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INTRODUCTION

In the summer of 1984 a comprehensive water quality
monitoring program was initiated for the Chesapeake Bay
system. Funding for monitoring of the main stem of
Chesapeake Bay was provided by the U.S. Environmental
Protection Agency, while monitoring of the tributaries to
the bay was supported by the states of Virginia and
Maryland, and the District of Columbia. This monitoring
program had three goals:

(1) characterization of water quality conditions,

(2) detection of trends in water quality,

(3) creation of a data base that would allow
scientists to propose hypotheses regarding the
processes controlling water quality.

The purpose of this report is to characterize water
quality conditions during the 1990 water year, October
1989 through September 1990. For the most part, the
information is provided in graphical format. Only data
for the Virginia portion of Chesapeake Bay is included.
No data analysis or interpretation is included, since this
is the stated purpose of a number of other reports.

This report will be useful to both scientists and
managers who need ready access to some portion of the data
on a regular basis. With this report it is possible to
quickly examine seasonal patterns, compare conditions at
two stations, or see if surface and bottom conditions
differed significantly. Trends, inter-annual variations
and other important considerations are treated in other
reports.

DESCRIPTION OF THE MONITORING PROGRAM

The Chesapeake Bay monitoring program includes some
fifty stations within the bay proper or at the confluence
of a tributary and the bay. Twenty-eight of those
stations are located in Virginia. The responsibility for
the monitoring in Virginia is shared between the Virginia
Institute of Marine Science (VIMS) and Old Dominion
University (ODU). VIMS samples the mid-portion of the
bay, Mobjack Bay, and at the mouths of the Great Wicomico,
Rappahannock, Piankiatank, York, Poquoson, and Back
Rivers. ODU samples the lower portion of the bay and at
the mouth of the James River. Station locations and
depths are listed in Table 1, and locations are shown in
Figure 1.



Table 1. Location of Chesapeake Bay Water Quality

Monitoring Stations

Sampled by VIMS

Station Latitude Longitude Depth
(M)
CB5.3 *x* 37 57.17 76 10.0 23
CB5.4 37 48.0 76 10.5 33
CB5.5 37 41.5 76 11.4 20
CB6.1 37 35.3 76 9.8 13
CB6.2 37 29.2 76 9.4 11
CB6.3 37 24.7 76 9.6 12
EE3.1 37 54.5 75 47.5 4
EE3.2 37 47.6 75 50.6 26
CB7.1N 37 46.5 75 58.5 32
CB7.1 37 41.0 75 59.4 25
CB7.1S 37 34.9 76 3.5 16
CB5.4W 37 48.8 76 17.7 5
CB7.2 37 24.7 76 4.8 23
CB7.2E 37 24.7 76 1.5 14
LE3.6 37 35.8 76 17.1 10
LE3.7 37 31.8 76 18.4 8
WE4.1 37 18.7 76 20.8 6
WE4.2 37 14.5 76 23.2 15
WE4.3 37 10.6 76 22.4 6
WE4.4 37 6.6 76 17.6 8

Station CB5.3 was dropped from the sampling schedule
in May, 1990.

Sampled by ODU

Station Latitude Longitude Depth
(M)
CB6.4 37 14.2 76 12.5 11
CB7.3 37 7.0 76 7.5 14
CB7.4 36 59.6 76 0.6 14
CB7.4N 37 3.5 75 58.4 13
CB8.1lE 36 56.7 76 1.5 18
CBS8.1 36 59.3 76 10.1 9
CB7.3E 37 13.7 76 3.3 20
LES5.5 36 59.8 76 18.2 21



Figure 1. Map of Monitoring Stations




This report covers the 1990 water year (October 1989
through September 1990). Sampling occurs twice per month
during the warmer part of the year and once per month
during colder months. During the 1990 water year, the
once per month sampling occurred in October 1989 through
March 1990 (see Table 2). All of the institutions attempt
to complete the sampling at all bay and tributary stations
within a three day window, typically Monday through
Wednesday of the chosen week. These sampling periods are
determined in advance with scheduling dictated in large
part by the availability of research vessels. The time of
sampling within the three day period is determined by each
institution, with weather conditions frequently playing a
major role in timing. No attempt is made to schedule the
sampling at any lunar phase or to sample individual
stations at particular tidal phases. Note that the twice
per month frequency means that roughly the same stage of
the lunar cycle will be captured, except when there is a
three week interval, and the sampling switches to a
different phase of the lunar cycle.

At each station, a standard protocol for sampling is
followed. (See the Field Procedures Manual and the
Instrument Calibration Manual for details.) Observations
on sea state, weather conditions, and water clarity
(Secchi depth reading) are made at each station when
possible. The physical setting is monitored using
continuous profiling instruments. Water temperature,
conductivity, dissolved oxygen (DO), and pH readings are
recorded at one meter intervals beginning at one meter
below the surface (the surface sample) and continuing
until one meter above the bottom (the bottom sample). At
stations greater than 15 meters deep, measurements are
recorded at one meter intervals for the first 15 meters,
and two meters thereafter.

Water samples are collected at each station to
determine water quality conditions. Each sample is
analyzed for nutrients (carbon, nitrogen, phosphorus,
silica), chlorophyll, and suspended solids. The complete
list of analyses is given in Table 3. (See the Laboratory
Procedures Manual for further details on nutrient
analyses.)

Samples are collected one meter below the surface and
one meter above the bottom at all stations. Additional
samples are collected at the deep "main stem" stations -
CB5.3, CB5.4, CB5.5, CB6.1, CB6.2, CB6.3, CB6.4, CB7.3,
and CB7.4. If the water column shows 1little density
stratification, the additional samples are collected at
1/3rd and 2/3rd depths. If there is appreciable
stratification, the samples are collected one meter above
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and one meter below the pycnocline, the layer within which
density changes rapidly. The precise depths for sample
collection are determined using the algorithm in Table 4.



Table 2. Date when each station was sampled during each
month of the 1990 water year.

Oct. Nov. Dec. Jan. Feb. March

89 89 89 90 90 90
CB5.3 10 14 11 9 6 5
CB5.4 10 13 11 9 5 5
CB5.5 10 13 11 9 5 5
CB6.1 9 13 12 9 5 6
CB6.2 9 13 12 8 5 6
CB6.3 9 13 12 8 6 6
CB6.4 10 13 14 9 6 5
CB7.3 10 13 14 9 6 5
CB7.4 10 13 14 9 6 5
CB7.4N 10 13 14 9 6 5
CBS8.1lE 10 13 14 9 6 5
CB8.1 10 13 14 9 6 5
EE3.1 9 14 11 8 6 6
EE3.2 9 14 11 8 6 6
CB7.1N 10 14 11 8 6 5
CB7.1 9 14 11 8 6 6
CB7.18 9 13 12 8 6 6
CB5.4W 10 14 11 9 5 5
CB7.2 10 13 12 8 6 6
CB7.2E 10 13 12 8 6 6
CB7.3E 10 13 14 9 6 5
LE3.6 9 13 12 9 5 6
LE3.7 9 13 12 9 5 )
WE4.1 10 13 12 8 6 5
WE4.2 9 13 11 8 5 5
WE4.3 10 13 12 8 6 5
WE4.4 10 13 12 9 6 5
LES5.5 10 13 14 9 6 5




Table 2 (cont.). Date when each station was sampled during each
month of the 1990 water year.
April May June July Aug. Sep.
90 90 90 90 90 90
CB5.3 9, 16 - - - - -
CB5.4 9, 16 14, 29 12, 25 16, 31 13, 27 10, 24
CB5.5 10, 17 14, 29 12, 25 le, 31 13, 27 10, 24
CB6.1 10, 17 14, 29 12, 25 16, 31 13, 27 10, 24
CB6.2 12, 17 14, 29 13, 25 16, 31 13, 27 10, 24
CB6.3 12, 16 14, 29 11, 25 16, 31 13, 27 10, 25
CB6.4 9, 16 16, 31 13, 26 17, 30 14, 28 11, 24
CB7.3 9, 16 16, 31 13, 26 17, 30 14, 28 11, 24
CB7.4 9, 16 16, 31 13, 26 17, 30 14, 28 11, 24
CB7.4N 9, 16 le, 31 13, 26 17, 30 14, 28 11, 24
CB8.1E 9, 16 16, 31 13, 26 17, 30 14, 28 11, 24
CB8.1 9, 16 l6, 31 13, 26 17, 30 14, 28 11, 24
EE3.1 9, 16 15, 30 12, 26 17, - 1, 15, 28 11, 25
EE3.2 9, 16 15, 30 12, 26 16, - 1, 15, 28 11, 25
CB7.1N 9, 16 14, 30 13, 25 16, - 1, 15, 27 11, 24
CB7.1 9, 16 15, 31 13, 26 17, - 1, 15, 28 11, 25
CB7.18 12, 17 15, 31 13, 26 17, - 1, 15, 28 11, 25
CB5.4W 9, 17 14, 29 12, 25 16, 31 13, 27 10, 24
CB7.2 12, 16 15, 31 13, 26 17, - 1, 15, 28 11, 25
CB7.2E 12, 16 15, 31 13, 26 17, - 1, 15, 28 11, 25
CB7.3E 9, 16 16, 31 13, 26 17, 30 14, 28 11, 24
LE3.6 10, 17 15, 31 12, 25 le, 31 13, 27 10, 24
LE3.7 12, 17 15, 31 11, 25 16, 31 13, 27 10, 24
WE4.1 12, 20 14, 29 11, 25 16, 31 14, 28 11, 27
WE4.2 13, 16 14, 29 11, 25 16, 31 13, 27 10, 24
WE4.3 13, 17 14, - 1, 12, 16, 31 14, 28 11, 27
25
WE4.4 13, 17 15, - 1, 12, 16, 31 14, 28 11, 27
25
LES.5 9, 16 16, 31 13, 26 17, 30 14, 28 11, 24




Table 3. Water Quality Analyses

Carbon
Particulate carbon
Dissolved organic carbon

Nitrogen
Particulate nitrogen
Total dissolved nitrogen
Ammonia-nitrogen
Nitrite-nitrogen
Nitrate+nitrite-nitrogen

Phosphorus
Particulate phosphorus
Total dissolved phosphorus
Ortho-phosphate

Silica
Dissolved silica

Chlorophyll-A
Total suspended solids

Table 4. Algorithm to determine pycnocline location
and sampling depths

(Cond.at Bottom - Cond.at Surface)

(Total DEpth = 0.5) X 2 = Threshold value

where cond. = conductivity.

If the threshold value is less then 0.5, then samples
are taken at one-third and two-thirds depths.

If the threshold value is greater then 0.5, then a
sample is taken one meter above the first occurrence
(proceeding from the surface to the bottom) where the
change in conductivity between depths is greater than the
threshold value and another sample is taken one meter
below the last occurrence where the change in conductivity
between depths is greater than the threshold value.



RESULTS

The monitoring results are presented in tables and
figures in the appendices and are arranged by water
quality analysis. For each measure of water quality, the
maximum, mean, and minimum values observed at each station
during the year are listed in the table. These statistics
are given for both the surface and bottom sampling points.
These tables then show the range of values encountered
during the year, the mean conditions, and they also show
whether there are surface to bottom differences.

Following the table, the data for each station has
been plotted, so that the seasonal cycle can be seen.
When there were two cruises during a month, the data from
the two cruises have been combined. The surface and
bottom values are presently independently, along with the
monthly maximum, minimum, and mean concentrations. The
maximum and minimum values at the surface are presented as
"whiskers" and the maximum and minimum values at the
bottom are presented as "boxes".

Only data for the surface and bottom samples have
been tabulated and plotted; no pycnocline results are
included. This is noted so there is no confusion with
surface mixed layer or bottom mixed layer values, which
would be determined by averaging the surface and above
pycnocline results, or the below pycnocline and bottom
results.

Perhaps the single most important measure of water
quality is the dissolved oxygen (DO) concentration. For
estuarine waters in Virginia, state water quality
standards specify that the daily average DO concentration
should be 5.0 mg/l or greater and that no observation
should be below 4.0 mg/l. The portion of the observations
below 5 mg/l and below 4 mg/l have been calculated for
each station and are included in the DO section.

In addition to the water quality parameters measured
directly, several other parameters have been calculated
and plotted. Salinity is determined using water
temperature and conductivity observations and the UNESCO
Equations of State (UNESCO, 1983). Total phosphorus and
total nitrogen have been calculated by summing the values
for the particulate and total dissolved fractions.
Chlorophyll-a has been calculated using a trichromatic
formulate (ASTM method D 3731-79).
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SECCHI DISK

Values reported as meters.
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Secchi Disk
October, 1989 - September, 1990

Secchi Disk
(M)
Max Mean Min
Station
CB5.3.ccccecccacs 2.70 1.72 1.30
CBS5.4.....c000... 2.80 1.91 1.30
CB5.5..ccccccaces 2.50 1.78 1.20
CB6.1......00.... 2.50 1.67 1.10
CB6.2..ccccececen 2.50 1.62 1.00
CB6.3..... ceesoes 2.00 1.58 0.90
CB6.4.......00... 4.20 2.01 1.20
CB7.3..cccccccces 5.20 2.37 1.10
CB7.4...ccc0ccenne 6.30 3.21 1.10
CB7.4N....cccc... 4.80 2.82 1.30
CB8.1E......ccc.- 4.70 2.12 1.00
CB8.1l....cccccaenn 4.10 2.15 1.20
EE3.1.....00000. 1.70 1.02 0.60
EE3.2...... cecnaen 2.70 1.38 0.80
CB7.1N...ccccvene 2.60 1.64 1.10
CB7.1....... ceces 3.10 1.84 1.30
CB7.1S..cccecececs 3.60 1.91 1.30
CB5.4W...ccececan 1.90 1.37 0.80
CB7.2..cececceen- 3.60 1.94 1.20
CB7.2E...ccccue.. 3.30 1.91 1.10
CB7.3E..cccececcnns 3.40 2.09 1.20
LE3.6...cccceeeees 3.20 1.67 1.20
LE3.7..eeeeeeacans 2.70 1.57 1.00
WE4.1l.....000.0.... 2.20 1.46 0.80
WE4.2. ... 2.70 1.64 1.10
WE4.3....00000..n 2.30 1.33 0.60
WE4.4.....00000. 1.70 1.14 0.70
LES.5..cccceccencs 3.30 1.65 1.10
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WATER TEMPERATURE

Values reported as degrees Centigrade.
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Water Temperature

October, 1989 - September, 1990
Water Temperature
(°Cc)
Surface Bottom
Max Mean Min Max Mean Min
Station

CB5.3...c0cceeeass.} 17.55 9.20 1.30 19.48 9.04 1.01
CBS5.4.c0ccecceaes| 27.93 17.57 1.38 26.01 16.64 1.27
CB5.5.00cevcecees| 28.69 17.62 1.35 26.20 16.72 1.43
CB6.l...cceceecnn 29.19 17.72 1.52 26.18 16.82 1.58
CB6.2..coveucens .| 27.40 17.35 1.63 26.27 16.83 1.58
CB6.3...cccccec.e 27.76 17.75 1.59 26.26 16.93 1.58
CB6.4...ccceeecee 27.54 17.31 1.99 26.58 16.36 2.75
CB7.3..ccccccacecen 27.97 17.86 2.39 26.05 16.68 3.29
CB7.4...cc0cucenn 26.32 17.35 3.83 25.66 16.05 3.95
CB7.4N...... cee..] 26.91 17.37 4.27 26.73 17.21 3.68
CB8.1E..ecccacans 26.21 17.24 3.53 25.25 16.15 4.08
CB8.l...ccoeveva.| 26.73 17.30 2.43 25.43 16.79 2.64
EE3.1l..ccceecaces| 27.94 17.54 1.97 27.94 17.05 1.96
EE3.2ccceecncenens 27.50 17.02 1.68 27.44 16.80 1.20
CB7.1N...cceveeen 27.44 17.06 1.49 26.94 16.87 1.13
CB7.1.cccccececce 27.74 17.28 1.27 26.46 17.23 1.27
CB7.1S...ccccce-. 28.07 18.04 1.48 26.39 16.89 1.47
CB5.4W.....cc000 28.53 17.30 1.64 28.53 17.38 1.70
CB7.2..ceeeccnees 28.34 18.12 1.56 26.49 17.02 2.47
CB7.2E..cccceccns 28.11 17.50 1.89 26.65 17.14 1.80
CB7.3E.ccceceanns 27.34 17.52 1.73 26.76 16.26 3.35
LE3.6..c.cceeennn 28.21 17.95 2.07 27.30 17.24 1.81
LE3.7..ccececccens 28.23 18.47 2.83 27.85 17.69 2.40
WE4.l...coeeeanne 28.80 17.85 2.20 27.82 17.62 2.42
WE4.2...ccceccnann 27.57 17.76 2.18 27.40 17.23 2.53
WE4.3....000000...] 28.05 17.87 2.26 28.57 17.60 3.06
WE4.4.c0eeeeeeeas| 28.45 17.81 3.51 27.77 17.56 3.73
LES.5.000000eee..| 28.35 18.27 3.62 26.42 17.24 3.21
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SALINITY

Salinity is calculated using UNESCO 83 EOS

and is reported as practical salinity (PS).
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Salinity
October, 1989 - September, 1990

Salinity
(PS)
Surface Bottam
Max Mean Min Max Mean Min
Station

CB5.3..0ccec-.-..| 15.44 13.82 10.02 22.89 19.54 16.30
CB5.4.....0000... 16.82 14.40 12.41 25.95 20.97 16.02
CB5.5.c.cecc0eees| 17.63 15.02 13.09 25.56 20.05 16.29
CB6.l...ccosoeees| 18.76 15.88 13.25 26.46 20.24 15.92
CB6.2....c00c0...] 19.52 16.55 13.85 26.39 20.57 16.86
CB6.3..cceeseeees| 18.71 16.76 13.81 26.15 21.18 17.31
CB6.4........ eees| 21.30 18.48 15.60 26.90 21.47 17.30
CB7.3..ccc... ceee| 24.10 21.10 17.70 30.40 27.11 22.90
CB7.4...... eeeess| 29.60 | -26.05 22.00 32.60 29.86 23.80
CB7.4N....cccveen 32.00 27.01 21.20 32.00 29.35 23.70
CB8.1E..... cessa.| 28.60 23.76 19.70 33.10 29.92 24.70
CB8.l....ccececan 24.00 21.29 18.00 30.00 25.25 21.50
EE3.1....c0c000 .. 19.27 16.10 12.94 19.14 16.47 14.99
EE3.2...cccceaees| 19.63 17.23 15.33 24.41 18.58 16.10
CB7.1N........ ...] 18.32 16.22 13.95 24.87 18.75 16.08
CB7.1...00cuecnnnn 19.73 17.16 14.70 26.05 20.73 17.58
CB7.1S...ccceecee 20.21 17.59 15.09 26.93 21.79 18.64
CBS.4W....... see.| 16.25 14.18 12.83 17.65 14.38 12.83
CB7.2.ccceccacen .l 19.99 17.99 14.56 28.65 25.02 22.02
CB7.2E...cecceese 22.08 19.76 17.35 27.60 22.22 19.89
CB7.3E..cecececee 24.10 21.65 17.40 29.10 25.69 21.60
LE3.6....00c... ..l 16.47 14.73 13.53 18.91 16.09 13.91
LE3.7c.eeececenas 16.71 15.26 14.01 18.09 15.59 14.25
WE4.1l......000... .{ 20.97 18.71 17.61 20.00 18.97 17.82
WE4.2....00000...] 21.03 18.70 15.64 24.72 20.99 18.62
WE4.3...00e0veees| 21.25 18.98 17.10 21.77 19.23 17.40
WE4.4............| 20.64 18.99 17.63 20.69 19.23 17.57
LE5.5.ccceeeassces] 22.90 18.80 14.10 29.90 24.87 18.90
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