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ABSTRACT

The amount of "available" phosphorus extracted from sediment
samples along the 30 mile length_of the Pamlico Estuary was obser-
ved to decrease from 1.6 mg P/gm sediment in fresh water to 0.3 ’
mg P/gm sediment in water with a salinity of 18 ppt. The avail-
able phosphorus was measured by a modiflcation of the HC1-H,S0,
(pH 1,1) acid extraction procedure. A high degree of correlation
{(r = 0.99) between oxalate-extractable irocn and available phos-
phorus was found in the upper reach of the estuary (salinity less
than 1 ppt). In the lower part of the estuary the Fe-P correla-
tion decreased (r = 0.86). The decrease in the avallable P and
in the Fe-=P correlation along the length of the estuary are con-
sisztent with the suggestion that P is held to suspended sediments
by some type of Fe-inorganic P complex of limited stability.
Sediments entering the estuary in the freshwater inflow would lose

phosphorus as they are transported through waters of increasing

salinity to the mouth of the estuary.

KEY WORDSs Phosphorus, Bottom Sediments, Estuarles, Ferric Oxides




TABLE COF CONTENTS

I. Introduction.ssescvascsssacsacsssosvtancasnconnssacsovane
A, Research AimSsecscsnctosescrervncassverensanoacsansses

B, Reglonal Deseription.seceevensascsssranssscannnsannsn

C. Review of Previous Workeiessssesveraransanscarennnnnns

IT. Experimentalisscavesvssneresassvrsstssnesarervertoscannses
A, Sediment CollectloNecsevacrreracrssoessasransassaveas

B. Phosphorus AnalysiS.iscsecesncsssransensrsasenseannsss

C. Iron AnalysiSscassesssssnrrnosessesssssersrsascvsnernse

D. Manganese ANBlySiS.esssrassrsssricsasnsssssrroasansen

E, Silt and Clay Fraction AralysiS.icevecscacrecrernesan

JIT, Results and Discussion..iceavsuisasncarsscersvonnrnesacnse
A. Available Phosphorus in the Sediments....iceeesveenss

B, Iron in the SedimentSiesscssersscseonrssrsrsascscsonss

C. Correlation between Iron and FPhosphoruS.ssvssesscaces

D. Variations in the Phosphorus-Iron Ratlo.cesvesercacss

E. Manganese in the Sedimenis.sscsnvecerersvrsccscscsnes

IV, Concluslion.s.ecscesscssesnsnssssosssstsscscsnorosesesssrans
ReferenceSisesssveeresnesccanrtrarsernsroraraararrrsorsasavecsres
AppendixX Accievencesseosevsensasesssnssrsnronsnessessesrorannae

Appendix B.I.ll.l.l.‘.l..l..lll......’.ll"l.lll.l...ll.lll..

©® N N N FN -

O

10
10
16
20
26
28
30
33
36

38

i3




CHAPTER I
INTRODUCTION

A. Research Alms

During the past 20 years there has been increasing interest and
research concerning the role of phosphorus in the eutrophicatlion of
natural aquatic systems. Much of this research has involved the
exchange of phosphorus at the aediment-water interface in lakes and
the role of this exchange in regulating the concentratlon of phosg-
phorus in lake waters. Several studles have investlgated the amounts
of phosphorus held by the sediments and the mechanisms by which the
phosphorus is held.

This study examines the amount of “avallable" phosphorus pre-
gent in the bottom sediments of the Pamlico Estuary in North Carolina
during transition from a fresh water to an estuarine environment.

The term "available" phoaphorus refers to a fraction of the total
phoaphorus that is extracted using a procedure devised by Wentz and
Lee {1). This fraction provides an indication of the amount of phos-
phorus that is biologlcally usadble and has been related to the
ability of sediments to support algal growth (2). Some of the
chemical and physical factors that might influence the amount of
avallable phosphorus held by the sediments are discussed. Finally,
correlations between the amounts of available phosphorus and the

amounts of acld and oxalate extractable lron in the sediments are




examined and related to the changing characteristics of the overlying

waters along the length of the Pamlico Estuary.

B. Regional Description

The sediments studied in this report were obtained from the
Pamlico Estuary (Figure 1). This estuary flows eastward some 35 miles
from Washington, N. C., to Pamlico Point, where the estuary enters the
Pamlico Sound, The principal tributary to the estuary is the Tar
River which flows about 200 miles southeast across the Piedmont and
Coastal Plain of North Carolina. The Tar River becomes the Pamlico
River at Washington, N. C. The suspended solids lcad in the Tar River
is generally quite high, averaging 243 tons/&ay over a five year
period (3), and consists mainly of silt and clay. The river drains
approximately 4000 square miles, much of this cultivated land, and
has an average flow of about 2000 c¢fs at Tarboro, N. C. (3). Several
cities with populations up to 50,000 discharge waste effluent Into
the Tar River after various degrees of treatment.

The Pamlico Estuary is a shallow, wind-mixed estuary. The
average depth is about 10,5 feet and the maximum width about 8 miles.
Most of the lunar tide effect is damped out by the North Carcolina
Outer Banks. The salinity of the estuary varies from near zeroc at
the headwaters around Washington, N, C., to around 15 ppt at the mouth,
Temperature ranges from a low of 3°C in the winter to a high of 34°C
in the summer (3). Dissolved oxygen is usually present at all depths,
but in the summer months can drop to less than 1 mg/l in the bottom
waters., These conditions are unstable, however, and are easily

destroyed by wind, flow, or both (&),
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The Texas Gulf Sulfur Co. began phosphate mining operations on
the south side of the estuary near Aurora, N. C, in 1965. An open
dry pit 1s used to mine the mineral fluorapatite. The waste material
resulting from plant operations is pumped Into a 750 acre settling
basin which discharges water into the egtuary. A small stream, Lee

Creek, runs through the plant and into the estuary.

C. Review of Previous Work

Using field and laboratory data, Carritt and Goodgal (5) studied
the sorption of phosphate by Chesapeake Bay sediments under different
conditions of pH, salinity, and phosphate concentration., They found
that the maximum uptake of phosphorus occcurred in the pH range in
which the singly charged HoP0; was the predominant species (pH 2-7).
Their data suggest that the uptake of phosphorus proceeds via a very
rapld adsorption process and a much slower diffusion-controlled
reaction. The heats of reaction measured were characteristic of
van der Waals adsorption and suggested that the iniiial phosphorus-
s0lid complex was of limited stability, and might be easily broken
by changing environmental conditions. These authors also measured
the uptake of phosphorus in sea water systems with salinities 17 and
34 ppt. They found that the uptake of phosphorus was less in sea
water than In fresh water, although the reduction was not in direct
proportion to the salinity. Part of the reduction was attributed
to aggregation of solids at high salinity, resulting in less surface
area availlable for adsorption. Other experiments involving the
sorption of sulfate by solids indicated a competition between sulfate

and phosphate during adsorption.




Pomeroy, Smith, and Grant (6) studied the exchange of phosphate
between the water and sediments of Dolby Sound, Georgia. They found
that the exchange was a combination of a sorption reaction and a
blologically-controlled exchange, They also found that the sediments
acted as a buffer on the phosphate content of the water, tending to
maintain a concentration of phosphate in the water of one micromole
rhosphate per liter.

Olsen (7,8) studled lake sediments in the oxidized and reduced
state. He demonstrated that the exchange of phosphorus is a very
rapid process and that the uptake of phosphorus from the water by
algae will be followed by a release of phosphorus from the sediments.
He also found that the sediments in an oxidized state exchange and
adsorb more phosphorus than those in a reduced state. Olsen (9)
described three types of reactions by which phosphorus may become
fixed in the sedimentss (1) biologically, by metabolic processes in
bacteria, phytoplankton and higher plantsg (2) chemically, by reaction
with ¢aleium, iron, and aluminum, and (3) by sorption whereby the
phosphorus is fixed to the surface of solids.

Mackereth (10,11) studied the distribution of phosphorus in
three English lakes._ He concluded that in the noncalcareous sediments
of these lakes, phosphorus was deposited by elther coprecipitation
with iron and menganese, or incorporation into blological matter.
Schleicher and Kuhn (12) analyzed 177 bottom sediments from southern
Lake Michigan and found a fair correlation between the phosphorus and
iron content of the sediments.

More recently, Shuklia et al. (13) and Williams et al., (i4) have

studied the sorption of inorganic phosphate and the relationship




between phosphate and iron in the sediments from 14 Wisconsin lakes.
They found that treatment of noncalcareous sediments with oxalate
virtually eliminated the abilliy of the sediment to sorb inorganic
phosphorus. The amount of phosphate sorbed was directly related to
the gmount of oxalate-extractable iron in the sediment, They con-
cluded that a.Fe—inorganic P complex exlsts in variable amounts in
lake sediments and largely accounted for variations in levels of
total Fe, inorganic P, and total P. This complex ls potentially
capable of responding in a sensitive manner to changes in the con-
centration of P in lake waters and to other limnological charac-

teristics of both the water and the sediment phases.




CHAPTER II
EXPERIMENTAL

A, Sediment Collection

Bottom sediments were collected from the middle of the Pamlico
River at the 23 stations indicated in Figure 1., An Ekman dredge was
used to ecollect all sediment samples. Samples 7 through 25 were
collected on July 20-22, 1971, Samples 1 through 6 were collected
on October 2, 1971. The samples were placed in polyethylene bags
and about 2 ml of formaldehyde solutlon added to retard blological
activity. The sediments were frozen using dry ice during the return

tc the laboratory.

B. Phosphoru sl

In the laboratory the sediments were thawed, mixed, and dried
in an oven at 110‘0 for 24 hours. A modification of the procedure
proposed by Wentz and Lee (1) was used to extract the avallable
phosphorus from the sediments. Exactly 0.50 gram of the crushed
sedinent was weighed out and placed in 50 ml of acid extractant.
The extractant had a pH of 1,10 and was prepared by adding 12 ml
of;concentrated hydrochloric acld and 9 ml of concentrated sulfuric
acid 10 digtilled water and diluting to 3 liters.

About 0,5 gram of activated charcoal (P free) was then added to

the sediment-extractant mixture in order to remove the brownish-




yellowish color which interfered with the colorimetric method used to
measure phosphorus. In separate tests it was found that the use of
activated charcoal did not alter the amount of phosphorus or iron
extracted from the sediments. The sediment-exiractant mixture was
stirred for 2 hours on a Lab-Line magnetic stirrer. All extractions
were performed at room temperature which varied from 24¢ to 26°C,
After extraction, the mixture was filtered immediately through a
0.45 micron membrane filter,

Experiments were conducted to determine the effect of the length
of extraction and the number of extractions on the amount of avall-
able phosphorus removed from the sedimentis, The resulis of these
experiments indicated that an extraction of 2 hours removed 94 percent
of the amount extracted in 17 hours. In successive two-hour ex-
tractions of the same sample, 90 percent of the available phosphorus
was removed by the first extraction.

The Vanadomolybdophosphoric Acid Colorimetric Method (15) was
used to measure the amount of orthophosphate in the filtered ex~
tractant. Ten ml of filtered extractant were placed in a 50 ml
volumetric flask, 10 ml of vanadate-molybdate reagent added, and
distilled water added to make 50 ml, After allowing 20 minutes for
color development, the transmittance at 420 mu was measured with a
Bechman DB Spectrophotometer. The extraction and analysis procedure

was performed twice for each sediment sample.

C. Iron Analysis

Iron in the sediment samples was extracted by two methods, First,

5 ml of the flltered acld extractant described above was diluted to




50 ml with distilled water. The iron in this solution was measured
with a Perkin-Elmer Atomic Absorption Spectrophotometer (16). The

iron in the sediments was also extracted with an oxalate solution using
a procedure similiar to that described by Saunders (17). Exactly 0.50
gram of dried sediment was placed in a 250 ml beaker and 50 ml of
oxalate reagent (0.2 M ammonium oxalate/0.1 M oxalic acid) added.

The mixture was stirred for an hour on a magnetic stirrer and fil-
tered through a 0,45 micron membrane filter., Five ml of the filtered
extractant were diluted to 50 ml with distilled water and the iron

measured by atomic absorption.

D. Manganese Analysls
The manganese in the filtered acid extractant was measured by

atomic absorption,

E, Silt and Clay Fraction Analysis

The silt and ¢lay fraction in selected sedliment samples was

meagured using a wet sieving analysis described by Ingram (18),
Approximately 10 grams of air-dried sediment were weighed out and
placed in a beaker containing 200 ml of distilled water and 10 ml
of 10 percent Calgon Solution. After soaking overnight, the solution
was stirred with a magnetic stirrer for 5 minutes at high speed.
The Solution was then wet sieved through 2 63 micron sieve (U.S. No
230) until all fines had washed through. The material remaining on
the sieve was collected, dried, and weighed. The percent silt and
clay was calculated by dividing the total sample.weight into the

welght of material that passed through the sleve.




10

CHAPTER III

RESULTS & DISCUSSION

The general characteristics of the sediment samples are listed
in Appendix A. The majority of the samples were classified as mud
and were composed predominately of clay and silt. The exceptions,
samples 1A, %, 5, 6, 7, 19, and 23, contalined a mixture of medium

sand and mud,.

A. Available Phosphorus in the Sediments

The amount of available phosphorus {(in milligrams P per gram of
dried sediment) in each sample is presented in Appendix B, The
phosphorus content of the sediments varied from a high of 1.61
mg P/egm sed. at station 9 to a low of 0.02 mg P/gm sed. at station
23. A part of the observed variation in phosphorus content was due
to the composition of the sediments, Samples containing a substantial
amount of quartz contained less phosphorus than the sediments composed
of clay and silt. This is consistent with the available surface and
Wwith measurements of the sorption capacities of sand and clay made by
Stumm and Leckie (19) in which silica adsorbed very little phosphorus
and kaolinite adsorbed phosphorus very strongly.

In Figure 2 the phosphorus content of the sediments 1s plotted as
a function of distance downstream from station i, Station 1 corre-

aponds to the location at which sample 1 was taken, This figure
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includes only those samples composed predominantly of silt and clay
(clay and silt fraction greater than 0.90). Beginning at mile 7,
there is a sharp drop in the phosphorus content of the sediments. An
increase in the sand content of the sediments could produce such an
effect. In order to evaluate this possibility the amount of silt and
clay in samples 3, 9, 11, 17, and 21, was measured using a wet sieving

analysis. The results of this analysis were as followss

Sample % $ilt and Clay
3 86,0
9 94,8
11 .1
14 94,0
17 98.2
21 98.0

From these values, i1t is apparent that the reduction in phosphorus

was not due to an increase in the sand content of the sediments.
Another possible cause for the drop in phosphorus content along

the length of the estuary is the increase in salinity of the overlying

water. In Figure 3, the average salinity of the surface water is

plotted as a functlon of distance downstream. The salinity values are

based on bimonthly measurements made from Jan. 1969 to Dec. 1970 by

Hobbie (20) and from Water Resources Data for North Carolina (21).

The exact shape of the curve between mile 2 and mile 7 is not known.
However, based on hydrodynamic and geomorphic considerations, it 1s
felt that the curve as plotted is 2 good approximation of actual con-
ditions., The sharp decline in phosphorus content around mile 7 coin-

cides very closely to the increase in salinity in this area. It is
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possible that wlth increasing salinity, phosphorus that is adsorbed or
held in a complex may be released or displaced by competing ions such
as sulfate or chloride.

From mile 8 to mile 32, there was a general decrease in the phos~
phorus content of the sediments from around 0.70 to 0.30 mg P/gm sed.
This decrease in phosphorus may be related to the lncreasing salinity
in the same manner as described above, It was felt that the decrease
might also be related to the phosphorus content of the overlying
waters, Hobbie (21), in a two year study of phosphorus concentration
in the Pamliéo Estuary, measured the reactive phosphorus in the sur-
face water at various stations along the length of the estuary. Re-
active phosphorus consists essentially of particulate and dissolved
orthophosphate and is similiar to the fraction defined as available
phosphoxrns. Using Hobbie's data, an average value of reactive phos-
phorus was calculated at each station and is plotted as a functlon of
distance downstream in Figure 4., The shape of this curve resembles a
point input of phosphorus at mile 18, the location of the Texas Gulf
Sulfur mining plant. The mineral mined by Texas Gulf Sulfur is
fluorapatite Ela.ﬁ (POy)3 F| , which is dredged from a large open pit
alongside the estuary. It is improbable that the dissolution of the
mineral intself would result in the observed input of phosphate.
However, the seepage or overflow of wash or process wastes into lee
Creek or directly into the estuary are possibilities and could account
for the high input of phosphate.

A comparison of Figures 2 and 4 reveals that there is very little
relation between the phosphorus content of the sedimentis and the

concentration of phosphorus in the surface water. Dissolved inorganic
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phosphorus in the bottom water might influence the phosphorus content
of the sediments. No data are available on the former. However,
vertical gradients of temperature and salinity in the estuary do not
indicate extensive vertical stratifaction.

The gradual decrease in the phosphorus content of the sediments
might also be related to the change in the clay mineral composition of
the sediments along the length of the estuary, Edzwald (23) examined
the clay-sized fraction of sample numbers 7, 12, 15, 18 and 22 by X-ray
diffraction. The results of this analysis appear in Figure 5 and
indicate a decrease in kaolinite from 60 to 30 percent and an increase
in illite from 5 to 25 percent along the length of the estuary. Chlo-
rite plus 14 )3 intergrade clay average about 40 percent along the
entire length of the estuary. A direct relation between the clay
composition and phosphorus content of the sediments 1s difficult to
establish since various forms of cl#y minerals, such as Fe-kaolinite
and K-kaolinite, may have different adsorption capacities for phos-
phorus (24).

The phosphorus in both the water and the sediment 1s lowest
where the estuary enters the Pamlico Sound. This is probably due to
the high salinity and to dilution by water from the Pungo River and
the Pamlico Sound. The Pamlico Sound is characteristically low in

reactive phosphorus, averaging around 0.05 mg/l.

B, Iron in the Sediments

The amounts of iron (mg Fe/gm sed.) extracted by the acid and
oxalate procedure are listed in Appendix B, and are plotted as a

function of distance downstream in Figure 6. In the upper and middle
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portion of the estuary, down to mile 20, there is a strong correlation
(r = 0.99) between the amount of iron extracted by the acid and the
amount extracted by the oxalate, The amount of iron extracted by the
oxalate is generally 15-20% higher than that extracted by the acid.
Studies by Schwertmann (25), McKeague and Day (26), and McKeague,
Brydon, and Miles (27) have shown that oxalate extracts amorphous
forms of iron almost completely and crystalline oxides only slightly.
Therefore, it seems likely that both the oxalate and the acid are
extracting an amorphous form of iron from the sediments and that the
oxalate extracts this form of the iron slightly better than the acid.

It is possible that the difference in the acid and oxalate
extraction should be larger than observed. One of the reasons for
this is that the sediments were extracted with the acid for two hours,
and with the oxalate for only one hour. Several samples were
extracted with oxalate for two hours and the iron recovery increased
by about 5%.

In the lower portion of the estuary, after mile 22, the amount of
iron extracted by the acid was higher than that extracted by the oxa-
late, The cause of this is possibly due to the presence of some form
of iron that is extracted strongly by the acid and poorly by the
oxalate., This form of iron might be closely assoclated with the clay
mineral compogitlon of the sediments.

A factor that could possibly influence the amount of iron found
in both the acid and oxalate extraction involves the sample pretreat-
ment procedure that was used, All of the sediments were dried at
10006 prior to analysis., It is possible that some of the amorphous

forms of iron were converted to crystalline forms Quring this proce~
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dure. These crystalline forms would be less available to extraction
by acid and oxalate. To determine the effect of oven drying, sedliment
samples from the upper, middle and lower portiions of the estuary were
air-dried and the iron extracted with oxalate for one hour. The
amount of iron extracted from the upper and middle samples was
essentially equal to that extracted from the oven-dried sample. The
amount of iron extracted from the air-dried sample from the lower
portion of the estuary was about 30 percent higher than that extracted

from the oven~dried sediment,

C. Correlation between Iron and Phosphorus

As mentioned previously, several investigators have found a
correlation between phosphorus and iron in lake sediments. The iron
and phosphorus data from this study were examined to determine if a
similiar correlation might exist with estuarine sediments. Firsi, the
available phosphorus was plotted as a function of the acid-extractable
iron in Figure 7 and as a function of the oxalate-extractable iron in
Figure 8. A linear regression analysis of the data in Figures 7 and 8
was performed using an IBM 360/75 computer.

Next, the samples were placed intoc two groups. Group A included
samples 1 through 9 and contained samples for which the average
salinity in the overlying water was low and for which there was littile
change in the average phosphate concentration of the overlying water
between samples. Group B consisted of samples 10 through 23 and con-
tained samples for which the average phosphate and salinity of the
overlying water were not constant between samples. The available phos-

phorus was plotted as a function of the acid-extractable iron for
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group A and B samples in Figure 9 and as a function of the oxalate-
extractable iron for group A and B samples in Figure 10. In each of
these figures, a separate linear regression analysis was performed on
the group A and B samples., Table 1 summarizes the phosphorus-iron

correlation coefficients obtained for all samples and for group A and

B samples.
TABLE 1
Correlation Coefficient (r)
P & Acid-Bxtr, Fe P & Ox-Extr, Fe
All Samples 0.772 0.862
Group A Samples 0,981 0.988
Group B Samples 0.771 0.863

As indicated in Table 1, the best correlation obtalned was for
the group A sediments with correlation coefficients for acid and
oxalate extractable iron equal to 0,981 and 0.988 respectively. These
correlation coefficients indicate that in the upper part of the
estuary a substantial portion of the avalilable phosphorus mlght be
bound to some type of amorphous iron complex. The y intercept of the
linear regression lines for the group A samples was 0.352 for acid-
extractable iron and 0,369 for cxalate-exiractable iron. These values
perhaps represent an estimate of the amount of avallable phosphorus in
these samples not associated with the iron complex. This phosphorus
could be associated with some mineral form of phosphate such as

apatite or phosphorite or might be adsorbed dlrectly to clay particles.
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The correlation for the group B samples was significantly less
than the group A samples with correlation coefficients for acid and
oxalate-extractable iron equal to 0,771 and 0.863 respectively. The
decrease in correlation is thought to be due to two major factors; the
increase in salinity and the changes in the clay mineral composition
of the sediments, These two factors will be discussed in more detall
in the following section.

The correlation coefficients for all samples considered together,
as in Figures 7 and 8, were essentially equal to the coefficients for
the group B samples.

The slope of each of the linear regression lines was tested using
an analysis of variance and the F distribution., All of the slopes
were found to be significant at the F0.95 level. In all cases the
p value was less than 0.001, except for the group B acid-extractable

iron for which it was less than 0.005,

D. Variations in the Phosphorus-Iron Ratlo

Since there was a fairly good correlation between the amount of
avallable phosphorus and the amount of oxalate-extractable iron it was
felt that the ratio of these two values might be related to the
changing chemical parameters in the estuary. In Figure 11 the ratio of
avallable phosphorus (mg P/gm sed.) to oxalate-extractable iron
(ng Fe/gm sed.) is plotted as a function of the distance downstream.
Only those samples composed predominantly of clay and silt are plotted.

From mile O to mile 10 the P/Fe ratio decreases from around 0.17
to 0.10., This decrease is possibly due to t@e increase in salinity

mentioned earlier. If the phosphorus is held by some type of iron-
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inorganic P complex of limited stability, then an increase in the
ioniec strength of the overlying and interstitial waters could result
in displacement of the phosphorus by competing lons such as chloride
or sulfate., The iron, however, if present as an amorphous hydrous
oxide, would not be appreciably affected by the increase in ionic
strength.

After mile 10, the P/Fe ratic begins to increase and becomes
somewhat erratic throughout the remainder of the estuary. There are
several possible explanations for this behavior. The increasing
salinity might be having a greater effect on the correlation between
phosphorus and iren. In additlon, the mining operation of Texas Gulf
Sulfur may have introduced small guantitiés of apatite into the
sediments. This apatite would have been dissolved in the laboratory

analysis since an acid extraction was used.

5. Manganese in the Sediments

The amounts of manganese in the acld extracts are plotted as a
function of distance downriver in Figure 12. The values obtained were
relatively low, the highest value of O.41 mg Mn/gm sed. occuring near
the end of the estuary at mile 32. No correlation was found betwesn
the manganese and phosphorus content of the sediments., In the upper
and middle portion of the estuary there was a falr correlation betwsen
the amount of iron and manganese in the sediments. The increase 1n the
manganese content of the sediments in the lower porilon of the estuary
is possibly related to changing mineral composition due to differential
sedimentation. The increase could alsc be due to the influx of man-

ganese rich sediments from the Pamlice Sound.
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CHAPTER IV

CONCLUSICN

The resulis obtained in this study give insight to some of the

properties of phosphate in estuarine sediments, The conclusions can

he gummarized as follows:

(1)

(2)

(3)

The sediments contain a large amount of phosphorus when
compared to the phosphorus concentration in the overlying
watergs., On the average, one gram of dried sediment con-
tained as much phosphorus as 10 liters of the overlying
water,

Under conditions of low salinity, there is strong corre-
lation between the amount of available phosphorus and the
amount of acid and oxalate-extractable iron in the sedi-
ments. The correlation decreases as the lonic strength
increases.

The phosphorus-iron correlation suggestis the exlstence of
an Fe-inorganic P complex similar to that proposed by
Williams (14). This complex is destabilized by increasing
ionic strength. Working with lake sediments, Williams
found that the Fe/P atomlc ratio of the complex varied be-

tween 5 and 10 for most sediments. In the Pamllco estuary

the range of the Fe/P atomic ratio was somewhat lower,

ranging between 3 and 7 for most of the sediments studied.
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This study did not attempt to examine the transport of deposition
of phosphorus. It is interesting, however, that the resulis are
generally consistent with a transport system proposed by Carritt and
Goodgal (5). In the Tar River the low salinity, neutral pH, and high
turbidity could favor the formation of a phosphorus-solidé sorption
complex. This complex might consist of phosphate sorbed to suspended
particles of clay or hydrous ferric oxide, or rhosphate sorbed to clay
particles coated with a hydrous ferric oxide. Clays of this type
could be supplied by erosion of red clays which occur throughout
Piedmont North Carolina, Phosphate is furnished by run off from land
that is cultivated and fertilized, and from the effluent of sewage
treatment plant. A recent committee report concluded that sediments
are a prime carrier of phosphates from cropland to streams (28). The
settling of these suspended solids would result in sediments with a
high phosphorus content such as those observed in the upper portion of
the estuary., Wang and Brabec (29) measured the particulate phosphorus
and particulate iron in the suspended solids of the Illinois River.
The overall averages for phosphorus and iron were 0.42 and 2.48 mg/l
respectively. These values yleld a P/Fe ratio of 0.17, the same
as that obtained in this study for the sediments around mile O
(Figure 11).

As the water and suspended solids move further down the estuary,
there 1s an increase in the salinity, pH, and a decrease in siream
velocity. These conditions would favor the settling of the suspended
sollds and the regeneration of the phosphate. Based on Figure 2,

about 0.8 mg of phosphorus might be released per gram of dried sediment.
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Using an average suspended solids load of 243 tons/day and an average
flow of 2000 cfs, the increase in the phosphorus concentratlon of the
estuary due to release from the suspended solids would be 0.036 mg P/1.
This calculation assumes that the phosphorus content of the suspended
solids is the same as that of the bottom sediments. Thus, the
suspended solids that settle would contain less phosphate, the phos-
rhate having been released to the water,

The results of this study are far from conclusive, and are
probably applicable to a limited number of estuarles. The effect of
organic material in the sediments may be quite significant wilth regard
to phosphorus and iron in the water and sediments of the estuary.
Additionally, there 1s a need for more research before any firm con-
clusions can be reached about phosphate interreactions in an estuary.
This research might include the Iinfluence of various chemical factors
of suspended solids and laboratory studies on the effects of lonle
strength and competing ions on phosphate sorbed to clay and hydrous

ferric oxldes,
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