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INTRODUCTION

Mississippi Sound (Figure 1), located on the northeastern Gulf
of Mexico, is an elongate water body with its major axis oriented
parallel to the Gulf. A series of barrier islands mark the seaward
boundary of the Sound. Some of these jslands: Dauphin, Petit Bois,
Horn and Ship, are a part of the Gulf Islands National Seashore.

The western boundary bisects Halfmoon Isiand, formerly known as Grand
Island. Narrow peninsuias and shallow shell reefs connecting Dauphin
Island to the mainland separate the Sound from Mobile Bay on the east.

The tides of Mississippi Sound are diurnal with an average range
of 1.8 feet at Biloxi Bay. The two principal diurnal components of
the tide are Ky and 0y with periods of 23.93 and 25.84 hours,
respectively. The tides are modified by the bathymetry, geometry of
the basin, river discharge and winds. Sustained south and southeast
winds push water into the Sound piling it against the mainland. North
winds have the opposite effect, driving the water out.

The Sound is a relatively shallow basin with an average depth of
9.9 feet. The greater depths, caused by tidal scouring action, are
located at the immediate western tips of the islands., A second,
shallower cut is found about midway of the pass between Horn and Ship
jslands. With the exception of these deep cuts, the passes are
predominantly shoal areas. In the Sound west of Cat Island is an

extensive area of both 1ive and dead oyster reefs.



Three channels traverse Mississippi Sound from the Gulf to the
mainland. The ports at Pascagoula and Gulfport have deep water access
by two of these channels with authorized depths of 40 and 32 feet,
respectively. The third, Biloxi Channel, used primarily by barge,
commercial fishing fleet and pleasure craft, has an authorized depth
of 12 feet. A fourth channel, the Intracoastal Waterway, spans the
east-west length of the Sound. Since the natural bathymetry along
the waterway is greater than the authorized depth of 12 feet except
in the area west of Cat Island and east of the west tip of Dauphin
Island, dredging is necessary only in these shallower areas. The
customary practice of disposal of dredge spoil from maintenance
dredging operations in this area has been placement of the spoil
alongside the channel.

Pascagoula River empties directly into the Sound with an average
flow of 13,369.4 cubic feet per second. The Biloxi and Tchoutacabouffa
rivers with average fiows of 493.5 CFS and 436.6 CFS, respectively,
reach the Sound via Biloxi Bay. The Jourdan and Wolf rivers empty
into St. Louis Bay with average flows, respectively, of 1,535.4 CFS
and 705.9 CFS. The mouth of the Pearl River is located on Lake
Borgne approximately 3.5 miles west of the boundary where the lake
and Sound waters merge indistinguishably. Pearl River has an average
flow of 11,580.3 CFS. It has been estimated (Austin 1954) that
one-fifth of the discharge from Mobile Bay is diverted into Mississippi
Sound mainly via Grants Pass. Besides rainfall and direct runoff,
additional fresh water is contributed to the Sound by numerous tidal

bayous.



Mississippi Sound, an estuarine system, is an integral part of
what Gunter (1963) described as the "Fertile Fisheries Crescent.”
This name refers to the area encompassed by a figurative arc extending
into the Gulf of Mexico from Pascagoula, Mississippi, to Port Arthur,
Texas. Since the area inscribed produced over 20 percent of the
total fishery landings of the United States in 1961 and 1962, the
name is appropriate. The same area now produces an even larger
percentage of landings. A recent look at the State of Mississippi
mainland coastline {Gunter 1976) shows "“that this state lands more
commercial fishery products per mile of shoreline than any other
state in the nation.”

The Mississippi coast became well established as a resort area
in the latter part of the nineteenth century. Tourism has continued
to flourish and represents a notable portion of the economy. The
development of the Mississippi coastal area has been rapid and Targely
confined to a band approximately five miles wide spanning almost the
entire shoreline. This concentration of population and industry has
had associated with it many of the well-known environmental problems
of pollution, dredging, coastal construction, conflicting uses of
resources, alteration, and in some instances, destruction of the
marine environment.

The Sound is the eventual recipient of the accumulative effluents
from activities throughout the drainage basin and is further altered
by other direct actions such as dredging and construction. In order

to assess the effect of present and future development on the



water quality of the Sound, it is necessary to ascertain the existing
regime of nutrients through determination of descriptive norms and
causal relationships. A "baseline" thus established serves as a
reference to which perturbations in the nutrient Tevels can be compared
to evaluate whether the level is a normal variation or an abnormality.

The importance of nutrients to primary productivity in the oceans,
seas and estuaries has been addressed by many authors. Ketchum (1967)
lists three ways that an estuary may be fertilized: "(1} river waters
leach plant nutrients from the soil and carry a constant supply through
the estuary; (2) pollution, either locally within the estuary or indi-
rectly through the river, may enrich the waters and increase productivity;
and (3) the subsurface counter current, which is a unique characteristic
of many estuarine circulations, may enrich the estuary when the sea water
is drawn from below the euphotic zone where nutrient concentrations are
higher than at the surface."

The estuarine waters are the principal sources of the major
elementary components of estuarine organisms: carbonate, phosphate and
nitrate ions. While added amounts of phosphates and nitrates serve to
increase the fertility of the estuary, excessive amounts result in algae
blooms and accompanying anoxic conditions. Excessive nutrient levels
result in degradation of water guality and are therefore used as indica-
tors of pollution.

Only two investigations prior to this study attempted to address the
nutrient levels in Mississippi Sound. Mcliwain {1970) obtained data on
nutrient levels in the lower reaches of the rivers, bayous, bays and
Mississippi Sound near the mainland. Christmas and Eleuterius (1973), in

reporting the results of the hydrographic phase of an environmental



inventory of Mississippi Sound and its subsystems, discussed the seasonal
and areal trends of the nutrients: nitrite-nitrogen, nitrate-nitrogen,
arthophosphate and total phosphate. The nutrient determinations 1in

these two investigations were made in connection with and limited to
biological sampling efforts. While this information made a valuable
contribution in describing annual cycles, the station sitings dictated
by the areal and temporal constraints of the study's objectives limited
spatial resolution.

On 1 January 1973 the Physical Oceanography Section of Gulf Coast
Research Laboratory initiated a three-year investigation of the hydrog-
raphy of Mississippi Sound funded by the National Oceanic and Atmospheric
Administration's Sea Grant Program and administered through Mississippi's
Universities Marine Center (Mississippi-Alabama Sea Grant Consortium).
The primary objectives of the Mississippi Sound research effort were to
provide a description of flow patterns; determine the salinity and
temperature characteristics; and to ascertain the temporal and spatial
distribution of nutrients. The results, due to the scope of the project,

will be reported in several technical reports and scientific journals.
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METHGDS

Sampling stations were established throughout Mississippi
Sound (Figure 2} with their locations being determined, first, on
the basis of the probable value of the hydrographic information they
would provide; and second, on the ability to reoccupy those sites
under various weather conditions. With the accuracy of Loran-A
within the Sound being unacceptable and use of alternate navigation
systems too costly, it was necessary to locate stations by means of
landmarks, buoys and day markers. Station sitings constrained by
the second criterion precluded an arrangement of stations that
would have yielded more definitive information.

Initially, eighty-five station sites were selected and numbered
using the odd integers not assigned to sites in previous investigations.
When preliminary analysis indicated the need for additional stations
to clarify circulation patterns in an area, they were established
and assigned even integer numbers.

The number of stations and the vastness of the area precluded
the possibility of covering the entire Sound in a single cruise,

The Sound was divided into three overlapping segments that can best
be described by their east-west linear extents as follows: the
eastern segment extended from the west tip of Dauphin Island to the
east tip of Ship Island; the middle section covered the area from

the west end of Horn Island to near the west end of Cat Island; the



western section extended from near the west end of Cat Island to
just west of Half Moon Island. The three sections were overlapping
in that stations on boundaries common to adjacent sections were
occupied when cruises were conducted in either of the adjacent areas.
Cruises rotated among the three areas except during the first year
when work was confined to the eastern section on recommendation of
the local Sea Grant office.

The research vessel, Seiche, is a twenty-nine foot, aluminum
alloy, single-screw offshore survey boat powered by a 6v-53 General
Motors diesel engine. The boat, specially designed to satisfy the
requirements of the oil industry's offshore operations, proved to
be ideally suited for the demands of hydrographic research. The
boat was equipped with a Johnson citizen's band radio, Ray Jefferson
VHF radio, Decca model 050 radar and an Apelco depth recorder.

A Martek, model 11, water quality analyzer, modified by a
member of the Laboratory staff, was used in obtaining measurements
of temperature, conductivity, pH and dissolved oxygen through the
water column. Readings were taken near the surface {< 1 foot) and
descending depths at multiples of the interval of five feet with
respect to the surface. If the distance between the bottom and the
last reading taken was greater than one-half of the standard interval
(5 feet), a reading was obtained for that depth. The accuracy of the
instrument is reported to be: temperature, +0.5C3 conductivity, 0.2
mmho/cm; pH, +0.1; dissolved oxygen, +0.5 ppm. The instrument was

tested and recalibrated, if necessary, before each cruise. The reason



for adopting this particular interval (5 feet) was to enable the
comparison with and utilize data formerly collected using this
procedure.

A Bendix psychrometer was used to obtain air temperature and
dew point. A GM precision bucket thermometer was employed to
verify water temperature readings from the Martek by comparison of
near-surface values. A salinity determination of surface water was
also made, post cruise, by means of a Plessey precision salinometer
and using Copenhagen standard seawater to confirm the validity of
the Martek conductivity readings.

Samples of surface waters were collected at each station and
from near-bottom at selected stations. Surface water was taken by
bucket while a Van Dorn sampler was used to obtain bottom water.
Fach water sample was transferred to three prelabeled Whirl Pak sample
bags of approximately 150 ml each and immediately placed on ice.
The separated portions of the water sample were labeled for the fol-
lowing quantitative chemical analyses: nitrite-nitrogen, nitrate-
nitrogen, orthophosphate and total phosphate. A single bag was used
for holding the portion of the sample for the nitrite and nitrate
determinations. After returning to the Laboratory, the sample portion
indicated for determination of total phosphate was "pickled" with 3
drops of concentrated hydrochloric acid. All samples were then
frozen until the tests could be run.

A1l samples were processed using nrocedures as outlined by

Strickland and Parsons (1965). The results for all nutrient samples



were obtained from a Coleman model 124D, double-beam spectrophotometer,
using a 1 cm cell. Stated wavelength accuracy of this instrument is
+0.5 nm with reproduciability of +0.2 nm. A correction factor for
turbidity was obtained for each sample by making a reading prior to
processing. Perchloric acid was added to each sample according to its
level of salinity.

Measurements of orthophosphate were made at a wavelength of 670 nm.
The final corrected calculations in uga/t were recorded to the nearest
one-hundredth. Llevels of total phosphate were determined using the same
wavelength as orthophosphate. The results were also recorded to the
nearest one-hundredth uga/e.

For nitrite-nitrogen determinations a wavelength of 543 nm was used.
The corrected calculations were carried out to three decimal places and
recorded in pga/%. After running the nitrate-nitrogen samples through
a cadmium reduction column, they were read at the same wavelength
stipulated for nitrite. The calculations were to the nearest thousandth
uga/e.

The results of the chemical analyses were entered onto specially
designed computer coding forms along with other hydrographic data. Coded
data were submitted to the GCRL Computer Center for keypunching. The
encoded data were verified and processed.

Several computer programs to process the data were written for the
Laboratory's IBM 1130, model 2B, computer by the principal investigator.
Programs employing the on-line Houston Electronics incremental plotter
generated trend charts and isopleth work sheets. Descriptive statistics
for each station for each nutrient were also computed. These nutrient

statistics appear in an Appendix to this report.
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Isopleth charts were constructed for surface waters for the mean and
extreme values of each of the nutrients. The computer-generated isopleth
work sheets consisted of the positions of specified nutrient levels
arrived at by linear interpolation between stations. The charts were
completed by hand. The convention of uniform intervals between isopleths
was not adhered to here due to the great range, variability and complex
patterns. This relaxed approach permitted the configuration of hori-
zontal distribution while avoiding too great a density of isopleths
which makes the charts illegible.

Flow rates of rivers affecting Mississippi Sound hydrography and for
which data were available for the period of the study are shown in
Figures 3, 4, 5 and 6. Daily extremes of air temperature at Biloxi,
Mississippi, for the study period are plotted in Figure 7. The time
period on all trend charts is for the period 1 May 1973 through

31 March 1975,

1
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Figure 3. Flow of Pascagoula River at Merrill, Mississippi from
1 May 1973 through March 1973,
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Figure 4. Flow of Biloxi River at Wortham, Mississippi
from 1 May 1973 through March 1975,
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Figure 5. Flow of Wolf River at Landon, Mississippi from
1 May 1973 through March 1975.
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Figure 6. Flow of Pear! River near Bogalusa, Louisiana from
1 May 1973 through March 1975.
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RESULTS

Located approximately one-half mile up from the mouth of
Pascagoula River was station 109. At this point and further upstream,
fish processing plants discharge waste waters into the river. Other
industrial and domestic effluent sources also are emptied into the
river in this area. While both the physical/chemical variables
(Figure 8) and the level of nutrients (Figure 9) show great variability,
certain tendencies are still apparent. Both total phosphate and ortho-
phosphate reached peak levels during late summer and held until
December. The Jowest levels of phosphorus occurred during the period
from December through April. This corresponds to the low-flow period
for the river.

Nitrogen showed an almost inverse relationship to phasphorus and
salinity. Comparison of Figure 9 with Figure 3 clearly shows the
direct relationship between rate of river flow and nitrogen levels.
Nitrite levels, while still expressing seasonal trends, were highly
variable probably reflecting the aperiodic introduction of effluent into
the river.

Station 89 (Figures 10 and 11} was located at the mouth of Pascagoula
River., The general relationship between river flow and levels of
phosphorus and nitrogen held. On the average, levels of nitrite were
higher than at station 109 but levels of nitrate were lower. This is
probably explained by the presence of an outfall between the two stations.
The inorganic-phosphate level was lower on the average than at the up-

stream station. In the surface waters, total phosphate appears to
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diminish downstream; however, the reverse appears to be the case with
near-bottom waters {Table 1V). In addition, total phosphate is higher
at the surface than at the bottom and with greater variability at the
upstream station 109. The inverse is true at station 89. This could
be explained if one considers that the organic-phosphate load is being
introduced at the surface near the upstream station and, acted on by
gravity, sinks as it moves downstream.

At the juncture of the Pascagoula Ship and the Bayou Casotte channels
in Mississippi Sound was station 83 (Figures 12 and 13). This site is
approximately five miles from the Pascagoula River. While still influenced
by the river flow, the salinity and temperature changes are more gradual.
With the exception of nitrite, there is a marked decline in the average
levels of all nutrients, the decline in nitrite being very slight.

(The trend line for nitrate in Figure 13 has inadvertently been left off.)
The negative correlation between river flow and phosphorus levels is
apparent from the charts.

Ten miles southeast of the river mouth station 79 was established
(Figures 14 and 15). The influence of the river is evidenced by the
response of the surface salinity to fluctuations in stream flow. The
levels of all nutrients; on the average, are consistently much Tower and
less variable than the more landward stations.

Station 73 (Figures 16 and 17) is situated just offshore and north-
east of the east tip of Petit Bois Island. With the exception of
nitrate, the nutrients are even lower than at station 73. The physical/
chemical parameters in the surface waters of these latter two stations

as a whole seem to express about the same degree of variability.
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Two stations, 107 and 108, (Figures 18, 1%, 20 and 21) were located
in the Bayou Casotte Industrial “canal." The "canal" resulted from
deepening and widening an existing bayou whose upper reaches still exist
in a somewhat altered form. Several chemical plants and a refinery are
in the industrial park contiguous to the canal. One station is Tlocated
at the canal entrance, station 107; and the other, station 108, is at
head of the canal. All nutrient levels were extremely high at the two
sites. The reason the graphs have a sparsity of lines is that most of
the values were simply off scale. The statistics on the nutrient levels
for the two stations can be found in the Appendix.

The transect across Mississippi Sound from outer Biloxi Bay to two
miles seaward of Horn Island is represented here by stations 27, 41, 45
and 55 (Figures 22, 23, 24, 25, 26, 27, 28 and 29). The relation of
phosphorus to salinity level appears, generally, to be in accord. How-
ever, there does not exist a consistent decline in nutrient levels across
the Sound but instead, increases to mid-Sound then diminishes seaward.

A third transect across Mississippi Sound from east of Gulfport
to mid-Sound north of Ship Island then along Gulfport Ship Channel to
1 1/2 miles seaward of Ship Island 1s represented by stations 165, 131,
137 and 141 (Figures 30, 31, 32, 33, 34, 35, 36 and 37). After studying
these charts, several facts become apparent. There is a greater simi-
larity between these stations than along the other transects discussed
so far. The changes in the trend lines of the physical/chemical parame-
ters are much less erratic and the salinities were consistently higher.
The nutrient levels were consistently lower with the highest values de-
tected at the most seaward station. This situation is supported by the

flow patterns in this area (Eleuterius 1976).
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1t seemed to be of particular importance to discuss the nutrient
levels recorded for station 195. This station is located almost due
south of Light House Point in St. dJoe Pass approximately four miles
from the mouth of Pearl River. Since the major portion of the river
outflow passes through St. Joe Pass, it appears reasonable to expect
it to reveal the influence of Pearl River on the fertility of west
Mississippi Sound.

As Figure 38 shows, the jevel of salinity never exceeded 17.0 ppt
during the study and dissolved oxygen never fell below 7.0 ppm. Generally,
the other physical/chemical parameters changed in a gradual manner.
Compared with the stations similarly situated in the vicinity of
Pascagoula River, the nutrient levels at station 195 (Figure 39) are
low. The inverse relationship between total phosphate and stream flow
so apparent in the east Sound did not hold.

A fourth transect across the Sound is represented by stations
211, 171 and 175. Station 211 (Figures 40 and 41), located near the
mainland southwest of the City of Pass Christian, shows less variability
in both the physical/chemical variables and the nutrient levels than
station 171 {Figures 42 and 43) situated mid-Sound. There existed a
greater fluctuation in salinity at this mid-Sound station than near the
mainland. The author expiained the reason for this occurrence in a
previous publication (Eleuterius 1976).

The third station comprising the transect was located in the
passage between Cat Island and the Isle of Pitre {lLouisiana marshiands).

Waters exchanged through this passage are largely estuarine and

18



exclusively so at the surface. The presence of Chandeleur Sound to
the south of the passage restricts the water exchange between west
Mississippi Sound and the Gulf of Mexico. The surface salinity measure-
ments recorded for station 175 (Figure 44} never exceeded 27.0 ppt.

The nutrients for this site (Figure 45) were lower than mid-Sound
station 171. Since the single high nitrate value of 9.039 pga/% oc-
curring in early June 1975 was not supported by similar readings at any
of the surrounding stations, the author is led to believe that the water
sample was not representative.

Because nitrite was not detectable at least once in the surface
waters at most stations during the study, the discussion of the areal
distribution of nitrite will be limited to the average and maximum levels.
Bayou Casotte, located east of Pascagoula, shows it averaged the highest
nitrite Tevel in Mississippi Sound {Figure 46). Another area whose
average was high due to a single anomalous reading was located southeast
of Half Moon Island. The effect of Biloxi Bay waters is clearly shown.

The maximum levels of nitrite (Figure 47) occurred in Bayou Casotte
followed by Biloxi Bay. It is interesting to note that a large segment
of the Sound from Deer Island to west of Bay St. Louis never revealed
nitrite levels in excess of 0.2 uga/%.

Bayou Casotte is also attributed with showing, on the average,
the highest levels of nitrate (Figure 48). The area to the leeward of
Cat Island also expressed levels in excess of 4.0 uga/e. The contri-
bution of Pearl River to the nitrate levels of Mississippi Sound is
defined by a configuration of isopleths that closely resembles the normal

surface flow patterns in this area.
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Among the areas with the greatest maximum levels of nitrate
(Figure 49) were Bayou Casotte, Pascagoula River, Biloxi Bay and the
far west Sound {influenced by Pearl River). In addition, the chart in-
dicates that the waters outside the Sound, in general, attained higher
Tevels of nitrate than those within.

The highest average level of orthophosphate (Figure 50) occurred
in Bayou Casotte. West of Biloxi the levels averaged less than 0.5 uga/s.
The primary sources of orthophosphate in the Sound are clearly evident
from the distribution of maximum levels (Figure 51).

Only three areas (Figure 52) consistently showed levels of total
phosphate greater than 1.0 nga/%: an area east of the entrance to St.
Louis Bay; Bayou Casotte and the lower Pascagoula River; and the lee-
ward side of Horn Island. Biloxi Bay (Figure 53) outflow showed average
Jevels in excess of 2.0 uga/s. The average levels (Tabfe IV} in
Pascagoula River and outer Bayou Casotte areas were 4.47 uga/s and
51.32 nga/s, respectively. Obviously, an attempt to show this gradient
with isopleths would have resulted in complete obliteration of that area
of the chart. The same would have been true in depicting the distribution
of maximum levels of this nutrient (Figure 54). The Biloxi and Gulfport
areas are indicated as major sources of total phosphate to Sound waters.
The highest values were recorded in the lower Pascagoula River, station
109, and the upper reach of the Bayou Casotte canal, station 108. The
maximum values observed at these two locations were 32.23 nga/s and
91.38 uga/s, respectively. The records show that the majority of this

phosphorus was inorganic.

20



e sn: IREROLVED OX VG
« ——ALIMITY

MIJJJTATSTOGINTDTI JTFIMITAIMI ITIJTATSTIOINI DI OTFIM

Figure 8. Station 109 Physical-Chemical Trends.,

{Lldd) ALINITYS

' EEEEEEEEEEEEEEES

- -

(Wdd) NIDAXO AINT0S510
g 5 3 & & 2 %

o ~ - o w

Hd

50

TR

LEGEND

| ——TOTAL

==s QR THOPHOSPFHATE

‘, 1545

MEJTJJaJsToINID|[JJFIMIAIM]J}IJ[A]JS]OIN]DIJ]FIM

L

1.6
0.8+

wuum
{1/a67} ALY LIN
- oW oM N - G

{ifof) SLVHLIN
I EEEEEEEEEEEER

™ L S & o o
{#/o61) JAYHASOHAOHLHO
1 r L h L] Mr L] & L} 'm A4 “ ¥ M- L ﬂﬂ T .-.. 1 M

{#/ofr) ALVYHJISOHd TV.LOL

.24
0.0

101

Figure 9. Station 109 Nutrient Trends.



8.0y

LS

8.0

1.5+

8.0+

5.5

SDJ

TOTAL PHOSPHATE luga/f)

DISSOLVED OXYGEN {PPM)

P
SALINITY (PPT)

NITRATE (uge/l)

-

<

NITRITE (ugaff)

TEMPERATURE {C)

LT P P L P P

AR A ARIR

MIJTJTATsTOoOINT DT UTFIMTAT®MI Ul JTATSTOIN]JDT JTFIM
Figure 10. Station 89 Physical-Chemical Trends.

1.0
4
il
0.49 -..-
v
0,24 - .A
iz
wl 4 e TOTAL HRRIATE ]
' remesanses DR THOPHOEPHATE
» v v PITRATE
v v == MITRITE
(M] T y[AlsToIN[OD[f[FImTATM] JT oTATS[OINID[J{F]M

Figure 11, Station 289 Nutrient Trends.



Y ST
144
8E{ 13
124
aod _ 11
£
15 &- e
13
B N
7o >
x
T O &
Soxd O ud
2
8.0+ ﬁ 2
o
6.5 LE
LT
50
0y 30-
1 284
-
1 2e-
e 4=
= -~ 2.2
‘g H %204
- n' e
i - =
: ad w184 "‘g
E {2
E 5= I"._ E
[ %IZ‘-‘ <
H
412 =
a o o104 —
=] z
E‘ 2 Eo.l-
= 1 xasd
0.0
= A P¥
L |
S
L o‘oj
od

SALINITY (PPT)

1.0
0,9 =-=
—\M-
=
3
L 0.4+
E
=
=
Z 0,24
LEGEND
0.0+ TOTAL P TE
imavass s ra O THOPHORPHATE
amm s muTRATE
(== —nyRTE
[ Ml JToTAaTsTJTeINIDIJJFImMIalm] ] sTals]oINTD] JT FIm]

)

C
KR X

AT
3
I

R X
t‘m /

.

R
3
-4-“"'“

= — s SALINITY
— e e YEAFERATLURE

M] J[ITATSTOINI DT JTFIMIATMT ST JlAlS]O|N]O]JIFIM

Figure 12. Station 83 Physical-Chemical Trends,

Figure 13. Station 83 Nutrient Trends




8.0 184 381
144 Eon
BB 11 ::
124 .IJ:
RO 1M 28]
Em- E1 Q
285 T g Q14 W 244
4 - b
1 2
8 E1 Ezn:
M E M Z ] e
é Y wo
X a 184
Rord D o 3 Z 4
24
o B 104
%2- # LEAEND
=] 54 —
H 1 e —— DISSOLVED OX Y EN
5.6+ ; o] - —ALINITY
. [ un——!gM!!HEE]
so- 7 N¥MIITITAISIOINI DI JIFIMIAIMIII I AIS]OJNIDII[F[™
Figure 14. Station 79 Physical-Chemical Trends.
187 3.0+ 1.0
T 28
2.8+
o] 24 0.8+ !
s 5 2
§71 % o o
= - 3
w 8 '] " H
: e 'Eu-‘ g §
T %w B {wos
8.9 &z
240 E4E
o z Z 024
= EOJ-‘
§2: 32" LEGEND
0.4+ . —— AL
“ o 0 menanasen ON THOPHOSPHATE
» - o v m B TRATE
- olad ——-!‘ln!li
ot - Ml JTJTATSTOINTDIJIFIMIAIM] J] JIAIS] OJNJDJJ]FIM]

Figure 15, Station 79 Nutrient Trends.



a0y 157 E
144 38
854 134 u
12 3z
.0
80 . 114 1 2
E o 1] Qe
7.5 g' o4 é' rkad
Selran
=
o
e Eolh §1 18]
W N
664 0 5] V] 2 1s
3 o ] g]
8.0 § o *® M
P ke LEGEND
c 30 5 _*
5.5 H g2 o wmmmmmmas: DISSOLVED OXYGIEN
E - —SALINITY
o 2] e mas w TEMPERATURE (G)
50 - o
M JTJTATSTOINT D] JTFIMTATMTJTJTATSTOTNID] JIF[M]
Figure 16. Station 73 Physical-Chemical Trends.
Wy A0y Ty 10
1 2# n:
LS
o 244 s
~ A=z22d ™
SR Iy .
§: -4 .52'0- - 8: 0,54
= gl wisd T 7 =
wHE] 8T8
: e 2 12
54 I W L 0.44
T 6 ptag B Enn
% 18124 i =
= o EHE
12 Z 430324
_(, N EM" 2] 202
b ]
[o 3P 5“‘ Fy LEGEND
s 0.4+ 1 oo | e TGTAL PHOSPHATE
1 .a 1- ssannannn GATHOPHOSPHATE
N . = v » NI TRATE
4 o0+ ] —— - NITRATE
e T M I JTATSTOINT D] FIMIATMI d] uTa[s]oe[NIDIITFIM]

Figure 17 Station 73 Nutrient Trends,




Wy W o7 W
1] LR
4 -
[-H-m 137 -
I
o] 04
80 . 114 10 20
£ o i'-'uigzﬁ_
1,5.1&'9‘ ;-14-&124
LzuB_)-‘GE:}ZZ
?.D-ET-L-”:"E”:
MER
O B- 1
:‘Eu-os 3k It
1w 29 ui 14
5w
O L1 284 10
w@: m{ 8 LEGEND
[=] 304 B
it T 4] + m— wmEALINITY
o] W] o o = YEMPERATURE [C
ol 4 el T T T ATSIOINI DI I T FIMIAIMI T JTATSTGTNTIDTJTFIM
Figure 18. Station 107 Physical-Chemical Trends.
wy 30y 12 10
] EES IRETE !
1 284 . !
o 24 1 oM { i . vy
= 1522 9: K '" .l M | '\
H""g'z_o- £ / -" i " 'I' L]
§ 13707 %1 o . I M \ !
MRS i } HETEHEA
w 8w 2 My -4 ‘ \
T ERE ; i VR
5 o] 3 ] b v fhany
Is-z,_hg-mnj Junt. | Yk
& 18..] <& f BoRARIN Ly
QqEAEJE | ;e -1 ATRERTE
e 10 Z 4Zo2 ! /, 1 vy
-2 Fly B ' -" . '“'- A
P 1% o0 21 . . 4 LEGEND
= 1" 0.d 1 ood i ‘, | e TOTAL A
i .24 ‘: ) ; ; i ---D--::?:'T:::‘!HMAY!
1: o5 o7 —— o NITRIT§
ot =T Ml il J1AlsToINIDI ] FImMIAIM] JI JTATSTO[NTO] ] F]m

Figure 19. Station 107 Nutrient Trends.




pH

TOTAL PHOSPHATE {uga/f)

907 19
144
85 139
124
80 .1
£
%
1.5+ E ::
[
1o > 2
B o
L
2
.0 § 3
5
5.5+ b
LE
sod

NITRATE lia/i}
L R L 2% R L 2

SALINITY (PPT)

-t

- -

F
104

LEGEND ]
—_—
ammssassar DISSOLVED OXYG
" —RALINITY

— e e TEMPERA TURE

™MIOTITATSToIN D] I FIMIATMI J]T JTAFS[OINJDIJIF]M

Figure 20. Station 108 Physical-Chemical Trends

148
.0 L)
NN
o ]
o NPA NS
3 el g
1 i1
k- . ! o
[TFLIX | * -
g v o)
= \ ! “l Iy
Zo2 ¥ . 'Y |
\ ! \ I.l
\., " | LEGEND i
“  P—— ont:l;mm'rz
- —TRATE
(M JTJTAa[STO]NIDJJTFIMTATM] T TAals]oINJOD]J]FIM

Figure 21. Station 108 Nutrient Trends,




8.0+ 18+

144
B84 134

124
8.0 . 114

1.5

704

pH

"I I Y

TOTAL PHOSPHATE {juga/f}
M A

L]
L

L

8.8+

o

DISSOLVED OXYGEN (PPM)
i

3.0+
2.5
2.8
244
T 2.24
§_‘m—
o e
of 1.8
a 1.4
01.24
& 1.0
T 0.8
& os
=}
0.4
0.4
0.0

NITRATE (uge/l)

SALINITY (PPT)

NITRITE {ugo/t)

o
hy
i

LEGEND
T ]
sannsnnas: DISSOLVED OXYGEM

* rem = = SALINITY
| == == TEMPERATURE IC] |

M JT JTATSTOINT D[ JTFIMTATMTJfJ]ATS|OIN[D]J]IFIM

Figure 22, Station 27 Physical-Chemical Trends.

I
ird

o
FY
i

LEGEND

[ TOTAL FHOSFHATE

- o= NITRATE

(o e RITRITE

[ Ml i Jal STOINTDTSJTFIMTAIMIJ]T ] A]JS]OIN]IOD]J]FIM

Figure 23. Station 27 Mutrient Trends.




w R B
s o T2 T T ¥

TOTAL PHOSPHATE g/}

X

i

‘\:\‘t\

TEMPERATURE (C}
ARARXARRXKXRARRARKRRE
]

LEGEND
—pH

--------- DISSOLVED OXYGEM
= v o SALINITY

= = =a TEMPERATURE (C}
Ml I]JTAISIOJN[ DI JTFIm[ATM]JT JTATS|OJN[D}JIFIM]

Figure 24, Statlon 41 Physical-Chemical Trends,

DISSOLVED OXYGEN (PPM)

2.0 12 10

284 LEGEND
" —m———TOT AL PHOGPHATE

2.6 reveses == OATHOPHOBPHATE
204 089 |« == v == ITRATE
— — = NITRITE

"
B
-

i %
NITRATE (uga/fl)

> »

1.2+

NITRITE (pga/t}

o @
B3
- [ %]

o

a
-
1

(WMl JT i1 als]olNIDIJJFIMIATMTJTIJTA[S]OQINIDIJIFImM
Figure 25. Station 41 Nutrient Trends.




a0y 157
144
854 124
124
804 _ 114
=
& 104
164 =
z o+
a4
)
T > 7
>
T Q 8
Casd D 54
2
0.0 § .
o
5.5+ 1
0-
s.n- E
W0 30
1 284
1 284
'L 244
— =22
=
8, 7] $eo1
5 1~
- s 7184
e
e e
T 5 £ 14
& 14
.24
o T
a 45"
2+ Eor
[ = TS
E 4O
0.4+
o 0
4 o0
0 - -

NITRATE lugaft)

& LEGEND
‘A _““

1 [#wwneseesDiB80OLYED OXYGEM
] |- == = =sALINITY
] [ — =~ TEMPERATURE (C)

M1 I T J[ATSTOINIDYJ[FIMIATMTI JT JTATSTOINID[J[FIM

Figure 26. Station 45 Physical-Chemical Trends.

LEGEND
rrvrrr——TOTAL PHOSPHATE
cmmmasnnes OF THOPHOSPHATE
DB |+ === == NITRATE
e wm NITRITE

NITRITE (ngaft

Ml JJJ AlSIOoINIO[JTFIMIATMIITITATSToINTIDTJEFIM

Figure 27. Station 45 Nutrient Trends.



B0

7.0+

pH

TOTAL PHOSPHATE ugaff)

LES

5.0~ -

- @
1

b

DISSOLVED OXYGEN {PPM)
2 T

NITRATE luge/i)

NITRITE {uga//)

e LEGENG
TOTAL PHOGFATE
semssasees QRTHOPHOSFHATE
0.6 |~ =— - —miTRATE
- eme wm NITRITE ."
IR
i
A it
i .
ol ’ ‘ ﬂ l
\ A 1
.f o ] i A
0.2 \ { e ‘ \’

L}
i
% "
-
Yuvananern

-~ %
— J./

- mmEALINITY
= == e TEMPERATURE iC)

M T J]ATSIOINT DI JTFIMIAIML J] JTATSTOINT D[ J]FIM]
Figure 28. Statlon 55 Physical-Chemical Trends.

Ml Il il Al sl OINTO]JJF[M]AIMI ] JTalS] o[NTD]JI]FIM]
Figure 29. Station 55 Nutrient Trends,




1.0

LEGEND ]
—
8.5 = smmemmmn: DIESOLVED OXYGE
& s v sem ZALINITY
el _ = e TEMPERATURE i€ ; AR a .
= K . \ Y
i § x" \ Y /
75+ = {' . [ ,{ ¥ \ - . rd
Z 0 Y e AN !
Iz . p— "f' ety a'. P S A‘J‘
1= \ ""’ A 3
x { . f LN /
x |9 N \ 3 \ 7
Q‘_r'_ 3 \’ o\ ‘/ \ '4 'I '\
3 L) ‘Y \./ \ff--/
18
a
8.5+
80° (MIJTITAISIOINI DI TIFIMIATMIITJT AT ST OI N[ D] I F[Mm
Figure 30. Station 165 Physical-Chemical Trends.
T 3.0 1= 0
4 1 LEGEND
o P11 | ——TOTAL PHORFHATE |
p 2.5+ 1' reanvwrmee GRTHOPHORFHATE
o] 244 ™1 08 | = wiTRATE
s = NITAITE
= 1522
N Iy .
g: | Z201 s " _oe:
w & Eu- LA bg
AEPMERE
T 0 T oad Wl o
& 18,,] <+E
SqZ]EE 3
z Jzi1e{ EME $t
2 ] Bas] <350 F R S )
=l A\
5 L -
F 1
1704 ] oo
¥y §
od
0o ]
s B

i Ml Sl JJAalSTOIN]D]IJ]FIMIAIMT I JTA]lSs]IoIN]IDIJTFIM
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Figure 50. Distribution of Average Levels of Orthophosphate (uga/l}.

Figure 51. Distribution of f4aximum Levels of Orthophaosphate (uga/l}.



Figure 48. Distribution of Average Levels of Nitrate (uga/l).
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Figure 49. Distribution of iMaximum Levels of Nitrate {ugafi).
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tigure 46. Distribution of Average Levels of Nitrite (ugafl}.

Figure 47. Distribution of Maximum Levels of Nitrite (uga/l).
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Figure 35. Station 141 Nutrient Trends.
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Figure 37, Statlon 137 Nutrient Trends.
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Figure 52. Distribution of Minimum Levels of Total Phosphate (uga/l).

Figure 53. Distribution of Average Levels of Total Phosphate (ugaft).
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DISCUSSION AND SUMMARY

Referring to nutrient data previously collected in Pascagoula
River {Christmas and Eleuterius 1973}, the author found that nutrient
levels above the Escatawpa River-Pascagoula River confluence were con-
sistently much lower than those in the lower Pascagoula River. The
high levels and variability of phosphorus and nitrogen in the lower
Pascagoula River reflect the local introduction of effluents.

The apparent inverse relationship between levels of nitrate and
phosphorus appears to be limited to the lower Pascagoula River and
probably reflects changes in activities in the drainage basin. The
levels of all nutrients generally declined seaward to the island
passes. Seaward of the island passes, nitrate was found to attain
levels exceeding those of Sound waters. Since a paucity of information
exists on the chemistry of the near continental shelf waters, the
author can offer no explanation.

The waters within and in the vicinity of the Bayou Casotte canal
show consistently high levels of phosphorus and nitrate with observed
maximum values: total phosphate, 91.380 uga/2; orthophosphate,

67.900 nga/%; nitrate, 57.207 pga/2; nitrite, 3.129 uga/e. As shown ,
the major portion of the phosphorus is inorganic. An industrial park
contiguous to the canal contains several chemical plants that manu-
facture fertilizer.

A station in outer Biloxi Bay, another source of nutrients, showed
the following maximum Jevels: total phosphate, 19.800 uga/L (bottom
water}; orthophosphate, 2.030 uga/¢ {bottom water}; nitrate, 12.328 uga/s;

nitrite, 0.900 uga/¢.
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The trends in nutrient levels were less erratic in the area between
Ship Island Pass and the area east of Gulfport. The hydrography of this
area is predominately influenced by Gulf waters since there is no notable
introduction of fresh water in the vicinity.

Station 195, located four miles seaward of Pearl River and in the
path of its outflowing waters, expressed relatively low levels of nutrients
as indicated by their maximums: total phosphate, 2.490 nga/s; ortho-
phosphate, 1.470 uga/y; nitrate, 6.626 nga/g; nitrite, 0.330 p.ga/e.

The inorganic phosphate levels decreased westward through the Sound
with the average values west of Biloxi not exceeding 0.5 pga/e.

In a general manner, the levels of nutrients declined and became
less erratic westward through Mississippi Sound. In addition, with one
exception, there existed a seaward decline in the nutrient levels; the
exception being that stations seaward of the barrier fs1ands attained
higher levels of nitrate than most stations within the Sound.

The primary sources of nutrients in the Sound are Pascagoula River,
Bayou Casotte, Biloxi Bay and Pearl River. Pearl River's contribution,
indicated here by a single station removed four miles from the mouth,
appears to be low. A more direct investigation of the lower Pearl River
and the contiquous Lake Borgne waters is needed to clarify its influence
on the chemistry of west Mississippi Sound. In order to properly monitor
and manage the estuarine waters of Mississippi Sound, a comprehensive
study of the Sound's chemistry is necessary. The emphasis in such a study
should be with those parameters that are known to have a sizable effect

on the biota.

46



L ITERATURE CITED

Austin, G. B., Jr., 1954, On the circulation and tidal flushing of
Mobile Bay, Alabama. Texas A8M College Project 24. 28 pp.

Christmas, J. Y. and Charles K. Eleuterius. 1973. Phase Il:
Hydrology. Pages 73-121 in Cooperative Gulf of Mexico Estuarine
Inventory and Study, Mississippi. Gulf Coast Research
Laboratory, Ocean Springs, Mississippi.

Eleuterius, Charles K. 1976, Mississippi Sound: Salinity Distribution
and Indicated Flow Patterns. Mississippi-Alabama Sea Grant
Consortium, MASGP-76-023.

Gunter, Gordon. 1963. The fertile fisheries crescent. Journal of
the Mississippi Academy of Sciences, Vol. 9, pp. 286-290.

Gunter, Gordon. 1976. Notes on the length of the Mississippi sea-
coast and some comparisons with other states. (In press).

Ketchum, Bostwick H. 1967. Phytoplankton Nutrients in Estuaries.
In Estuaries. American Association for the Advancement of
Science, pp. 329-335.

McIlwain, Thomas D. 1970. A study of the striped bass, Morone saxatilis,
in Mississippi waters. NOAA Publication #1, COM-72-T1265, 64 pp.

Strickland, J. D. H. and 7. R. Parsons. 1965. A manual of sea water
analysis. Bull. 125 of Fisheries Research Board of Canada.

47



APPENDIX

48



Table 1V. Statistics on the Levels of Total Phosphate (uga/l) (Continued)

109
109
123
125
127
129
131
133
135
137
137
139
139
141
141
143
145
147
149
149
151
151
153
155
157
159
161
163
163
165
167
169
169
171
173
175
177
179
181
183
185
187
189
191
193
195
197
199
201
203
205
207
209
211

LTy LLnuRLLLLDVLLLLLVLODLDWVVLLLNDOVMIDLODODLWOLVLHLLLOBUONL D WL

NUMBER
STATION DEPTH OBSERVATIONS

21
19
12
25
25
25
25
25
25
25
25
25
24
22
22
25
25
25
25
25
25
25
25
25
50
50
50
25
25
25
25
24
25
25
25
25
25
25
25
25
25
25
25
24
24
24
25
25
25
25
25
25
25
25

MEAN

4.4700
3.8720
1.7540
2.2350
1.6990
1.5440
1.4460
1.3230
1.3150
1.3490
2.4300
1.5000
1.7070
1.1620
2.8220
1.2360
1.4680
1.3630
1.3350
5.6070
1.5490
8.2650
1.5410
1.3570
1.3360
1.5170
1.6370
1.9850
5.9370
1.607Q
1.6090
2.3890
0.0000
13340
1.3340
1.3810
1.2880
1.2740
1.4030
1.5530
1.5670
1.5710
1.4400
1.5840
1.3940
1.6720
1.6610
1.5080
1.5750
1.3300
1.5460
1.4530
1.4380
1.5140

MINIMUM

0.540
1.080
0.730
0.780
0.890
0.770
0.600
0.600
0.570
0.510
0.730
0.530
0.470
0.270
0.910
0.670
0.910
0.420
0.660
0.930
0.270
0.530
0.650
0.650
0.070
0.550
0.410
0.370
1.250
1.000
0.650
0.880
0.000
0.550
0.680
0.510
0.820
0.55¢
0.640
0.750
0.750
0.820
0.570
0.920
0.640
0.950
0.950
0.890
0.90Q0
0.600
0.510
0.920
0.830
0.050

MAXIMUM

32.230
17.230
3.770
7.880
3.560
2.860
3.080
2.73C
2.180
2.390
6.840
4.670
3.420
2.450
12.590
2.020
5.930
3.320
2.090
30.150
4.190
38,660
3.000
2.000
2.630
2.430
3.880
11.000
25.880
2.600
2.720
17.320
0.000
24930
4,230
3,600
2.150
2.310
3.150
3.690
4.690
3.080
2.850
3.440
2.310
24490
2.920
2.620
2.530
2.710
2550
2.500
2460
2+590

RANGE

31.690
16.150
3.040
7.100
2.670
2.090
2.480
2.130
1.610
1.879
6.110
4.140
2.950
2.180
11.680
1.350
5.020
2.900
1.430
29.220
3.919
38.130
2.350
1.350
2.560
1.880
3,470
10.630
24,630
1.600
2.070
16.440
0.000
2.380
3.549
3.090
1.330
1.760
2.510
2.940
3.939
2.+260
2.280
2520
1.670
1.540
1.9170
1.730
1.630
2.110
2.040
1.580
1.630
2:540

STANDARD
DEVIATION

T.1745
442240
0.8934
1.4187
0.6677
0.5095
0.5897
0.4577
0.3676
0.4782
1.6351
0.8518
0.6910
0.5362
2.4964
0.3812
1.0109
0.5921
0.3885
6.7076
0.8050
10.7277
0.6460
0.3607
0.4701
0.4732
0.6479
1.9730
6.5969
0.4625
0.4825
3.2261
0.0000
0.5351
0.6949
0.6302
0.3447
0.4301
0.5880
0. 7474
0.8233
0.5987
0.5081
0.5667
0.4297
0.5096
0.5190
0.4425
0.4337
0.4960
0.5455
0.4140
0.4038
0.5196



Table 1. Statistics on the Levels of Nitrite-Nitrogen (uga/l).

STATION DEPTH OBSERVATIONS

21
21
33
39
41
41
43
43
45
45
47
49
51
53
53
55
55
57
59
61
63
65
617
61
69
69
71
71
72
72
73
75
117
79
80
81
81
83
83
85
85
87
87
89
89
g1
93
95
97
99
101
103
105
107
107
108
108

T VDLWV DVLDODVEODUVDVOOLDUVLLDVDVODWULTOTUVODUVVEOUVEVDIWVTTVBNETTD T Do

NUMBER

47
40
22
15
46
40
22
15
47
40
32
34
44
48
40
44
36
19
20
19
19
19
18
16
20
17
21
18
16
15
18
18
18
18
11
22
18
22
19
22
19
22
19
20
19
19
18
19
18
18
19
18
18
20
17
17
16

MEAN

C.0960
0.0540
Cal420
0.0130
0.0820
0.0550
0.1170
0.0030
0.0810
0.0670
0.,0740
G.0880
0.0650
0.0680
0.0930
0.0950
0.2940
0.0710
0.0510
0.0610
0.0560
0.0750
0.0750
0.5120
0.1120
0.5440
0.0640
0.5470
0.0460
0.0040
0.0410
¢.0820
0.0760
0.0650
0.1030
0.0910
0.2040
0.1100
0.4820
0.1540
0.5620
0.1340
0.3990
0.1330
0.6730
0.1430
0.0510
0.1020
0.0070
0.08650
0.1010
0.0780
0.0800
0.4900
0.5300
0.8350
0.4870

MINIMUM  MAXIMUM

0.000
0.C00
0.000
0.000
0.000
0.000
0.000
0.000
0,000
0.000
0.000
C.000
0.000
0.000
C.C00
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.020
0.000
0.000
0.000
0.020
G.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.00C
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.041
0.074
0.000

0.900
0.364%
Ce7l7
0.202
0.525
U550
0.550
0.055
0.600
0.513
0.375
0.375
0.410
0.425
0.619
0.575
4.216
0.282
0.256
0.256
0.333
0.403
0.431
3.115
0.558
2.942
0.231
3,289
0.222
0.071
0.154
0.250
0.288
0.291
0.430
0e252
0.914%
D.4l4
2.206
0.752
2.T48
0.673
1.243
0.404
4.272
0.614
0.168
0.462
0.187
0.161
0.308
0.280
0.336
1.853
2e440
3.129
l.682

RANGE

0.900
C.364
C.717
0.202
0.525%
0.550
€.550
0.055
0.600
0.513
0.375
0.375
0.410
0.425
g.619
0.575
4.216
0.282
0.256
0.256
0.333
0.403
0.431
3.095
0.554
2+942
0.231
3.269
0.222
0.071
0.154
0.250
0.288
t.291
0.430
0.252
0.914
O.414
2.206
0.752
2.748
0.673
1.2413
0.404
4.272
0.614
0.168
0.462
0.187
0.161
0.308
0.280
0.336
1.853
2.408
3.055
1.682

STANDARD
DEVIATION

0.1399
0.0951
0.1910
0.0521
0.1061
0,1038
0.1565
0.0142
0.1174
0.1020
0.1016
0.0911
0.0954
0.0948
0.1604
0.1315
0.7338
0.0767
0.0687
0.0746
0.0773
0.1035
0.1081
0.7208
0.1656
0.6672
0.0747
0.7370
0.0590
0.0183
0.0489
0.0817
0.0867
0.0819
0.1178
0.0781
0.2271
O.ll44
C.4790
0.1637
0.6367
0.1506
0.3482
0.1428
0.9693
0.1701
0.0558
C.1256
0.0670
0.0575
0.1089
0.0794
0.1132
0.4607
D.5628
0.7410
0.4160



Table 1. Statistics on the Levels of Nitrite-Nitrogen (uga/l). (Continued)

STATION DEPTH OBSERVATIONS

109
109
123
125
127
129
131
133
135
137
137
139
139
141
141
143
145
147
149
149
151
151
153
155
157
159
161
163
163
165
167
169
171
173
175
177
179
181
183
185
187
189
191
193
195
187
199
201
203
205
207
209
211

tnmmmmmmmmmmwmmwmwwmmmmwmmmwmwmwmwmmmwmmmmmmmmmmmmmmmm

NUMBER

21
19
12
25
25
25
25
25
25
25
25
25
23
22
22
25
25
25
25
25
5
25
25
25
50
50
50
25
25
25
25
24
25
25
25
25
25
25
25
25
24
25
24
24
24
25
25
24
25
25
25
25
25

MEAN

0.0206
0.5520
0.1060
0.,0510
0.0630
0.0470
0.0550
0.0630
C.0620
0.0480
0.2370
0.0470
0.3510
0.0830
0.3920
0.0540
0.0390
0.0450
0.0510
0.1990
0.033D
0.1290
0.,0580
0.0540
0.0610
0.0580
0.0480
0.0044
0.1970
0.0430
0.0350
0.0450
0.0430
0.0420
06,0470
0.0430
0.0600
0.0460
0.0450
0.0530
0.0430
0.3680
0.0490
0.0540
0.0610
0.0560
0.0550
0.0460
0.0560
0.0490
0.0610
0.0490
0.0520

STANDARD
MINIMUM MAXIMUM  RANGE  DEVIATION

0.CC0 1.545 1.545 0.3343
0.G0C 1.827 1.827 0.4959
0.000 0.338 0.336 0.1368
0.000 D214 0.214 0.04539
0.000 0.250 0.250 0.0691
0.000 0.226 0.226 0.0545
0.000 0.259 0.259 0.0574
0.000 0.434 0.434 0.0900
0.000 0.189 C.l89 0.0%39
0.000 G.167 0.167 0.0498
0.000 1.208 1.208 0.3223
0.0C0 0.226 0.226 0.0574
0.035 1.416 1.381 0.4031
0.G00 0.710 0.710 0.1550
0.000 1.310 1.310 0.3990
0.000C 0.167 0.167 0.0463
0.000 0.132 0.132 0.0418
0.000 G.224 0.224 0.0526

. 0.000 0.206 0. 206 0.0520

0.000 0.933 0.933 0.2387
0.C00 0.131 0.131 0.0359
0.000 0.561 0.561 0.1511
0.000 0.248 0.248 0.0570
0.000 0.255 0.255 0.0652
C.000C C.283 0.283 0.0661
0.000 0.230 0.230 0.0498
0.000 0.283 0.283 0.0591
0.000 0.275 0.275 0.0636
0.000 2. 734 2.734 0.5435
0.000 0.161 0.161 0.0502
0.000 g.111 0.111 0.0354
0.000 0.151 0.151 0.0431
0.000 0.283 0.283 0.0621
0.000 0.159 0.159 0.0401
0.000 0.108 0.108 0.0332
0.000 0.124 0.124 0.0352
0.000 0.195 0.195 0.0508
0.000 0.159 0.159 0.046%
0.000 0.159 0.159 0.0390
¢.000 0.177 0.177 0.0454
0.000 0.212 0.212 0.0493
0.000 8.000 8.000 1.5905
0.000 0.1¢68 0.168 0.0488
0.000 0.248 0.248 0.0583
0.000 0.330 G.330 0.0750
0.000 0.212 0.212 0.0561
0.000 0.301 0.301 0.0626
0.000 0.212 0.212 0.0493
0.000 0.170 0.170 0.0493
0.000 0.230 0.230 0.0514
0.000 0.195 0.195 0.0505
0.000 0.177 0.177 0.0512
0.000 0.177 0.177 0.0441



Table II. Statistics on the Levels of Nitrate-Nitrogen (uga/l).

STATION DEPTH OBSERVATIONS

27
27
39
39
41
41
43
43
45
45
47
49
51
53
53
55
55
57
59
61
63
65
67
67
69
69
71
Tl
T2
72
73
75
17
79
80
81
8l
83
83
85
a5
87
87
89
89
91
93
S5
a7
39
101
103
105
107
107
108
108

TNt oUVonPUVLEOLVLVLLLLEDNDODVLEVDEVOVMUVVRRNERNDVLOOVLOONDNDUVEWNEW

NUMBER

47
40
22
15
46
40
22
15
47
40
32
34
44
48
40
44
36
i9
20
19
19
19
18
16
20
17
21
18
16
15
18
18
18
18
11
22
18
22
19
22
19
22
19
20
19
19
18
19
18
18
19
18
18
20
17
17
16

MEAN

6.1770
0.7780
3.5420
C.2720
1.6750
0.4870
3.4190
0.2570
1.6390
0.875G
1.9110
1l.6660
1.2300
1.3550
0.8460
1.5430
1.6770
1.2760
l.7770
1.7420
1.4530
1.7360
1.4760
3.4740
1.7830
3.7180
2.3110
3.9710
1.2500
0.1730
1.3900
1.6850
1.6130
1.0680
1.3270
2.0460
2.9980
1.5600
3.7290
2,1150
4,0960
2.7360
4.3730
3.5740
3.8580
2.4140
1.5250
1.8760
1.9680
1.3540
1.7430
1.2160
1.8150
6.1110
4.5040
14.8030
444240

MINIMUM

0.022
0.Q000
0.107
0.000
0.059
0.000
0.052
¢.000
0.027
0.000
0.077
0.064
0.018
0.072
0.000
0.072
0.000
0.054
0.047
0.000
0.134
0.030
0.048
0.288
0.136
0.165
0.113
0.528
0.171
0.000
0.054
0.115
0.059
0.026
G.087
0.174
0.071
0.090
0.393
0.255
0.129
0.097
0.012
0.152
0.000
0.155
0.137
0.161
0.083
0.144
0.063
0.063
0.053
0.112
0.304
0.985
0.020

MAXIMUM

12.328
6.746
23.145
2.980
17.148
3.547
21.710
2.464
14.482
5.117
15.270
12.560
15.030
10.807
T4246
15.129
7.184
T.654
12.444
11.170
F.601
10.276
5.319
8.221
B.41l4
B8.450
13.022
8.881
3,276
2.596
6.138
11.147
T.067
3.642
5.134
T«365
8.113
6. T44
T.773
6.150
10.116
T.406
10.776
11.095
10.730
13.942
4,960
10.392
T7.459
8§.337
6.608
5.855
11.607
20.109
11.364
57.207
10.782

RANGE

12.306
6.746
23.038
2.980
17.089
34547
21.658
2.464
14,455
9,117
15.193
12.496
15.012
10.735
T+246
15.057
7.184
7.600
12.397
11.170
3.467
10.246
5.271
T.933
8.278
8.285
12.909
8.353
3.105
2596
6.084
11.032
T.008
3.616
5.047
T.691
8.042
6.654
7.380
5.895
9.987
T.309
10.764
10.943
10.730
13.787
4.823
10.231
T.376
8.193
6545
5.792
11.554
19.997
11.060
56.222
10.762

STANDARD
DEVIATION

21435
l.4176
53504
0.8009
3.1339
0.8385
5.4923
0.7091
2.8683
1.6902
3.9291
3.0745
2.6020
2.2131
1.6025
2.8582
2.3278
1.9009
3.0821
2.7552
242689
2.6813
1.5441
2.7005
2.2533
2.8212
3.333¢6
2.5042
1.0334
0.6702
1.6933
2.6342
1.9413
1.2299
1.5446
2.0559
2. 7624
1.6787
2+4557
1.8112
3.0113
2.0805
3.1574
2.6041
3.2610
3.19179
1.5327
2.6063
2.2161
1.9386
2.0783
1.5914
2.7558
5.0313
3.3924
18.6173
3.1936



Table II. Statistics on the Levels of Nitrate-Nitrogen (uga/l). (Continued)

STATION DEPTH OBSERVATIONS

109
109
123
125
127
129
131
133
k35
137
137
139
139
141
141
143
145
147
143
149
i51
151
153
155
157
159
161
163
163
165
167
169
171
173
175
kT
179
181
183
185
187
189
191
193
195
197
199
201
203
205
207
209
211

N ANV LV VLVLLLVLLLEVLOVLLNDEVTNDUBNELL NG L

NUMBER

21
19
12
25
25
25
25
25
25
25
25
25
23
22
22
25
24
25
25
25
2%
25
25
25
50
49
50
25
25
25
25
24
25
25
25
25
25
25
25
25
25
25
2%
24
24
25
25
24
25
25
25
25
25

MEAN

4.2860
3.8690
1.4550
0.4970
0.4480
0.6740
0.5650
0.4860
0.6900
0.4720
1.2870
C.4110Q
1.6900
1.0930
1.6150
0.6740
0.5740
0.5370
0.6300
16900
C.750Q0
1.9520
0.5210
5.6800
0.6160
0.8500
0.3690
0.5670
0.8850
C.3180
0.3090
0.4310
0.6830
0.4130
0.8420
0.4180
0.4340
0.3600
0.6390
0.7820
0.6370
C.5540
0.7140
0.8850
1.9190
1.8600
1.3320
1.0760
0.8370
0.8930
0.5410
0.5900

0.3690

MINIMUM

0.285
0.044
0.140
0.047
0.059
0.030
0.045
0.05%
0.024
0.059
0.104
0.081
0.171
0.058
0.043
0.004
0.045
0.05¢6
0.023
0.134
0.059
0.076
0.054
0.020
0.034
0.051
C.034
0.045
0.043
0.023
0.068
0.034
0.086
0.000
0.025
0.086
0.029
0.031
0.029
0.028
0.029
0.000
0.034
0.034
0.067
0.047
0.109
0.059
0.049
0.047
0.001
0.047
0.029

MAXIMUM

8.099
10.190
5.327
3.127
2.578
4.262
2.066
4.267
5.423
2.398
6.546
2.530
6+594
8.884
9.137
B.963
4.400
5.133
5.569
9.985
5.920
17.991
3.062
4.618
4.011
7.819
2.695
2+.930
4.694
2+266
1.589
2.185
5.090
1.610
9.039
2.780
3.633
2.290
7.250
T.520
9.070
6.280
3.618
9.829
6.626
10.180
8.660
8.281
54470
5.573
2.480
3.650
3.238

RANGE

T«814
10.146
5.187
3.080
2.519
4.232
2.021
4,208
5.399
2+339
ba442
2+449
6,423
8.826
9.09¢4
8.959
4,355
5.077
5.546
5.851
5.861
17.915
3.008
4.598
3.8717
7.768
2.661
2.885
4.651
2+243
1.521
2.151
5.004
1.61C
9.014
2.8694
3.604
2.259
7.221
T.492
9.04]
6.280
3.584
9.795
£.559
10,133
B.551
8.222
Se421
5.526
2.479
3.609
3.2069

STANDARD
DEVIATION

2.4114
3.0971
1.6443
0.6989
0.6224
1.0261
0.63606
0.8613
1.2320
0.5441
1.6898
0.5050
1.7082
2.1270
2.0632
1.7998
0.9877
1.0357
1.1493
2.4010
1.2219
3.9743
0.6953
0.9708
0.9920
1.5713
0.4965
07727
1.1157
0.4658
0.3687
0.5198
1.0660
0.4516
1.7718
0.6292
Q0.7721
0.5486
1.5379
1.5892
1.8210
1.3285
1.0929
2.0126
1.7791
2.6340
2.4191
2.0972
1.3807
1.4515
0.8152
0.9383
0.6885



Table III. Statistics on the Levels of Inorganic Phosphate (uga/l).

NUMBER STANDARD

STATION DEPTH OBSERVATIONS MEAN MINIMUM  MAXIMUM RANGE DEVIATION
217 S 48 0.5390 0.000 1.640 1.640 0.3730
27 B 40 0.5980 0.000 2.030 2,030 0.6389
39 5 22 0.3810 0.000 1.000 1.000 0.2749
s B 15 0.031¢ G.000 0.470 0.470 0.1213
41 S 47 0.4920 0.000 1.640 1.640 0.3813
41 B 40 0.5670 0.000 2.860 2.860 0.6813
43 S 22 0.3590 0.000 0.8480 0.880 0.3079
43 B 15 0.0350 0.000 0.530 0.530 0.1368
45 S 47 0.4630 0.000 1.380 1.380 0.3138
45 B 40 0.3600 0.000 1.270 1.270 0.3726
47 S 32 0.4290 0.000 2.300 2.300 0.4012
49 S 34 Qe4170 0.080 1.160 1.080 0.2346
51 ) 44 0.3720 0.000 1.020 1.020 0.1955
53 S 48 0.3660 0.000 1.030 1.030 0.2549
53 B 490 0.3120 0.00C i.730 1.730 0.3816
55 ) 44 0.3380 0.000 1.500 1.500 0.3132
55 B 36 0.2590 0.000 1.060 1.060 0.3142
57 5 19 0.3930 0,000 1.200 1.200 G.3068
57 B 14 ¢c.0000 0.000 0.000 0.000 0.0000
59 ) 20 0.4590C 0.000 1.580 1.580 0.4127
61 ) 19 0.5250 0,000 1.390 1.390 0.4255
63 ) 19 0.4650 0.000 1.190 1.197 0.3497
65 5 19 0.3930 0.000 1.080 1.080 0.3180
67 S 18 C.3110 0.000 0.770C 0.770 0.2462
67 B 16 0.4530 0.000 1.550 1.550 0.3830
69 S 20 0.4060 0.000 1.350 1.350 0.3295
69 B 17 0.4570 0.000 1.820 1.820 0.4514
71 S 21 0.5270 0.000 1.580 1.580 0.3579
71 B 18 0.5070 0.000 1.350 1.350 0.3639
12 S 16 0.5290 0.000 2.300 2.300 0.5556
72 B 15 0.0800 0.000 1,200 1.200 0.3098
73 5 18 0.3740 0.000 1.250 1.250 0.3436
15 S 18 0.4170 0.000 1.650 l1.650 0.4357
17 ) i8 0.3560 0.000 1.000 1.000 0.3249
19 S 18 0.56810 0.000 2.450 2.450 0.5831
80 S 11 0.4850 0.000 1.190 1.190C 0.3508
81 S 22 0.6010 0.000 1.980 1.980 C.5157
8l 8 18 0.9960 0.000 4.500 4.500 1.3518
83 S 22 0.7160 0.000 2,860 2860 0.6806
83 B 19 1.3330 0.000 11.200 1.120 2.5756
85 S 22 1.6590 0.000 12.300 12.300 2.5996
85 B 19 1.2230 0.000 8,910 8.910 1.9786
87 ) 22 1.1130 0.000 3.950 3.954 1.0473
87 B 19 ¢.7830 0,000 2.730 2.73C 0.6896
89 5 21 1.077¢0 0.000 4,830 4.830 l1.2415
89 8 19 1.0690 0.140 4.910 4.770 1.0909
91 S 19 0.7710 0.000 5.500 5.500 1.1948
93 S 18 0.4390 0.070 0.950 0.880 0.2576
95 ) 19 0.4570 0.000 1.360 1.360 0.3904
97 S 18 C.4710 0Q.0C0C 1.130 1.130 0.3539
99 S 18 0.3290 0.000 0.910 0.910 Q.2654
101 S 19 0.4510 0.000 1.600 1.800 0.3950
103 ) 18 t.3920 0.000 0.900 0.900 0.3176
105 S 18 0.4090 C.000 1.020 1.020 0.3211
107 S 20 18.8670 04,140 65.600 65.460 18.1905
107 B 17 5.6550 0.280 18.400 18.120 5.5922



Table IIl. Statistics on the Levels of Inorganic Phosphate (uga/l). (Continued)

NUMBER STANDARD

STATION DEPTH OBSERVATIONS MEAN MINIMUM  MAXTMUM RANGE DEVIATION
108 S 17 39,7570 4.570 67.900 63.330 18.9263
108 8 16 8.4210 0.680 18.800 18.120 5.8520
109 S 21 1.9670 0.000 26.500 26.500 5.6807
109 B 19 2.65%0 0.23C 19.500 15.270 4,8462
123 S 12 0.6520 0.000 2.000 2.000 0.6992
125 S 25 0.7510 0.070 2.930 2.860 0.86237
127 S 25 0.6200 0.000 2.100 2.100 0.4874
129 S 25 0.5400 0.060 1.800 1.740 0.4325
131 S 25 0.5560 0.070 1.430 1.360 0.3572
133 S 25 0.5120 0.160 l.360 1.200 0.2891
135 ) 25 0.4510 0.070 1.160 1.080 0.2505
137 S 25 0.4410 0.070 1.230 1.160 0.2807
137 B 25 0.6460 0.000 1.650 l1.650 0.4540
139 ) 25 0.4970 0.140 1.360 1.220 0.2906
139 8 24 0.6490 0.000 2.000 2.000 0.5420
141 S 22 0.3690 0.070 l.430 1.360 0.2742
lal B8 22 0.6650 0.000 1.740 1.740 0.5090
143 5 25 0.4450 0.000 1.360 1.360 0.3173
145 S 25 0.4110 0.060 1.430 1.370 0.2825
147 S 25 C.4C010 0.00C 0.910 0.910 0.2691
149 S 25 0.4510 0.070 1.290 1.220 0.2870
149 B 25 0.6470 0.000C 1.350 1.350 0.,4436
151 S 25 0.4370 0.130 1.500 1.370 0.3108
151 B 25 2.740C 0,000 48.200 48.200 9,4942
153 S 25 0.4750 0.130 1.090 0.960 0.2497
155 S 25 0.4150 0.080 1.000 0.920 0.2209
157 S 50 0.4030 0.000 0.930 0.930 0.2339
159 5 50 0.4330 0.000 1.20G 1.200 0.2878
i6l S 50 0.4580 0.000 1.090 1.090 0.2975
163 S 25 €.5280 0€.000 1.660 1.660 0.4026
163 8 25 1.2560 0.000 11.400 11.400 2.3652
165 S 25 0.4730 0,000 1.07¢ 1.070 0.2640
167 S 25 0.4950 0.000 1.180 1.180 0.3406
169 ) 24 G.5460 0.000 1.430 le430 0.3469
171 ) 25 0.3870 0.000 1.270 1.270 0.3333
173 S 25 0.4090 0.000Q 1.200 1.200 0.2878
175 S 25 0.4130 0.000 C.930 0.930 0.2137
177 5 25 0.3410 0.000 1.070 1.070 0.2503
179 S 25 0.3710 0.000 0.800 0.800 0.2520
181 ) 25 0.4060 0.000 1.000 1.000 0.3004
183 ) 25 0.3540 0.000 0.910 0.910 0.2461
185 ) 24 0.3700 0.000 1.200 1.200 0.2717
187 S 25 0.3630 0.000 0.870 0.870 0.1929
189 ) 25 0.3600 0.000 0.930 0.930 0.2290
191 S 24 0.3990 0.070 0.870 0.800 0.2324
193 S 24 0.3780 0.000 0,860 0.860 0.223¢6
195 S 24 0.5100 0.080 L.4T0 1.390 0.3079
197 S 25 0.4110 0.080 0.730 0.650 0.1899
159 S 25 0.3660 0.000 0.910 0.910 0.2329
201 5 25 0.3890 0.000 0.840 0.840 0.2231
203 S 25 0.3850 0.000 0.910 0.910 0.2226
205 S 25 0.4090 0.000 1.070 1.070 0.2745
207 S 25 0.3380 0.000 0.930 0.930 0.2310
209 5 25 0.3530 0.000 1.000 1.000 0.2550
211 S 25 0.3940 0.000 0.870 0.870 0.2638



Table IV. Statistics on the Levels of Total Phosphate (ugafl).

STATION DEPTH OBSERVATIONS

27
21
39
39
41
41
43
43
45
45
47
49
51
53
53
55
55
57
59
61
63
65
67
61
69
69
71
71
12
72
73
75
77
19
80
81
81
83
83
85
85
817
87
89
89
91
93
95
97
99
101
103
105
107
107
108
108

VMWLM LPLUNNNLTDVIDTVBRDVVDODUVNOLULLLVOUVE NIV DVNTITIDVVVDLLEBENTEVDUVEW

NUMBER

48
40
22
15
47
40
22
15
47
40
32
34
44
48
40
44
36
19
20
19
19
19
18
16
20
17
21
18
16
15
18
18
18
18
11
22
18
22
19
22
19
22
19
21
19
19
18
19
18
18
19
18
18
20
16
17
16

MEAN

2.0050
2.8790
1.9380
0.2590
2.1350
3.3660
1.5840
041520
1.4840
1.4200
1.4530
1.2140
1.2340
1.1840
0.9060
1.1400
0.9520
1.4200
1.4350
1.6990
1.3670
1.2620
1.0900
1.3450
1.2510
1.1950
1.4550
1.6430
l.0410
0.0860
1.2820
1.1570
1.2420
1.4370
1.2890
1.5690
3.0350
2.0930
2.8350
4,3080
4.7540
3.8750
8.7190
2.9160
44,9350
2.1230
1.7480
1.8060
2,0010
1.5040
1.7990
1.5970
1.2080

25.2850

15,0510

51.3230

20.4060

MINIMUM  MAXIMUM

0,570
0.000
C.700
0.000
0.760
0.000
0.620
C.000
0.480
¢.000
0.510
0.460
0.050
C.050
0.000
C.050
C.000
0.450
0.480
0.420
0.480
0.450
0.280

0.710

0.280
0.5610
0.530
0.640
0.350
0.000
0.420
0.420
0.550
0.570
0.530
0.650
0.890
0.660
0.560
0.940
1.320
0.850
1.150
0.790
0.970
0.570
0.690
0.540
0.890
0.820
0.B810
0.810
0.490
1.330
2.540
6.920
3.190

5.860
19.800
4.130
2.090
9.130
12,000
3.480
1.620
5.250
11.180
4,590
3.120
8.450
1.940
3.210
2.250
5.070
2570
3.9890
4.530
24660
2.130
2.230
2.100
3.730
2100
3.800
3.740
1.850
1.300
4.160
2.050
2.930
2.880
2.340
3.270
11.110
5.250
10.220
18,560
16.610
1B.490
29.520
B8.620
20.930
8.060
4.150
5.630
5.060
2.900
3.320
3.770
1.960
710.090
63.370
91.380
56.270

RANGE

5.290
19.800
3,430
2.090
8.37C
12.000
2.860
1.620
4.770
11.18C
4,080
2.660
8,400
1.890
3.210
2.200
5.070
2.120
3,500
4.110
2.180
1.680
1.950
1.390
3.450
1.490
3.270
3.100
1.500
1.300
3.740
1.629
2.380
2.310
1.810
2.620
10,220
4.590
9.660
17.620
15.290
17.640
28.370
T.830
19.960
7.490
3.460
5.090
4,170
2.080
24510
2.960
1.47T0
68.760
60.830
B4.460
53.080

STANDARD
DEVIATION

0.9645
3.8184
0.9336
0.6865
1.5236
3.48064
c.8077
0.4410
C.7440
1.8649
0.774l
G.5T7T40
1.1957
C.4348
C.8388
0.4819
0.9898
0.6449
0.7818
1.0922
0.6164
0.5312
0.5540
0.4275
C.7731
0.4355
0.7891
0.7964
0.4374
0.3356
0.8758
0.5273
C.6137
0.6548
0.5758
0.7286
2.8044
1.2462
2.3415
4,3002
4.0275
3.9736
3.6811
2.2269
5.7442
1.7637
0.8473
1.1448
1.0226
0.5600
0.7616
0.7098
0.3787
21.0467
15.0297
29.6851
16,1869






