES 3% <2.0 =25 3.6 <10 <10 <10 210 =25 <50 360 <25 <10 <0 2
APES 40 =20 =25 <2.0 <10 <10 <10 300 <25 <50 420 <25 <10 =0 .2
APES 41 <20 <25 2.8 <10 | <10 | <10 280 <25 <50 420 <25 <10 <0 2
|APES 42 <20 <25 <20 | <10 | <10 | <10 420 <25 <50 340 <25 <10 <02
APES 43 =20 =25 2.4 «10 | <10 | <10 240 <25 <50 290 <25 <10 <02
APES 44 =20 <25 <2.0 <10 <10 <10 220 <25 <50 330 <25 <10 <0 2
APES 45 <20 <25 <20 <10 <10 <10 180 <25 <50 280 36 =10 02
APES 45 <2 0 <25 2.1 <10 <10 <10 210 <25 <50 210 28 <10 <02
APES 4T | <20 <25 2.6 <10 =10 <10 210 <25 <50 230 44 <10 <02
APES4E | 20 =25 =20 | <10 | <10 | <10 130 =25 <50 | 130 <25 <10 <0 2
APES 45 «2.0 <25 2 <10 <10 <10 160 <25 <50 180 2% <10 <0 2
APES 5D <2 0 <25 <20 <10 <10 <10 180 <25 <50 200 32 <10 <0 2
APES 51 €20 | =35 <2.0 =10 <10 =10 260 <25 <50 260 <25 <10 <0 2
APES 52 <20 =25 «2.0 <10 <10 <10 62 <25 <50 75 <25 <10 <0 2
APES 53 <2 0 =25 <2.0 <10 <10 <10 82 <25 <50 iso <23 <10 <0 2
APES 54 <2 0 <25 &7 <10 <10 =10 55 <25 <50 g8 <25 <10 0.2
APES 55 =20 =25 «20 | «10 | «10 | <10 52 <25 <50 65 <25 <10 <0 2
APES 55 «2.0 <25 2.0 <10 <10 <10 50 <25 <50 <50 <25 <10 <02
[AFES 5T =20 <25 =20 | <10 <10 <10 <50 <25 <50 <50 <25 <10 <02
APES 58 20 <28 21 <10 | <10 =10 <50 <28 <50 <E0 <28 <10 <02
AFES 58 <20 =25 =2.0 <10 <10 <10 280 <25 <50 170 =25 =10 <02
APES &0 <2 0 <25 2.1 <10 =10 <10 210 <25 <50 120 <25 <10 0.2
APES 61 <2 0 =25 <20 | <10 | <10 <10 BiD <25 <50 450 <25 <10 <0 02
APES 62 <20 =25 <20 | «10 | <10 <10 BO <25 <50 100 <25 <10 <.02
APES B3 <2 0 <25 2.2 <10 =10 <10 100 <25 <50 68 <25 =10 =0 2
APES B4 <2.0 <25 2.0 <10 =10 <10 100 <25 <50 T4 <25 <10 <02
APES ES =2.0 <25 =20 | <10 | <10 | <10 oo «25 <50 | 180 <25 =10 =0 2
APES 66 2.0 <25 2.2 <10 iz <10 BEC <25 <50 430 <25 <10 <0 2
APES 67 <20 <25 <20 <10 <10 <10 <50 <25 <50 <50 <25 <10 <02
APES 68 20 =25 2.1 <10 <10 | <10 50 <25 <50 <50 | <25 | «10 <0 2
APES B9 <20 | «25 2.8 =10 <10 I <10 250 <25 <50 160 | <25 | <18 <0 2

=-5£5=



Appendiz IV, Melals data from the AP Synoplic Study, July 25, 1885

Stanon Cadmium|Chromium Copper | Nickel| Lead | Zine | Aluminum | Beryllium| Cebafl | Iren Marganese Arseric | Mercury
Number (/M) ! [wgdl] | [wg/ii{pgiy(pgil)ifugiti] [pg/i) tugi] Tdug/il tuginy ] Jpgsy | [pugfih ) dug/l)
AFES 7O <20 <25 <20 <10 <10 <10 53 <25 <50 <50 <25 <10 <0 2
APES T <2 .0 <25 2.6 <10 <10 <10 <50 <25 <50 <50 <25 <10 0.2
AFES T2 <2 0 <25 2.5 <10 <10 <10 <50 <25 <50 <50 <25 <10 <0.2
APEE T3 <2 0 <25 2.1 <10 <10 <10 56 <25 <50 <50 <25 <10 0.2
AFPES T4 <20 <25 <20 <10 <10 <10 150 <25 <50 7T <258 <10 <0.2
|APES 75 <2.0 <23 <20 | «10 | <10 <10 100 <25 <50 98 <25 =10 <0.2
APES T& 2.0 <25 <2.0 <10 <10 <10 <50 <25 <50 110 <25 <10 =02
APES 77 <20 <25 g1 <10 | <10 <10 a7 <25 <50 120 <25 <10 02
AFES T8 <20 <25 <20 <10 <10 <10 ES <25 <50 67 <25 <10 <0 2
APES T8 <20 <25 <20 <10 <10 <10 120 <25 <50 1] <25 <10 <0 2
APES 80 <20 <25 <20 <10 <10 <10 <50 <25 <50 120 <25 <10 <0 2
APES 81 2.0 <25 2.2 <10 <10 <10 180 <25 <50 180 <25 <10 <02
APES 82 <2.0 <25 <2 0 <1l <10 <1 63 <25 <50 99 <25 <10 <02
AFPES B3 <20 =25 <2 0 <10 <10 <10 75 <25 <50 54 <25 <10 <0 2
ﬂﬁ-ﬂl <20 <25 <2.0 <10 =10 <10 <50 <25 <50 <50 | a3 <10 =0 2
AFPES 85 <2.0 <25 2.6 <10 <10 <10 <50 <25 <50 <50 28 <10 <02
APES 85 <2.0 <25 <2.0 <10 <10 <19 54 <25 <50 &2 2% <10 <0 2
AFPES 87 <20 <25 <2 0 <10 <10 <10 71 <25 <50 74 45 <10 <0 2
APES 88 2.0 €25 <20 | <10 | <10 <10 170 <25 <50 84 LX) =10 <02 |
AFEE 89 <2.0 <25 <20 <10 <10 <10 <50 <25 <50 <50 1] <10 C B4
APES 90 <20 <25 2 <10 <10 <10 <50 <25 I <50 [ <50 i 4 <10 =0 2
AFES 81 <2.0 <25 «2.0 <10 <10 <10 <50 €25 | £80 | <50 s <10 <0 2
APES 92 <20 <25 <20 | <10 | <10 <10 43 <25 | <50 | 72 100 <10 <02
APES 93 <2.0 <25 2 <10 | <10 | <10 <50 <25 | <50 | <50 T4 <10 <0 2
APES o4 <2.0 <25 <20 <10 <10 <10 <50 <25 <50 | 78 X <10 <0 2
APES 85 2 0 <25 <20 <10 <10 <10 <50 <25 <50 <50 E7 <10 <0 2
APES 96 <20 <25 <20 | <10 | <10 <10 110 <28 <50 180 92 <10 0.2
AFES §7 <2.0 <25 <20 <10 <10 <10 B0 <25 <50 T4 5d <1Q <02
AFES 58 <2 0 <25 E.5 =10 <10 =10 T6 <25 <50 120 LR <10 =02
AFES 99 <20 <25 26 <10 | <10 <10 72 <25 <50 L] 43 <10 0.2
AFES 100 <20 <25 3 <10 <10 <10 | 7oo <25 <50 1000 120 <10 <0 2
APES 101 <20 <25 3.8 <10 <10 <10 | ETD <Z5 <50 8930 150 <10 <l 2
APES 102 | <2 0 <25 <20 <10 <10 <10 230 <25 <50 A70 | 180 <10 0 2
APES 103 <20 <25 3.5 <10 <10 <10 E2D <25 <50 1100 | 51 <10 }_ <02
APES 104 <20 {25 d 4 <10 <10 <10 T80 <25 <50 1200 1 d5 <10 <0 2
APES 105 <20 <25 2.5 <10 <10 <10 770 <25 <50 | 1200 48 <10 <0 2
APES 108 <20 <25 <20 <10 <10 <1d 110 | =25 <50 8 50 <10 «0 2
APES 107 <20 <25 <20 | <10 | <10 <10 <50 | <25 <50 <50 <25 <10 <0 7
APES 108 <2.0 <25 <2.0 <10 <10 <10 €8 | <25 <50 <50 <25 <10 3.2
APES 109 <20 <28 <20 | <10 | <10 <10 <50 | <28 <50 <50 <28 <10 0.47
APES 110 <20 <25 <20 | <10 | <10 <10 zd0 <25 <50 120 E7 <10 0.2
APES 111 <2.0 <25 <2.0 <10 <10 az <50 <25 <50 <50 e <10 <0 2
APES 112 <2.0 <25 <2.0 <10 <10 <10 <50 <25 <50 <50 34 <10 <0 2
APES 116 <20 <25 2.4 <10 <10 <10 220 <25 <50 130 &7 <10 <02
APES 117 <20 <25 <2.0 <10 <10 <10 210 <25 <50 140 88 <10 <0 2
APES 118 <2 0 <25 2.0 <10 <10 <19 <50 <25 <50 <50 57 <10 <02
APES 1.3 <20 <25 <2 0 <10 <18 <10 130 <25 <50 | A7 74 <18 <l 2
APES 113 =20 <25 24 <10 =10 <10 120 =25 «50 | 130 56 <10 <02
APES 114 <2 0 <25 20 <10 <10 <10 180 <25 <50 | 220 &8 <10 =0 2
APES 115 | <20 <25 23 | <10 | <10 | «<t0 450 <25 | <50 | 710 4d <10 <0 2
AFES 120 <20 <25 <20 | <10 | <10 <10 290 «25 | «50 | 3s0 120 <10 <02
APES 121 <2 0 <25 <20 | <10 | <10 | <10 140 <25 | <50 | 220 71 <10 <02
APES 122 <20 -4'3_5 <2 0 <10 <10 <10 140 <25 | <50 | 24D g3 <10 <l 2
APES 122 «2.0 <25 <2 0 <10 <13 <10 850 <25 <50 | 1200 110 <10 0.2
AFES 124 2.0 <25 <20 | <10 <10 <10 1100 <25 <50 [ 1300 B3 <10 <02
APES 125 <2 0 <25 d B <10 <10 <10 580 <25 <50 | 760 220 =10 <0 2
APES 126 <2 0 <25 7.4 <10 <10 <10 BOD <25 <50 | 1180 316 <10 <02
APES 127 <20 <25 2.8 <10 <10 <10 1400 <25 <50 1800 55 <10 0.2
APES 128 | <20 <25 43 | <10 | <10 | «10 1300 <25 <50 | 1700 60 <10 =02
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