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ABS'l'BACT 

The Lata7ette River, an urban, well-mixed estuarine 
emba711ent, was sampled from October, 1970 to Januarr, 1972 
tor phosphate, nitrate, nitrite, oxygen, water temperature 
and aalinitr. The mean values found tor these samples 
were: 0X7gen saturation from 69% to 106%, nitrite from O 
to 4 microgram-atoms per liter, and s&l1nit7 f'l'om 13°/oo. 
to 24°/oo. The IIOllth of the Elizabeth River to Hampton 
Roads was also sampled from Mar, 1971 to August, 1971. 
The Lafa7ette and Elizabeth Rivers were also sampled over 
a 24 hour period in the swamer of 1971 an4 the Lafa7ette 
River again ln the winter ot 1972. The mean concentration 

• of phosphate in the auamer varied from ) to 16 microgram
atoms per liter tor the Latarette River and fr011 2 to 12 
microgram-atoms per liter tor the Elizabeth River. The 
highest values of phosphate occurred in the awmaer months 
and the lowest in the winter. The mean concentration of 
phosphate tor the Elizabeth River ranged from 3 to s.1 
miorogram-atom.s per liter with the highest value in June, 
1971. The mean oonoentratlon of phosphate tor the 
Lafa7ette River ranged from 1.9 to 8.6 .microgram-atoms per 
liter with the highest value in Auguat, 1971. 

Multiple linear regression models revealed that the 
dailJ concentration or phosphate ls related to the stage 
or the tide, and rate or flow of phosphate from the Lambert• 
Point sewage outfall as follows: 

1. The concentrat1on·ot phosphate increases on the 
ebb tide and decreases on the flood tide because of the 
diluting effect ot the Hampton Roads water. 

2. The concentration of phosphate ia also directly 
related to the rate of flow of phosphate trom the Lambert• 
Point sewage outfall on the flood tide but quantitively 
la not as important as the diluting effects of the Hampton 
Roads water. seasonal llllltiple linear regression models 
show a direct relation of temperature to the ooncentratlan 
of phosphate and an indirect relatian with the amount of 
rainfall. The effect or temperature was ascribed to 
increased bilologloal activitr and tbs effect of rainfall 
to the dilution of the water ln the Lafa7ette River. 
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CHAPTER -I. 

THE PROBLEM AND DEFINITIONS OF TERMS 

M8D7 variables can effect the productivity and 

aesthetic qualities of an urban estuariJl.e eaba1111ent, some 

of 11hioh are salinity, dissolved oxygen, ava11ab111ty of 

sunlight, pH, pollution by-products, circulation, aorpho

metry of the embayment, water temperature, land run-off, 

and nutrient concentrations 1n the water (Steward and 

Rohlich, 1967)• Although it is difficult to state which of 

these is the most important to the embaJ1119nts• ecology, 

the nutrients, especially phosphate, play an important role 

(Redfield, 1958 and Likens, 1972). Pritchard states 

(1969), that when the total phosphate concentration exceeds 

).) microgram-atoms phosphate phosphoro11s per l.lter, that 

undesirable conditions associated. witb. eutrophioation occur. 

I. THE PROBLEM 

Stateaent Cit Ji!!!, purpose. At this time, there .are BO 

Pllblished studies for nutrient concentrations 1n the 

"9,fa7ette River. '?he Lafayette Biver has . .recreational and 

aesthetio Y&lue tor the citizens or Norfolk, .Virginia, . .and 

provides~ breeding and feeding site tor numerOWI •pecies 
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of •1UJlfe. ~-t i.s i.llperat1Ye to obtain a baaio knowledge 

or :idle autl"l.ent -ayoJ.ea bl the Lafayette Bi ver to be aaed 

ill cletel'll1n1ng +.he present base levels of' these nutrients 

1n the Lafayette Biftr for coaparison with the nutrient 

levels of' .fature stwlles. 

Statgent I( .lb!! problem. It is tbe purpose of' tbla 

•tud¥ to d.etel'llill.e the yearly oyole of' phosphate, oxygen, 

nltrate, and nlt;rite oonoentrationa 1n 'the Lafayette an4 

Elizabeth Rivera. A portion of this data will be used to 

attempt to answer the following questions: 

1. Does the Lafayette BiTer•s concentration of 

phosphate exceed the T&lue of 3.3 miorogram

atoms per 11 ter aa stated by Pri tohard ( 1969) • 

2. If the oonoentration of pbospha,te in the 

Lafayette River does exceed the 3.3 miorograa.. 

atoaa pboapbate per liter, what are tbe 

explanations tor·tbi• pbenomenom? 

J. ,Jiff clo t:be levels of phosphate in the Lafayette 

River C<tMIAf'- 1IO -.tber estuaries? 

@tate119t .!!ta, Beaeroh Hpotbeate. fte Lafayette 

liver 1a a ... 11, ab&llow urban estuary that vaina a large 

paved dtersbe4. 9le- 1,Pllberts Point Sewage Plant, • lar-ge 

prlmaf'I' treat-eat plant., :J.a located at the mouth of the 

' river. It ._. postulated :that the level• of phoaphate bl 

the Lafayette Blft!" wou14 show a ohanp 1n oonoentratlmi 

Oft!".& 'Qfenty 1'our ~ period. 'fhe concentration. -al4 

lnoreaae on tbe noo4 tl4e end. d.eoreaae on the ebb t1c1e. 



!bis tncNa■e 1Jl i,bosphate would be clue to tbe tidal 

\JUl'l'8llta IIOT1Dg -the sewage l.ada. waters fl'oll tbe Laaberts 

Point Sewage Ollttall into the Lafayette River. On the ebb 

ti4e the inverse or flus1DS11g would ooour. The wind 

4ireotion .could. either 1Jlcreaae the flow of aewage into 

tbe r~ver or.decrease the flow upending on 1ta 41reotion. 

It was further putulated. that over a longer ae&llon&l time 

period~ wind 41.reotian, \ll"'ban atol'II water runoff am. sluggish 

water oil'oul.ation would. inorean the levels of pboaphate in 

the Lafayette River over those levels fOWld in Hampton 

Road.a. 

II. DEFDrl'.rIOJrS 011' TBRMS USED 

Multiple l•pea.r res,ssiop model. The model 1• of 

the form (Draper aa4 Sid.th, ,1967; Snecleoor and COOhr&n, 

1968; Sokal aDd Jloblt', 1969) : 
1 

'I • a + B1Xi_ + Bi'z + ,.,. •'• Bcf'o + E 

• ia the ooutaat or X, 111.teroept. 

Ba are· the regreaalon ooettloienta of the ill4ependent 

.aria'blea, • X.• UH4 to PN41ot the eatilllltion of the 

upend.eat war1able I-. 

Bcf'
0 

1• the ~int etteot of a11 the teru •itted. 

from 'the n #&l'lable aodelt.. · 

&1 ,t.a the aal4taal or erz-or tera 8ls4 J.a aa■-ed. • be 

t.latl'll:llated. laupsnCc:nt;~ ot •t:be X'• with nro ..- an4. 
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Tile aodel 1• of !>'Pe I (Sokal 81114 Boblt, 1969)• Thia 
,. 

■ream -u.at the precliotecl X or pboapbate ooaootration 1• 

upeadent GD 1 eJTOr tree• independent T&riabl••• 1.e. 

Y&riablea that Cb esaa.tially be ■aid to be measured with 

no, or more N&l1st1oally, small error •. Rotioe that~ is 

tile predioted value 8114 therefore, has a atatiatioally 

~lly 41str1'bated range of ..alues tor each set ot 

independent variabl••• The linear least squares tit tor 

the ■odel la a Y on X regression. 

pttmarz treated sewage. fll1B tel'II refers to tbr 

treatment 1DT01Yed 1D the •obanioal settling out 8114 

aoreening ot l.arge aewage plll'tiol••• .Attar this has been 

acoompliabed, tbe tlnal eftluent 1a heavily lloaed •1th 

ohlor1De to kill patbogaio organiau. 'lbia treatment has 

little or no etteot on nutrient levels 1D the •e.-P• 

Elisabeth Btnr !!A l!f!r•tte .Jim. : .u 1:he Lata7rtte 

Biftr .end the -Blizabetb !linr haft .• OCI t l"n ■au.tb, the 

aeapllJlg :11eotion D rrtrra 1io tbr Blizabeth lU.Trr ·an4 

aeotiona A, l3, -end C refer to the L&fa7rtte Btnr. Sampling 

sections nre J.a'belle4 A, B, a,. or». Saap11Dg 11tattona 

are tile 1nd1Y14ual 11aap]1ng looat10ll8 wttbin tbe ,aeotiou 

ana. il&Te. a letter aa4 mauer ua1pation"¥ 

.,fal f9pl.es. ·"fte .term will Nfff to aaltlple 

aeaplea -ooUeoted .1"roa one or •rr saapl.1Dg ataticma OYer 

a partial or aaaplete tidal 0701,. 



pailY aampl••• The '8ra reten to 11111.tiple aamples 

oolleoted tram ae or aore 11&11pllng statiou oyer a 

twenty-tour llour period. 

Seaaops. '1'he aeasona will be defined as tollowa: 

Summer - the IIOlltha ot J'une, J'ul.7 1 and August. 

Pall - the months of September, October, and November. 

Winter - the months ot December, J'anu&17, ancl Pebru&l'J'e 

Spring - the months of March, April, ancl May. 

s 

Cosine theta. 'fhe w1nd direction will be expreaaed 

11U111erioally as the ooaine theta. Theta ia the angle the 

naultant w1nd -.icea to the main Lafayette River ohsmlel,. 

The main Lafayette River ohsmlel bears 028° true at the 

mouth ot the riTer. 

~ oompopent. The wind velocity ia a vector 

designated as coaine theta tillea the w1nd speed in knots. 

l. walue. A statiatioal p&l'Wter uaed to determine 

the aigulttoanoe ot a regression equattcm. It ls the ratio 

ot the•• square tor the regression clirtded bJ the 

1'8rianoe ot the regreas1cm. 

l yal.pe. When used in nutrient oali'bration ourves, 

tt ts equal to the nuvient ocmoentration clirtded b7 the 

corrected ab8orbaaoe. (Strickland & Parsons, 196S) 

~ 1tes,,. 'ftle atap of t14e waa expressed 

DUlll8r1oally in order to 1Dclwle tlle t1clal paraaeter 1n the 

regression tlf&u&ttons. Begimling ebb t14e is expressed as 

1 (one) 8114 1Dcl.114es all mus up to but 121 laolUl'Jtng 

2 (tlfo)·. Begj:nn1ng ~loocl .tide 1a expressed aa 2 (\Wo) and. 
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includes all Ylllues up to but net ineluding) (three). 

'l'beretore 1 • .s designates a aaapling point baltway into the 

ebb tide and 2.75 indicates a ■aapling po1nt three 

quarters into the tlood tide. 



CHAPTER II 

BEVIEW OP 'l'HE S'rol>X ABBA ARD BELA.'?ED BESEABCH 

I. REVIEW OF 1'HE Si'UDY AREA 

Bacteriological. '1'he Larayette RiTer (aee Figures 1 

and 2) was once called ftmlera creek but baa been called 

the Larayette River since 19)4. ID 1916, an investigation 

or the oyster beds ill. the Hampton Boada area (cited 1n 

Crohurat and Sullb.on, 19).S) concluded that 07sters trom 

the Elizabeth Ri Mr and 1 ts tributaries, which b.oludes 

the Latayette RiTer, could not be aately used tor buaaa 

conswaption. !!he Crohurst report or December, 1935 

(Crohurst and Sullmcm, 1935) sh011ed the oolirorm values 1n 

the tarayette River to var, troa 1700 to 4400 per.tee oubic 

centillleters and OODOluded .• ••• the- sveaa obviously is. 

grossly polluted under &11 t14&1 ccmditiou.,• !hia could 

h&rdl.7 be otherwise sb.ce raw sewage f'.rOIII an estimated 

population or 10,000 was upoaited troa 3.S public aewers 

directly mto the B11zabeth,.eml 1At&7ette Rivera (Smith, 

19.SO).· ID a441tioa to the above public aewera,. there were 

approxilllately 300 taail7 sewage muts With 41reot ocmnectiou 

to the Latayette Rinr and its branches. !'he water qaalit7 

aUrTe:, .by tbe Virginia State Department or Health 1n 

Augut., 19.SO showed. tbe IAta7ette BiTel' to have a llediaa 
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oolltOl'II density ot over ,SOO per 100 alllilitera. Since 

the OODSffllCtion ot the Hampton Boads Saziitatian. District•• 

A.rmJ Base Plant and :t.aaberts Point (see Figure 2) Plant 

1n 194? and 1948, respeotiTel.7 (Gene Goffigon, personal 

ooaunication Hampton Boacls Sanitation District, 1972), 

there ia no known cUreot raw sewage J.nput into eitber the 

Lata7ette or tbe Bllza'beth lliTer. However, the present 

total oolitorm OOIDlt ctata from the Rorfolk Department or 

Health (Wise, 19?0) remalns or is higher thaZl the values in 

1934 and 1949, eapec1a117 in the SUlllll8r months. 

Algal studies. Marshall (1967, 1968, 1969) baa 
• compiled plauton surT87a.on tbe Lafayette and Elizabeth 

livers·;, Diatoms were sbollJl to predominate- in the Lafa7ette 

JliTer 1n April and Jue, ·1964 •1th a ratio to phytotl&gell.atea 

ot 7:1 .and 317:1, respeotiffl.7. Skeletoneaa oostatum was 

the ...,lor constitwmt • botb tbeae dates •. fhis also held 

true tor the Basten and Westen branches ot the Elisabeth 

Btver.,, 

II. REVIEW OP llEIATED RESEARCH 

Juttlentf -'A .l!!!. JniaalMp B.iJ!r. Bo other publ1ahe4 

autrient stucliea or ~lal ah41ea for the L&tayette 

oou14 1- • toun4~ :11GHT81', 1:be state water control Board or 

Vtrglnla (Jennings, 196S) performed a 8Ul'ff7 on the Eastern 

Branch or tbe Bl1aa1aetll B.inr. Da117 OX7pn profiles wen 

prep&'Nll f'J"o■-.&ugut 10-11, 1964,, aa well as ,IIOJlthlY aurtaoe 

aamples troa--Mal'Oh to Aupat, 1964, were taken. fhe 1aaple1 
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coveN4 -.ariou stages of the tidal c7cle and included 

ohloroJ11'17ll extl"&Ctables, biomaas, as total organic 

volatile substance, total phosphate, orthophosphates, 

biological oxygen demand,•1111110nia, &zld coliform counts. 

Table I lists the orthophosphate trends and total phosphate 

concentration aa extracted from this 81U'TeJ rePort. 

Jennings (196S), ,aaawaing 15 llilligl"BU per liter or 

phosphorous in the prim&rJ treated sewage effluents 

deposited in the Eastern Brancb of. the Elizabeth River, 

calculated that 12) pounds of phosphorous per daJ would be 

discharged.into the river with.&zl ettlwmt 41aoharge rate 

ot appranmatel.7 one million .gallona per clay-. 'l'he total 

quantitJ or plloaphoroua in.pounda,.calculated from the 

·concentration of phosphorous found in the water and the 

depth ot the river, • ••• 1'ar exceeds that which could be 

discharged to this stream each clay from sewage treatalent . 

plants. Therefore, it appears that lNildup ot nutrient 

•terial h&8 ooourre4, or there is a substantial contribution 

troll some other source· •• 

'l'he state water Control Board of Virginia period.icall.7 

momtora the Eastern and Southern Bl"Bnohea ot the Elizabeth 

Binr tor nutrieslte, oxygen, 'biologioal ~gen 4ell&Dd., 

al.kalinitJ, and. other parameters.· 

this cl&ta ia shoa in Table u. 
Phosphate leyels .m •!•11&£ eatwy:1••• Diaaol'Nd 

inorganic Jlhosphate 1a higher in ooastal waters and does not 

ban a 15:1 atomlo J"atio of nitrogen/phoaphoroua aa is tOIIDd 
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'J!ABIB 1 

OrthOphosphate conoantraticm !rcm48 Bad. Total Phosphate, 

ill Miorogram-atou Per Liter tor the Eastern 

Branch of the Elizabeth River 

The samples were talten at bri4ges orossillg the river. 

'the data ill this table was compiled by .renntnp (1965). 

Location 

u. s. Route 1) 
Bridge 

State Route 165 
Bridge 

Total Phosphate Orthophosphate Trends 

increase M&roh to increase March to 
August August 
B.ange 4 to 14 

Ma, to June a- · increase March to 
CN&ae August 
July to August 
decrease 
Max11lwa in July 
B.ange 8 to ).5 
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. 'fABI& II 

A suaar, of the Orthophosphate and litrate Concentration 

values 1n Microgram-atoms Per Liter, em 'frellda for the 

Eastern em SO'llthern Br&nehea of the Elizabeth River 

Norfolk, Virginia, 1971, as Reported bJ the 

State Water Control Board 

Orthophosphate Nitrate -
Location phosphorous a. Nitrogen a. 

Easter Bf!ch o. miea from the max11mm in Ju].J m&xilllWI in May 
juncture of the llin1JIIWI in May ■iD118\111 1n Ju].J 
Eastern & Southern 
Branches of the range 2 • .5 to 11 range 0.7 to 2.9 
Elizabeth River 

4.62 111les from m&xilllUIII in May 118.XilllWI in June 
the juncture of ■1n1PUII in .Ju].J ■inimum in Ma7 
the ._tern & 
Southern llr8nehes Benge 1 to 4.6 Range Oto 10 
of the Elizabeth 
River 

s°'f.W>Jm°t.. IIBximwlinM&y ■axillllll in June 
the junotuN •t am July . 111niaium in May/ 
the Eastern & ■tn1aun in June Jae 
Soathel"ll Branohes 
of the Bll:&abeth Benge 3 to 3.5 Bazl.p :,.6 to ,o 
BJ.ver 

a. 'fhe • Y&lues tor nutrients aa sboWJl in the above table 

are suspect aa the water samples were not adequately 

preserved. 
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in the OJ)en ocean. This ia probably due to the low 

att:rogen/phoaphOJ'OIUI rationtound on land (Sverdrup, et al., 

1942; Pomeroy, et al., 1972). Although dissolved inorganic 

phosphate appears to be always in excess in coastal waters 

and nitrogen to be limiting to phytoplankton (Ryther and 

Dunstan, 1971; Likens, 1972), it is possible for dissolved 

inorganic phosphate to be used as an index or pollution 

(Ketchwa, 1967; Ryther and Dunstan, 1971). The levels or 

phosphate found for other estuaries are shown in Table III. 

J>ail.Y 07cles 91. phosphate. It has been noted 

(Hewoombe and Lang, 19)9; Newcombe and Brust, 1940; 

ICuenzler9 McKellar and Muse, 1970; McKellar, 1971), that 

a4&11J c7cle of dissolved inorganic phosphate exists in 

estuaries. The dissolved inorganic phosphate increases 

during the night and decreases during the day. McKellar 

ascribes this to an increase in the flux of phosphate from 

the ~ediment (McKellar, personal ocmmm1oation, 1972.). :. -

'l'bis atudy ~ done in a sewage -,.ate pond where the leve1 

of dissolved inorganic phosphate was approx1matel7 S0-60 

microgram-atoms phosphate phosphorous per liter. Newcombe 

and Lang (19)9) believe the 4a11J fluctuations • ••• to be 

due to an acoelerated regeneration and reduced utilization 

of phosphate as a oorollaey of poor light penetration.• 

'Atpioal cycles 91. phosphate .&I! estuaries. Pomeroy 

swnmarizes and defines •atypical• cycles of phosphates in 

eetuaries {lomeroy, et a1. 11 1972). In an •atypJ.oal• cycle 
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TABIB III 

Comparison ot the Dissolved Orthophoephilte 1n the Lata79tte/ 

Elizabeth River to ite Concentration ill Other Estuaries 

Elizabeth River 
Eastern Branch 

Hampton Roads 

York River 

Patuxent River 

Patuxent River 

James, York & 
Rappahanok 
Rivers 

Delaware Bay 
salt marsh 

Pamlico River 
sapelo Sound 

Biscayne Bay 

Moriches :eay, 
Great so. Bay 

Porge River 

Raritan Bay 

Phosphate 
level micro
gram-atoms 
phosphate 
phosphorous 
per liter or 
atomic N/P 
ratio 

Location Reterenoe 

s 
0 

Upriver ot Jennillga, 1965 
the study area 

- o.s H&mpton;Roads Stroup & Wood 
1966 

0.02 - 2.66 Lower Chesa
peake Bay 

o.6 - 1.6 Upper Chesa
peake Bay 

0 - 2.1 Upper Chesa

1 - 4 
mean 2 

20 • 30 

peake Bay 
Rivers drain

ing illto 
Chesapeake 
Bay 

Delaware 

- 9 
- 4 

11. C&rolilla 
Georgia 

estuaries 
0.14 - ·1.10 Florida 

decrease to 

1 
2 

0.-14 - o.49 
When sewage 
effluent stopped 
1.) - 4.4 Long Island, 

H/P atomic Hew Xork 

Patten, et al., 
1963 

Newcombe & Lang, 
1939 

Herman, et a1., 
1968 

Brehmer, 1972 

Reimold, 1965 

Hobbie, 1970 
Pomeroy, et &1., 

1972 
McHulty, 1970 

Byther, 1954 

ratio 
40 Long l:sland, Barlow, et al., 

New Xork 196:, 
11.4 - 1.-,.:1 
»/P atomic 

ratio 
mean 1.10 -

1.46 

Atlantic coast Jettries, 1962 
Hew Jersey 

Bhode Island Smayda, 1957 



Tabel III,contimled r, 

Estuary 

New York 
Bight 

New York 
Harbor 

st. Margaret's 
Bay 

Kaneohe Bay 

Phosphate 
level micro
gram-atoms 
phosphate 
phosphorous 
per liter or 
atomic N/P 
ratio. 

Location 

New York 
Bight 

New York 

0.13 - 1.36 Nova Scotia, 
canacia 

1.07 increas- O&hu, Hawaii 
ed to 3.94 
when sewage 
plant 
opened 

14 

Reference 

Ketchum, 1967 

Howells, et al., 
1970 

Platt & Irwin, 
1968 

Caperon, et al., 
1971 
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ot phoaphate,.tha level ot phoaphate·t• greateat 1n tbe 

,-.. er ,-a ieaat··tn the winter~- 'fbia ls, 1n gmaeral, 'the 

apposite ot the c7cle 1n the open ocean where phosphate 1s 

a 11m1t1ng nutrient and 1s greatest 1n the winter and least 

ln the . swmaei-. This at,p1cal c7cle has been noted b7 

others (Xewcombe, et al., 1939, 1940; Hutch11lson and 

Bonn, 1947, 19.SO; Pratt, 19.50; Bochtord, 19.51; Be1molcl, 

196.5; Gooch, 1968; JlcKellar, 1971) and their explan.at1ons 

can be swmaar1zed as follows: 

1·. Accelerated regeneration and reduced ut111sat1on, 

aa 11 coroll&r7 of poor light penetration {Newcombe and 

Brust, 1940).· 

2. Uptake and release ot large amounts of looael:t 

bound inorganic phosphate a4sorbed on ola7 particles 

(Re1molcl, 196.S; Pomeroy~ et al., 196.S) • 

. )e' :.Increaae ot pH .am/or Bh which release• phosphate 

ti-a est;uarine ... cJ.tments ('Carrtt and Goodgal, 19'4: Jl"8', 

19.59: .Yoang, 1968.). 

Jf. Jle111n•l"'ll.1&at1o'Jl ot phosphate b7 sulfate reduolng : 

bacteria or other llicroorg&n18J1!8 <Teal and. Kamr1sher, 1961; 

Oppenheiar encl Wlll"d, 196): Gooch, 1968), 1noluc11ng "u111b-
. 

r.1111R reaotiou ot 41.ssolved 1norgazl.lo phosphate, -tisaolved 

organic ·phollphate·'ll:a4 particulate phosphorous (Butob1nse 

and Bowen, .1950; Jl1gler, 19,56). ' 

J.· Kutritmt enrichment ot :the eetuaries llad. alw 

exchange be1nfeen eat;uar1es 8114 the open. seas '(ifetftlt•J. 

f962f Bai-low, et al':, 196))T 
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6~ Shitting ot the lt'&1iea ot •tabolio prooeaaea that 

aove phoapb&te troll fl41i15SMftt.,. tio the water (Po•ro7, et a1., 

1972h' 

7. Greater willd generated iateract1on between bottom 

deposit& and the •ter oolmm. in ■hallow area& (Aur&D4, 

t968ht 

a. Bxoret1011 &114 J"&ptd liberation ot phosphate troll 

aoopl.8Zlkton, eapeciall7 la the awl." (Ba.yea, 196:,; MoXellar, 

1971). 

9. A aeaacmal regeneration and 848orption equ111br1wa 

07cle where 1a spring, 848orpt1on 1• greater than regener

ation &114 the opposite 1a the aw.er. Ia winter, 848orpt1on 

equals regeneration due to recluoed biological activity 

(Redtield, et al., 196); Odwa, 1971). 

PomeJ'07 (1972). postulated a ll04el of dissolved 

in.orgau.o phosphate.tor Georgia salt aarahes, rivers, &114 

8ouncl8 lfhioh h84 ...... re.1 plll'lllleteN that &N 'ffl"J at■tlar 

to the present swq area.· l'bese parameters are: 

1. Morpho■at;r,. Tile Dllplia Bi'Nl' b&8 a water area ot 

1.·:, Ji: 106 ■1les2 at • .in low wter aa compared to the 

Lafayette River•• water area ot ?.;12 x 106 ■ilea2 am. 

1 x 107 ■1lea3 volume as oompa:red to ·4.3 x 106 ■1lea3 tor 

the r.ata7ette B1Yer. 

2. Ammal oyole ot d1aao1Yed tnorpnio phollphate 

varied fro■ a bigb 1a the aumer to a low b the wtnwr. 

:,. !he le.,.la of d18aolved inorganic phoaphate '1n 

the Duplin Biwr .. ~ sevaral ordere ~t •gn!t:ucle higher 
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tllllZl 1lbe ooaatal ·SGD.ee .:t'he ;Nap ._,. 1 .te -4 11i0l"Ograa-&toma 

-)ltaoapbate -1.lboaphorolaa ;per :111:er.-

'.l'he •30P dltterenoea tor -the are .. are: 

1. The <Jeol'gia az-ea 1• llOt Polluted. 

2. 'Dla Georgia area 1• DOt ha&ri.lJ' urbllnizacl. 

'!be Du.plln R1Ter and the Lafayette Riftl' areas are aillilar 

in amount of ra1Dtall and water temperature.- '!be IIOdal 

Po•tulated '1:17 Pomeroy 1• as tollowa (Pomeroy, et al., 19?2, 

page 28), tigqre ?): 

Detritus feeders 

x5<t> 

~ x5<o> • a.a 
water M1c1"00l'g&n1sma 

Jti(t) 
X1 

and detritus 

x1 (0) • 1.-.5 X4(t) 

~

X2 ~(0) • 10) 

~1mt Spartin&~ 
Xz(t) 

c1(t) c2 (t) 
x3<t> 

Xz(0) • Sr.1~
4 

x,<o> • ' ' 

ID1t1al concentratiana, ~(O) are in 11101-ogxaa-atoma 

phosphate pbosphorGWI par liter. 

c1 and c2 describe seasonal Ylll'iatlana in the transfer of 

dlaaolftd 11lol"gan1o phoaphate fNll •e41manta to Spyt.tpa 

and nee 'f81"88e 

Pomeroy fOlllld that levels of phoapb&ta in the Du.plin 

llinr ucreased lf1 th en taoreaae in ratata11 and inoreased 

•1th an illoraaae in •tar temperature. 
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'l'his increase of phosphate with an increase of temperature 

was ascribed to a alight shift in the equilibriwa of the 

dissolved inorganic phosphate from the sediment to the water 

because of an alteration of metabolic activity. The seasonal 

c:,cle of concentrations of phosphate in the Georgia salt 

marshes (Pomer07, et al., 1972) is primaril:, controlled b:, 

• the marsh grass (Spartina) metabolic processes and secon

darily by sedime~t/water interactions. 

Especially interesting was the high values of up to 

10 microgram-atoms phosphate phosphorous per liter found in 

the water even in the winter due to a lag in the Spartin&/ 

sediment system. 



CHAP'l'ER III 

METHODS AID MATERIALS 

I. DESCRIPTION OF THE STUDY ABBA 

Description gt the general area. The Lafayette River is 

located within the urban Norfolk, Virginia environs at 

360 55' Wand 760 201 N. The general area is shown in 

Figure 1 and the sampling area in Figure 2. The physical 

parameters are shown in Table IV• 

The Lafayette River is lined with private residences, 

high rise apartments, three yacht clubs, a public park and 

zoo, and a u. s. Public Health Hospital. There is no 

industry of any consequence on the river. However, the 

Elizabeth River and Hamptons Roads area is heavily polluted 

by primary treated domestic ,wastes and coaercial and u. s. 

Navy shipping. There is a dredge spoil de~sitory at 

Craney Island at the Juncture of the Lafayette River

Elizabeth River moqth. Furthermore, at the western edge 

of the juncture of the two rivers, there is a Hampton 

Roads sanitation District .sewage plant, called the Lalllberts 

Point Plant, with a,,J.9-31' million gallons per day capacity. 

On the Elizabeth River, the city of Portsmouth has at 
. . . ~ . . . ~- ;..\ • 

.. 

Pinners Point a sewage plant with a !.$ million gallons per 

day capacity. Hampton Roads Sanitation District also has 
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FIGURE 1 

Chart ot the General -Study Area 
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The sampling area, outlined by the rectangle is shewn 

1n greater detail 1n Figure 2. S indicates sewage plants. 
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FIGURE 2 

A Chart of the Lafayette/Elizabeth River Study A~ea With 
sampling Sections and Locations 

Sewer outfalls are marked O.F. Day markers ~N 
marked D.1'1. 
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.TABLE IV 

Physical Parameters or the Lafa7ette Biwr 

Physical parameters 

M&ximwl depth (M.L.W.) 

Minilllwa depth (M.L.-w.) 

Mean depths - onrall 

Mouth of river to Hampton 
Boulevard Bridge 

Hampton BouleT&rd Bridge 
to Granby Street Bridge 

Granby Street Bridge to 
Lata7ette Park 

Lata7ette Park to head ot 
river 

Drainage area (Seitz, 1971) 

Water area (Seltz, 1971) 

Length (White, 1972) 

Mean Yolume (White, 1972) 

Width (White, 1972) 

Percentage ot 
total water area 

22 feet 
. 

1 toot 

4.4 teet 

4.9 teet 31 

4.4 teet "6.6 

) • .S feet 21.9 

2.0 teet 0.3 

16.71 m1les2 

2 • .S? lliles2 

4 miles 

t • .S x 108 teet3 

390-2100 feet 
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a plant -on the -8lt.zabeth B1ver near the PiJlrNn Po111t 'Plant 

with caa outflow -•t 2_.. 111111cm g&llcma per -cla:, of .. oonOar:, 

treated sewage aad. tbe Affl1 Base plant· outsicl.e of the aouth 

ot the Elizabeth Biftr with an outflow of 10-12 million 

gallons per clay •. !he Lambert• Po111t and Affl1 Base plants 

are prtaar:, -treatment plants and are shown 111 flgure 2. 

'1'he f'low data tor these plants 1a 111 Appan01x Band c. 

Description o.t the aampling area. '1'he sampling area was 

divided into four notions (Figure 2) labelled A, B, c, 
and D. 

Section A.-1 through A-7 is the area from Lafayette 

Park up to, but not including, Day Marker 20. Section B-1 

through B-21 1a the area from Day Marker 20 to Day Marker 4 

at the mouth of the Lafayette River. Section c-1 through 

c-4 1s the area within the confines of the common mouth of 

the Elizabeth and Lafayette Rivera. Section D-1 through 

D-11 is the Elizabeth River mouth out to Hampton Boa48. 

. . 
• , . ell.;· • COLIBOTION OF SAMPLES 

,. 
•. I 

. ' 
samp11ng times. All samples were collected either 

from an eleven toot skiff, the twenty-eight toot B/V 
, ,.. . . 

Ah-loan Queen, the mneteen toot B/V Paagea, the \hirty-
. r·• . •. ;Jo- ·, • • • • I • •· 

four foot Mias Prisa III, from bridges spann1ng the Lafayette 
. - ~ _•, ~; • ·~ i. !, 

River, or from docks. In general, surface and bott,om 

samples were taken at each station. '1'he values for each 
' 

sampling station are aho1111. 1n Appendix A. 'ftle A11gW1t, 1971 
•.' 
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.dailT samples were oollecte~Ltroa the R/V African Queen at 

etat:ialaa B-18, C-4, a1l4 D-10. The Ja.nuar,, 1972 dai~ 

samples were taken from the Mias Pries III 8Z10hored at 

statian B-16. The May, 1971 tidal data was sampled from 

staliaa·.,B..16 using the Norfolk Yacht Club dock. The 

lio,,...,,..r, 1971 tidal aamp].es were obtained from stations 

B-14, 5-1.5, and B-16 using docks at these points. Times, 

dates,. sections, Wind velocity and tidal stages are shown 
. 

1n Table V for the sampling period 1970-1972. 

Temperature, All temperature values are 1n degrees 

Centigrade (0c) and were obtained llBing either a bucket 

tbl"~N□eter or the thermocouple circuit on the Beckman BS.5 

InductJ.on sa11nometer. 

sa11n1tz. A Bec:iai.n BS.5 Induction sa11nometer With a 

fifty foot oable was utilized to obtain the sali».ity 1». 

tbe field. The 1».duoticm. saJ.1».ometer was calibrated prior 

to each 11811Pling laterval. ', 

Opgen. Wh8Jl the macro-Winkler teobnique was used, 

all OJ17gen saaples were oollected with a po~in;rl

ohloride VBnDorn'bottle. !he first 100 milliliters or 

the sample 1188 allowed to uain out before the OlQ'gen 

sample· was taken. 'f'be sample waa . tlaen 41'a1ned into the 

bottom of a 300 m.11111 ter Biological Ox,gen Dea:nd bottle 

using rubber tubing. All precautions were taken to preyent 

the tl"apping of air 'bllblales .1.n the sample ocm.tainer. The 

samples were stored, after 8441.tion of the reagents, at 

ambient temperature 1n the d.al'k. 
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!!ABU: V 

Saapllng Intcmatlon for All Dates tor the Stuay·ANa 

Over tbe Saapllng Period 1910-1912 

Wind 41l'8c- Sampling Section ~1cle 
ETent Date ~ion an4 tlae or Stage 

speed 1ntenal Station 
sampled 

1 10/10/70 70-100° 08)0-11)0 A•B Ploocl 
4-10 knots 

2 10/1)/70 210-260° 09)0-1200 A,B Plood 
3- 8 knots 

) 10/17/70 2.IM>-280° 1100 B Ebb 

4 12/1.S/70 
t- S knots 

A,B Ebb ,10 08)0-10)0 
1)-10 knots 

.s. 1/19/71 . ,.so-J6o0 1010-12).S A,B Ebb 

6 1/28/71 
tt mots • 

12)0-1)20 A nood 2So 

1 'JI 6/71 
16 mats 

A•B Plood 240-2)0 1145-1)00 
14-12 knots 

8 .S/11/71 90- 70° 1210-1.SOO A,Bt Ploocl 

.S/18/71 
4-10 mos-, C,D 

9 ,40/J]0/120 102)-1700 B-16 1023 Slack 
7 /J/61 knots tloocl. 

1.S2J Slaok 

IM>- so0 
ebb 

10 6/10/?1 1.S'J0-17)0 B,C,J> Ploocl ·--·· 
14- 8 knots 

11 6/26/71 210-2Soo 1200-lJ'JO B,C,D Plood 

12 7/13/71 
1) ~ta 

1)20-15.SO B,C,D nooo. ,0- .so 
11- 9 knots 

1) 7/29/71 180-190° 0810-1010 B,C,D Ebb 
10-12 knots 

14 8/4-.S/?1 140-188° 08.S0-074) B-16 J>a117 
,,\..12

0
knota Dail.7 C-4 

l?0-))0 D-10 

1.S 10/20/71 
i-12 knots 

115 -- 114.S-1'.34.S A,B Ploocl 
18.'2 knota 
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Table V oontinued 

Wind direc- Sampling Section Tide 
Event Date tion and time or Stage 

speed interval Station 
•ampled 

16 11/13/71 210/220/2go/ 0640-182.S B-1.S O,S,S:, Slack 
)60/040 B-16 ebb 

11/10/14/8/ B-17 1259 Slack 
9 knots flood 

180.S Slack 

1/12-13/72 140° 
ebb 

17 1100-1100 B-16 Daily 
6.2 lmots Daily 
me~ tor 1/12 
210 
?.6 knots 
mean tor 1/13 
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Nutrients. 'l'he samples were collected with either a 

van Dorn bottle or bJ dipping a pol1ethylene bottle just 

below the surface. All samples were stored in the dark on 

ice. All nutrient samples were analyzed within 3 to 4 

hours for most studies or within 30 minutes for the daily 

sune1. 

III. TIDE AND WEA'.rHEB DATA 

Tidal ~. 'l'he tidal data was obtained fraa standard 

tide tables for Lamberts Point, Virginia (U. s. Department 

of Commerce, Tidal Current Tables, 1970-1972) • 
. . 

Weather~• Wind information was procurred from the 

National Weather service at Norfolk Regional Airport. 

IV• SEWAGE PUMPIXG BATE • 

'!'his rate is expressed in million gallons per daJ 
.' 

and was taken from the flow records of the Hampton Roads 

8anitation District. • '1'he sewage pumping rate over a twenty-
" ' • 

four hour period for August 4 and S, 19?1 and January 11 

and 12, 19?2 tor the ·IJl.mberts Point s,wage Plant is found 
' • 

in Appendix c. The mean 110J1thl7 sewage pumping rate for 

the IJl.mberts Point Plant and the ArlQ' B&ae Plant is aholm 

1n Appendix B. 



V. AHAI:CflCAL 

But;rients. All samples were ah&ken and brought to 

room temperature prior to anal7ais. At this Point, the 

various reagents tor nutrient assay were added. A one 

centimeter pe.thlength was, used 1n the Bausch an4 Lomb 

Spectronio 20 spectrophotometer. 'i'be wavelength for the 
, " 
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determination of phosphate was ?OS 1111 &:ad for the determin-

ation of nitrate an4 nitrite, ,52.5 1111. Corrections were made 

for turbidity, reagent, and tube to tube etfecta tor all 

abaorbanoe readinge. 'l'he Hach Chemical Company methodR \ 
was used for all nutrients. 'l'he Hach method tor phosphate --involves the formation of a phosphomol7bdenwa blue complex 

Which is reduced b7 stannous chloride. to a blue compound. 

'l'he nitrate method _reduces the nitrate, with an activated 

c&dm,wa compound, to nitrite. !he nitrite then forms a 

diazo <17e compound as in the Gri.eaa reaction. 
'• 

J>·.· 

PNparation 91. oal1brat1op OJIM'••• 'All of the 118thod8 
. . .. . 

used tor detel'llliDation of nutrienta •re baaed on a chemical 

reaction which pl'OCIUOes a colored product. The abaorbance 
\ 

of thi.a colored product is direotl.7 proportional to the 

nutrient concentrations in the sample. 'l'heretore, varying 
·, . ' \ . . . 

concentrations of the nutrient 111l8t be assayed. b7 the 
:,.J .. ~ ;__· ~: .... ., . ~ .~ 

particular method in question, so that a calibration OUl'Ye 
.-.~ 

llsaoh Chemical Complla'IT, Ames, Iowa. 
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of absorbanoJ' ftl'IIIIB oonoentratlon 08A be prep8,Nel. . A 

least· .,,_uans 11.t et u. 'CNl"t'8 u .adopted to produce a 

regresalcm equatlcrn. 'fhla equation oan then be employed 

to prediot the vnJrnotm nutrient concentration in a aample. 

However, some of' the methods utilized are subject to 

salt errors.• ,lf' t:h1a is so, the calibration C\ll'ves should 

be done in waters whose salinities approach that of the 

study areas. If a salt error is detected, then a cali

bration should be carried out in water taken from the study 

area. This •W 11,sure that the salt error is truly a 

salt error .and not 4ue .-, other tactora peculiar to the 
.. 

water quality or the study area. Sinc«s the Hach methods 

tor nutrient ~es were not in common use at the time 

this study was oo:ncJncted, the:r allSt be compared to a 

standard Mthod. !'he standard •thods tor this study are 

those contained in .Stri.ckland and. Parsons (196.S). The 

ettioao:r of :the Haoh -thod oallbratiou ourves over an · 

extended period mat 'be examined to determine _,if the ,curves 

are stable;,· 
.. 

. , ~ preparation of the callbratiou ourvea were 

examined for: 

, -1-.· Preparation of the ~aethod oallbration ourves 

1JI. 41tterent a.rt1f~c1&1 .dl&linities and distilled water 

2. _Determ1aat1Gll and statistioal oomparison of the 

ourves ,to 4eteot the presence of &n1' salt e.rror 



-J. Cempe.rieon of the Bao~ calibration curves 1n 

•rtitieiall7 prepared saline •tera with thoae 1n Lafayette 

Bi"Nr water 

4. Comparison of the Hach~method tor phosphate and 

nitrite and the standard methods 

5. Comparison ot recent B&c~aethod calibration 

curves with _previous oaltbration Clll'Tea. 

Opgep • 
• Nacro Winkler method. 'fbe method uaed is outlined 

in IIJ'd,rographio Office Pllblio&tion 601 (U. s. lavy Oceano

graphic Ottioe, 1968) except that 0.025)[ phel!1"lars1neoxide 

(P.A.o., Bach Chemical Company, Amea, Iowa) was used 1n 

place ot o.i»1N sodium tbioaultate. 'l'he manganoua aalt&nd 

alkaline iodide were added immediately to the water sample, 

shaken once, the brow precipe.te allowed to settle baltwa7, 

then reahak:en,i '·The samples were ,stored in the dark. The 

nlturio aci4 wai, added 1n the laboratory 3Ut prior, to· 

titration with'Ph~larsineoxide.,. 'Dllplioate aJ.tquou of 

the sample were alwa7e analyzed •. The mean of the two 

titratiou waa empl07ed to .oompute the oxygen 1n milli

liters per liter at •tandard 'temjlerature.ancl preaaun.- .,; .. 

The. oxygen saturation. 1Jl per oent, waa .. oomputed 1'ro• .a_ . 

nomo~im (Gilbert, et al., 1968) •. 

, , .Oxygen •ter A Xellow Spring International (x.s.1.

,Sl..&) oxygen meter .. ,.,araa utilized. to obtain 1n aitu oxygen 

va.J,uea.- . 'l'he aachine was oalibrated-•prior,to eaoh ue 411d 



:31 

..oheoked With ·the .aoroWtnkler metbod. fbe machine •o&a be 

adjusted·• ·OOIIJl»IJIMte ~or tittvat temperatures, 

sal11'11ties, .end. &ll'bient pres8Ul'es, so that the oonoen

tration of OX7PJl can be read from the machine. 

VII. STATISTICAL JIIETHODS 

B.!! tor l!!!!.1 !qpothesis. Unless otherwise stated, 

all tests were .l'UJl at the p greater than 0.0.5 leTel. The 

significance test tor the null hypothesis that the two 

population uaaa.are equal was baaed upon the •t• statistic 

(Snedeoor and Coolu.'8.u, 1968). 

Anal7sia !! T&ri&nce tor ~ regression. Draper and 

Smith (196?) b&Te abO'Wn that the aum ot the squares about 

the uan equals the aua of the squares about tbe regression 

plus tbe eua of the aqua.res clue to the regresaion. Thia 

allows the d.eYi&ticm from tbe regression line to l»e 

p&l"titionecl into two pa.rte. flleretore, it oau be applied 

ln'-tbe asaes■-nt ot the waetulaeas or tbe regreaaion line. 

When tbe s811Dl ·or the aquarea (s. s.) a.clue to. the regresaion 

ta .much greater tb&D the ll'WII of the aquarea &bout the 

r•-■sion or R2 ..,,uals S\111 of I: sg,uarea due t2 regression 
.... - ...,. Sua of sqdl'ea abo11tiie mean 

is not too f&l" troll unity, then the regression appears to 

be a waetul prediotor. !his doea not bold true when the 

number of T&l'i&blea is nearly aa large as the number of 

obsenationa. It would then be possible to get a spuriously 

high R2 or 11Ultiple correlation coefficient. The method 



in Table Vl aened to oonstraot the analyaia or variance 

(anovar) table. The actual oomputation waa clone bJ an 

I.B.Pl. 11)0 or )60 digital COIIJ)Uter (Dixon, 1970). 

)2 

Stepwise multiple r,gression. To obtain a regression 

equation or the form Y • B0 + B1x1 + Bi'2 •• •• BnXn + e 

(Equation III-1) (Draper and Smith, 1967), where the 

variables in the regression •7 have interrel.&tionshipa, 

the order or insertion 1n the regression could detel'lline the 

significance and fit of the regreaaion. The Biomedical 

Research Program for stepwise multiple regression•• 

adoPted (Dixon, 1970). 'l'bis program allows the variables 

to be inserted in the regression equation if their partial 

F criterion is greater than a preselected percentage or 

the -appropriate F distribution. If all variables are 

greater than the percentage of the P value, then the most 

highly correlated is inserted. ~ prograa COIIJ)Utes and 

prints tJw 1111ltiple UOJ"Nl&Ucm ooetfioient, ••ns, . atallclard 

deviation,. enovar .table, P .-1aes, partial oorrelatiaa 

ooetficienta .end constants, and a •UJJIIIA'7 ot the increase 

in B2• 



TABLE VI 

Computation of the Analysis of the Regression Table 

(Draper end Smith, 1967, P• 15) 

Degree of 
Su of the squares Preedom 

Source as df 

Regression b1 X1Y1 - (X1) (Y1> 1 
n 

About the by subtraction 
regression 
(residual) 

About the 
mean 
(total 
corrected 
for mean) 

n-1 

Mean 
square 

ils 
p 

value 

~i~ce interval for the regression intercept b0 was: 

b
0 

:t t(n-2, 1- ia) times the standard error of the 

intercept.-

~idenoe interval for the regression slope b1 was: 

. b1 :t t(n-2, 1- ia) times the stenderd error of the 

slope. 



CHAP.r.ER IV 

RESULTS OP THE STUDY 

The results of this. study have been divided into 

three sections. The first section, laboratory results, 

will deal with the statistical examination of the nutrient 

calibration curves. This exam,»ation will determine if 

the curves are significant and whether a •salt error• 
• exists for the Hach methods. Special attention will be 

paid to the method for phosphate, and the oxygen meter 

will be compared to the Winkler method. The second 

section entitled field results will list the concentrations 

of oxygen, nitrate, nitrite, salinity, water temperature 

and phosphate for the tidal oycle, daily, seasonal and 
. . 

annual samples. The last section will examine proposed 

multiple linear regression predictive models for concen

trations of phosphate. These models will be utilized in 

an attempt to dete?'Jlline the relationship of phosphate to 
I 

the following parameters: tide, phosphate in sewage, rain, 

wind direction, and water temperature. 

I. • ·lABOBl'l'OBY BESUL!S 

The results of the statistical tests of the calibration 

curves for the Haclfmethod are: 
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1. Dissolved inorganic phosphate. There is a 

definite salt effect that appears to cause a difference in 

the slope and intercept of the regression equations between 

distilled and saline water. The regression equations for 

the various salinities are shown in Table VII. 

2. Nitrate. The slope of the regression equations 

for the Haoif methocl in distilled water was not significantly 

different from those in saline waters. However, the 

intercepts are significantly different indicating a possible 

salt effect tor this method. All the regreasiC:JD equations 

were significant at the p greater than 0.05 level (Table VII). 

:,. Nitrite. The results ·tor this method are the same 

as those to~ .the method for nitrate (Table VII). 

Comparison gt ~ B!,gh Methods !!llh_ the Standard 

Methods for distilled water. 

1. Dissolvf;ld inorganic phosphate. 
Ill. 

The Hach method 

tor dissolved phosphate in distilled water and at different 

salinities compares favorably •1th the st&nd&X'd. method 

(Table VIII). 

2. Nitrate. Although the regres_sion equation was 

significant, the Hao~method displa;red ver;r erratic results. 

It was never possible to consistently repeat the Hach 11 

detel"llination of nitrate and get the same regression 
. . 

equation. Therefore, a calibration curve was prepared 

before ever;r daily stud;r and the resulting regression 

equation used for that determination. The concentrations 



TABI.E VII 

&aoh'Metho4 Calibration CUrTe :oata for Nutrients 

'!'he nutrients were dissolved 1n waters of different 

salinities. The concentration ranges for the nutrients are: 

1.3 to 12e5 microgram-atou phosphate phosphorOWI per 

liter, .5 to 30 microgram-atoms nitrate nitrogen per liter, 

o.os to ).04 microgram-atoms nitrite nitrogen ~r liter. 

All the regressions are significant at the p greater than 

0.0.5 lenl. 

Salinity 
Regression Distilled 

data water 15°/oo 

Phosphate 
Intercept 26.6 :t 1.3 30.0 :to.a 32.7 :t 0.9 

Slope 

llitrate 
Intercept 

Slope 

Slope 

--- 134.2 :!:. 3.2 

-1.) :!:. 0.2 
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l!ABIB VIII 

Comparison of the Standard Method Regression Data and the 

Haoh~Method Regression Data for Dissolved 

Inorganic Phosphate 

Disti1led water 

Slope 

Intercept 
Concentration range 
microgram-atoms 
phosphate phosphorous 
per liter 

P value 

Haoh(.Method Standard Method 

0.059 0.11 

0.023 0.20 

2.4 - 9.6 3.oa• 

a. The P value was determined using only this 
concentration of phosphate (Strickland and Parsons, 1965). 



,a 
of nitrate are not presented. 1n the main 'bodJ of the paper 

IC 
because of lnaocuraoies in the Haeh aethod. They are 

listed 1n Appendix A. 

J. Nitrite. 
IC The Hach method tor nitrite compares 

very favorably with the standard 118thod (Strickland and 

Parsons, 196.S), however, it ts not as sensitive nor•• 

precise as the standard •thocl. 

One sample, trom stationB-16, of Lafayette River water 

was analyzed 1n quadruplicate by the Haclt and standard pbospbBte 

method, giving the following results: 1.4 ±. 0.01 microgram

atoms per liter for the Hacn1\aethod and 1.6 ±. 0.01 llicrogram

atoms per liter tor the standard method. The Hach•method 

tor phosphate was also sholm to be stable for at least a 

year by using the •t• test and comparine; the mean F vahle 

(defined on page S, this thesis) of curves Pl plus P2 

plus PJ with ourve P4 (Table IX). 

Comparison !11. Yellow Spr1ng International mgen 

aeter, IIOdel 51A, !lll! lb!. Mactt"'1»Jsler mgen dete:t"WJnation. 

The 0X7gen meter was compared wt th 0X7gen values as 

deterllined by the ~roWink:ier method in waters •1th 

different conoantrations of QX7gen (Table X). 

II. P'IBLD BBSUL'fS 

Qpgen. 

B&nge., The range of saturation of 0X7gen for the 

Lllfa7ette River was troll .56 to 14) per cent (Appendix A). 
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'l»BIB IX 

I Compariema or tbe Hao!l Jlethod calibration eunes tor 

CUrTe 

Pl 

Pl 

Pl 

P2 

P2 

P) 

Pl 

P) 

P4 

P4 

' 

DiasolTed Inorganic Pboapbate OTer an 

Extended Period, 1970-19?2 

Date prepared P T&lue Mean 11' T&lue 
(pg • .S! thia 
tiles s) 

12/15/70 in 25°/oo H&Cl .s2 . .s 4.S.O :t 4.40 
aolution 

50.3 stenaard 
deYiation 5.25 

46.o • 

1/15/71 in 20°/oo N&Cl )8.) 
solution 

42.4 

7/2j/?1 Lafayette 37.8 
. Binr water 

46.4 

46.4 

1/11/72 tarayette .51.7 S4.o ±. 4.90 
River water I 

54.6 standal"'\ 
deviation 1.99 

5.5.6 
i- ·-



Comparison of Yellow Springs International Oxygen Meter, 

4S1-.51A, Witll the Macro'Winkler Oxygen Determination 

(u. s. Ka17 Oceanographic Office, 1968) 

macroWinkler x.s.1. meter 
parts per parts per Differ-

Date COl'ldition million million ence 
oxygen oxygen 

1 2 (1-2) 

July,1971 tap water 8.36 8.3 +.o6 
equilibrated 
with air 

July,1971 tap water 7.02 6.9 +.12 
directly from 
the tap 

July,1971 helium bubbled 
through tap 

2.4 2.1 -.3 

water using a 
diffuser in a 
covered beaker 

July,1971 tap water 
direct]1'.1'rora 

6.5 6.4 +.1 

the tap 

July,1971 Lata7ette 7.3 1 •. 2 +.1 
Biver water I 

Ml"ch1 1971 tap 11&ter 
directly f'roa 

7.31 7.3 +.01 

the tap 

Mal"Ch, 19?1 tap water 
.. 41reot]1' from 

6.89 6.8 +.09 

the tap 
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'l'be Y&lues do not include the results of the claily studiea 

in August, 1971 (BTent 14) and January, 1972 (Event 17). 

Vertical diatribution. There was no significant 

difference (•t• test) between the Slll't&ce and bottom except 

in the S\lllllller tor section c. 
Section analYsia. ~re was no aignit.ioant 41tterenoe 

between sections B, c, and D OTer all seasons. However, 

section A was significantly d1tterent from sections Band 

C in the tall ot 1970 and 1971. 

Seasonal analYsis. Altbougb there was no aigniticant 

ditterence in secticma A, B, and C between winter and 

spring there was a significant difference in both sections 

A and B between tall and winter and in section B between 

spring and summer. 

Oxygen per cent saturation seldom reached critical 

Y&lues or 57% (Klein, 1959; state or Virginia,· 1971) in 

the Lafayette River. Section B appeared to have two 

distinct oxygen levels, .tbese being 80% aaturation tor 

the summer and t'all and 100% saturation for the winter and 

spring. Section c bad essentially the same oxygen Y&lues ' 

tor all the seasons aaapled. 

'lemperatuN. The range ot tempereture was troll o0c to 

27.7°c. 'i'here waa no stgnitio&nt 41tterenoe (•t• teat) 

between the alll'taoe temperatlll'e Y&lues ot all sections 

over the sampling period nor between the Y&rioua sections 

in the same season. 'i'he mean temperature tor all sections 



PIOUBE) 

seasonal Value of O:iqgen saturation Exp1-eased as 

Percentages, for Sections A(•~•>, B(.-.), 

C(-.-•) am\ D(X-X) Through 1910-1911. 

42 

Sectional o:iqgen values are combined averages of 

surface am\ bottom samples •. A+ on the line between seasons 

indicates a significant differenoe in the values. A -

on the line indicates that there is no significant differ

ence in the values. A dotted rectangle indicates that 

there 1s no significant difference in the o:iqgen values for 

sections for that season. 
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by season is given in Table XI. There appears to be a 

temperature difference between tall a:nd winter. 
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Salinity. The range or aa11n1t7 •s trom 11.0 to 24.9 

parts per thousand. There was no significant difference 

(•t• test) between surface a:nd bottom salinity values nor 

between the various sections at the same season, therefore 

the mean salinity values for au sections were used 

(Table XI). The salinity appears to be higher in the fall 

a:nd lower in the spring. 

Nitrate. The method for determination of nitrate was 

found to be too variable a:nd imprecise to be of any actual 

use'"in this study. The range was from 0 to 18 microgram

atoms nitrate nitrogen per liter. The largest values were 

in the summer and tall a:nd lowest in the spring. The 

values obtained are shown in Appendix A but no further use 

will be .ill&de of the data for nitrates J.n this paper •. -· 

Nitrite. 'l'he value for nitrites ranged trom O to 4 

microgram-atoms nitrite nitrcgep per liter. The higher 

values were generall7 found in the fall although the 

.-XillWll nitrite was in the winter at section c. 'l'he lowest 

values were alwa7s in the spring (Appendix A). 

Tidal gole. On Ma7 18, 1.971 (Event 9), water samples were 

collected at the Norfolk X&oht Club pier (station B-16) 

over a six a:nd one half hour period. Data tor nitrates, 



4S 
TABLE·XI 

Seasonal Salinities, in Parts Per Thousand, and water 

Temperature, in Degrees Centigrade, tor the 

Compesite .Section A+ B + c + D tor the 

Period 1970-1972. 

'ftle values are composite means tor all tour sections 

by seasons., It two values are shown the first is the 

surtaoe and the second is the bottom value. 

Season Temperature Salinity 

smmer 2.5.31 1.5/17 

Fall 21.9 24/24 

Winter 4.38 19 

Spring 12.92 1.5/13 
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nitrites, phosphates, and OQ'gen 118.8 collected (Table XII 

encl Appendix A). On November 1:,, 1971, a 12 hour study 

(Event 16) was conducted over a wide area to detect any 

differences in concentrations or dissolved inorganic 

phosphate. Three statiOlUI were chosen so as to span the 

Lafa7ette River at the Hampton Boulevard Bridge. Data on 

nitrates, nitrites, phosphates, oxy-gen and temperature 

was collected {AppemUx A). Data of phosphates, oxy-gen, 

encl temperature for this event are shown in Table XIII. 

When these values were examined statistically, no sign1,fi

cant difference was found either between the surface and 

bottom values for phosphate at each station or between 

stations. 

DailY results. A clail7 study was made on August 4-S, 1971 

(Event 14) and on January 12-13, 1972 (Event 17). Event 14 

was 4one_ et three different sites; these being stations 

B-18, c-4, and D-10. Stations c-4 and D-10 are located 

near -the Laaberta Point and AnJ Base sewage plant outfalls 

respectively (Appendix E and A). • The Janu&l'7 clail7 samples 

were oollected at site B-16, WbeN data of nitrates, 

nitrites, dissolved inorganic phosphate, oxy-gen, salinit;r, 

encl temperature was anal;ysed (AppencUx E ancl A). 

Ox;ygen. '1'be mean saturation of oxy-gen for both 

August, 1971, and Jam,ary, 1972, ranged from 74-133 per cent. 

The saturation values of ox;ygen for both evente were 

essentiall7 the same. 
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•BLB XII 

. . 
Dissolved Iaorgaaio Pbosl)hata, ,in Miorogram..&tou Phosphate 

Phosphorous .Per Liter, OJ17gen, as .Per cent Saturation, 

and Tide Stage tor the Lafayette River Station B-16 

on May 18, 1971 (Event 9) Over a S1:x: and 
;· .. 

One Half' Hour .Period 

'rime (E.D.S.T.) Phosphate Oxygen Tide Stage 

1023 4 72 Slack flood 

11.S.S s 80 Ebb 

1400 .s 107 Ebb 

1700 s 112 Flood 

Mean 4.8 94 

St8D4ard deviation ·o • .s 19 

P greater than o.<>.S 4.s ±. o.8 
oontidence limits ' 

. ~ ,· 

•. 

\ 
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'l'ABLE XIII 

D1aso1ved Inorganic Phosphate, in Microgram-atoms Phosphate 
Phosphorous Per Liter, Temperature in Degrees 
Centigrade, Oxygen, as Per cent Saturation, 

and Tide Stage, for the Lafayette River, 
Stations B-1,5, B-16, and B-17 on 

November 13, 1971 Over a 
Twelve Hour Period 

P la expressed at the greater than 0.0.5 confidence 
limits. 

.Phosphate 
Time, in surface/ 

station hours bottom Oxygen Temperature Tide 
(E.S.T.) values Stage 

B-16 06,50 4.,/4.6 91 12.9 Flood 
0910 4. /4.6 Flood 
1130 4.2/4.1 92 Flood 
123.5 4 Flood 
143.5 , .9 13 • .5 Ebb 
1628 .4 1'.3.9 Ebb 
183.5 4.3 13.9 Flood 

Mean 4.3 ;to.2 • 91 • .5 
Standard deviation 0.2 0.7 

• 
B-17 0710 4.1/4.8 86 13 • .5 Flood . ,, 

0903 4 • .5/.5.3 • 'Flood 
1120 4.1/4.2 102 Flood 
1230 4.1 • Flood 
1430 , .8 14 Ebb 

' 162,5 .1 14 Ebb 
B-16 1830 4.4 13.9 Flood 
Mean ·4., ;to.:, 94 
Standard deviation o • 11 

• 
B-1,5 0640 4.1 87 ~J Fiood 

082,5 4~2 Flood 
1010 4.9 102 13 • .5 Flood 
122,5 i.3 

•,1c-• 

Flood 
142,5 .1 ~t·' Ebb 
161.5 4.6 Ebb 
182,5 4.,5 Flood 

Mean 4.,5 ;t0.4 94 • .5 14 
Standard deviation o., 11 

• 



49 

Phosphate. lo signitioant ditterenoe was found between 

surtaoe and bottom values ot dissolved inorganic phosphate 

tor either August, 1971 or January, 1972. Por the remainder 

of the discussion the mean ot the surtaoe a:nd bottom values 

will apply. lfo significant difference existed between the 

mean Y&lues ot section B and c, August, 1971. Theretore, 

the combined 1198118 tor the same time period were used 

(Appendix E). '!he Y&lues of ·staticma.,B-16 and -<:-4 were 

combined because the difference 1n sampling tillle_s -and the 

distance between stations were inaiplfioaat. (Appendix E). ' ' • 

There was a s1p;n1fl"81lt difference 1n the values between 

stations B-18 and D-10 (Appendix BM). values tor dissolved 

inorganic phosphate tor these time periods 1n August, 1971 

and January, 1972 are g1Yen (Figures 4 and S, and Appendix E). 

§.~.~1 cycle of phosphate. 'fbe levels of dissolved 

inorganic phosphate, water temperature, rainfall, a:nd wind 

direction for the sampling period are shoWD in Appendix IP. 

The data was expressed as the means of the oombined 

sections A plus B plus c. 'rbese three sections comprise 

the Lafayette BiYer. 'l'he wind directions was expressed as 

cosine theta (page S, this thesis). file Elizabeth Biffr, 

11ection D, with the same information, excepting cosine 

theta, are shoWn 1n AppenO\x F. filese 8&1118 par81ieters were 

tllCm ..t'urther combined into seasons tor the cOIIJ)Osite 

section A + B + C comprising the Lafayette BiYer a:nd are 

shoWD 1n Appendix G. 



50 

FIGUBE 4 

'D11iaolved Inorganic Phosphate, 1n Microgram-atoms Phosphate 

Phosphorous Per Liter for August 4-5, 1971 Over a 24 Hour 

PeriOd (E.D.s.T.) at Two sampling-sites 

B-18 + c-4 ( ·-· ) and D-10 ( ·-·-·) 

Tidal stages are shown and are coied 1 tor beginning 

tlOOd tide and 2 tor beginning ebb tide. All ot the 

dissolved inorganic phosphate values are composite means 

tOP the S11rface and bottom values. The values tor Stations 

(B-18 + C-4) are composite means of the two stations for 

each sampling time. 
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TIDE STAGE 
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FIGURE 5 

Dissolved Inorganic Phosphate, in Microgram-atoms 

Phosphate Phosphorous Per Liter Over a 24 Hour 

Period (E.s.T.) tor January 12-13, 1972, 

at Station B-16 

Tidal stages are shown and are coded 1 tor beginning 

flood tide and 2 for beginning ebb tide. The dissolved 

inorganic phosphate values are composite averages of the 

surface and bottom values. 
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Ill. HlOPOSBD PBBDIC'l!IVE MODELS FOR PHOSPH&'.rE 

paib models. A linear regression model was proposed for 

the dissolved inorganic phosphate in the combined stations 

B-18 and C-4 for August, 1971. The same model was proposed 

for January, 1912, station B-16. The predicted dissolved 

inorganic phosphate is expressed as the logarithm to the 

base 10. This form was found to give the best tit when 

the following independent variables were used in the 

regression: tidal stage, wind component (page .5, this 

thesis), and the rate of dissolved inorganic phosphate, in 

kg/hr, from the sewage outfall. 'l'his rate or flow of 

phosphate from the Lamberts Point Pl.ant was determined 

using the data in Appendix D. The mean daily sewage 

puJ!lping rates for August, 1971 (Appendix C) and January, 

-1972 (Appen•Ux C), and the mean daily sewage pumping rates 

tor March, 1912 (Appendix D) were not found to be signifi

oantly different. It was assumed that- the levels of 

,dissolved inorganic ,phosphate in the final effluent .of the 

Lamberts Point Plant tor August, 1971 and January, 1972 

were not significantly different from the levels of phos

phate found in March, 1912. Therefore, the rate of flow of 

phosphate on March, 1972 was used to compute the levels of 

dissolved inorganic phosphate in the final sewage effluent 

for the August, 1971 and January, 1972 sampling periods. 

The concentration of dissolved inorganic phosphate, tidal 

stage, rate of phosphate from the sewage outfall, wind 



component and sampling t1ae ls abown. for August, 1971 and 

Janual"ft 1972 (Appencux B). c'l'be >Naulting .11near regression 

models computed from theae variables are shon in Table XIV, 

formulas IV-2 through Iv-.s. The observed and predicted 

concentrations of phosp)late are given for August, 1971 

(Figure 6) and January, 1972 (Figure?). 

seasonal models. Using the observed dissolved inorganic 

phosphate from the sampllng period 1970 to 1972 for combined 

sections A plus B plus C (Appendix F and G), an attempt 

was made to form a linear regression model tor the dissolved 

inorganic phosphate in these three sections for that period. 

Thia seasonal model utilized the following independent 

variables: water temperature, rainfall, and wind direction, 

expressed as the cosine of the angle the resultant w1D4 

makes relative to -the I.,afa7ette River Chatmel at the IIOUth. 

The &Wllllllll'7 of these resultant IIOdels are disclosed in 

fable XV, formulas IV-6 11114 IV-?, and the observed and 

predicted levels of dissolftd inorganic phosphate are 

shoWn in Figures 8 ~ 9. 

f 
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'l'ABLB XIV 

llesults of' the D&i:17 Dissolfld Inorganic Phosphate 
Prediction Models t'or August 4-5, 1971 and 

January 12-13, 1972 tor the 
Latayet~ Bi ver 

The models are tor Ebb or Flood tides. The estimated 
dependent variable, P, is the ordinate expressed as log10 of 
diasolnd inorganic phosphate in 111.crogram-atoms/liter. 

August 4-5, 1971 Section B plus c 

iog10 P • i.j - o.4:,(T) + o.009<s) 
Significance leTel of the regression p:ll'0.10 

B2f • 75,J 
August 4-.S, 1971 Section B plus C 

log10 P • 0.17 + i.o(T) - o.07(sj 
Significance leTel of the regression i)>.'0.10 

R¾ • 81 

January 12-13, 1972 Section B 

iog10 P • 0.91 - o.o4(T) - o.iS(wj ':,. 
Significance leTel of the regressicm po.10 

R2f • 94 -
Section B 

iog10 i' • 1.-j .. o.2(T> 
Signifioanoe lenl of' the regression ~.10 

R2f • 68 

Code: Independ.ent variables (Xn_) 

Flood tide 

equation 
(IV-2) 

Ebb tide 

equation 
(IV-3) 

Flood tide 

equation 
(IV-4) 

Ebb tids 

equation 
(IV-,S) 

·T 1n41oates the stage of' the tide either ebbing or 
t'loo"1ng., 

S indicates the rate of phosphate phoaphoroUJI from 
.sewage et'fluent J.n kilOgl'BIIS per hour interpolated 
from Maroh, 1972 data. 

w 1ndicates the wind ooapcment computed by taking the 
cosine of the angle of the wind relative to the 
Lat'ayette lliTer chamlel at 2eo '!'rile and multi
p}71ng this times the w1nd speed in knots. 
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X· • 

' ' ' 06 08 

Observed(.-.) and Predicted (x •• x) Values or Dissolved 
Inorganic Phosphate in 1-'.icrogram..atoms Phosphate 

Phosphorous, for August 4-;, 1971, Over a 
24 Hour Period 

The regression model equations from Table XIV and the 

data from Appendix E were used. Note the break in the 

ordinate. The two observed values sho~m for each sampling 

time are the values from station B-18 and c-4. 
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FIGURE 7 

Observed(.-.) and Predicted ,{x-x) Values of Dissolved 

Inorganic Phosphate, 1n Microgram-atoms Phosphate 

Phosphorous Per Liter, for January 12-13, 1972 

Over a 24 Hour Period (E.S.T.) at 

Station B-16 

The regression equations from Table XIV•and the 

data 1n Appendix E were used. 
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'.l!ABIB XV 

&mnaal and seasonal PrediotiTe Mod.el for DissolYed Inorganic 

Phosphate for the Combined Lafayette River 

Sections A Plus B Plus C 

Predictive model for dissolved inorganic phosphate over the 
sampling period 1970 to 1972 

equation 
(IV-6) 

Significance level of the regression equation, P greater 
than 0.10 

,a2 - ~- 6?% 

Predictive mod.el for seasonal dissolved inorganic phosphate 
over the sampling period 1970 to 1972 

~ 0 D.I.P. a 1.1 + 0.19( C) + 2.2 (Cos 0) 

.Signifioanoe level of the regression equation, 
than 0.10 

R
2 

• ~:1-- 86~ 

Code 

equation 
(IV-7) 

P greater 

,-... 
D.1.P. is the estimated phosphate phosphorous in· 

lliorogram-atoms per lite?'. 
0c ls the water temperature in degrees centigrade. 

R is the rainfall in inches •• 

Cos o 1s the cosine of the angle (0) that the 
Nsultant wiDd makes to the •in Lafayette 
River channel (028 True). 



Observed and Predicted Levels ot Dissolved Inorganic 

Phosphate, 1n Microgram-a.toms Phosphate 

Phosphorous Per Liter for the 

Lafayette River (Sections 

A+B+C) tor the Sampling 

Period 1970-1972. 
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Predicted values were obtained using regression model 

equations from Table xv. The observed values are combined 

averages tor Section A, B, and C tor the months during 

which the samples were collected. 

J:--:f Observed values and p greater than 0.05 confidence 

limits. 

•--• Predicted values. 

A + between months indicates that a significant difference 

existed between these two values. A - between months 

!ndicates that there was no significant dif'ference. 
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Observed <J-I> and Predicted ( .--.) Mean Seasonal values 

or Dissolved Inorganic Phosphate in Microgram-atoms 

Phosphate Phosphorous Per Liter for the 

~ • ~Laf~te River (Secti~A-1-B+~ t'or 

the Sampling Period 1970-1972. 

Predicted values were obtained using the regression 

model equations from Table xv. The observed values are 

combined means for Sections A, B, and C for the seasons 

during which samples were collected. The P greater than 

0.05 confidence limits for the observed values are shown 

!or the observed values. 



CHAPTER V 

DISCUSSION OF RESULTS 

I. LIMITATIONS OF THE COLIBCTED DATA 

Discussion of' the data gathered over the sampling 

period must be considered within the restrictions of' the 

sampling method, i.e., the samples are consecutive and not 

synoptic, and therefore, there is a possibilit)' that 

nutrient levels could be affected by the tidal sta_ge or 

the time of day. Also, the sampling dates and times chosen 

for the sampling period could bias the data. Another ractcr 

to be considered is that the ana_lytical methOds could not 

detect nutrient values below one microgram-atom dissolved 

inorganic phosphate phosphorous per liter • 

. II·. •• DISCUSSION OP 'l'HB CIBCUIATIOlf -OP '.rHE LAPAIB'f'J.'E llIVEll 

In general there was no difference in the surface and 
---- --------~- ______ ·-___ ---------~ --------~ ------·-~· --------· ----- -~· 

bottom values of temperature, oxygen, salinit)' and_nutrients 

oTer the sampling period. This 1n41oates that the Lafayette. 

River is thoroughly mixed in the vertical direction. fiiia 
' 

is probably due to its shallow depth and the turbul,.ent . . . 
• ( I • •. 

diff'Usion produced by tidal currents. Pritchard (1960) 

states that vertical dif'f'Usion is most intense in layers 

having vertical hOllOgeneit)'. The role or tidal 110ve1Nnts 
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and mixing, in vertically homogenious estuaries is also very 

large as compared to the water 'IIIOtion and stability produced 

by inflowing fresh water (Pritchard, 1960). 

III. DATA FOR OXYGEN, HITBATE 1 AND NITRITE 

Except in the fall of 1970 and 1971 1 there was no 

significant difference between the saturation values of 

oxygen in the sampling sections A, B, C, or D. In the fall 

of 1970 and 1971 oxygen saturation values 1n section A of 

69 per cent were significantly lower than those of section 

Bat 82 per cent. Section B levels of oxygen were also 

significantly lower, at 80 per cent Pturation in the fall 

and summer of 1970 and 1971, as compared to 100 per cent 

saturation 1n the winter and spring of 1970 and 1971 

(Appendix H). The difference between sections A and Bin 

the fall of 1970 and 1971 could be due to higher hetero

trophic activity, and to the increased organic load of the 

higher phytoplankton densities J.n this section (T. Purcell, 

personal co111111UDioation). This could also indicate that the 

circulation~ the Lafayette £-iveJL is s1ugg1sh, espeeiall.J 

in the warm dry months when the water movement in the river 
- . 

is dependent'on tidal exchange only. 

The method for nitrate used was too imprecise to yield 

any valid results. The values of nitrites ranged from one -

to four microgram-atoms nitrite nitrogen per liter and 

appeared to be inversely related to the·1evels of oxygen 

i.e., higher 1n the fall and swmner of 1970 and 1.971 ·When • 

the level of oxygen was lowest (Figure 3). 

,,,. • 
" .. 
·1 ; 

~: / ._,. 



IV. DISSOLVED INORGANIC PHOSPHATE IEVEIS OVBB 

, • : • " ·THE ,SAMPLING PERIOD 

64 

Vertical and horizontal distribution. There was no 

observable difference in the surface to bottom concentration 

of dissolved inorganic phosphate concentration at any 

section over the complete sampling period. The lack of any 

observed lateral difference in the dissolved inorganic 

phosphate in November, 1971 at stations B-15, B-16 and B-17 

over a 12 hour period (Table XIII, page 48) was the r.eason 

for the assumption that although the level of dissolved 

inorganic phosphate may vary from the head of the river to 

the mouth and at one station over time, there is probably 

no lateral difference in dissolved inorganic phosphate 1n 

the Lafayette River. This lends further weight to the 

contention that the river is dominated by tidal influence 

rather than fresh water influx. 

Possible mechanisms for the levels of phosphate ln 

~he Lafayette.River. 'l'he le~el of dissolved Inorganic 

......... i>.bospha~ over the sampling period exceeded the @Per l.1~ 

value of 3.3 microgram-atoms per liter, as suggested by 

Pritchard {1969), 1n ail the months sampled (Appendix F) 
: . \ . ·- . 

except December, 197O~ ·January, 1971 and March, 1971. 

~e iev~·ls of phosphate see'iis to depend on water ~mperature. 
:5:. . ;•, ;• ": ., ' - • . 
This can be shown by· comparing the January, 1972 (Section B) 

mean water temperature or 110c and the mean --concentration of 

})hosphate of 5.a microgra~toms per liter Jfth 'the 'Januai,y, 
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~971 :.(Seocion. B).·..-n water temperature ot 2°c and mean 

1eTel ot phoapbate.of 2.4 llioregram-atoma per liter. 'J.'ha 

water temperature is 9°c blgtaer 1n 1972 and dissolved 

in.organic phosphate in 1972 is double that of the 19?1 

conoantration of phosphate. 'fhis appears to agree with the 

general statement that tor an increase ot 10°c in the 

temperature the ohellical reaction rate is doubled (Briscoe, 

1949) •. i'he taot .that levels of phosphate in estuaries 

increase with temperature is further supported b7 PomeJ'07 

(1960). Pomeroy (1960) sbowacl that the concentration ot 

clissolTed inorganic phOspbate increased from 3 to .5 • .5 

microgram-&tOIIIS dissolved inorganic phosphate phosphorous 

per liter when the ater temperature rose trom 15°c to 

21°c., As well as a cl11"8Ct relationship between phosphate 

and temperature, there-. an. increase 1n phOsphate 

turaoTer time troll 2.-0 w 4.0 milligrams phOsphate ' 

phoaphorous • par eubic lll8ter per hour. The influence 1c0t 

temperature GD tbe 1e'ftl of tisaolved inorganic phosphate 

ot • tbe -Lafayette ilivsr .111 _.::.'best .shoa bJ' the n11ults of 
' . 

the amaual a:ad•:'lleasonal IIOllela ~or clissolved inorganic 

phoaphate.('.rable XV;~ ::SS, equation IV-6 and IV-?). 

'1'he 1110de.l uiag .the ~OIIIJPLAite aean of the clissolved inorganic 

phoapbate '.'for ··'tbe anaths "lt&apled -1.s 'Nferred 1:o as :,the 

anmtA'L 1JIOde1., ,!l!bls ;.81111.Ual aoclel 'has ,a posit1Te regression 

ooetfioient ror .. tiemperature .and. :negative regression ooet

fioiats 'for .rain 3111d ~ <41.reotton. fllis tlmlU&l aodel llaa 

a constant value of approx1•tel7 one. '1'he seasonal model 

l 

I: 
'' ,, 

' 
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ofAJ.aaolved inorganic phosphate .t.n the Lafayette River, 

baa a oonat;ant of -one ,.e.nc1 pos1t1n regression ooeffioients 

tor temperature and wind tireot1on. The seasonal model 

accounts for approx1111&tely 86 per cent and the annual 

model 65 per cent of the variance in the dissolved inorganic 

phosphate level. The prediction of a constant level of 

one lliorogi,am-atoa dissolnd 1norganio phosphate phosphorous 

per liter in both models, Which can be obtained by setting 

the independent variables to zero 1n the regression 

equations, agrees with the value wbioh Pomer07 et a1., (1965) 

states is the equilibrium value tor an estuarine system. 

This 8J'•tem (Po•roy, 1965) consists or a two step ion 

excbllnp between clay minerals and water, and interstitial 

llic>'POO!'.,.islllll. and water. Thia system maintains a concen

traticm of dissolved 1norganio phosphate or one microgi,am

atom p'baaphate phosphorous per lltel'. J>ome:roy•a bypothesia 

oou14upl.ain the taottmat then were 'f8l'J',1'ew.times when 

diaaol."4 inorganic phosphate was not found All the Utayette 

BJ.Tel' over,iobia sampling periec'J. (Appendix A). The " .. • 

ngi: 1aa1on of 41aaolnd inorganic phosphate with tempera

are ngge~ts a possible biologioaJ..mecb&Disa for-the.high 

leTele of' phosphate fOUD4 1n the Lafayette BiTer •.. J'ew of 

tt:be· . .-elY pbpioal OI', oheaioal IIOclela • for phosphate 1n 

•at lea (Rochford• 19,S1; C&l'ritt .and Good.gal, 19,54; , 

111.tte. 1.9,59.J PomeN7, et ai., 196.S; Beillo14t-196S; XO\UIB,,, 

1968). appear to .be capable of the high leTela of phosphate 
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t'ound:in the Lafayette River. ,PomerOJ' postulates a mod.el 

for a {1eorg1a .salt Jlfl.J'ah estuary. that 1.s ve17 similar to the 

Lafayette River:in many pbysioal aapeots but dissimilar in 

three main categories, which are: 

1. Concentration of phosphate in the Lafayette River 

T&nged .from 1.-, to 8.6 microgram-atoms per liter whereas 

the Duplin River ranged ·from 1.0 to 4.o microgram-atoms 

phosphate phosphorous per .liter. 

2. The Duplin River waa dominated b7 Spartina type 

marsh grasses, whereas the Lafayette River has comparatively 

few marshes. 

3. '1'he Duplin River area is not urbanized or polluted 

•hile the Lafayette River is surrounded b7 the Cit, or 
Norfolk whose sewage outfalls deposit prima.17 treated 

sewage effluent at the::mouth of the river. 

Pome1"0J'1a model uses the Spartina marsh grass as the 

oontrolling·J&ecb8lli,.. for ,ttie JAavel of phosphate. If 

this aame , general. .IIOde;L la .,appropriate hr thia area, then 

the small amount of marsh. grass ln the Lafayette River could 

cause the Spartina-•ed1ant equill'briwa to shift and 

release bigher quantities .of pbosJlth&te to the waters of 

the Lafayette JU.ver. 'l'bis ,ahlfting-of the Spartina

sediment's7ste1a,·•1tb ;an tnoreaae,,tn phosphate from 1 to 

10 llicsregraa-atoiu "]lhosph&te·1pboaphorous per liter, baa 

been,.noted 'by·l'omer07 ·1n the:;Georgia salt marsh. Pomel"OJ''s 

model reveals that the ·tevel or phosphate 1n the Duplin 

I 
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Blver ls -direotl.7 related to water temperature .. and inversel.7 

related to ra1nta11.. '.rhfl &.nn\181.a:a.d seascmal models show 

that similar results were found 1n the I.afayette Biver 

(Table xv, page S8, this thesis). It would appear that 

the Lafayette River•• level-of dissolved inorganic phosphate 

is controlled primaril.7 by metabolic processes of the 

organisms in.the sediment or.water rather than the marsh 

grass as 1n Pomeroy•• model. If this is so, then it is 

.possible that the.level of dissolved inorganic phosphate 

could result from.the .metabolic activities of zooplankton 

or other organisms 1a .the water (Rigler, 1956, 1964; ·Smayda, 

1957; Hayes, 196); BaJ'lllont. 196); Martin, 1965; sate.mi. 

and. Pomeroy, 1965; McKellar, 1971), or in .the sediment 

(ZObell and Feltham, 1948; Teal and K&nwiaher, 1961; 
" Oppenheiller and Ward, 1963; Wood, 1965; Aurand, 1968; 

Gooch, 1968; Pomeroy, et al., 1972),. .The high values of 

1oosely bound phosphate .found 1n estllarllle sedime7lts 

c(Koore, :1929; Roohford• 1951 ;- ¥:oung, ~968l, _lems strength 

to the ballet that the prlmar, oontz-ol ot the levels ot 

tissolved inorganic phosphate in the .. Latayette Biver is 

cletermined Ja7 the •ecUment;-water sp.tea. 

ft& taver.ee.relationship of ralnf&ll to the level of 

tiaaolved taorganic .p,.osphate 1D tile I,afaJette River auggesta 

:that the.,r&1ntall.either 4ilutea 4-he oonoentration of. phoa

jllhate in the •tar thereb7 l'ed.llcing the level of phosphate 

_. causes a body ot more saline water with a lower value of 
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phosphate to enter the Lafayette River. This. water 

def1o1ent tD ])hoaph&te oould be· water trom the Hampton Roads 

area which has been sho'WJl to contain lower concentrations of 

phosphate (Stroup and Wood, 1966). The concentration of 

phosphate l.n storm runoff for similar areas can range 

from 3.;S ·to 29 microgram-atoms phosphate per liter (Fruh, 

1968).· The .-alues of' phosphate for rainwater can vary 

from 0.13 to 3.2 microgram-atoms phosphate phosphorous per 

liter (Fruh, 1968). As the magnitude of the concentration 

of phosphate 1n rainwater and storm runoff could cause the 

concentration of phosphate in the Lafayette River to·increaae 

rather th&il decreaae, it appears that the influx of waters 

lower in phosphate from Hampton Roads may better explain 

the diluting effect of rainwater on the content of phosphate 

in the Lafa7ette River. 

'fhe direct relation of a northerly or a southerl,J' 

wind to '14'nl.a ,of phosphate in the seasonal predictiTe 

moael ·tor phosphate eeems to 'tie 1n With the seasonal shift 

in winds in 1.he 11erfol.k area from a northeasterl,J' direction 

in the .winter to a aoathWesterl.7 direction in the summer . 

('l'&bl.e XV, page 'S8).· A 110rtheaaterl,J' wind 0011.ld cause a wind 

hlduoed tlow trom the L&ta7ette River at the surface along 

with a bottom f'l.ow •into 1ihe Lafayette Blnr of Hampton 

Roads 'Water, whioh 'is l.ower .·1n dissolTed lnorganio phos

phate.-· A ·eoutheBsterl,J' wind could cause just the opposite 

result,• 

,, 
I 
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- ·Discussion -of the da117 tluctuation of·j,llosphate. The 

daily cycle of dissolved inorganic phosphate for August, 

1971 appears to lie oontrolled by tide and the rate of flow 

of phosphate in the sewage effluent, from the Lamberts Point 

Sewage Plant outfall. The regression coefficients in the 

daily model (Table XIV, page SS, this thesis) reveal that 

cm a flood tide a unit increase in tide stage has three 

times the effect as a unit increase in the rate -of flow of 

phosphate from the sewage outfall. However, on the ebb 

tide the coefficients have equal weight. The level of 

phosphate in the Lafayette River decreases as the tidal 

stage changes 1'rom slack to 1"lood and increases as the tide 

progresses from slack to ebb. At the same time there is 

a positive regression coefficient for the rate of flow of 

phosphate from the sewage plant outfall -during the flood 

tid.e and a negative regression ooaff'loient for this variable 

on the ebb tide~ 'In August 'the size -of the tidal regression 

coefficients seelllS 'to i.ndioate that ·'the tidal 'effect is 

more 1.mportant 'than the flux of phosphate 1'rolll the sewage 

plant outfall. The Positive 111gna 'for 'the tidal regression 

coefficient in the:August, 1971 daily model"could indioate 

the following: : '! 

t !st. •"~'sour'6- ot 'dlsaolved 'inorganic''phosphate for 

the Lafayette tiver is upstream (Section A) 'f:ioom the daily 

sa.mp11ng etat1oris •<sact1on B and c>. · •• · 

f'_,,. 2. ·•'J.'he ebbing liaters -df ·the Elizabeth RiTer, -'along 

•1th 11 ts high ~load ot °f.issolved inorganic ~phate '-ft'om 
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the .sewage outtf'll, _ tor~ -.n_ e4df ot water which enters 

the Lafayette. Ri~r. _, _ 
' •' 

). The model is wrong and the regression equation 

results purely by chance. 

4. The B
0
X

0 
Y&lues (page), thia thesis) are more 

important in the regresaion than the Y&riables entered 

into the model. 

s. The flood waters coming fl"om the Hampton Roads area, 

where the values of dis~olved inorganic phosphate are lower, 

could dilute the waters ot the Lafayette River. 

Of these five alternatives, it is .not possibl~ to 

dispute numbers three and tour with the small amount ot 

data presently available. The first alternative, that the 

source ot phosphate is upstream (Section A) does not appear 

to be valid aa it.,... very seldom that concentrations ot 

phosphate were higher upstream .(4,ppencUx A, section A). 

'l'be seocmd .altemative .appeara mON .likely bl.lt the daily 
- . ' ' . ' . . . 

lllOdal ,or -~.»,trati~ 9t ._p!iospbate_,.GD. the .ebb _tide al.so 
. . . ~- . . . ' . 

contains a negative re,gression.ooetfioient tor the rate or 
.. . . ~ 

flow or phosphate from _-the :I,9~ts . ,Point sewage outfall. 

~• ~oates that it there .1• a.n ..e44J at ebb tid.e, .it .is . - - . -- . 

aot bringing water w1 th a high oontent ot phosphate fl"om r • , • -- . - , , . 
• ' 

the Blizabethlliver intQ.the.,.Latayette RiTer. -.Die August, 
. ·:· : : - . -: . -. - . . 

1971 ,daily prediction •~l -tor J)hosphate ••- to •how 
' . . -_ . - . 

Bi Yer does ~tfect. ,the leyela or ,pboaphate 1n t;he L&ta:rette 
. ' . ' - ' . ' . • . • 

River on the flood tide. The concentration ot phosphate 
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in the Lafayette 1ll•er inoreasee ae the now of phoephate 

'ln the 4iffiuent fl-om the Lamberta Point sewage 4)1ant 

lnoreasea. Howewr 'this is true only on the flood tide 

When the Elizabeth River water moves into the Lafayette 

River. 'l'he daily IIOc'lel for January, 1972 is entirely 

different flooa the August, 1971 daily precllction -aodel for 

phosphate, especially 1n these aspects: 

1. 'the water temperature in August, 1971 was 

approximately 2,S°c Whereas in January, 1972 it was 

approximately 10°c. 

2. 'l'he overall range or concentrations or ph~sphate 

1n August, 1971 was from ,-16 microgram-atoms phosphate 

per liter as compared to 5-7 m1crogram-&t0118 phoephate per 

liter for January, 1972. 

-,. 'the •an concentration or phosphate tor August, 

'19?1 11&8 ·a., '4s ··comp&Nd to 5.8 microgram-atoms phosphate 

per ll'ter tfll!' ~ Janna.rt-. 1972.dally s.tmd;J.;., ..... : .. • 

... '1!be dUtel'elioe• ·u ooncentraticm·"Of '.l)llo•Ph&te ror the 

two studies oould;be due to the following: 

1·. 'l'he August, 1971 or the January, 1972 value• of 

'phosphate resulted totally f'rOm chance and were not typical 

1af ·t11at 88111p11ng period. 

;,,, • ,· . 2: 'l"he n,& fi'f phos:Ph&te ln the 0Latayette B1Ter 

are tl:he reaul t of •• biologioal-aedi'laent-watel'' •regeneration 

'Of }ilosphate, ·~ colder temperatures WOUl.d deprese '-41be 

'Nleaae of ,>howphl&bM fl-om the aedl'llent·'1io ,We ~ierl i 21 • 



- The daily fluctuations of phosphate are the result 

or a clllution of the higher level of dissolved inorganic 

phosphate in the waters of the Lafayette River by the 
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lower content of phosphate in the flooding waters of 

Baapton Roads. There is then less production of phosphate 

in the waters of the Lafayette River in the winter. There

fore. when the level of phosphate in the Lafayette River 

is cllluted by the waters deficient in phosphate trom Hampton 

Roads, there is no noticeable effect because the level of 

phosphate ta alreacly low 1n the Lafayette River. There is 

greater production of phosphate in the Lafayette River in 

the summer. When the sUllllller level of phosphate in the 

Lafayette River ia diluted by the waters deficient in 

phosphate from Hampton Roads, there is a noticeable 

differenoe, for the Lafayette River has a higher concen

tration of phosphate at this time. 

• Discussion of the •atn>1oa1• 91cle -of ·phosphate i.p 

the Lafayette River 11s compared to other estuaries. It 

has been noted by many researchers (Newcombe, et al., 1939, 

1940; Rochford, 1951; Smayda, 1957; Pomeroy, et al., 1972) 

that estuaries have an •atypical• cycle of phosphate• i.e •• 

high values of phosphate in the summer and low values of 

phosphate in the winter. This cycle is in general just 

the opposite of that in the open ocean (Sverdrup, et al., 

1942; Moore, 19.SS). 'l'he Lafayette River has the same type 

of •atypical• cycle of' phosphate. The Lafayette River has 

levels of phosphate similar to those in the polluted Rew York 
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Harbor (Howells, et al., 1970). However, the values are 

far leas than those of a Delaware salt marsh (Reimold, 1965). 

The Lafayette River has much higher values of phosphate 

then either Hampton Roads, lower Chesapeake Bay, or the 

York River in the lower Chesapeake Bay. The levels of 

phosphate for other estuaries (Table III, pages 1J and 14, 

this thesis) appear to dispute the statement by Pritchard 

(1969) that J.J microgram-atoms phosphate phosphorous per 

liter is the upper limit for estuarine waters before the 

deleterious effects of eutrophication occur. _The values 

for salt marshes and rivers bordering salt marshes (Reimold, 

1965; Pomeroy, et al., 1972) are from two to ten times the 

value stated by Pritchard (1969). Although phosphate can 

be used as an index and tracer of pollution (Ketchum, 1967), 

it can not be used a priori to define pollution. There are 

environments which normally contain concentrations of 

phosphate much greater than J.J microgram-atoms phosphate 
' 

phosphorous per liter. 

fl-.. '. -

• • ! 



CHAPTEB VI 

CONCLUSION 

The Lafa7ette River is a shallow, turbid, urban 

estuary in Norfolk, Virginia. Water movement is controlled 

mainl7 b7 the tide rather than fresh water influx. Oxygen, 

temperature and salinity values are vertioally and latere.117 

homogenious in the Lafa7ette River. Temperature and oxygen 

are also horizontall7 homogenious except during the warm, 

dry months when the oxygen values at the head of the river 

were lower than those at the mouth. There is usually a 

s•ll horizontal salinity gradient from the mouth to the 

head of the river. 

The Lafa7ette River has an •atypioal• phosphate oyole. 

The values of pboaphate -.are higher in the SWllll8r -4 lower 

1n the winter. The values ,.r pbospbate ranged. from one 1to 

,., 
twenty four miorograa a.toms per liter. 

The mean values of pbosphate in the Lafayette JU.ver 

for the winter ,(197Q-.1971 and 1972) ranged from 2.4 '1:0 5.8 

microgram-atoms per liter and tor the aU111mer of 1971, a.o 
ld.crogram-&toms pe; liter. • • 
~. ( ~-- .. -- ...-, ,,, 

• The concentration of phosphate in the Lafayette River 
' is muoh higher than that of the Hampton Boada and Chesapeake 

Bay area. The Lafayette RiTer contains from two to tour 

• I . 
• . 1 

' 
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times as ·much phosphate as other estuaries and riYers in 

the Chesapeake Bay area, the Elizabeth River being the 'one 

exception with T&lues of phosphate comparable to the 

Lafayette River. The levels of phosphate over the sampling 

period were in general higher than the value of 3.3 micro

gram-atoms per liter, set by Pritchard (1969) as the upper 

level for concentration of phosphate beyond which large 

algal blooms occur. 

Multiple linear regression models were prepared 8Dd 

attempted to relate the daily o~ges in phosphate (i) 

·to: tide stage (T), wind component ('W), rate of p}U)sph&te 

(kg/hr) from the Lamberts Point sewer outfall (S). 

DailY August, 1971 Flood tide 

" log10 P • 1.3 - o.43(T) + o.009(s) (equation IV-2) 1 

Ebb tide 

log10 i = ·0.17 - 1~0(T) - O.O?(S) •· (equation IV-3) 

January, 1972 Flood tide 

log1o·'p'~ 0.91 - 0.04(f): o.iB('W) (equation IV-4) 

Ebb tide 

(equation I·V-j) 

As can be seen by equations IV-2 8Dd IV-3 (August; 1971) 

) 

.• .· ' ·.. ~ .• ~, . '. !f 

the'effectof the tide stage (T) is .three tilles as important 
'.•.,. 

in the determination of the levels of phosphate as the rate 

of l'low of phosphate from the sewage effluent (sr·on the 

ebbing tide and ia equally as important aa the. rate of flow 

of phosphate from the sewage effluent on the flooding tide. 

!~ I , ~ 
~ 
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'.rhe daily variations in phosphate are more noticeable in the 

summer because of the higher concentrations of phosphate in 

the Lafayette River during this season. The increase of 

phosphate on the ebb tide and the decrease on the floO<l tide 

over a.dally. cycle was attributed to a dilution of the waters 

of the Lafayette River by the water from Hampton Roads. The 

water from Hampton Roads contains from o.8 to 1.0 microgram

atoms of phosphate per liter. 

The predictive multiple regression model for phosphate 
~ 

(D.I.P.) over the sampling period 1970-1972 is found to be 

a function of water temperature (Oc), rainfall (R), and wind 

direction (cos O), The predictive model for seasonal 1 

concentration of phosphate was a function of water temper

ature and wind direction. 

Annual Model 
............... 
D.I.P. • 1.0 + o.2c0 c) - o.o,S(R) - o.·87(cos O) (equation IV-6) 

Seasonal Model ..,......,...,_ 
D.I.P. • 1.1 + o.19(e>p) + 2.2(cos O) 

The direct relation of water temperature to content of 

phosphate was Attributed to the increased biochemical 

activities of the microorganisms in the sediment-water system. 

The inverse relation of rain to concentration of phosphate 

was due to a dilution of the Lafayette River water by 

inflowing, more saline Hampton Roads water and its lower 

concentration of phosphate. 
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APPENDIX A - RAW DlTA 

The phosphate values are expressed as microgram-atoms 
phosphate phosphorous per liter. The nitrate as microgram
atoms nitrate nitrogen per liter and nitrite as microgram
atoms nitrite nitrogen per liter. The oxygen is 1n 
milliliters of oxygen per liter, temperature as degrees 
Centigrade and salinity 1n parts per thousand. If there 

• are two values at one station the first value is the surface 
sample and second is the bottom sample. The tide stage is 
coded E for ebb and F for flood. 

October 10, 1970, Event 1 

A- 1 
A~ 3 
A- 4 
A- 7 
B- 1 
B-11 
B-16 
B-21 
c-·.2 

5 
i! 
4/4 
SIS 
s.6 
6/6 
6/6. 

0 
4 
s 
9 
11/11 
15/17 
19/19 
19/21 
19/19 

·O 
1 
1 
1 
1/1 
1/1 
1/2 
2/2 
2/2 

October 13, 1970, Event 2 

A- 1 
A- 3 
A- 4 
A- .S 
B- 1 
B-,11 
B-16 
B-21 
c- 1 

/_ . C 

October 1. 7, 

A-~ 6 
A-' 8 
B-11 S 

s 
9 
6/9 
10/11 
10/13 
::18/18 
16/15 
16/15 
18 

1 
1 
1/1 
1/1 
2/2 
2/2 
2/2 
2/2 
2/2 

1970, Event 3 

16 1 
14 1 
22 2 

Oxygen 

---

Temper
ature 

22.70/22.56 
22.61/22.60 
22.60/22.65 
22.64/22.62 
22.82 
22.44 
22.12/21.68 
22.24 
22.-16/22.68 

18 
18 
18 

Salinity 

23.9/24.o 
24.2/24.2 
24.18/24.31 
24.22/24.24 
24.48 
24.17 
24.80/24.76 
24.?2 . 
24.88/24.?2 

,1 
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Sta- P04 'NO:, H02 OX7gen Temper- Salinity 
::tion ature 

December 15, 1970, Event 4 

:s- 1 1 2 0 8.3, 6.6 20.00 
B- 2 :, 7 1 8.2 6.5 20.:,2 .::, 1 1 0 7.-9:, 1.0 19.6.5 

1 2 0 7.6.5 7.0 19.6.5 
B- .5 2 2 0 s.3.5 7.2 20.01 
B- 6 :, .5 0 8.22 7.0 20.49 
B- 7 2 2 -0 7.87 6.8 19.8.5 
B- 8 3 7 1 s.29 7.0 20 • .5.5 
B- 9 2 2 0 . 8.22 7.0 19.71 
13-10 2 2 0 s.01 6.2 19.78 
B-11 :, 11 1 8.12 1.2 20.66 
B-12 2 2 0 8.27 7 20.05 
B-1, 2 4 0 7.47 7 19.20 
B-1 2 2 0 8.1.5 6 • .5. 19.86 
B-18 :, 12 1 6.70 7.2 20.7.5 

Januar, 18, 1971, Event 5 

A• 1 2 .5 1 9.49 2.2 14.18 
A- 2 2 3 1 9 • .52 2.8 1.5.:,:, 
A- .5 2/2 10/2 1 9.~/9 • .5.5 2.4 1.5.93 

.. 

A- 7 2/2 ?I? 1/1 7. /7.78 2.8 16.26 , .. ,: -,, 
l3- 1 2/2 12 1/1 8.78/8.69 2.8 16.64 £'Ji!:: 

~' B-11 4/4 1)/1.5 1/1 .a.28/8.02 2.8 16.,56 ·tt; 
:B-16 ,4/4 1,/13 1/1 ..S.21/8.26 3.0 16.74 ., 

"'1i~ 

c- 2 4/4 1 /31 4/4 7.3.5/7.98 3.1 17.31 ii 
I~ 

..re.nuar, 28~ 1971, Event 6 • -~.1 ' . :r; 
' • 

2/2 16/12 1/1 8.41/8.4:, 28.40 
tt 

"A'.- 4 o.o ;J~~ 

I; A- 7 2 11 1 7.78 -0 • .s 
;~ .A-11 2/1 21/2.5 1/1 1.92/8 • .SS +o.s 

.J!.aroh 6, 1971, Event 7 
-l~ 

;Iii 

I :A- 1 4 -0 0 7.3.5 8.44 10.9 
:A- .5 ·2/2 0 0 7.0/7.74 ·7.28/7.64 11.23/1:,.10 ,, 
A- 6 :2/2 0 0 8.82/8.29 7.:,1/6.?6 12.8/13.64 I A- 7 1/3 0 0 6.8)/7.76 6.8/7.11 1:,.~·. /1:,.21 ".'\:' 

13- 1 1/1 0 0 8.61/- 7.17 13. "i 
"B-16 2/1 0 0 8.64/8.~ 7.0:,/6.:,2 11.00/13.63 ·:t , 

B-~1 )/1 0/3 0 ?.81/8. 6.8/6 • .S .11.43/13.12 ,ll 
,ij 
.,, 
-' \ 
:j 

~--.: .. ~, 

};1 
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Sta- P04 KO:, N02 Olqgen Temper- Salinity 
tion ature 

May 11, 1971, Event 8 

A- 7 2 1) 0 .5 • .55 22 • .5 15.9 
B- 1 2 .5.6 21.4 16.4 
B-16 3 13 0 , .65 21.4 17.1 

· B-21 5 10 0 .81 19.3 18.19 
c- 2 .5 13 0 , .8 19.1 18.2 
c- 4 7 11 0 .97 18.95. 18.3 
I).. 1 .5 13 0 5.a5 19.0 1a.7 
I).. 3 

' 
12 0 5.6 18.62 1a., 

D- .5 11 0 .5.a.5 19.6 18. 
D- 7 2 10 0 5.95 17.9 18.4 
D- 9 1 10 0 .5.95 17.9 18.4 
D-10 - 13 0 6.o 17.5 18.:, 

May 18, 1971, Event 9 

Station B-16 

Time PO' NO:, N02 Oxygen Temper-• Salinity 
(E.D.S.'l'. ature 

C 

1023 4 10 1 4.06 
115.5 .5 14 1 4.?6/4.'4 Apg;ox • 
1400 .5 1) 1 .5.-ea 18 /oo 
1700 .5 .1_3 2 ,.,, •• ,••. . ~-: . 

"._ '. . •' 

Sta- P04 ?ro3 N02 Oxygen Temper- Salinity 
tion ature 

I 

June 10, ·:.1971, Event 10 

B-21 ~ 17 2 .5.88 2.5 12.88/13.4.5 
c- 1 20 2 .5.7 

:,.92 
1).42 

c- 2 5. 23 2 5.7 1:, • .52 
c- 4 .5 18 2 5.7 24 • .5 1,:,6 c- s 18 2 6.o 24.o 
I).. 1 12 28 2 .5.9 24 14.1) 
D- ,2 4. 23 2 7.0 24 14.4.5 
g:, 4 20 7.7 24 14.27 

.5 24 6.4 24.1 14.20 
I).. !i 4 26 6.7 24.1 14.08 
I).. 6 26 6.o 24.1 14.01 
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Sta- P04 HO:, •02 Oxygen Temper- , .Salinity 
tlon, ature 

' D- ? 4 2.5 6.o 24.1 14.04 'I 
J D- 8 4 26 6.o 24.1 14.04 l 

D- 9 4 2.5 

'

.? 23 14.6 ' j 
D-10 20 31 .9/.5.3 23.3 14.29 
D-11 4 26 6.:, 23 • .5 13.86 

June 26, 19?1, Event 11 

B-20 - 10 • 2 i!.6 27 • .5 1,.1 
c- 2 .5/.5 - 2/1 .? 26.7/26.? 1 .1/1.5.1 
D- 1 5 10/12 1/2 .5.3/2.9 1,.3 
D- 4 2/4 10/10 1 5.0/,.4 1 .6/14.3 
D- .5 2 14 1 5.01 .1 1 ... 5 
D-10 19 1.5 1 4.6/3.9 24.,5 13.3 

July 13, 19?1, Event 12 

B-16 911 4/2 1/1 4.?/).6 26.14/26.14 18.03/18.~ 
B-1? ?I? 2/2 1/1 4.9/).98 26.4/26.0 18 • .50/18. 
B--1 ? 2/6 1 4.o 26.25 18 • .53 ~ :e- 2 7/? 2/6 1 4.3/3.4 26 • .5/26.0 18.,58/18.68 
:e- 4 8/8 6/4 1 4.3/3.2 18.35 
B- 1 11/7 4/2 1 3.6,,., 26.65/25.95 18.15/18.,58 
::e- 3 ,,, 4/2 1 6.0/. 1?.98 
B- .5 21 1 6.8/4.3 
:e- 7 4/4 21/21 1 6.4/4.o -· 

: 

B- 9 
,,4 

21 1 .5.4/4.4 .26.0 18.8 . ' .•• 'ii 

B-10 21/21 1 s.9/6.1 26.1 18.59 -- -~ ··,, 
1-
::.: 

--
r,_ 

July 29, 1971, Event 13 ~:: 

' 10/12 0 Z.9/4.1 B-16 0 ~ 

B-20 8/8 .3/4.3 ;_,-
-; 

c-' 7/10 :Z.,, 

c- 10/8 :,.4/).2 J 
1)...1 8/6 :,.a/6.o ,I D- ' 11/2 i!.9/6.2 
D- .5 6/2 .1/6.0 ;;; 

t)... 7 8/6 4.2/3.9 'W 
t 

D- 9 8/1 l.9 "'[s 

D-11 .5/3 .8/4 • .5 
C 

t 

t 
t 
}: 
" 
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'.l.'ime Tide P04 H03 H02 Oxy- Temper- Salinity 
' gen atUl'e • 

August 4-5, 1971, Event 14 

Station B-18 

08.50 E 8/6 8/8 0/0 3.98/ 26.38/ 20.72/ 
3.28 2.5.70 20.92 

1240 E 16/12 24/0 1/1 6.,56/ 27.84/ 20 • .56/ 
6.7 26.86 21.0 

14.5.5 F -8/24 0/39 0/3 9.49/ 29.0/ 20 • .52/ 
9.21 28.4 20.76 

18.30 F 7/6 0/0 0/0 6.98/ 28.2/ 20.94/ 
.5.91 27.8 21 • .56 

2040 E 2/4 2/2 0/0 .5.37/ 27.46/ 21.3/ 
.5.41 27.80 22.22 

0100 E 7/7 0/0 0/0 5.79/ 27.26/ 21.32/ 
.5.58 27.28 21.44 

0)40 F 10/8 4.75/ 27 • .30/ 20 • .51/ 
4.6 27.04 21.24 

0640 F 6/4 4.6/ 26.64/ 21.0/ l 

4.05 26.68 22.16 I 
i 

. Station C-4 ,.· 

l 
0920 .E 24/10 2/10 O/J 4.4/ 2!,.84/ 21.44/ I 

"-: 

4.04 2,5.46 21.64 
1220 E 20/9 10/10 0/0 .5.10/ 26.6/ 22.38/ 

0/13 
4.40 225'2 

1.517 F 8/8 0/1 .5 • .51/ 27.92/ 21. / 
- .$, ~ ,.._ -"'~· -" Of 5.6.5 26.8 22°' 181.5 F 7/8 0/0 0/0 6.28/ 27.00/ 22. I 

,!al, 25.62 22.68 
2100 E 2/.5 2/2 0/0 26.7/ 21.44/ 

- .5.17 2.5.92 22.18 
• 041.S F 7/6 4.44/ 26.68/ 21.18/ 

4. 7 2!,.86 22.94 
0715 F .5/4 4.82/ 2.5.74/ 22.58/ 
. 5.03 25.72 23.06 

~tation D-10 ·_ 
l' 

'7/5 3/7 1/1 4.89/ 25.16/ 21.66/ 094.S ,_E 
: 4.0.5 24.20 24.08 

~14.5 ;~ 4/.5 2/9 1/1 4.47/ 2.5.82/ 21.66/ 
3.49 24.36 23.78 

1,544 '', 20/4 '8/19 0/2 5.30/ 27.46/ 20.82/ 
5.30 26.48 22.12 
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'flme Tide P04 N0'.3 N02 Oxy- Temper- salinity 
gen ature 

174.S F 2/3 8/20 0/0 s.s8/ 27.66/ • 20.68/ 
5.30 27.20 21.48 

2130 E SIS 8/10 0/0 s.s8/ 27.18/ 21.J0/ 

7/4 .S/10 0/0 
4.43 24.76 23.56 

234.S E s.111 26.46/ 21.39/ 
4.19 2,S.42 23.26 

04.S.S F 4/6 4.47/ 2s.s21 22.52/ 
4.47 2,S.42 23.04 

0743 F 2/2 4.89/ 2';.66/ 22.J0/ 
4.75 2,S.62 22.46 

Sta- P04 No3 N02 tion 

October 20, 1971, Event 15 

A- 1 SIS 11/15 3/3 
A- 7 lls 16/13 J/J 
B- 1 /4.5 15/15.5 3 3 
B- 6 4/4 21/18 3/3 
B-11 4/.S 18/19 3/3 
B-16 , /4 16/19 3/j? 
B-20 /8 19/34 · )/ 
B-21 4/4 19/16 J/3 
c- 4 .S/4 21/19 3/3 . 

,., 

i. 
Time P04 N03 N02 Oxygen Temper- {~ 

., 

(E.S.'re) ature • .:~ 

November 13, 1971, Event 16 

Station :s-16 1 
06,S0 4.i/4.6 36.7/36.7 4.4/4.,S .s.93 12.9 ,[ 

i 0910 4. /4.6 
6.11 fu 1130 4.2/4.1 is' 

-,<~: 

123.S 4 ,::,; 

143.S 3.z - • 1:3 .s - ♦. • 

1628 4. 13.9 ·i: .. : 

1835 4.3 27.3 s.o 13.9 i· 
l. ,. 

., 
,· 
·,; 
-"' 

._.,., ............ ,... . -- - ~ .. ,,_ "" .-·-t., , ·•·'--"-•· ....... . ; . J 
.··;·1 

'\!j 
·:,iji 
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Time ro4 ll03 N02 Oxygen Temper-
(E.s.T.) ature 

Station B-17 I ,' 

0710 4.1/4.8 37 • .5/3.5.2 4.6/4.6 5.60 13.5 I 0903 4.5/5.3 
1120 4.1/4.2 6.63 
1230 4.1 ' 1430 l.8 14.o i, 

162.5 .1 14.o l' 

t 1830 4.4 29.0 4.9 13.9 t 
r 

Station B-18 r-. 

0640 4.1 29 • .5 .5.7 5,68 13.0 i:: 

085.5 4.2 " 
1010 4.9 6.61 13 • .5 i·i 

C 122.5 .5.3 ' 142.5 4.1 1, • .5 l-
161.5 4.6 1 .o rl 
182.5 4 • .5 32.J 4.9 

1
(1 

Time Tide P04 NOJ N02 Oxy- Temper- Salinity 
' 

(E.S.T.) gen ature 

January 11-12, 1972, Event 17 

Station B-16 

10.5.5 E .5.9 26/24 1.3/ 6.?SI 10.9 16.2 
4.1 1.01 

1210 E 4.6 20/1? 1.9/ 6.8.5/ 10 • .5 16.4 
2.0 6.8 

1410 F .5.2 22/24 1.8/ 6.90/ 11.2 16.,5 
2.8 7.01 

1610 F .5.6 22/22 2.0/2.8 11.2 17.0 
1910 E 6.9 2.5/10 1.8/ 7.20/ 11.3 17.4 

' 4.7 6.27 '.(\. 
2110 E 6.7 22/12 2 • .5/2.8 11.3 16.9 
2320 E .5.9 20/8 1.J/ 7.07/ 11.2 16.8 " 1.6 6.33 '· 

0110 F .s.4 23/28 1.6/1.6 -- 11.1 16.8 r 
' 0310 F .5.6 20/7 1.9/ 6.90/ 1s.,.1 16.8 

1.J 6.73 ' 
0610 F 6.9 22/18 1.8/ 6.3.5/ - 18.1 

et68 I 4:~ i~ f~96 t!§i1 
IO iB:i 

1/ 
'Ji.''. ' . 
- _, 



AP.i,mDIX B 

Mean monthly rainfall, .in inches!. and the mean monthly 
sewage pumping rate for the L&mberts Point Plant and the 
Army Base Plant (Hampton Roads Sanitation District, Norfolk, 
Virginia) for the sampling period 1970-1972. The sewage 
pumping rate is expressed as million gallons per day. 

Month and Year Bain 
Sewage Pumping Bate 

Lamberts Army Base 
Point 

October, 1970 1.30 21.6 11.6 
November 2.34 19.4 11.1 
December 3.01 21.9 10.7 

Janu~ 1971 4.03 2.5.9 11.3 
February 3 • .59 29.9 12.a 
March J.88 .30.3 14.o 
April 2.18 .31.3 14.2 
May 4.46 27.4 13.0 
June 2.16 26.9 11.7 
July 4.81 27.2 11.7 
August 4.63 27.a 11.a 
September .5.46 29.4 12.2 
October 10.12 :,a.o 17.6 
November 0.97 ,o.o 1:3.7 
December 1.44 2.5.4 12.1 

January, 1972 2.94 26.6 13.2 
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APPENDIX C 

Sewage:pwapingrate fluctuations, 1n million gallons 
per da7 over a twenty-tour hour period, August 4-.5, 
1971 -4 January 12-13, 1972 tor the Lamberts Point 
Sewage Plant (Hampton Roads sanitation District, Norfolk, 
Virginia). • 

fime August 4-.5, 1971 January 12-13, 1972 

0100 22 23 
0200 16 17 

~
00 10 17 
00 10 1? 

0.500 18 16 
0600 10 16 
0700 10 1? 
8800 1? 29 
0900 2.5 27 
1000 26 32 
1100 30 32 
1200 30 32 
1400 29 31 
1 00 29 30 
1.500 28 2? 
1600 26 27 • 
1700 26 27 
1800 26 27 • 
1900 26 2? 
2000 26 27 
2100 26 27 
2200 26 27 

~
oo. 26 27 
001 26 24 - --mean 27.9 27.'i-

1 
1 
~ 

a 

I 
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APPDDIX D 

Ooncenwtlon of dissolved inorganic phosphate, in 
microgram.atoms per liter, in the final, primary treated 
sewage effluent, -the sewage pumping rate, in million 
gallons·per day, and the rate of flow of phosphate from 
the ·outfall in kg/hr, t'rom the .Lamberts Point Sewage 
nant (Hampton Roads Sanitation District, Norfolk, Virginia) 
on Ma~h 30, 19?2, 

Time Rate of flow 
(hours Phosphate Sewage Pumping of phosphate 
E,S.T.~ Bate from the 

outfall 

Midnight 20, 2? 28.9 
0100 29 17 
0200 264 1? 23.1 

~
00 262 17 
00 171 16 13.1 o.soo 146 16 

0600 146 1.S 16.6 
0700 268 16 
0800 18.S 23 18,.S 
0900 108 2? 
1000 106 31 24,9 
1100 19.S 31 .. ·, 

1200 130 31 24.1 
1?00 17.S 30 
1 00 166 29 25.0 
1500 18.S 26 
1600 19.S/208 27 28.1 
1700 195/207 27 
1800 2~/195 27 28,8 
1900 2 /185 27 
2000 18.S 27 2.s • .s 
2100 161 2? 
2200 164 26 18.8 
2:,00 116 26 

:-'i. ,_ 

~ -116-294 
• ' 

• 
' ' • ' J • 

j ... . _,;. !.';, 
. ...... 

' 
"' ~ ~-""· .... ···- .•. .. --·- - . - .. - - -~"' 
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APPENDIX E 

. Procesaed observed data for the 24 hour stations. 
Dissolved inorganic phosphate, in microgram-atoms per 
liter, tidal stage, expressed as 1 to less than 2 for flood 
and 2 up to, but not including 3, for ebb, computed rate of 
phosphate from the Lamberts Point sewer Olltfall, 1n ktdhr, 
wind component (p. this thesis) and time for August 4i:.S, 
1971, combined stations (B-18 + C-4) and January 12-13, 
1972,Uta.tion (B-16). 

Rate of 
dissolved Wind Time 

Observed Tidal inorganic compo- Station 
dissolved Stage phosphate nent (E.D.S.T.) 
inorganic from the 
phosphate sewage outfall 

August ~5, 1971 

4.s 2.0 24 .ss2 2100/0-4 
1 .s 2.7 24 .997 1220 
17.0 2.:, 22 .297 0920 
7.0 2.2 20 .297 08io/B-18 

14.o 2.6 24.5 .912 12 0 
:,.o 2.0 24.o .791 2040 
1.0 2.6 27.6 .845 0100 
4.S 1.7 17 11.9 gxl.5/0-4 
6.S 1.:-, 1.5 • .540 15 
1.s 1.sa 29 .714 1815 
1.s 1.07 26.4 .100 1.51? 
9.0 1.1 1.5.9 • .540 034()/B-18 
5.0 1.1s 17.2 10~) 0640 
6.5 1.6 28.8 -~1 18)0 

16.;o 1.0 26.5 • 1 14.5.5 

January 12-13! 19?2 
(E.S.T.) 

.5.2 .2 25 .864 1410/B-16 
5.6 1.? 29 .,SJ2 1610 
s.~- 1.0 25.6 .769 0110 
5.6 1., 20.6 .769 0310 
6.9 1i'l5 16 .101 0610 

• ,., 2.4 20 10.2 -0910 
.-a 2.s 24.8 s.10 1100 

, .9 2.7 24.8 .84) 10.55 -~ 2.8 24.4 .013 1210 
6.9 2.2 28 .om 1910 
6.'? 2.4 24 .4 2110 
s.'9 2•?.5 20 • 1 .2J20 

i 

I 
I 
l 
' 1 
I 

., 
i 

1."0!-

~1 
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APPENDIX 11' 

'"'COlfbined values for Dissolved Inorganic Phosphate, B.a1nta11, 
water 'l'empezoature, and Wind Direction, Expressed as Cosine 
-<fbeta, for the Combined Sections (A+ B + C) Comprising the 
Lafayette River and Section D, the Elizabeth River, During 
the sampling Interval, 1970-1972 

Statistical values for phosphate (microgram-atoms per 
liter) and water (degrees Centigrade) are listed 1n the 
following sequence: mean, standard deviation, number of 
measurements, and range. 

Month Dissolved Wind Rain water 
Year inorganic Direction (Inches) temperature 
Event phosphate (Cos Q) 

Lafayette B.iver (Sections A+ B + C) 
21..7.5 October .s.o .21 1.3 

1970 1.1 . t.40 
1, 2, 3 N•.SO 1•28 

3-8 18-22.7 
December 2.2 .47 3.01 ~·ri 1970 .a • 1 

4 N•16 N•16 
1-3 . 6.2-s.o 

Jf.nuary 2.6 .74 4.03 •IJ.1,98 
1971 1.0 1.31 
5, 6 N•19 Nall 

2-4 -~.s-3.0 
March 1.9 .?4 ,.ea •'?•1 

1971 1.0 ·566 ., N•13 B-12 
1-4 ,~ _._,i:j';~:~ .. May 4.J .79 4.46 

19'71 1..6 1.51 
8, 9 N•10 N•6 

2-? 1a.~22.5·. 
June 4.9 .62 2.-16 25. 

1971 .4 1.25 
10, 11 N•7 N•8 

4-5 24-27.5 
July a.2 .as 4.81 26.-2 

1971 1.5 0.2 
12, 13 N•17 N•7 

?-12 26-26.5 
August 8.6 .31 4.63 26.8.S 

~?71 .s • .s 0.9a 
I:l~ 2!:f-29 
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Month Dissolved Wind Rain ·Water 
Year 1.norg&nlc 
Event phosphate 

Direotion (Inches) temperature 
(Cos Q) 

October 4.6 .38 10.12 21.7.5 
1971 1.40 
1.5 N•28 

4.4 2.34 
18-22.7 

November .92 13.8 
1971 o.4 .76 
16 N•27 N•12 

3.9-4.8 12.9-1.5 • .5 
January .5.8 .74 4.03 10.97 

1972 1. 33 .29 
17 N•22 N•10 

.5.2-6.9 10 • .5-11.3 

Elizabeth River (Section D) 
Ma7 3.0 18.6 

1971 1.6 4.46 .66.5 
8 5 8 

1-.5 
June .5.7 2.16 24.24 

1971 ,.s 1.134 
10, 11 16 1.5 

2-20 
July. 5.4 4.81 26.1 

1971 2.6 .104 
12, 13 '· 22 

1-11 
4 

A\igWlt· , .3 4.63 2.5.9 

tr1 .2 1.07 
16 16 

. 2-20 
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APPENDIX G 

Seasonal Dissolved Inorganic Phosphate, water Temperature, 
1n Degrees Centigrade, Bain, and Wind Direction for the 
Lafayette River for 1970 to 1972. 

The values are the composite means of the values in 
Sections A, B, and c. Mean dissolved phosphate (miorogram
atoms per liter) and mean water temperature in degrees 
Centigrade are listed with their standard deviations, 

. number of samples, and ranges of values. 

Season Mean Total Wind 
Date dissolved Mean water seasonal direction 
Event(s) inorganic temperature rain (mean Cos Q) 
Section(s) phosphate (inches) resultant 

wind 
(degrees) 
range 

Fall .5.3 21.74 1.3 0.21/0.50° 
1970 1.1 1.40 
1,2,3 32 28 
A&B 3 to 8 18 to 22.8 

0.616/280° Winter 2.4 4.93 3 • .52 
1970-71 0.9 2.63 range range 
4,.5,6 3.5 27 1.3 to 10.12 210-290° 
A&B 1 to 4 - • .5 to 8 

o.04/268° Spring ).O 8.9 4.17 
1971 1.7 .5.18 ran~ ,?,8,9 '23 72 190 290° 
A,B,C 1·to .5 6.8 to 22 • .5 

0.81.5/111° SWllll8r a.o 26.7 3.86 
1971 4.4 1.8 

~.81 
range 

10,11.12 .54 48 060-180° 
1),14· 2 to 24 2'.3..5 to 29 
AfB,C 

i..s 13.8 ,5.4,5 Fal a. 
1971 0.1 o.6 range 0.21/050° 
1,5,16 4l to 5 

13 .97 
A 12.9 to 15.5 

Winter 5.8 10.97 2.94 b. 
1972 1.3 .29 0.616/280° 
17 22 10 
B 2.6 to 8.6 10.5 to 11.3 

a. No data available, assumed same as Fall, 1970. 
b. lo data available, assumed same as Winter, 1970-71. 

' . 

:i 

ii 
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APPENDIX H 

Seasonal OX7gen saturation Values for Sections A, B1 c, and D 

For 1970-1971 

Sections 
season A B C D 

Fall, 1970 & 1971 
mean percent saturation 69 82 82 -standard deviation 7.4 
p greater than 0.05 

4.7 2.5 

confidence limits +4.2 +2.7 ~-s number of observations 14 T4 

Winter, 1970 & 1971 
mean percent saturation 106 103 97 
standard deviation 5.23 7.15 11 -p greater than 0.05 

confi4ence limits +5.2 +2.9 +21 
number of observations -6 ts - 3 -

SJ:?!:ine:1 1971 
mean percent saturation 100 105 95 102 
standard deviation 9.30 4.6 1.6 15.~: 
p greater than 0.05 

+7.6 confidence limits ±.5.) :!:.3.0 +15.2 
number of observations -a s 3 - 6 

.SIJJlfflAr, 1971 
mean percent saturation - 81 92 96 
standard deviation - 12 23 20 
p ·greater than 0.05 

+6.7 ~-4 confidence limits - +19 
number of observations - Ts -8 
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