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ABSTRACT

Gross uptake rates of filterable reacti ve phosphorus
were neasured in surface waters of B. Everett Jordan Lake
from Decenber 1983 to January 1985. I n conjuncti on,
| aboratory experi nents exam ni ng the phosphor us
adsor pti on/ desorpti on potential of suspended sedi nents and
bi oavailability of suspended sedi ment - bound phosphorus were
perfornmed on suspended sedi nents obtai ned fromthe Haw
Ri ver, the major tributary of Jordan Lake, during five
periods of high flow from January 1985 to May 1985.

Phosphorus uptake rates were highly variabl e, ranging
fromO0.007 to 9.78 ug P 1"! h"~. The hi ghest uptake rates
wer e neasured during the warm nonths in the New Hope Creek
basin of the | ake when filterabl e reacti ve phosphorus
concentrations were | ow and al gal bi omass hi gh, which when
conbi ned with high nitrogen to phosphorus ratios, indicate
conditions of potential phosphorus Iimtation. Lower uptake
rates were neasured throughout the study in the Haw Ri ver
basin of the | ake and during the winter nonths in the New
Hope Creek basin. Biotic uptake, which conprised npst of
t he uptake during the warm nont hs, was dom nated by uptake
in the small size fraction (< 8.0 unm. Abiotic uptake often
conprised the majority of the total uptake in the w nter
nont hs. Sanpling sites near tributary inputs, especially in
the Haw Ri ver arm had the hi ghest rates of abiotic uptake
due to |l arge i nputs of suspended sedi nents during peri ods of

hi gh stream fl ow.
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Sorption isothernms of suspended sedi ments obtained from
t he Haw Ri ver exhi bited equili brium phosphor us
concentrations significantly bel ow anbient streamfilterable
reacti ve phosphorus concentrations, indicating that the
sedi nents were |likely acting as a sink for sol uble
phosphorus present in the stream Algae grown with
suspended sedi nent - bound phosphorus under conditions
otherw se optimal for growh were able to utilize a
relatively small anmount (mean =1l .Ssi) of the sedi nent-bound

phosphorus. Potential i1inpacts of these results on | ake

nmanagenent were di scussed.
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I NTRODUCTI ON

Phosphorus is generally considered to be the nost
i mportant factor in the naintenance of biological cycles in
freshwater systens (Schlndler 1977). In conparison to other
essential nutrients, phosphorus is present in relatively
smal | amounts and usually limts the systemis productivity
(Wet zel 1983). Increased | oadi ngs of phosphorus into | akes
and rivers often accelerates the natural evolutionary
processes, prenmaturely creating eutrophic conditions and
associ ated poor water quality. Understandi ng of the
dynam cs of phosphorus in these systens is inportant if we

hope to develop effective strategies for their nmanagenent.

PHOSPHORUS CYCLI NG I N THE EPI LI MNI ON

Most nodel s of phosphorus-m croorgani sm (phyt opl ankt on,
bacteria, zooplankton) interactions confine thenselves to
epill mMmetic waters, where steady-state conditions are
assuned to exist, at least for short tine periods. In
reality, steady-state conditions are rarely found, however,
since the cycling of phosphorus within the epillmion is
usually rapid relative to its novenent through the
epill Mmion, the steady-state assunption does not greatly
hi nder interpretation (Rigler 1973).

Ri gl er <1956> initially proposed a sinple two-

conpar t ment nodel of epillmetic phosphorus cycling.
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I nvol vi ng exchange between sol ubl e and particul ate
phosphorus. Observati on of uptake kinetics often not
consistent with the two-conpartnent nodel |ead to the
devel opnent of a four-conpartnent nodel by Lean (1973),
consi sting of particul ate phosphorus, orthophosphate, a | ow
nol ecul ar wei ght organi ¢ phosphorus conpound (XP>, and a
hi gh nol ecul ar wei ght col | oi dal phosphorus conpound. He
proposed that the majority of the exchange occurs directly
bet ween particul ate phosphorus and orthophosphate, but that
a compound terned XP Is al so excreted which rapidly
conpl exes with the | arge colloi dal phosphorus conpound,
rel easing small anounts of orthophosphate. During periods
of phosphat e deficiency phytopl ankton and bacteria can
devel op phosphat ase enzynes that allow for the utilization
of di ssol ved organi ¢ phosphorus conmpounds which are
anal ogous to the XP fraction (Kuenzler and Perras 1965;
Paer| and Downes 1978).

Physi ol ogi cal adaptions of m croorganisns to | ow
anbi ent concentrations of phosphorus in the water columm add
conplexity to the phosphorus cycle. Many phytopl ankt on have
the ability to take up phosphorus in excess of their
net aboli c needs and store it within the cell as
pol yphosphate (Perry 1976). Low concentrati ons of
phosphorus in the water nmay | ead to assunpti ons of
phosphorus limtation when, in reality, the al gae may have
sufficient stores of pol yphosphate for significant
additional growh. Lean et al. (1983) suggested that

phyt opl ankton obtained from Lake Erie had enough stored
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pol yphosphates to sustain them for at | east one nonth
despite anbient nutrient concentrations that clearly
I ndi cat ed phosphorus linmtation.

Fractionati on of blotlc phosphorus uptake In freshwater
| akes generally Indicate that the bacterial fraction, which
may al so | ncl ude nannopl ankton I f separati on of bl otlc
upt ake |I's done by size fractionation (Lean 1984), doni nates
upt ake (R gler 1956; Berman and Stiller 1977; Kuenzl er and
Greer 1960: Currle and Kal ff 19d4a>=. Laboratory work by
Rhee <1972> and Currl e and Kal ff <1984b> support bacteri al
superiority In conpetition for phosphorus, but Fuhs et al.
(1972) found evidence | ndicati ng phyt opl ankt on shoul d
out conpete bacteria at phosphorus concentrations typically
found I n nature. Field studies by Faust and Correll (1976),
Kuenzl er and Greer (1980) and Lean (1984) found bacteri al
domi nati on of uptake for the majority of the year, although
duri ng periods of high algal blonmass the relative fraction
of al gal uptake significantly I ncreased.

Phosphorus regenerati on by zoopl ankton can be an
| rportant nechani smIin the phosphorus cycle, especially when
anbi ent phosphate concentrati ons are | ow (Lehnan 1980;
Rigler 1973). R gler (1973) estimated that direct rel ease
of phosphorus fromul trapl ankton and zoopl ankt on excretion

were equal ly I nportant.

PHOSPHORUS UPTAKE KI NETI CS

The application of static neasurenents of phosphorus

concentrations to the highly dynam c phosphorus cycle
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contained within the epilimion, capable of utilizing a
phoaphorua atom many tinea before it is | eaves the system
is relatively limted. Periods of maximumbiotic activity
often correspond with peri ods of | ow phosphorus
concentrations that should, if recycling is ignored, limt
further biological activity. However, the continuation of
biotic activity during these peri ods enphasi zes the
i nportance of know edge of the flux of phosphorus through
the system Interpretations of static nmeasurenents are al so
hi ndered by the use of operationally defined phosphorus
fractions that are often not accurate neasurenents of the
forns of phosphorus that are actively being cycl ed
(Kuenzl er and Ketchum 1962; Rigler 1966). Consequently,
studi es enphasi zing flux rates and pat hways of phosphorus,
in addition to neasurenents of concentrations, have evol ved
(Hut chi nson and Bowen 1947; Rigler 1956).

Rat es of phosphorus uptake are npbst often obtained
usi ng the techni ques of Rigler <1956>, which neasure the
rate of di sappearance of radioactive phosphate (32p) added
to water sanples in anmounts small enough not to affect the
assunption of ateady-state. This techni que neasures gross
rates of phosphorus uptake. Net uptake should be zero if
st eady-state conditions exist.

The rate of phoaphorua uptake by m cro-organians is
affected by many factors including: nutritional status (Fuhs
1969; Rhee 1972); preaence or absence of |ight (Chiaolmand
Stress 1976; Kuenzler et al. 1979) and Ilight intensity
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(Nal ewa3ko et al. 19dl >; pH (Healey 1973); cell size (Fuhs
9% si .- 1972); tenperature (Kuenzler St s”. 1979); diurnal
cycle (Richey gfc al. 1975; Currie and Kal ff 1984b>; and
phosphat e concentrati on (Fuhs et al. 1972; Hal mann and
Stiller 1974; Kuenzler et al. 1979). Nal ewa™”ko and Lean
(1980) provide an extensive review of factors affecting
phosphorus upt ake kinetics and al gal growt h.

Di stinct seasonal variation of phosphorus uptake has
often been observed. During the w nter nonths when al gal
and bacterial bionass and netabolic activity decrease, and
phosphorus concentrations increase, phosphorus uptake rates
are usually low (Hal mann and Stiller 1974; Faust and Correll
1976; Kuenzler and Greer 1980). In summer nonths, rapid
turnover tinmes (1-8 minutes) are encountered in nost | akes,
apparently irrespective of trophic state (Rigler 1973).
Al gal bloons in the sunmer (Faust and Correll 1976> and the
w nter (Kuenzler gt g”. 1979) have been shown to greatly

i ncrease uptake rates.

SUSPENDED SEDI MENT- PHOSPHORUS DYNAM CS

The i nput of suspended sedi nents often has been
I npl i cated as being inportant to the phosphorus cycl e of
| akes (Hutchi nson 1941; Kuenzler and G eer 1980; Jones and
Redfield 1984), especially when the sedinents are fine clays
whi ch general |y have hi gh phosphorus binding capacities and
long retention tinmes in the water columm (Golterman 1973;
Syers 8t al 1973). Piednont rivers and | akes are subject to

| arge influxes of sedinents fromthe surroundi ng watersheds
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during heavy precipitation events. The soils of these
wat er sheds consist primarily of fine clays (Daniels et al.
1984) which can remain suspended in the water columm for
| ong periods of tinme (WIllians et al. 1980). However, the
relatively small amount of research which has been conducted
on the biological and chem cal effects of the addition of
sedinent into | akes and rivers has resulted in |ow | evels of
under st andi ng and consequent | y* hindered water resource
managenent (Ongley et al. 1982).

The phosphorus desorpti on/ adsorpti on capacity of
suspended sedi ments, hereafter refered to sinply as sorption
capacity, nust be understood to achi eve an adequate
under st andi ng of the phosphorus cycle (Syers fi:” al,. 1973) .
Nunmer ous studi es have denonstrated the | nportance of
sorption reacti ons between phosphorus and bottom sedi nents
(A sen 1964, Poneroy et a™. 1965, Harter 1968, Meyer 1979,
Klotz 1985) and, while nmuch fewer in nunber, the inportance
of suspended sedi nent - phosphorus exchange reactions in
rivers (Tayl or and Kunishi 1971; Geen et al. 197d>, in
| akes (Kuenzler and Greer 1980), and in estuaries (Carrltt
and Goodgal 1954).

Whi |l e nost studi es have found that the sedi nents act as
a sink for phosphate (Syers et al. 1973), the high
conplexity of the sorption reaction conbined with the |arge
variability found within and between aquatic systens often
make generalizations concerning the sedinent's role
difficult. The sorption nechanismis a function primrily

of the solution phosphate concentration and the pH (Chen et
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al > 1973a}, but also of ionic strength, substances conpeting
for the sane reactive sites, tenperature, organic
substances, retention tine, and particle size (Beek and
vanRi ensdi j k 1982>.

The factors controlling the chem cal reactions of
phosphate ions with clay m neral surfaces are not well
under st ood, especially with naturally occurring clays (Beek
and vanRi ensdi j k 19d2>. Reactions are clearly associ ated
with the presence of al um num hydroxi des and iron oxides
near the clay surface (Chen et al. 1973a; Edzwal d et al.
1976), and are not necessarily based upon sinple exchanges
of the phosphate ion for the hydroxide i on bound to the
al um num and iron conpl exes of the clay surface, as has
of ten been suggested (Golterman 1973>. Phosphate adsorption
i sotherns, which relate the anbunt of phosphate adsorbed per
gramdry matter to the concentration of phosphate in the
water (O sen 1964), are often constructed in attenpts to
eval uate the sorption nechani sns. These have shown t he
upt ake of phosphate by the clay particles to be biphasic,
consisting of a rapid initial adsorption of the phosphate
onto the reactive sites of the clay foll owed by a nmuch
sl ower phase involving the formati on of new solid phases
(Carritt and Goodgal 1954; Poneroy et al. 19&5; Chen et al.
1973b; Edzwal d et al « 1976). The initial adsorption step is
usual |y conplete within 12 hours (Edzwald et al. 1976; Huang
et al. 1976; Geen et al. 1978) and is readily desorbable
(Carritt and Goodgal 1954; Ryden and Syers 1977>. The
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slower step can extend to over 60 days and is not easily

reversed since it involves the formation of a solid phase

(Chen et al. 1973b>.

Bl OAVAI LABI LI TY OF SEDI MENT- BOUND PHOSPHORUS

Quantification of the anmobunt of suspended sedi nent -
bound phosphorus that is available for algal utilization my
hel p explain the role of these sedinents in the phosphorus
cycle of |l akes. Estimates of the relative availability of
phosphorus associated with these sedinents as they enter a
wat er body are very inportant if we wish to determ ne the
nost cost effective control strategies for regul ating
phosphorus inputs (Sonzogni et a”. 1982>. For exanple, an
ext ensi ve study on phosphorus managenent strategies for the
G eat Lakes (PLUARG 1978), which are subject to high | oading
of sedi nent-bound phosphorus, exam ned the bioavailabilty of
vari ous sources of inputs. Wile diffuse tributary inputs
of phosphorus were found to conprise up to 53 percent of the
total phosphorus entering the | ake, they were found to be
relatively unavail able (<40X). This heavily contributed to
t he decision that the nost cost effective managenent
strategy would be renoval of nunicipal point source
phosphorus. The sedi nent entering the | akes from erodi ng
bl uffs surrounding the | ake was found to be essentially
unavai |l abl e and consi dered uni nportant for phosphorus
managenment (WIllianms et gl. 1980).

Esti mat es of the bioavailability of particul ate

phosphor us, her eaft er referred to as algal available
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phosphorus (AAP>, are also inportant in attenpts to refine
enperl cal i nput/output nodels. These nodels attenpt to
predi ct al gal bi onass based on, anong other factors, total
phosphorus | oadi ngs, <Vol |l enwei der 1968; Dillon and Ri gl er
1974>. Nicholls and Dillon (197d> claimthat the assunption
behi nd the use of total phosphorus is that it is all
potentially available for algal utilization. The |Iimted
success of these npdels is possibly related to a rough
rel ati onshi p between total phosphorus and AAP (Sonzogni et
al. 1982). Increased incorporation of bioavalibility val ues
i nto these nobdel s, as was done by Schaffner and gl esby
(1978), should decrease sone of the uncertainty associ at ed
with their predictions.

Laboratory experinents attenpting to quantify the
anount of sedi nrent phosphorus avail able to al gae, have
primarily used nodifications of standard al gal bi oassay
net hods. Basically, algae are grown with sedi nents as the
sol e source of phosphorus while all other conditions
affecting growh are kept at opti mum Consequently, the
bi cavai l ability val ues obtai ned are usually considered to
represent the maxi num bi oavail ability obtai nabl e under
| aboratory conditions (Lee et al. 1980>.

The avail abity of phosphorus which ultinmately results
under natural conditions is a function of a nultitude of
factors including; the forns and anounts of the phosphorus
in the particulate fraction, the residence tine of the
particle in the | ake water, the abundance, speci es

conmposition, and nutrient status of the al gal popul ati on.
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t he sol uti on phosphate concentration, and other factors
controlling particul ate phophorus solubility such as pH and
Eh (Arnmstrong et al. 1979>. Other factors such as sedi nent
resuspension (Wllians et al. 1980> and retention tinme in
the photic and/or m xing zone may al so be inportant.

Measur enents of AAP have shown vari ati on between and
within various sources. This is partially due to the | arge
nunber of factors affecting the actual availability but also
is related to variations of the nethods used (Lee et al.
1980). Estinates of AAP have varied from O to 55 percent
wth an estimted nean AAP of 25 to 30 percent (Colterman et
si. 1969; Fitzgerald 1970; Chiou and Boyd 1974; Colterman
1977; Cowen and Lee 1980; WIllianms gt gl. 1980; Kl apw "k et
gl . 1982).

| norgani ¢ sedi nent phosphorus consists of an apatite
fraction and/or a non-apatite inorgani c phosphorus (NAlP)
fraction, which is nmainly conposed of phosphate adsorbed
onto oxides of alum numand iron, but also nmay include
actual iron and al um num m nerals and non-apatite cal ci um
phosphate (Sonzogni et al. 1962). Recently, attenpts have
been made to correl ate AAP determ ned by bioassay to the
presence of these fractions. Mdifications of extraction
techniques initially devel oped by Chang and Jackson (1956>,
whi ch were developed in an attenpt to relate the phosphorus
fraction extracted to plant growth, have been used. The
apatite fraction haa often been found to be essentially

unavailable due to its lowsolubility (WIllians et al.
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1980>, however » sone studies indicate snall anounts may be
avai |l abl e (Premazzi and Zanon 1984>. |In sone experinents,
an extracti on usi ng NaOH, which renobves the majority of
NAI P, has been shown to predict the AAP accurately,
inplicating the high availability of the NAIP (WIIlians at
9l . 1980; Young and DePi nto 1982). However, Kl apwi ck (1982)
found that the NaOH extracti on severely overestimated (2-

10x=> the AAP while Dorich et al. (1982) found the NaOH

fraction conprised only 36 percent of the AAP.
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LAKE SAMPLI NG AND NMEASUREMENTS

Sampling trips to Jordan Lake were nade approxi mately

nont hly; from Decenber 1983 at Station 10 (Figure 1> and
Station 30, and February 1984 at Station 5, until January

1985. Additional intensive sanplings were perforned at

Station 10 in March and Hay 1985. Host sanples were taken

bet ween 0800 and 1400 hours. Water was collected fromO.5
m assuned to be representative of epilimetic water, using
a nonnetalic punp (Jabsco Inc.) equipped with a plastic
i nt ake hose covered with 380 um netti ng. WAater was
collected fromfive depths throughout the water col umm
during the intensive Station 10 sanplings. Water was
di spensed into | arge pol yet hyl ene carboys and shaded until

At each station; air tenperature, weather conditions,
and tine of sanmpling were recorded. WAter depth was
measured using a Low ance depth nmeter, ~n s ™u water colum
nmeasur enents of tenperature, conductivity, and dissol ved
oxygen were nade using a Hydrol ab Surveyor Hodel 6D.
Underwater light intensity of photoaynthetically active
radi ati on (400-700 nm wavel engt hs) was neasured at several
dept hs using a submari ne photoneter (Lanbda Instrunments Co.)
fromwhich the light extinction coefficient, -Km and the 1

percent light |evel were cal cul ated. Secchi depth was al so

recorded at each stati on.
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1. ©Map of B. Everett Jordan Laker North Carolinar
showi ng | ocati on of sanpling stations. Map shows | ake
when filled to top of conservation pool (Elev. 216 ft.);

addi ti onal contour |ine around | ake shows area when | ake
is filled to top of flood control pool (Elev. 241) ft.).
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Filtrations for nutrient and pignent anal yses
<chl orophyl | -a and phaeophytin) were done on the boat using
acid-rinsed glass fiber filters (Whatman G-/ F for phosphorus
anal yses, G-/ C for nitrogen and pi gnent anal yses). Filtered
and unfiltered water sanples were di spensed into acid-washed
pol yet hyl ene bottl es and stored on ice in the dark until
return to the | aboratory where they were refrigerated unti
anal yses. Filters for pignent anal yses were stored in a
dessicator on ice until they could be frozen in the
| aboratory. Pignents were spectrophotonetrically determ ned

usi ng an al kali ne acetone extraction (Wtzel and Likens

1979) .

PHOSPHATE UPTAKE
Gr oss phosphat e upt ake rates were neasured aboard the
boat via the use of carrier-free 32p-iabel ed orthophosphate
tracer (New Engl and Nucl ear). Uptake rates were neasured
usi ng water sanples fromO0.5 m however, during intensive
sanplings at station IO, in situ neasurenents of uptake
rates throughout the entire water colunmm were perforned.
Sanpl es of | ake water (100 m) were dispensed into Pyrex
bottles to which one drop (1 uC ) of tracer was added.
Sanpl es were then incubated in the dark at the approxi mate
| ake water tenperature. Subsanples (5 m) were renoved
after periods of about 5, 10, 15, 30, etc, m nutes and
gently filtered through 0.45 urn Gel man and S. O urn Nucl eopore
nenbrane filters to separate particulate matter from

sol uti on. Subsanpling continued for at least 3 hours.


NEATPAGEINFO:id=8FCEE23B-C427-4C46-B388-5320D75BB152


15
| onger when uptake was slow. Both filters and filtrate from
the 0.45 urn filters were placed in plastic scintillation
vials. Upon return to the | aboratory, 5 m of distill ed-
dei oni zed water was added to the vials containing the
filters and the radioactivity of all sanples was count ed
usi ng Cerenkov radi ati on (Haberer 1965) on a Packard Tri -
carb Mbdel 3320 liquid scintillation counter.

The rate coefficient for phosphate uptake, K, is

descri bed by the equati on:

-K=1n <At/ Ao>/ t

where A© * initial activity of filterable 32p (determ ned
fromthe sumof the filter and filtrate activity fromthe
first subsanpling), At, = activity at tine t, and t = el apsed
tinme. This equati on assunes that the renoval of phosphate
fromthe water is a first-order reaction and that a steady
state exists between sol ubl e and parti cul ate phosphor us.
The rate coefficient, K (h~*>, indicates the rel ative
fracti on of phosphate that is being transferred to
particul ate matter per unit tine. K was estinmated by
cal cul ating the slope of the regression |line of the natural
logarithmof filtrate activity vs tine. OOten K was not
li near throughout the entire experinent and an asynptote was

r eached. Thi s necessitated the use of the equati on:

-K » I n <<At-A=c>/ <Ao- A") >/t

where A" is the activity present at the asynptote (R ggs

1963 in Stone 1982). From the uptake coefficient, t he
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phosphat e turnover tinme <1/-K> can be generated. The
turnover tine is the tine required for the anount of
phosphate in the water to be conpletely replaced» assum ng
steady state conditions exist.

The gross phosphate uptake rate, v (ug P 1'* h~l >, was
cal culated by multiplying the uptake rate coefficient by the
anbient filterable reactive phosphorus <FRP) concentration:

V = -K - (FRP)

The phosphate uptake attributable to abiotic uptake was
nmeasur ed by poisoning water sanples with formal dehyde (2.5
m of 37 X fornmal dehyde into 100 nl sanple). After 20-25
m nutes, tracer was added and uptake neasured as descri bed
above. Abiotic uptake was subtracted from uptake in
untreated sanples to estimate biotic uptake. D fferent
pore-size filters (0.45 and 8.0 um were used to attenpt to
differentiate between "l arge" particle (algal) uptake, and
"smal | " particle (bacterial) uptake. At Station 10, the
bi oti c uptake was further fractionated into eucaryotic
(al gal) uptake and procaryotic (blue-green algal and
bacterial) uptake by treating the sanples with antibiotics
(Gent anyci n/ Kanamycin at 300 ug-m "!). Eucaryotic uptake
was cal cul ated by subtracting the uptake in the killed
sanple fromthe uptake in the antibiotically treated sanpl e;
procaryotic uptake was cal cul ated by subtracting uptake in
the antibiotically treated sanple fromuptake in the anbi ent
sanpl e.

Measurenment of phosphate uptake rates as a function of

16
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phosphate concentrati on were perforned twice at Station 10.

The resulting values were analyzed using the Nichaelis-

Hent on equati on:

K« + S
where v « the neasured uptake rate, Vmax = '™ maxi num
upt ake rate, and S = t he phosphate (substrate)

concentration, fromwhich Ks* the hal f-saturati on
coefficient or the phosphate concentrati on where v ' 1/2
Vmaxr ”~od cal cul at ed.

Net phosphat e upt ake rates were occasionally obtai ned
by neasuri ng the change in FRP concentrati on over tine.
Lake water sanmples were i ncubated under conditions identica
to those of the tracer experinent, including equal tine,
except no tracer was added. The FRP at the begi nni ng and at
the end of the i ncubati on was neasured; the difference

bet ween t hem corresponding to the net uptake or effl ux by

sest on.

NUTRI ENT ANALYSES- LAKE WATER

Measur enents of total phophorus (TP>, total filterable
phosphorus <TFP>, and filterabl e reactive phosphorus <FRP)
wer e spectrophotonetrically determ ned usi ng procedures
based on the phosphonol ybdate bl ue techni que of Murphy and
Riley (1962). FRP was determ ned within 24 hours using the
net hod of Strickl and and Parsons (1965}. Turbidity
corrections were often necessary when hi gh suspended cl ay

concentrations were present in the | ake. Sanpl es bel ow the 1
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ug 1~ detection limt were assigned concentrations of 0.5
ug 1~1. TP (unfiltered water) and TFP (filtered water) were
determ ned by digesting the sanples with persulfate,
autoclaving for 1/2 hour (Wtzel and Likens 1979) and
allow ng sanples to sit overnight. P was then measured
using the FHP techni que descri bed above. Particul ate
phosphorus (PP) was defined as the difference between TP and
TFP. Filterable unreactive phosphorus (FUP> was defined as
the difference between TFP and FRP. N trogen anal yses were
perforned by other nenmbers of the Jordan Lake project using
standard spectrophotometric techniques (Wetzel and Likens

1979) .

STREAM SAVPLI NG AND SAMPLE PROCESSI NG

Wat er sanples were collected fromthe Haw R ver at
Bynum N.C., during five naor precipitation events from
January 1985 to Hay 1985. Sanples were collected at
approxi mately the peak of the stream hydrograph. During the
storms of January 1-2, 1985 and February 1-2, 1985, the
stream was sanpled twice in order to evaluate inter-event
variability. On Hay 23, 1985 the upper Haw Ri ver arm of
Jordan Lake was al so sanpled. G ab sanples (20 1> were
obtai ned with pol yethyl ene carboys at 0.5 m depth.

Sanples were imrediately returned to the | aboratory
where they were immediately filtered through a 360 um
pl ankt on net screening to renmove large particulate materia

and detri tus.

Centrifugation of the sanples to concentrate the
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suspended sedi nents was generally begun within 12 hours,
except for the Hay 16, 1985 sanple which was centrifuged
after 72 hours. A Sorvall RC- 5B superspeed refrigerated
centrifuge equi pped with a continuous flowthrough unit was
run at 18,200 rpmat a flow of 180 ml/mn. This was found
to renove approximately 90 k (by weight) of the particul ate
material retained on a .2 umnenbrane filter. The resulting
slurry was stored in glass beakers in the dark at 4 C

Total residue (TR> and total centrifugabl e residue
(TCR) (as opposed to total filterable residue) were neasured
by drying 100 mM sanples of unfiltered and filtered stream
wat er respectively, in evaporating dishes for 36 to 48 hours
at 104 C. Repeated weighings were |later nade to ensure no
further decreases in weight occurred. Tot al
noncentrifugabl e residue (TNCR), which is closely related to
t he suspended solids concentration, was cal cul ated by the
di fference between TR and TCR Loss on ignition (LA), an

esti mator of organic content, was obtained by ashing the

resi dues for 3 hours at 550 C.

NUTRI ENT ANALYSES- STREAM WATER

Tot al phosphorus, total centrifugabl e phosphorus (as
oppossed to total filterable phophorus), and filterable
reacti ve phosphorus were anal yzed usi ng net hods descri bed
earli er.

Parti cul ate phosphorus was directly neasured using a
nodi fication of the digestion step of the total phosphorus

analysis. 1 m of sedinment slurry was diluted to 10 m wth
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4X peraul fate in glaaa centifuge tubes. The tubes, placed

on their sides to naxim ze the sedi nent surface area in
contact with the persulfate, were autoclaved for 1 hour at

15 psi. Sanples were then placed on a rotary shaker for 18

to 24 hours, centrifuged, and a 2 m aliquot of centrifugate

was renoved and diluted to 10 Ml with distilled water.

Sanpl es were then anal yzed for FRP. Standards and bl anks
wer e processed in the sane nmanner. Spi kes showed good
recovery, generally 90 to 110 k.

Base extractabl e phosphorus was neasured by extracting
the sedinent slurry with 0.1 N NaCH in 0.1 N Nad for 18
hours i n pol yethyl ene centrifuge tubes on a rotary shaker
(Wllianms et a™. 1971; Arnstrong et al. 1979). Sedinent (IS
mg dry weight) was diluted with extraction solution to 30
m, resulting in a sedinent to solution rati o of
approxi nately 1: 2000 by weight. Follow ng extraction, the
sanpl es were centrifuged, an aliquot of centrifugate was

renmoved and neutralized to pH 7, FRP was then neasured.

DESORPTI ON- ADSORPTI ON CHARACTERI STI CS OF SUSPENDED SEDI MENTS

Experi nents to determ ne whet her sedinents were acting
as a source or sink for sol uble phosphorus in the river and
| ake were perforned using methods simlar to those of Wite
and Beckett (1964), Taylor and Kuni ehi (1971>, and Kuenzl er
and Greer (1980). 50 ng (dry weight) of sedinent slurry was
added to 40 ml of 0.01 H CaC 2 which contained fromO to 500
ug P 1~*. Flasks containing the sedi nent solution were

equi librated on a shaker table (140 oscillations/mn) in the
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dark for 12 hours at the approxi mte ambient tenmperature of
the streamwhen sanpled. Sanples were then centrlfuged,

filtered through a .45 um Metrical TCM nenbrane filter and
anal yzed for FRP. The amount desorbed or adsorbed was
cal cul ated fromchanges of the initial phosphate
concentrations in the flask. Fromthe resulting curves, the
equi [ibrium phosphate concentration (EPQ, the concentration
where no net desorptlon or adsorption occurs, was
cal cul ated. The amount of phosphate that coul d be adsorbed
by the suspended sedinents at the anbient stream FRP
concentrations, termed the instantaneous sorption capacity
index (1SCI), was cal cul ated by measuring the height of the
sorption curve above the x-axis (solution phosphate
concentration). Sanples from January and February 1985,

were initally used wthin 3 to 5 days of collection,

however, later realization that failure to mintain a
constant ionic strength in all test flasks produced errant
results, necessitated redoing the experinments on sedi nent
slurrys that had been stored frozen for several months. A

other sorption isotherms were performed within 3 to 5 days
of collection. On the My 3rd sanples, the effects of

blotic activity were measured by poisoning the fj.asks with 5
drops of chloroform

BI OAVAI LABI LI TY OF SEDI MENT- BOUND PHOSPHORUS

The anmount of suspended sedi nent-bound phosphorus
avai lable for utilization by al gae was measured via a
mdified version of the Selenastrum S9EELI SSEQityffi Printz
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Al gal Assay Bottle Test (MIler et al. 1978). Sel enastrum
was grown with sedinents as the sol e source of phoshorus.

The resulting growh was conpared to a series of standards
grown with known amounts of orthophosphate, assunmed to be
conpletely available. Eight- to ten- day old cultures of
88| 8QSSM£i yS were concentrated and used as i nnocul um

Cultures of this age were deened old enough to m nim ze
carry-over of luxury phosphate but young enough to prevent
any physi ol ogi cal damage that may occur when cells are
severely phosphorus starved (Shiroyama et al. 1975).

Sedi ment was resuspended in P-free nedia to give an Initial

total -P concentration of 317 ug P 1*1 (19 ug P/60 m).

St andards were prepared with known amounts of KH2PO4 (0-50-
100- 150- 200- 250 ug P 1"7). Three or nore replicate flasks
were innocul ated to produce an initial algal concentration
of 1x10*~ cells/m . Flasks were incubated at 24 C under
continous fluorescent |ighting of approxi mately 400 f oot -
candl es and rotated daily on the shaker table to ensure
equal |ight exposure. Flasks were stoppered with cotton
pl ugs and shaken at 110 oscillations per mnute. Every
t hree days, at | east 300 cells were counted with
hemacyt onet er counti ng chanbers on a Anerican Opti cal

m croscope. C unping of sedinents frequently occurred
several days after incubation began. However, counts before
and after gentle grinding with a tissue grinder showed no
significant differences. Assays were termnated after the

maxi mum nunber of cells per flask had been reached, usually
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after 15 days.

Phosphorus limtation was ensured in the flasks by
maintaining a NP ratio of 17:1 by weight. In the sedi nent
flasks, this ratio is maintained if the maxi num phosphorus
bi coavailability is 80X or less. Halone et al. (1978) found
that the mninumratio to ensure phosphorus limtation for
"el enastrum was 10: 1. Fl asks were al so spiked wth
phosphorus at the end of the assays to confirmP limtation.

Sedi ment phosphorus bioavailability was cal cul ated by
conparing the average nunber of cells produced per unit P of

t he standards (1 OOX avail able) to the nunber produced via

t he sedi nents.

23


NEATPAGEINFO:id=CCE90E1E-6EA2-406B-A623-21537FAD1652


RESULTS

PHYSI CAL CHARACTERI STI CS OF LAKE WATER

The surface (0.5 nm» water tenperature profile exhibited
the characteristic sinusoidal curve (Figure 2>. Slight
spatial variability observed between stations can |argely be
attributed to tinme of day sanpled. Additionally, the
different origins of the water masses. Stations 5 and 10

canme primarily fromthe New Hope Ri ver watershed under
normal flow conditions while Station 30 water originates in

the Haw River watershed, was likely inportant. The | owest

SURFACE TEMPERATURE
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Fig. 2. Tenperature (C) distribution in the surface waters
of Jordan Lake, Decenber 1983 to January 1985.
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temperature (4.0 C occurred in January 1985 at Station 5
whi |l e the highest tenperature recorded (29.4 C was at
Station 30 in July 1984 after a period of prolonged warm
weat her. |Ice was not observed in the main water channels of
the | ake during any winter sanplings. Vertical tenperature
profiles <data not shown) usually exhlbit.ed little variation
<0-3 C between surface and bottom waters during the cool
months. Stratification of varying intensity was evident from
June to August 1984 during which time anoxic conditions were
frequently observed in the hypolimion.

Li ght attenuation through the water colum was high as
evi denced by the shal |l ow depths of the photic zone, which,
in this report ia defined by the depth of the ix light |evel
(Figure 3> Station 5, and to a greater extent. Station 30,
wer e subject to heavy point source |oadi ngs of suspended
clays during the winter nonths, hence the shallow ix |ight
| evel s. The proximty of Stations 5 and 30 to tributary
| nputs cause themto be highly influenced by hydrol ogic
events. Changes in the characteristics of the water at
these two stations can occur rapidly. Consequently, while
much of the data presented in this report is presented in
the form of continuous data, however, it should be
enphasi zed that significant deviations in the various
paranmeters being nmeasured coul d have occurred between the
nmont hly sanplings. Station 10, further renoved from point
source | oadings, was consequently |ess responsive to heavy
suspended sedi ment | oadi ngs and usual |y had the deepest

photic  zone. Spatial wvariability and overall |1 ght


NEATPAGEINFO:id=003E5447-6171-4052-91A3-AE7995BDF803


26

LI GHT DEPTH

DATE
STA 5 e STA 10 STA 30

Fig. 3. Distributiop | X

of the | ight | evel in Jordan
Lake, Decenper 1983 to 1

|
Janudry 1985.

attenuation decreased during the sumer nonths when the

amount of suspended clays in the water col um appeared to
decrease. Poor correlation between chlorophyll-a and the I X

light level <r''-.138), conbined with visual observations of
wat er sanpl es, indicate that suspended clays, not
phyt opl ankton, were the predom nant source of turbidity for

nost of the year.

CHLOROPHYLL-a DI STI BUTI ON

Chl orophyl | -a concentrations, neasured fromApril 1984
to January 1985 (Figure 4), are an indicator of alga
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CHLOROPHYLL CONCENTRATI ONS

DATE
STA 5 D STA 10 . STA 3D

104 Qo gooB’ e RbrIPULbBRS. b SREasy e vaters
abundance. Chl orophyll-a concentrations were high through-
out the year, with an overall three-station mean of 39.9
ug/ 1. Station 5 had the highest annual chlorophyll-a
concentrations (nean chl-a » 59 ug 1~"; S.D. « 46.0),
foll owed by Station 10 (nmean » 34; S.D. = 24.7) and Station
30 (mean » 27; S.D. » 19.6). Hi ghest concentrations
occurred during the summer and fall periods, |ikely due, in

part, to increased water retention tinmes due to [ow flow
conditions. Lower concentrations were observed during the

winter nonths at all stations. This was |likely due to
decreased tenperatures (Figure 2), increased |ight
attenuation (Figure 3), and periodic flushing of the system
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during periods of heavy streamfl ow.

PHOSPHORUS DI STRI BUTI ONS

The distribution of the phosphorus fractions in t.he
t.he | ake appeared to be controlled largely by the hydrologlc
regime of the lake. During the cool season, periods of high
stream flow fol | owi ng heavy precipitation events delivered
nutrient-rich water into the lake, while during the warm
season periods of low flow and [ong retention tine [ikely
al | owed for biological uptake to reduce nutrient
concentrations. Total phosphorus (TP> averaged 120.5 ug 1~1,
clearly Indicating the eutrophic status of the |ake.
Spatial varlabilty of TP was very pronounced (Figure 5).
Station 30 always had the highest TP concentrations (mean TP
« 219 ug 1~"; S.D. « 145.9>, followed by Station 5 (nmean »
118; S.D. > 88.4), and then by Station 10 (mean > 72; S.D. «
43.7> indicating a general trend of increasing TP wth
decreasing distance frommajor tributary Inputs.
Distribution patterns were domnated by high TP
concentrations during the winter of 1984 when periods of
hi gh suspended sediment inputs occurred. Spatial and
temporal variation was |ess pronounced from June through
Novenber 1984, during which time TP concentrations ranged
from31 to 171 ug 1~1. Particul ate phosphorus (PP>
concentrations (Figure 5) were high ( 22 to 404 ug 1%,
ave»77.1 ug 1~1) and very closely correlated with TP (r=. 921
P.00). Both TP and PP were poorly correlated wth
chlorophyll-a (r=-.191 and .228 respectively). Filterable
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Lake, Decenber 1983 to January 1985.
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Fig. 6.

30

STATI ON 5

STATI ON 10

STATI ON 30

DATE
FRP PUP

Filterable reactive P and filterable unreactlve
P distributions in the surface waters of Jorda

Lake, Decenber 1983 to January 1985.
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reactive phosphorus <FRP> concentrations (Figure 6> were
high during the winter nonths of 1983-84 but often
decreased to 1 ug X~ or below at Stations 5 and 10 during
t he warm season. Station 30 had high FRP concentrations

t hroughout the sanpling period but did decrease to
undetectable levels (<1 ug P I'?i in Cctober 1984.

Filterable unreactive phosphorus (FRP) (Figure 7) usually
conprised a greater portion of the total dissolved

phosphorus conponent than did FRP and had | ess spati al
variabilty. The cycle of FUP can not be easily explained.

FRP UPTAKE COEFFI Cl ENTS AND TURNOVER TI MES

The rel ative rate of FRP uptake (K) exhibited
di stinctive spatial and tenporal trends (Table 1)
characterized by |ow values during the winter at all 3
stations and hi gh val ues during the warmer nonths at
Stations 5 and 10. The turnover time (1/k) of FRP in the
| ake showed large tenporal and spatial variability (Figure
7). Long turnover tines, 4 to 500 h, occurred throughout
the |ake from Decenmber 1983 to April 1984. Large decreases
in turnover times occurred at stations 5 and 10 from My to
Decenber 1984, reaching a lowof .06 h (3.6 mn) at Station
10 in August 1984. Station 30 turnover times remined |ong

throughout the study period, ranging from10.8 to 143 h,
except for one decrease to 1.2 h in Cctober 1984 when FRP

| evel s dropped to less than 1 ug I'l.

(Gross uptake rates (v), equal to the uptake rate
coefficient nultiplied by the FRP concentration, varied from
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Tabl e 1.

DATE

18- DEC- 83
20- JAN- 84
22- FEB- 4
06- APR- 84
05- VAY- 84
07- JUN- 84
12-JUL- 84
14- AUG- 84
17- SEP- 84
18- OCT- 84
17- NOV- 84
16- DEC- 84

19- JAN- 85

Phosphat e uptake coefficient (K) dlSthb#tAOﬂ I n

surface waters of

STATI ON 5

. 002

. 039

2. 59
2. 30
1.82

6. 61

. 034

Jordan Lake.

Units

STATI ON 10

. 230

. 031

. 040

. 091

. 99

.78

. 09

. 86

40

54

. 68

. 03

. 82

STATI ON 30

. 068

. 017

. 012

. 014

. 074

. 030

. 095

. 017

. 838

. 007

. 024

. 020

32
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0.007 to 9.78 ug P 1~1 h~3- (Figure 8> . The | owest and noat
nearly constant uptake rates occurred at Station 30, even
t hough TP concentrations were highest there. Rates at
Stations 5 and 10 had significantly nore variation with tinme

and tended to be higher during the warnmer nonths.

GRCSS ABI OT1I C AND Bl QT C UPTAKE RATES

Abi otic uptake rates, defined as the rate of uptake in
f ormal dehyde-treated sanples, were highest at Station 30
<v-1.08 ug P 1-1 h-1; S.D.»1.25)(Figure 8) likely due to the
hi gh concentrations of suspended clays and FRP that often
occurred there. At Station 30, abiotic uptake was
responsi ble for 100 percent of the total uptake in Decenber
1983, February, May, Novenber 1984, and January 1985 (Figure
9). Station 5 abiotic uptake (v=0.50 ug P 1~1 h"!;
S.D.=0.87> was relatively constant and | ow, except for
slight increases in April 1984 and January 1985 (Figure 8>.
Station 10 had the | owest abiotic uptake rates (\rs0.09 ug P
1~1 h~l; S.D.»0.13>. Abiotic uptake conprised |ess than 1
percent of the total uptake from June through Cctober 1984,
and only once, in February 1984, did it contribute nore than
50 percent of the total uptake (Figure 9).

Bi oti c uptake was separated into two size fractions, a
0.45 to 8.0 umfraction (small particle), assuned to
represent bacterial uptake, and > 8.0 umfraction (large
particle), assumed to represent al gal uptake. Biotic uptake
was dom nated by the small size fraction (Figures 8,9),

averaging 87.6 percent (S.D.a7.9) of total biotic uptake.

3/\


NEATPAGEINFO:id=7EC28269-D9F4-492E-BB94-87DC4DD8A6B8


35

vi V) tn

(g/1/dBn) 31VU3>I VXan


NEATPAGEINFO:id=57EA9674-BFA1-4CDD-92DF-EC9BD2C853E0


700yl Ty 77770011yl

Aonx\\

"VI1Tyy' IylyyyyyyyM
*NYyyyMyymm .
ANTITTTTTTINNN

YYYYYYYYYYYYYYYYYYyh

K,

PERCENT P UPTAKE

z

e IIL I de a1l ({11] "0
't vAMY/ ZMm
V7¥
rrcssRa [ ime.
a//////V/ZIZM
'f>.'l“/‘l"" J; Y
V ANy L] -3 e X /171N

- NZANMMNNNM
Ayyyyyyytry/yyy™m

Y77l oyl T AN
Wyl 1122111 <7<A Aram

<-

ry.ty yly ATATy 'Y ot

"AKASMMNZMNM
Syl 7T LT Ty -yl yl g,
FryriPYPR Ty Py Ans.,
WA MM ZnmeE m
Wz 777 b\

O\


NEATPAGEINFO:id=2D3A0DE9-E92D-45E1-9AD8-111A7FE38026


37

Upt ake attri butable to the |l arge fraction, while al ways
measur abl e, never conprised nore than 20 percent of total
bi oti ¢ uptake at any station, except in February 1984 at
Station 10 when it conprised 42 percent of the biotic uptake
during a period of very |low total uptake.

At Station 1O antibiotic treatnent of water sanpl es
was used in addition to size fractionation, to distinguish
al gal and bacterial uptake. However, since it is likely
that antibiotic treatnent inhibits the phosphorus uptake
capabilities of blue-green algae as well as that of
bacteria, a nobre correct differentiation of the uptake
fracti onati on may be eucaryotic and procaryoti c uptake.
Eucaryoti c uptake conprised from 3.5 to 99.9 percent of the
total uptake and was al ways greater than the uptake in the
| arge size fraction (Table 2>. Eucaryotic uptake often
conprised a | arge percentage of uptake in the small size
fraction (Table 2> indicating either the |large (8.0 unr
filter did not effectively retain nost of the phytopl ankton
or the anti biotic was unsuccessful in elimnating all of

t he bacterial uptake

NET PHGOSPHORUS UPTAKE, VERTI CAL PROFI LES, AND EFFECT OF
SUBSTRATE CONCENTRATI ON

2Q 8Aty neasurenent of uptake rates throughout the
wat er colum were perforned in March and May 1985 at Station
10 (Table 3>. Al uptake rates were low in the March
sanpl i ng despite high chlorophyll-a concentrations. The

rates varied nearly threefold throughout the colum with the
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Tabl e 2. Effects of
upt ake at
upt ake
S| ZE

DATE TREATMENT (um
I B DEC ANMBI ENT >8
<8

ANTI BI OT >8

B

20 JAN AMBI ENT >8
<8

ANTI BI OT >8

<8

22 FEB AMBI ENT >8
<8

ANTI BI OT >8

<8

06 APR AMBI ENT >8
<8

ANTI BI OT >8

<8

05 MAY ANMBI ENT >8
<B

ANTI BI OT >a

<B

07 J UN ANMBI ENT >8
<8

ANTI BI OT >B

<8

12 JuL AMBI ENT >8
<8

ANTI BI OT >8

<8

14 AUB ANMBI ENT >B
<8

ANTI BI OT >8

<8

17 SEP AMBI ENT >8
<8

ANTI BI OT >8

<B

18 OCT AMBI ENT >8
<B

ANTI BI OT >8

<8

17 NOV AMBI ENT >8
<B

ANTI BI OT >8

<8

16 DEC ANMBI ENT >B
<B

ANTI BI OT >8

<B

11.

002

. 017
. 001
. 018

. 003
. 004
. 0004
. 006

. 006
. 078
. 003
. 081

. 347
.62

. 013
. 102

. 264
.52

.071
. 428

. 124
.97
. 198
. 90

. 58

28

. 427
. 56

. 544
. 831
. 078
. 517

. 506
. 00

140

. 7B

. 125
. 712

204

. 542

. 547
. 46

. 130
. 457

of BI OTI C
UPTAKE

93

96

11
89

93

a2
58

93

93

97

12
88
10
90

97
14
86

96

94

95

11

89

.7
93

93

95

93

15
85
27
73

91
22
78

K), ie the biotic

. UPTAKE

anti bi oti cs and size fractionati on on biotic

Station 10 of Jordan Lake.
coefficient (h~").
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EUCARYOTI C PROCARYOTI C

10
19

62
105

16
114

a5
104

27

160
97

73
32

14
22

28
20

163
7i

24

90
81

38

84

96
96

73
96

27
68

86
78

72
80

24

76
92
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Table 3. Distribution of filterable reactive P <FRP),
phosphat e upt ake coefficients (K)

upt ake rates <v), and chl orophyll -a,

Stati on 10 of Jordan Lake.
K=h-1, vug P 1-1 h-1, chl-a=ug I'1.

DATE DEPTH FRP

MARCH 1985 0.2 6
0.5 5
1.0 4
2.0 - 5
4.0 6

NMVAY 1985 0.2 4 13.
0.5 5 21 .
1.4 2 14 .
3.0 - 2 13 .
5.0 2 2

© O~NN O

. 069
. 048
. 049
. 058
. 023

e DENOTES APPROXI VATE 1»6 LI GHAT LEVEL

phosphor us

with depth at

Units; FRP= ug P I "I,

A "y'/.

. 414
. 240
. 196
. 290
. 138

55.
105.
29.
27.

0ohoOO

CHL- a

43
69
57
35
22

24
22
25
19
10

39
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hi ghest rates occurring in the surface (0.2 n) sanple

<v=.414 ug P 1~1 h~I> and the | owest occurring in the deep
<4 »> sanple <v=.138 ug P 1"! h"!). The May 1985 verti cal

profile was characterized by very hi gh uptake rates,

especially in the upper 0.5 mof the water colum where the
hi ghest FRP concentrati ons were present. Bel ow the
nmetal i i on, present at 3 to 4 m uptake rates decreased
greatly. Size fractionation was not perfornmed at the
vari ous depths, hence relative algal and bacterial uptake
can not be estinmated. The uptake rates generated fromthese
vertical profile experinents should not be conpared to other
rates generated throughout the study because of different
i ncubation conditions and a different nmethod of cal cul ating
the uptake rate (using only two points, the initial and
final filtrate activities, to derive the uptake rate
coefficient). The uptake rates should not be critically
conpared between the vertical profile experinents since
different incubation tinmes were used, however, the order of
magni tude i ncrease observed in the rates in Hay 1985 as
conpared to those in March 1985, despite |ower algal bionass
and simlar FRP concentrations, is probably a result of
i ncreased bi ol ogi cal netabolism not of the different
i ncubation times.

The effect of additional phosphate substrate on uptake
rates was neasured in August 1984 and May 1985 at Station
10. Increments of 1 to 20 ug P 1~1 were added to | ake water
and the resulting uptake rates were neasured. The uptake

rates were plotted using a Lineweaver-Burke transformation
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of the Hi chaeli s- Henton equati on and the half saturation
concentrati on <Ks), the concentrati on at which uptake is
equal to one-half of the nmaxii RU ii uptake, was obtained. The
ks neasured was 3.31 ug P 1"! in August 1984 and was 3.8 ug
P 1-1 in May 1985. Anbi ent FRP concentrations <0.5 and 2.0
ug P | ~~f respectively) were bel ow the Ks val ues on both
occasions, indicating that the rates of uptake by the biota
were limted by the phosphorus avail abl e. Addi ti onal
attenpts at neasuring Ks values in Hay and October 1984 were
unsuccessful in that uptake rates at di fferent phosphorus
concentrations did not conformto the H chaeli s- Hent on
equation and had no clearly discernable pattern i n general
Changes in the FRP concentrati ons over tine (3-4 h)
were occasionally neasured to provide an indication of net
phosphat e upt ake (Table 4). Low anbi ent FRP concentrati ons
often made detecti on of changes in the concentrati on

i npossi bl e and enphasi zes the i nherent difficulties invol ved

Tabl e 4. Change of filterable reactive phosphorus
concentrati ons during i ncubati on of Jordan Lake

water. Units are ug P 1~1.
FRP
DATE STATI ON I NI TI AL FI NAL CHANGE
HAY 84 10 1 1 (0}
AUG 84 30 36 40 4
DEC 84 10 6 5 - 1
JAN 85 10 < 1 < 1 o
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Hi gh phoephorus | oads were apparent i.n the Haw Ri ver
presumably due to the high phosphorus content of clays in
conbi nati on with the nunerous agricultural and i ndustri al
sources of phosphorus in the Haw R ver wat ershed. Tota
phosphorus <TP> <412 to 1236 ug P I"!), and filterable
reacti ve phosphorus <FRP) <87 to 479 ug P 1-1> (Table 6)
wer e both high but not correlated with each other. FRF was

inversely correlated with flow (r=-.e0 p«.05).

SORPTI ON OF PHOSPHORUS BY SUSPENDED SEDI MENTS

Al'l sedi nent sanpl es exhi bited considerable ability to
adsorb phosphorus from sol ution (Figure 10>. The
equi l i bri um phosphate concentrati on (EPO, represented by
t he point where the sorption i sotherm curve crosses the x-
axis, ranged from1l to 77 ug P I"! (Table 7). The EPC was
al wvays greater than the anbient stream FRP and t he esti nat ed
|l ake FRP, indicating that the sedi nents were adsor bi ng
phosphate, acting as a sink, on all occassions.

Di rect conpari son of the i nstantaneous sorption
capacity (I SO of the sedi nents, which estinmates the anount
of phosphate that can be adsorbed per gram dry wei ght of
sedi nent at the anbient stream FRP concentrati on, can be
made si nce a constant anpbunt of sedinent (50 ng/40 M) was
used in all experinents. The average | SC of the Hay stream
sanplings (140 ug P/ g sed) was significantly higher (p=.05)
t han the average | SC of the January and February sanpli ngs
(51 ug P/ g sed>. The | SC was inversely correlated with fl ow

(r=-.75 p=.10). A new paraneter, the net potential sorption
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in trying to estinate uptake rates usi ng chem cal
techni ques. In two i nstances, discernable changes in the
FRP concentrati on were neasured; a decrease of 1 ug P 1~" in
Decenber 1964 at Station 10 and an increase of 4 ug P 1"

in August 1984 at Station 30.

PHYSI CAL AND CHEM CAL CHARACTERI STI CS OF STREAM WATER
Stream tenperatures renmai ned constant during the coo

season sanplings (January-February) at 5 C and increased
duri ng the warm season sanplings (May) to range from 17 to
23 C (Table S). Estimates of the | ake water tenperatures at
the time of stream sanpling, based on | ake sanpli ngs
generally within 10 days of the stream sanpling, are 5 C and
IS to 21 C respectively, indicating that density (mainly
tenperature) differences between stream and | ake water were
likely too snall to prevent sone m xing of the water nmsses.
| nst ant aneous flow rates of storm events (Table 5) were nmuch
hi gher during January and February (ave.=15,450 cfs) than in
May (ave. =2963 cfs). Total residue (TR) and t ot al
nonfllterabl e resi due (TNFR) were usually high and showed
consi derabl e variability (Table 5). Total filterable
resi dues (TFR) remained relatively constant. The percent age
of dry weight |l ost upon ignition (.H LA), an indication of
organi ¢ content, ranged from 11 to 15 x on the sedi nent
slurry sanpl es used for experinentation (Table 5). X LO
waa hi gher on TR sanpl es (data not shown) than on the slurry
sanpl es. Indicating a higher percentage of the organic

content was contained in the TFR (coll oi dal -si zed) fraction.
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Tabhl e 5. Tepgfr%%%r

¢

and X | oss on i
sanples fromthe

|ns BS strea
non e re5|
n|t|on o sed |nent

aasssssasBssSBssssssssssssssi

DATE TEMP
1-3 5
1-4 5
2-1 5
2-2 5
5-3 17
5-16 22
5-23 23

5-23( Lake) 23

Table 6. Total P,
omthg
DATE TP
1-3 811
1-4 564
2-1 674
2-2 412
5-3 475
5-16 549
5-23 1236

5-23( Lake> 932

FLOW

10,
11,

20,
20,

totm

Wy

000
200

100
500

, 220
, 020

, 650

filter

ate P

ver at

TI FP

329

143

120
99

275

492

268
300

TR

337

284

681
278

242

212

1333
957

TNFR

231

199

601
217

138

a8

1204
820

¢ ('

S|

bIe P f;lterab{e react
gum 1N& 1985wa er sanpi €

FRP PP
235 462
92 342
95 493
87 308
254 161
479 112
195 1264
232 853

rry oT
w River at Bynum NC, 1985.

LA

15

14

11
12

11

15

11
11

{ve


NEATPAGEINFO:id=CD64FD88-AFED-4C9D-AEBC-5EFFD7C74D2A


JAN 3, 1985 FEB 1, 1985¢
20 FEB 2, 1985*
4- 80
40
13
9
(0 0o
o
a 40
?
3 200
| 160 - MAY 3, 1985 MAY 16, 1985
g 120
2 + '80
S 40
i 0
(@]
m 40 0 50 100 200 300 400 500
m
g 160
g 120
*C
a5 oon | MAY 23, 1985*
LAKE®
400
PHOSPHATE CONCENTRATI ON (ug PI1)
Fig. 10. Phosphate sorption isotherns of suspended sedi nent

160

S

fromthe Haw Ri ver at Bynum NC. The
concentration at which the i sotherm crosses the x-

axis is the equilibrium phosphate concentrati on.

Dashed vertical lines, drawn fromthe point on the
X-axis equal to the anmbient stream FRP
concentrati on, represent the instantaneous
sorption capacity of the sedi nent.
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Tabl e 7.

DATE

03- JAN

O0l1- FEB
02- FEB

03- VAY

16- VAY

23- VAY

Stream and estimated | ake filterable reactive P
<ug P 1~">» equilibrium phosphate concentratjon
P 1~*>, 1 nstantaneous sorPtlon capacity

ug P/ g sed)* and net potential sorption

capacity (ug P s~ > of sanples fron1the Haw
Ri ver at Bynum NC.

STREAM LAKE

FRP FRP EPC I sC NPSI
235 200 37 52 340
95 125 1 52 1782
87 125 6 50 633
254 120 25 29 86
479 310 77 199 28
195 390 11 122 2351

23- VAY( Lako=> 232 390 6 135

kS
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T
i ndex (NPSI >, was devel oped to conpare the i nstantaneous
phosphorus sorption-potentlal of the stream during different
sanplings (Table 7). The NPSI was cal cul ated using the
equati on:
NPSI = (1 SO (TNFR) (FLOW.

Units for NPSI are ug P (potentially sorbed) sec~l. The
hi gh NPSI value on February 1 is largely due to high stream
flow while the high NPSI on May 23 is |argely due to high
TNFR (Table 5). Low NPSI val ues occurred on May 3 and May
16 despite having high | SC val ues.

Two sanples collected in February fromthe sane storm
event but at different periods showed relatively snal
di fferences between the EPC and | SC (Table 7). However,
since the TNFR on February 1 was nearly three tines the TNFR
on February 2, and the streanfl ows were essentially equal,
the NPSI of the February 1 sanple was three tines that of
the February 2 sanple. This enphasi zes the | arge potenti al
error that may occur when estimates of the net effect of
suspended sedi nents are nmade usi ng data from only one
sanmpl i ng during high flow conditions.

The May 23 sanpling of both the stream and Haw Ri ver

arm of Jordan Lake showed a relatively small decrease in the

EPC (11 vs 6) and a snmall increase in the SCI (122 vs
139) (Table 7). TP and TNFR decreased fromthe streamto the
| ake i ndicating slight sedi nentati on of sone of the | arger
parti cul ates nay have occurred. |Increasing the percentage of
finer particul ates whi ch have hi gher sorptive capacities and

consequentl vy, hi gher | SC val ues. Such direct conpari son of
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ks

sanpl es nust be done with the understanding that the
sanpl es taken fromthe |ake resulted froman earlier parce
of streamwater which may have contained sedi ments and wat er
Wi th considerably different sorption-related character-
istics.

The addition of chloroformto the flasks in which the
May 3rd sorption experiments were being performed resulted
in no change in either EPC or I1SC, indicating that biotic

upt ake of phosphate during the experinments was not

signi ficant.

Bl CAVAI LABI LI TY EXPERI MENT RESULTS

The percentage of al gal avail abl e phosphorus (AAP)
ranged from5.1 to | S.6 percent of the total sedi nent
phosphorus (Table 8> The mean AAP of the 5 stream
sanplings was 11.3 percent. Selenastrumis growh curves
(Figure 11> usi ng sedi nent - bound phosphorus were
characterized by an initial phase of exponential growh,
closely paralleling the gromh of standards grown wth
ort hophosphate, which is assumed to be OO available. This
initial rapid growth phase, which |asted approximately three
to six days, was usually followed by one to three days of
slower growmh, after which little growth occurred. The
maxi mum cel |l nunbers were reached between nine and twel ve
days on all but two sanples. Native al gae present in the
sedi nent slurry never conprised nore than SJc of the tota
nunber of al gae present and appeared to be outconpeted by

the SejLenastrum Under phase-contrast m croscopy, somne
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Tabl e 8.

DATE
03- JAN
04- JAN

0l1- FEB
02- FEB

03- VAY
16- VAY

23- VAY
23- VAY<L>

249

Bi omass produced with equal anounts of sedi nment-
bound phosphorus and orthophosphate, percent
sedi nent phosphorus bi oavail abl e, and percent
phosphorus renoved via NaOH extraction. Standard
devi ations in parent heses.

ssssss Esasss

cel I s/ug P <x| 04) PERCENT PERCENT
SEDI MENT STANDARDS Bl CAVAI LABLE NaOH EXTR
7.27 (.58) 39.1 (.27) 18. 6 52. 6
6. 06 <.88> h 15. 5 51. 6
3.86 (.30) ~ 9.9 52.0
2.92 (.41) B 7.5 46. 0
1. 99 <. 48> " 5.1 43. 2
5.07 (.97) b 13.0 59.5
4.91 (.73) . 12. 6 46. 1

3.97 (.89) - 10. 2 45. 6
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10’
""""" 200 ug P/1
«3-JAN
10« 50 ug P/1
« 1-FEB
E
3- VAY
(0
ul
o
10=
0 ug P/
10~

Fig. 11. Exanples of growh curves of Sgl enastrum
SaBCi eernutys grown with sedinent (solid |ines)
and ort hophosphate (dotted |ines).
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bacteria were visible, but they did not appear to flourish
during the experinent. Their inportance in al gal

utilization of the sedinment P could not be quantified but is

assuned to be mi ninal .

The O m NaOH extraction renoved from43.2 to SS. St of
t he sedi ment phosphorus (Table 8> This is significantly
nore than the 5.1 to 18.6X of the sedi nent phosphorus
utilized by the algae indicating the NaOH extracti on was a
very poor indicator of AAP.

Sone clunping of the sedi nents occurred, usually
begi nning after four to seven days of incubation. Careful
pestling of the clunped sanples did not significantly alter
the algal counts, indicating that direct physical contact of
the algae with the sedinments may not have been an inportant

factor in the resulting coagul ati on of the suspended

sedi nent s.
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DI sCcussl ON

PHOSPHORUS DI STRI BUTI ON AND ALGAL BI OVASS

Phosphorus concentrations are high in Jordan Lake
(Figures 5 and 6> and indicating eutrophic conditions.
Using the trophic state index of Vollenweider (1968>, which
iI's based on epilimetic total phosphorus (TP)
concentrations. Station 10 (»ean TP«72 ug 1'?) is classified
as eutrophic while Station 5 (nean TP=118 ug 1~1} and
Station 30 (nean TP=219 ug 1~1) are hyper-eutrophic. Wiss
and Francisco (1984) using a trophic state index devel oped
on North Carolina | akes (Wiss and Kuenzler 1976), al so
concl uded that Jordan Lake is eutrophic, even when inputs
during periods of heavy tributary streamfl ow are
el i m nat ed.

The high TP concentrations during the winter nonths at
Station 5 and Station 30 are largely attributable to the
I nputs of phosphorus-rich suspended clays fromthe Haw Ri ver
and New Hope River, respectively (Wiss and Francisco 1984).
Station 10, being further renoved from poi nt source
di scharges, @ is less severly inpacted by high point souce
flows, as is evidenced by decreased variabilty in TP
concentrations conpared to Stations 5 and 30 (Figure 5>,
Kuenzl er and Greer (1980> found significantly |ower val ues
of TP in University Lake, which, while being in close
proximty to Jordan Lake, is not subjected to the large

amounts of industrial discharges and agricultural runoff

t hat Jordan Lake reci eves.
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Duri ng the sunmmer nont hs* i ncreasing water residence
times occur (Weiss and Franci sco 1984>, allowi ng for the
devel opnent of greater al gal biomass (Figure 4>. The
increase in biotic activity is likely the cause of reduction
of FRP at Stations 5 and O to |ow | evels; however, at
Station 30, inputs of Haw R ver water appear to nmaintain
significant | evels of FRP throughout the warm season
(Figure 6).

Mean annual chl orophyll-a concentrati ons were hi ghest
at Station 5 (x=59.3 ug 1~1) and |l owest at Station 30
(xs26.5 ug 1~"}, despite the abundance of phosphorus at this
station. These patterns are sinmilar to those found by Wi ss
and Francisco (1984) and i ndicate phosphorus limtation is
unli kely at Station 30.

Parti cul at e phosphorus and chl orophyl | -a were poorly
correl ated throughout the year (Table 9>, probably because
the PP fraction was often conposed of | arge anobunts of
suspended sedi nent - bound phosphorus and possibly al so due to
al gal storage of pol yphosphates. From May to Septenber,
when al gal bi omass was hi gh (Figure 4> and suspended
sedi nent concentrati ons decreased, the PP-chl orophyl |
correlation coeffficient increased at all stations, probably
because of an increase in the relative proportion of al gal
P per unit PP. Additionally, the slopes of the chlorophyll-
PP regression line at Stations 5 and 30 increased in the Hay
to Septenber period, indicating nore chlorophyll per unit

PP. At Station |Q the sinmilarity of the sl opes between the

53
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Tabl e 9. Regression anal ysis of particul ate P-chl orophyl |
rel ati onshi ps for surface waters of Jordan Lake

fromApril 1984 to January 1985, and May 1984 to
Sept enber 1984.

ssssssssss = SXSSSass SSSSSSSSBKSSSSXZ
DATE STATI ON r SLOPE N
APR- JAN 5 . 104 .49 9
10 . 200 1.67 e
30 . 379 . 07 9
ALL . 229 .14 27
MAY- SEP 5 . 496 1. 38 5
10 . 495 1.51 5
30 . 699 . 65 S
ALL . 432 . 90 15

summer nonths (Hay to Septenber) and the April to January
period, indicates a relatively constant chl orophyll-PP
relationship, |likely because of the decreased inportance of
suspended solids at this station. Future studies of
phosphorus dynami cs in Jordan Lake and in other systens

i npacted by heavy inputs of inorganic particul ate phosphorus
shoul d consi der including neasurenents of al gal phosphorus

(see Kuenzler et al 1979) to allow for nore critical

anal yses of phosphorus-al gae dynani cs.

n:p ratios

The Redfield ratio (Redfield 1954>, based on the
observation that N:.P rati os of oceanic waters (7.2:1 by
wei ght) are very simlar to NNP ratios found in
phyt opl ankt on that grow in these water, are often used to
estimate potential nutrient limtations. Hgh NP ratios

inmply P limtation while low NP ratios inply nitrogen
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limtation. This approach |a conplicated* however, by such
factors as problens in accurately measuring orthophosphate
(Rigler 1966), phosphorus storage capabilities (Reynolds
1984>, and In variations between algal species In the
optimum NP ratios for growth (Rhee and CGot ham 1980). Based
on DINrDI P ratios <NH4+NO3*NO2/ FRP) cal cul ated for Jordan
Lake (Figure 12), phosphorus limtation frequently occurs at
Station 10, occasionally at Station 5 and rarely at Station
30. During the winter nonths, high NP ratios frequently
occur inplying a potential scarcity of phosphorus realatlve
to nitrogen, however, high concentrations of phosphorus
also prevail (Figure 6), often significantly above the

DIND P RATIO

HO
s S /\ /\
s s /\ /\ \
35 - s s kh’/\ /\ /\ \
s S VAN \
s S /\ /s \
30 - s \ s /\ /s \
s s s /s v
\ s s /\ \
=< >s s s s /\ /s v
c \ \ a \ /\ s
\ \ \ N /\ ~\ s
\ \ \ \ /\
20 - \ \ \ \ /\ B
b \ \ \ \ \ /\ /\ s
o \ \ \ \ \ /\ /\ /s
z 15 - \ \ \ \ \ A ~\ /s
s \ \ \ v\ B ~\ /s
\ \ r-\ w\ VAN /s
10 - 7n \ B ) v\ /\ /s
/A A ri VAN
M
5. S P\y /' N /Ny ~\
| /\\y A
. Ny
N\
0 . ! Hn i, kt A
A M
_ _DATE
pTT)  STAS KS[—STA 10 ViZ\  STA 30

Fig. 12. Distribution of DINFDIP ratios In surface waters of
Jordan Lake, Decenber 19S3 to January 1985.
Hori zontal line drawn at DINPDIP ratio of 7.2rl.
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the Ka values (3.3 and 3.8 ug P 1~1> obtained in this study.
It is therefore unlikely that phosphorus was limting growth

during these peri ods.

FRP TURNOVER TI MES

In Jordan Lake, short FRP turnover tines often occurred
during the sumer and continued into the early wi nter of
1954 at Stations 5 and 10 (Figure 7> when FRP was scarce
(Figure 6) and N:P ratios were high (Figure 12>« thus
i mpl yi ng phosphorus limtation. These turnover tines, are
simlar to those found on other |akes during periods of
sumer stratification (R gler 1973>. Kuenzler and G eer
(1980> observed seasonal uptake patterns simlar to those
found at Stations 5 and 10 but often neasured shorter
turnover tines. Long turnover tines neasured throughout the
sanpling period at Station 30, conbined with high FRP
concentrations, indicate that phosphorus linmtation was

unlikely in this section of the | ake.

ALGAL VS BACTERI AL PHOSPHORUS UPTAKE

Si ze fractionation of phosphorus uptake rates indicate
t hat biotic phosphorus uptake by the small size fraction
was nmuch nore inportant than uptake by the | arge size
fraction (Figure 9> The dom nance of phosphorus uptake
rates by the small size fraction, conposed nostly of
bacteria, has been denonstrated in nunmerous studies of

freshwater | akes (R gler 1956; Lean 1973; Kuenzler and G eer

19S0; Currie and Kal ff 1984a>.
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Smal | particle uptake was well correlated with | arge
particle uptake at Station 5 (r».88> and Station 10 (r=.73)
indicating that, if representative of bacterial and al gal
upt ake respectively, increases in algal uptake were
associated wth increases in bacterial uptake, and that
al gae did not dom nate uptake during periods of high bionmass
and phosphorus deficiency. This corresponds with the work
of Hi cknman and Penn (1977) and Faust and Correll (1976> who
found that high al gal popul ations often had correspondi ngly
hi gh bacterial populations. Lean (1984) and Currie and
Kal ff (1984b> al so found bacterial uptake rates in
freshwater | akes were a relatively constant percentage of
total biotic uptake throughout the year while Faust and
Correll (1976) and Kuenzl er and Greer <1980> found
di stinctive increases in the percentage of al gal uptake
during the warm season. Fairly constant percentages of
bacterial and al gal uptake rates correspond to the nodel
proposed by Currie and Kalff (1984b} in which al gal
phosphorus uptake i s dependent upon rel ease of phosphorus
frombacterial uptake and that the rates are consequently in
phase with each other. Culture work by Fuhs (1972> supports
superior algal utilization of phosphate at the | ow
concentrations that typically occur during the sumrer nonths
whi |l e Rhee (1972) suggested that bacteria are superior to
al gae in conpetition for avail abl e phosphate. Questions
remain as to why bacteria can outconpete phytopl ankton for
the nutrient that is limting their growth but yet,

phyt opl ankton survive and nanage to obtain phosphorus
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<Currie and Kal ff 19S4b>. Sufficient understanding of the
ecol ogi cal ai echani sns contolling bacterial and al gal

conpetition for phosphorus utilization has not yet been

achi eved.

ANALYSI S OF SEPARATI ON OF ALGAL AND BACTERI AL UPTAKE
Sanples treated with anti biotics at Station 10
exhi bited significant decreases in phosphorus uptake (Kb)
when conpared to uptake in untreated sanples (Table 2),
i ndi cati ng much of the uptake was procaryotic. Total
eucaryotl c uptake was usually significantly greater than
algal "large particle" uptake (Table 2> Stone (1982> found
simlar results, whereas Kuenzler et al. (1979> and Kuenzl er
and Greer (1980) found that biotic P uptake in the |l arge
size fraction was sonewhat greater than eucaryotlc uptake.
If the size fractionation schenme accurately separated
bacterial uptake from al gal uptake and the antibiotic was
conpletely effective in preventing any P uptake by the
procaryotic fraction, eucaryotlc uptake shoul d have been
| ess than large particle biotic uptake since the antibiotic
woul d |ikely decrease P uptake by the blue-green al gae which
have been found to be a significant percentage of the total
al gae present in Jordan Lake (Wi ss and Franci sco 1984>,
Anal ysis of the dynam cs of the two size fractions in both
the anbient and antibiotic treated sanples (Table 2 > showed
significant uptake often remained in the small size fraction
of the water sanples after antibiotic treatnent, indicating

either the presence of eucaryotlc algae in the small size
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fraction and/or inconplete suppression of procaryotic P
upt ake. The possibility of al gae passing through the 8.0 um
filt.er is supported by the abundance of small* eucaryotic
al gae ,such as Cycl o™ell a* Shlsre®™a, and Chl anydononas,
comonly found in Jordan Lake (Wi ss and Franci sco 1985,
manuscript). These snmall cells often have greater relative
upt ake capacities than larger cells (Fuhs et al. 1972).
Reasons for the potential ineffectiveness of the antibiotic
treat,ment. include: DH gh concentrations of suspended clays
often present, in the water sanples were adsorbing the
anti biotics or providing sone type of physical protection
for the bacteria. This possibility is supported by the
frequent, occurrence of high biot.ic uptake rates in the snal

size fraction during the winter nonths when concentrations
of suspended clays tend to be high. 2) While gentanycin and
kananyci n are broad-spectrum anti biotics and highly
effect.ive against nmany bacteria that are resistant to many
other antibiotics (Davis et al 1973), it is likely that sone
strains of organisms occurring in natural water sanples were
re8ist.ant. to themand remained viable in the sanple. 3) The
| ength of incubation of the antibiotic and the dosage of
anti biotic may not have been | ong enough to kill all
bacteria before the beginning of the uptake experinents.
Addi tionally, the accuracy of neasurenment of |ow biotic
upt ake rates in January, February, and March 198S, all of

whi ch had hi gh eucaryotic uptake in the small fraction, may

not be sufficient to allow for accurate fractionation of
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rates. The uptake rate attributable to the large fraction

often decreased after antibiotic treatnent (Table 2>. This
phenonenon, simlarly observed by Kuenzler and G eer (1980)
and Kuenzler et al (1979), further exenplifies the inherent
probl ens associated with using filters to seperate al gae
frombacteria. It is likely that the large size fraction
contai ned bacteria that were attached to al gae (Paerl 1975)
or to clay particles (Faust and Correll 1976>, and bl ue-
green al gae, both of whose phosphorus uptake rates woul d be
decreased by the antibiotic treatnent, resulting in a
decrease in the uptake of this fraction. It is also
possi bl e that the antibiotic affected the phosphorus uptake
mechani sm of the eucaryotic cells, however, Kuenzler et al
(1979) found that the uptake of carbon, which does not
necessarily involve the sane uptake nechani sm as phosphorus
upt ake, was not affected by the use of streptonycin or

penicillin.

SUSPENDED SEDI MENT PHOSPHORUS SCORPTI ON CAPACI TY

Wi ss and Francisco (1984) estinmated that during 1981-
62. 88" of the total nonfilterable residue and 75X of the
total phosphorus that entered the | ake systementered via
the Haw Ri ver. Miuch of the phosphorus entering the Haw
Ri ver armenters over short periods during high flow
conditions. For exanple, during a two-day period in
February 1984, an extrenely heavy flow of the Haw Ri ver
del i vered approximately 109e of the yearly total phosphorus

load for all of Jordan Lake (Wiss and Francisco 1985,
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manuscript). The sorption experinents performed in this
study, using suspended sedinents from5 periods of high
fl ow, showed that the sedi nent equilibrium phosphate
concentrations (EPC) <I-77 ug P 1~"> were al ways bel ow t hat
of the ambi ent stream FRP concentrations (81-402 ug P 1~1)
<Table 7>. It is therefore assuned that the suspended
sedi ments were acting as a sink for phosphate in river water
during these periods of high flow The single sorption
experi ment done using suspended sedinents fromthe | ake al so
showed the sedinents to be acting as a sink. This is
supported by uptake experinents in the Haw R ver Arm whi ch
denonstrated significant abiotic uptake of tracer (Figure
8>. The apparent novenent of phosphate onto the suspended
sedi nents was observed despite considerable variabilty in
TP, FRP, PP, TNFR, flow, and tenperature. Kuenzler and
G eer (19d0> found EPC values (1 to 22 ug P 1~1> simlar to
those found in this study using suspended sedi nents obtai ned
fromUniversity Lake. They concl uded the sedi nents were
acting as a sink for phosphate in the winter but, because of
| ow | ake FRP concentrations in the summer, were acting as a
source of phosphate. However, the study of Kuenzler and
Greer (1980) exam ned the role of suspended sedi nent that
had al ready been in the | ake for an undefined period of
time, not of their potential effect before they entered the
| ake. Mayer and d oss (1980) found EPC val ues of suspended
sediment fromthe turbid Colorado River that were simlar to
those found in this study. However, since the FRP of the

Col orado ranged from1l to 51 ug P 1"”, they concluded the
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sedi nents were acting as a buffer, adsorbing P when
concentrations were above the EPC and desorbing P when they
are below. This concept of suspended sedinments acting as a
buffer for phosphate has al so been proposed by, anong
others, Carritt and Goodgal (1954), Poneroy et al. <1965>,
and Kuni shi et al. (1972). Host of those, however, have
much | ower anbi ent stream FRP concentrations, which, despite
simlar EPC values, lead to different conclusions concerning
the role of the suspended sedi nents.

Large di fferences between the EPC val ues of the
suspended sedi nent and the anbi ent stream water FRP
concentrati ons were evident (Table 7). The rate of
adsorption of phosphate fromsolution onto the surface of
the clay particle tends to be fairly rapid (<12 hrs>(Edzwal d
et al. 1976>, and, when conplete, should render a quasi -
equilibriumclose to the EPC. The possibility experimental
desi gn renderi ng erroneous EPC and | SC val ues nust be
ascertained. Studies have shown that the ionic conposition,
bot h speci es and concentration, of the contacting solution
used in sorption experinments often affects the anount of
phosphorus adsorbed (Ryden and Syers 1975; Ryden et al
1977>. A .01 M Cad 2 contact solution, used in this study
and commonly used in others (Wite and Beckett 1964; Tayl or
and Kuni shi 1971; Heyer 1979;) has been shown to increase
t he anount of phosphorus adsorbed when phosphorus
concentrations are greater than 100 ug 1"*, by 1.5to 2.5

times than that adsorbed by the same soil when placed in
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distilled water (Ryden and Syers 1975). The increased ionic
strength and the presence of the calciumcation were both
shown to be responsible for the increased sorption. The
affect of .01 MCaCl 2 on sorption capacity was shown to be
| ess at sol ution phosphorus concentrations bel ow 100 ug P 1~
| and decreased to essentially no difference at the EPC. It

is therefore unlikely that the EPC val ues obtained in this
study were significantly affected by the use of the .01 M
Cad 2 contact solution. The instantaneous sorption capacity
(1 SO of the suspended sedinent, which was usual |y neasured
at phosphorus concentrations greater than 100 ug P 1'" at

whi ch differences in anount P adsorbed using contact

solutions of different ionic conposition became significant,

was |ikely overestimated since the ionic strength of Haw
River water is probably nuch less than .01 H and hence,

woul d exhibit |ess sorption capacity. However, since the
differences in sorption capacity at different ionic
conpositions remain relatively constant at concentrations
greater than 100 ug P 1~1 the different ionic conpositions
woul d not greatly affect the relative differences between
| SC obtai ned during different sanplings.

The apparent |ack of equilibriummy indicate that the
residence tinme of the sedinents in the water colum is
fairly short and consequent|y the sedi ments obtained may be
o-£ local origin. Initially they may have been froma
di stant source and been episodically carried down the
stream Mich of the clay suspended in the water could have

originated fromthe streambottomdue to the heavy scouring
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action which is apparent at the Bynura sanpling site during

hi gh fl ow conditions.

The I nstantaneous sorption capacity (I1SO (Table 7) of
the sedinents was significantly higher <p=.05) in the My
sanplings than in the winter sanplings. This was due to
both i ncreased stream FRP val ues and hi gher absol ute
sorption capacity of the sedinments in Hay. The | SC was
| nversely correlated with flow <r=-.75 p=.10). This was
probably due to an increase in the percentage of |arge
particles, with |ower sorption capacities, that were

suspended in the stream at periods of high flow.

ALGAL UTI LI ZATI ON OF SEDI MENT- BOUND PHOSPHORUS

Al gal utilization of sedinent-bound P ranged fromb5.1
to | & & despite the observations fromthe sorption
experiments that indicated the sedinments were undersaturated
W th respect to phosphorus. The shape of the growth curves
during the exponential growth phase of the algae grown with
sedinents was simlar to those grown with a sol uble
phosphate source (Figure 11). Apparently the al gae were
able to assimlate the | oosely-bound, easily desorbed
sedi nent phoshorus rapidly, but the ensuing rate of
desorption and/or algal utilization was insufficient to
allow for significant additional growh. Additional studies
conparing the total anount of phosphorus that can be
desorbed fromthe sedinent to the amount utilized by the

al gae woul d give additional insight to the mechani sns
involved in algal utilization of sediment P. The 0.1 M NaCH
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extracti on of sedi nent-bound phosphorus was a poor esti nmator

of AAP. This result is not surprising considered the high
iron and al um num content of Pi ednont soils (Daniels et al.

1984) as opposed to the high calciumsoils that were used to
supply nost of the informati on upon whi ch t he NaOH AAP
rel ati onshi p was devel oped. For exanple, the often referred
to study of WIllians et al. (19S0> found a strong
correl ati on between NaOH extracted P and AAP in sedinents in
whi ch SO*e of the phosphorus was in the apatite fraction, 31>:

was in the nonapatite fraction, and I1SJc was in the organic P
fracti on, whereas two sedi nents that were poorly predicted
by the NaOH extracti on and consequently excluded from
di scussi on, had nonapatite fractions of 50X and SSt. Huettl

S% 8l e (1979> suggest that the NaOH extracti on nay
overestinmate the AAP in soils with large quantities of iron
and al um num oxi des havi ng hi gh capacity, low intensity
sorption i sotherns; characteristics which are found in the
suspended sedinents used in this study. Overall, the NaOH
extracti on has been enperically correlated to AAP using a
snall variety of soils with questi onabl e net hods of
estinmati ng AAP (see Lee et al. 1980) and may not be
applicable to soils with different chem cal characteristics

t han t hose upon which the correl ati on was based.

POSSI BLE MANAGENMENT | MPLI CATI ONS OF SEDI MENT STUDY RESULTS
The suspended sedi nent study has concentrated on the
characteri zati on of the adsorpti on/deaorpti on and

bl coavai l abilty of phosphorus bound to suspended sedi nents of
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the Haw Ri ver, shortly before they reach Jordan Lake. The
actual net effect of these sedi nents when they enter the
lake is a function of many factors. The novenent of the
river water as it enters the lake is very inmportant and is
| argely dependent on the density difference (primarly
tenperature difference) between the river and | ake water and
the rate and total volune of stream fl ow Stream and
estimated | ake tenperatures were simlar on all sanplings,
but the | ack of specific | ake isopleths at the tine of
sanpl i ng makes concl usi ons regarding m xing difficult.
Large particles entering the I ake will tend settle out of
the systemfairly rapidly, but the clays can remain
suspended for |l ong periods of tinme. At a settling rate of
30 cmper day in calmwaters (WIllians et al. 1980) fine
clays could renmain in a 3 mphotic zone for 10 days, | onger
if turbulent conditions exist (Reynolds 1984). Coagul ati on
and encapsul ati on by al gae (Faust and Corell 1975;
Avni mel ech 1982) nay i ncrease the settling rate. Severe
restriction of the depth of the photic zone often results
due to the high light scattering capacity of these clays and
is an i nportant factor when considering their overall
i npact .

It appears probable fromthe sorption experinents that
t hese cl ays are scavengi ng phosphorus fromthe water colum
ttB they slowy settle towards the | ake bottom G ven the
fairly rapid rate of uptake of |oosely-bound P, they shoul d

reach a state of quasi-equilibriumwhile they renain in the
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trophogeni ¢ zone. The phosphorus adsorbed should be readily
desor babl e and hi ghly bi oavail abl e. However, the hi gh AAP
of these sedinents is a direct result of the high | ake
and/ or stream FRP concentrations, and if quantified at this
stage, nmay |l ead to the erroneous concl usi on that the
suspended sedi nents are delivering highly avail able, easily
desor babl e phosphorus, which is contrary to the findi ngs of
this study. Imedi ately after high flow conditions, high
anbi ent FRP concentrati ons and, dependi ng on the degree of
washout, | ow al gal bionmass, decrease the significance of the
avai l abilty of sedi nent-bound phosphorus. However, as al gal
bi omass and photic zone depth i ncrease, and nutri ent
suppl i es decrease, the bioavailability of renmining clay
particl es becones nobre i nportant.

As the clay particles sink through the water col um
t hey may encounter anoxic conditions in the hypoli mi on.
The reduci ng conditi ons, which are comon i n Piednent
i mpoundnents in sumer nont hs (Kuenzl er and Greer 1960;
Wei ss and Francisco 1984>, will reduce ferric hydroxi des on
the clay surface and rel ease associ at ed phosphate i ons
(Wt zel 1983). Thi s phosphorus accunmul ated in the
hypol i mi on coul d becone avail able to al gae during peri ods
of weak stratification and nmi xi ng of the epilimion or
duri ng | ake overturn. Upon reaching the | ake bottom
sedi nrents nay be resuspended i nto the water col umm by
tur bul ence generated by wind or boat traffic, or remain on
the bottom where they still may play an inportant role in

bott om sedi nent - phosphorus reacti ons.
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The conpl ex nature of suspended sedi nent - wat er
interacti ons has been established. In the stream sedi nent
is likely acting as a sink for phosphate. Thus, it is
likely inmportant in the conpl exati on of sol ubl e phosphate
that enters fromboth di ffuse and poi nt sources. Managenent
practi ces focusing on the renoval of sedinent inputs into
the stream wi t hout concurrent neaures to decrease the inputs
of sol ubl e phosphorus may therefore result in negligible
changes in soluble P concentrations delivered to the | ake
and may actually i ncrease the soluble P delivered due the
|l ack of conpl exati on. Such a reducti on may al so
consi derably i ncrease the depth of the photic zone in the
Haw Ri ver arm of the | ake where it is likely that light is
often one of the Ilimting factors. This could possibly

result in a considerable increase of algal biomass in the

Haw Ri ver arm
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CONCL USI ONS

1> Total P concentrations were high throughout the | ake,
averagi ng 121 ug 1~1. Hi ghest concentrati ons occurred
duri ng the wi nter nont hs when | arge anounts of
suspended sedi nents were present in the | ake.
Filterable reactive P concentrations were high in the
w nter at all stations but often decreased to 1 ug | ~i
or less during the warm nonths in the New Hope R ver
arm of the | ake.

2> Ni trogen-t o- phosphorus rati os i ndicati ve of P-
limtati on were observed in the New Hope R ver arm
duri ng the warm nont hs. Hi gh nutrient concentrati ons
t hr oughout the year in the Haw R ver arm and duri ng the
cool nmonths in the New Hope Ri ver armindicate N or P
limtation was unli kely during these peri ods.

3> FRP turnover tinmes were |long during the cool nonths at
all stations, but greatly decreased in the New Hope
Ri ver arm of the | ake duri ng the warm nont hs when FRP
concentrati ons decreased and al gal bi omass i ncreased.
Short turnover tines, high NP ratios, and | ow FRP
concentrations, indicate P limtation in the New Hope
Ri ver arm of the | ake during the warm nont hs.

4) The snmall size fraction doni nated biotic uptake (Ave *
87. &X> t hroughout the year at all stations. At Station
10, procaryotic organi snse were responsi ble for npbst of

the uptake in the snmall fraction.
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5) Abiotic uptake often conprised nost of the uptake at
Stations 5 and 30 during the wi nter nonths whan | arge
quantities of suspended sedi nents were present in the
wat er colum. Abiotic uptake at Station 10 was usually
I ow.

6> Suspended sedi nents obtained fromthe Haw Ri ver duri ng
peri ods of high flow were found to be renovi ng
phosphorus from sol uti on.

7> Al gae grown with suspended sedi nent - bound phosphor us
under conditions otherwi se optimal for growh were able
to utilize a relatively small anmbunt (nmean » 11. 3X} of

t he sedi nent - bound phosphor us.
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