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ii
I NTRO DIJC’I’ ION

The role of phos hort~ in accelerated eutrophication of Lake

Eri e and other areas in the Gre at Lakes Drainage Basin has been recognized

and documented in recent year s . Studies by LEW?.€ end PLUARG have shown

that a major part of the tota l phos phoru s load entering the lakes from

tribut ary dr ai nage is in the form of particu late—P . Wh ile it is readily

accepted that soluble inorgan i c—P in dr ai nage water is available to algae

and other aquatic vegetation , the bioa vai lab l l i ty  of sediment— bound

phosp hate is large I.y unk nown . As a result , one is faced wi th two extreme

scenari os : a) only the soluble inorgani c— P is bioa vai l&ble and b) all

sources of P includi ng sedi ment—P are available. The fi rat scenar i o in

supported by the fi ndings in lIe. York where soluble ino rgan ic-P was

shown to be the domin ant form of strea m—trans ported phosph ate in stimulating

growt h of algae ( Porte r , l97~~) .  On the other han d , Golter man (1977)

foun d that sediment—P in shallow pol der lakes in Holland woul d maintai n

hi ghly eutrop hic conditions even i f all external P sources were removed.

Recent work by Allen and Wi llia ms (1978) demonstr ated the import ance of

bIc~lrIgl cal l.y avai lable sediment-P in fair ly shallow Canadi an prai rie lakes .

The importance of sediment as a sour ce of P for algae is

governed by a number of fkctore . Streams which carry a low sediment load,

and/or sediment of coarse-texture and stream-bank origin will have most

of its biologically available P as soluble inorganic-P as a consequence

of the lower P content of coarse sediment (Williams et ~~~~., 1976).

Consideration muet siso be given to physical lake dyna mics . Stream

sediments which settle rapi dly into deep lakes will only be poeitionajj ,y

_
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available to algae in the photic zone for short period s as in the

central and eastern basins of L ake Eri e, thereby minimizing the signi fi cance

of sediment-P as a sour ce of biologically available pbosphoria . In

contrut, we have the situation where streams carry a high load of fine—

grs.ined sediment into shallow lakes , a situation similar to that in

the western basin of Lake Erie. In this instan ce, factors which serve

t~ l nez ease the importa nce of sediment-P are : the high percenta ge of

the t ’~ ni  ;~~o ‘rit~ 1 ~ ut iu, tc’diment~P the I~ I ~$i,’ r c~ nt~ nt ‘f I’ i n

clay-sized sediment , and the longer period In which this suspende d

sedi ment load is positional ly available to algae in the photic zone .

Chemic’il eztraeti’n procedures to i~~timate bioa v*i lability

of sediment—P from t r lbuta r) -ources must ta ke i nto account the conditions

under which algae obtai n P f rom sedi ment . Algae can deriv e some P

from sediment in the phot ic zone for short periods and under aerobic

conditions . In addition , available— P is derive d from bottom sediments

durtn r . a~oxI c re gener ati on and subsequent lak e I nve r al on , a marked ly

Lliffe rent dicmtc:i l cnv l  ri -~,w~ent th an exists in  the ph ot ic  v ’ne . While

much of the P regener ation Is from decomposed algal bionass, sediment—P

Is also released unde r snoxi c conditions . As a result of this d.t choto *y ,

bfoaval lable sediment-P viii  be vi ewed here I n two ways : a) position slj i

abai lab le , to repre sent short-term releas e of P to algae in surface

waters , and b) total potentia.ll,~ available , to represent maximum P

whi ch can be relea sed over time by all mechani sms . Chemical extr action

pro cedures to estimate sediment—P biosvailabil ity will be discussed in

the context of this concept . 

- •~ -~ 
_ _ _



-3-

In the following sections , discussion will  include:

1) Di fferences in characteristics of soils , suspended

sediments and bottom sediments

2)  Chemical extraction procedures to estimate sediment

t . ~~vai lahI lity and their relation to .~edIment

properties

3) Estimates of phosphorus b ioavailabi l i ty  of Lake

Erie sediment s

14) Kinetics of desorption and chemical exchange of

sediment-P.

1. Some eontrast ln& char acteristics of soils and sedi ments

There is a growing body of research on chemical extraction

procedures to estimate bioavs.ilable sediment—P ( R SP ).  Much of the

ear ly  work was done on soils , wi th  mo re recent studies on lake and strenm

sediments . Di fferences in these studi es can be attributed , in part ,

to di fferences in the biological and physicochemical characteristics of

soi ls and sediments . A major treatment of the subj ect is not intended

here. However , several major di fferences between soi ls and sediments are

apparent . F! rst , because of their fluvi al transport, sediments are

unst ructured and generally more fine— grai ned than the soils f rom which

they vere derived . They tend to be enriched in organic matter , and this

together with thei r fine—gr im ed nature resu l ts in an enrichment of

sediments with phosphate , hydrous oxides of iron and some alumi num , and ,

in some sedi ment s with carbonates . Suspended strea m sediments behave

r much like thei r soil precurs ors except for their P enri chment ( Green !~.
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1978). Bottom sedi ments , on the other han d , in both lakes and stre ams

may be s ubjecte4 to long peri ods of anoxi a with subseq uent reduc tion and

solub iti zati on of i ron (Patri ck and Ma hapatr a , 1968). Phosphate release

from suepende d sediments is much more similar to that f rom soi l than

from bottom sediments . Discussion of chemical extracti on of sediment-P

~nu~t t  ~‘ons i der these si ~n t  ri c an t differences .

2. ~i!~ icai extraction procedure s to estimate liSP

Any chemi cal ex t ract ion  proc edure to estim ate soi l or sediment

hI ’~’ivallt ,lj t I l ty  ‘n us t h’ive thc following attr lbu ton :

1. Must correlate wi th  bto upt ak e

‘. ~h~~’i~ ii i ’’ ~rpn c~ ble to a wide r :ui ,~’ of ~ot i r .  or

I TUI ’III %

1. h H ~ L’o rclat~ vely easy to p er f o rm and the

results shoul d be reproducible.

Early work in sot 1 science was cor~-~ ’rned w i t h  de velopment of

i’,l ) to l t  prnre’J~irr~~, I .i . ehv”’~ical extract.’’ to e-st i  te avai lability

of sot 1—P to agronomi c crops . Most ~ the procedures did  one or mo re

of the foll owing:

1. Remove d soluble— P held in soi l pores

2. Used another an i on to exch ange with  some of

the H 2PO adsorbed to soi l sur f aces

3. Di ssolv ed or hydrolyzed part o ~
‘ the more

labile soil—P complex.

Many of the procedures used , In fact , do all three . In the Lake Er ie
Ms in , today , two soi l testing procedures for plant -ava l 1 able phosphate

-~~~
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are used : 0 .5 H N5RCO 3 (Olsen et !~., 19514) and the Br ay P1 (0 .03  H NH~ F +

0.025 N n d )  ( Rray and Kurt a , 19 14 5) . lhe Bray prt~cedure is used in  n i l

the U.S. Lake Erie Basin states and the Olsen teat in Ontario. These

teats have also been used to characteri ze sediment-P (R~~~ena and Nelson ,

19714, McCaUister and Logan 1978).

Work ers at Wisconsin (Chang and Jackson , 1957 ) began to look

•t sequentia..l chemical ext raction to characteri ze soil—P. Thei r original

theory was that phosphorus in soil occur red as discrete chemical fores

which coul d be selectively removed by sequential chemi cal extractio n .

They propo sed the following scheme :

Chemical fo rm Extra ctact (in sequence )

Saloid—b~ und P 1 ! IIHh Cl

Aluminum-P 0.5 N NR 1J

I ron-P 1 N NsOH

Occluded — P citrat e— d.ith ionite—bica rb onate

Apatite— ? I ! HC1

This theory of discrete P fo rms in soi l has been questioned by Bache

(1963, 196 14), Bawi n and 1~’ner (1957) and others. A more prevalent view

today is that much of the inorganic—P in soil is cheaisorb ed to a number

of reacti ve surfaces including iron and aluminum oxides and hydrous

ozi des , amorphous sluminosilicates and carb onates , or occluded in the

matrices of a n~~~er of soil mineral forms . Probably only small amounts

of apatite in some soils are representative of the discrete P form

envi sage d by Chang and Jackson ( 1957). Neverthele ss , thei r scheme for

L . chemical fracti onation of soil—P proved to be highly useful in looking

at relative di fferences between soi ls, and their work proved to be the 

- 
_ _ _
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stimulus for much subsequent research in this area (Logan and McLean ,

L’~( I . P’ink ell and J u~~t r , L9tiLi ; Robertson et a L . ,  19Lg,) .

Whi le the origina l fractionation schemes were designed to

$tu ~~ the effects ~ f soil genesis on soil—P forms , i t  was quickly adopted

by soi l chemi sts as a tool for the study of phosph orus fe r t i l i ze r

reactions in  9011 , and , mo re recently , an an indicator of soi l potential

for water pol lu t ion  ( Reddy et e l . ,  1978). The u t i l i t y  of these schemes

is based nc -~t -‘n thei r  ab i l i t y  to extrac t discrete P forms , but because the

scheme uses ~eq,uenttal extract ion , and becau~ie the orde r of the sequence

is fr om least severe and most selective to most severe and least selective .

I i’t~ ¶ 
~

- i I ~ • P is bouj i~i to ,~ u~~ .11 f ’~’~- r i ’iit. - ,  r~1. • • —:~ I t i

eo~ 1 wi th  v ary i ng bind i ng lorces . and that the P which  is he i i  on the

weakest -1~ tes w t 1 ’~ ~~r the nos’ environmentally reactive , then th is  type

of seq u ent ia l  extr act l ’n , In e~ f c c t , parti t ions soi l and sediment

ph ’:~;~ .ate on the L fL ;is of b i nd i n g  strength .

• P#LJ~~r - I v ~ve’ l ~o.,ri~~: - i n  ~he basic echc’mi ~r p ~~~~1 t y  ‘b ang end

Jerks n ( 195 1) ~‘eve been accomplished t~y W i 1~~1ams and W a lk er  ( 1969 a and

b ) .  ~il~ i ems et el. ~ :~~~~1; W i l l i a m s  et el.  (l97~ a and b ) ;  Allan end Will iams

(i~i8) for noil~ and ie)~e i1nen . 3y cr ~ “‘ a l.  ( 1972) .‘ncountered

problems wi th  the NH~ F extr act en t fo r a1umi r~ r~-r en -i droppe d i t  in  favor

‘f ~bI~~P as a s i r a le e xt r a rt an t  for the eombi :~c 1  i r ’ n —  and alumi n um—bound

i f ractious . Most w - - r k c r :~ have also dropped the NH~,C1 extract ion because

the amount of P extracted is very low compared to other fractious. More

recently , W i l 1 t a m ~ (W i 1 i i a n~ et si., 1976 ; Al l an  end W if l1am ~t , 1978) has

n i m p l i  f t c - I  t h e  sehr ’rtw’ r — ’r  lek.’ sedi ments even fur ther .  He proposes two

i nr. r~ an1c sed.l ment— r fr a cti ns : non— apat i te phosphorus ( N A I P )  extracted

-

~~~~ -- --~~~~~ _________________________
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by citr at e— d.i th ion ite-btca rb onate ( CD B) ,  and apa t ite—P extracted by

IIC1 ~r H~S0i,. &llan and Williams (1978) have propoaed that the NAI l ’

fra ction be considered bioavailable , based on correlations of CDB

extraction with the NTA extracti on of Golterman (1976 ) which was found

to estimate sedi ment—P av&ilabt li ty to ~cenedesmus.

Few studies are avaI lable wh i ch gi ve di rect corre lat ion between

algal P uptak e from sediment and chemical e x t r a c ti ~~n. The work of

Golterm an (1.976 ) han alrea dy been mentioned. i~agJ ier et al . ,  ( 19 75)  foun d

that 0.1 N NaOH extractab le P was highly c rrelate l wi th  P upt ake by

P- de ficient algae when sediment-P was the only phosphate source. More

recently, Corey (personal coms~unicat ion ) used the same algal assay system

es Sagher et a l . ,  ( 1Q 15)  an ti foun d high correlation of algal extractable P

with sedi ment—P e*tracted by al uminum-saturated exchange resin. Coven

• and Lee (1976 ) foun d that amounts of P avai lable in New York urban

r u n - f t  sedi ment to Selenastrum were simila r to that extracte d by anion

exchange . Correlation with anion exchange extraction was bette r than

with 0.1 ! NaOH extraction , the base extraction significant ly over-

estimating bioav ailability . Their data will be discussed f urther in

another section .

Another method for estimating P~ P involves the thermodynami c

response of sedi ment sur faces to reactive inorgani c phosphate . Figure 1

gives an idealized isotherm for ad sor pti r ’n-desor pt ion of inorganic P

by soi l or sediment .
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C ( ugP/m1 )

~

~~ ,‘ x/m - wt of P adsorbed or desorbed
X per un i t  w e ight  nf  sediment

c — Equi11br 1ur~ concentration of
P in ~~lu t Ion

F I c , r ’~ I .  A 1 ~; - r ; ‘~1 - n  - tei o:-; ~~ - . -n curve ( ideal i zed)  f~ r ~oi 1 c r  sediment .

Net ftd3orption occ~~r ~ ‘q u i l i h r I u i n  P “~nr . ’r .t rnt i n nxcs ’eds EPC , and

ni~t ‘i I~; - rp t i or t  ~~~~~~~~ 
-‘ . ‘

,, . ~lT’ :’~ , the equl]  1r I  —sr - -‘ : tcentr at lon at

whi h P Is neither tdo r~’e..i nor desorbed is a ua’~ful parameter for

predicting soluble inorgani c P concentrationn in equilibr i um with suspended

sedi ment (Taylor and Kun ishi , 1971; cCaili~~t~~r end Logan . 1978;

Green et al., 1978; l~yden et e l . ,  19 7 2 ) .  01 equal i mport ance , however , is

the bu ffe r capacity n f  the sediment , i.e. the amount of r that must be

ads orhed - -‘r desorhed by un i t  mass of sedi ment t ° produ ce a uni t change In

t i  ~ lv ~ i n - ’rgnni c P -uc entr at ion . Taylor si Nunis hi (1971) defi ne H~P as

¶ hv ’ qrv on ’. o P that r’wi t be desorbed by sediment to reduce equi l ibr ium P

nt’~.ntr ~ t ion  fr  y ET” - I -  ~~ t -  some arbitarry val ue at. which P is

l i f l t~ b t~, ~~~~~~ r~- w t h .  This  value can be obtai ned as the slope  of

-l
_ _  ~~~-- - ----_ —--~~~~~ ---- -~~~- - - -~~~ - --~~~~~~~-~~~~ -- 

--
~~~ 
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the curve In Fi gure 1 ( dotted line). Sediment buffe r capacity is a

function of such factors as surface area (related to elq content of

sediment),  reactive surfaces on sediment particle and amount of labile P

al ready adsorbed . Bou.ldi n used a simi lar procedure to estimate BSP for

tributary drai nage into New York lak es ( Porter , 1975) .  Procedures of

this kind usual ly involve shor t—term incubation ( c  6 days ) and probably

represent the most bi ologi cally available sedi ment—P , but , at the same

time , probably underestimates total potential BSP .

3. Ki netics of exchange and desorption of sediment-P

Pro~edures discussed previously in this repo rt deal with the

capacity of sediment to supply inorganic P to organisms. Little work has

been done , hoverer , on the rate of release of sediment—P . Isotopi c

exchan ge rates using 32 P were measured in soi ls ( Ame r et a ] . ,  1955)

and sedi ments (Li et a l . ,  1972). They shoved that exchange involved

at leas t three di f ferent reactions , the fastest coming to completion in

15 minutes and the slowest continuing for at least 72 hours . l~oth

studies showed that a large percentage of the exchange able P was

exchanged dur ing the initial rapid re action . Raja n and Pox ( 1975)

demonstrated that P adsorption by soil shoved a fast and slow reaction ,

and that desorption of P occurre d at a rate similar to the slow adsorption

reaction . Ryden at ~~~~~~
. ( 1977 ) have attributed the fast exchange

reaction to a physical adsorption of 02P0 anions by positively charged

collold sur faces , while the slow react ion may involve preci pitation—

dissolut ion of met al-phosphate complexes and di ffusion of phosp hate ions

from chemically bound sites to more labile positions . After 6esorpt ion

~ 

- - .-- - --~~~~~~~~~~~~~~~~~~ -



of the phys ical ly sorbed labile P, the a lj w desorption of phosphate may

determine the rate at which algae can obtain inorganic P from sediment .

Almost all desorption studies (Rydexi et a] . ,  1972~ McCalli star

and Logan , 1978 . Green et !1.. 1978) have involved batch equilibration of

soi l or sediment with  P—free dis t i l led  water or di lu te  electrolyte. While

this informati on is useful in characteri zing relative abil i ty of sediments

to suppLy P . they shed l i t t l e  light on the k ine t ics  of P release in the

presence -~f a c o n t in uous sink . i .e .  algae .

1~. ~.stijaates_of b ioavailabj lity of sediment-P in Lake Erie Basin suspended
sediments and othe r sediments

In t e re s t  in  sediment-P b i na~~ i l a b i lI t y  has increased in the

i~~;t decade an resea rch in t o the causes c.f cultural eutrophication in l akes

has increased. .~1nce 1970 , a number of studi es , u~;ing the many di ffe rent

procedures -1iseus~ ei  previously, have been used t o  estimate RSP. This

is usual ly cxpre~’. c i  ~ ugP/~ sediment ~r as a percentage of the total

sedi ment — F or totn~ ino r ganic—P. In this sec t ion,  some of the results

w i l l  be c mpare d , and where ver possible , comia- n un i t e  w i l l  be used .

.~agher ~~~ ~~~~~ ., (~~ ii~~) studied nigal uptake of sediment—P from

s.’v.ral Wt~~ ’~ns1n lakes end rr~rrelated uptalt ” with chemical extraction .

Highest co r re la t ion was obtai ned wi th  0.1 ! NaOH extractir’n . They found

~~~ or t~~t s l  ~e i im en t  b ttorganle .- r was ~,vtd i~ b le t ’  algae for

noncal ca.reous sediments . W i l l i am s  et a l. ,  ( 1 ’~i l h)  had shown previously

that NaOH-P woul d extract most of the inor ganic-P in noncalcsreous

Wlgco n n t n  lake sedlmentn . in calcareous sediments , 5O—70~ of the sediment

i norganic-P vs~ found to be bioayai lsble (Segher et al . .  1915).
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Coven and Lee ( 1976 ) studied P btoavailabiltty of urban

runolT and stress ~ed.tmentti in Wisconsin and New York , using algal

inc~~&ttOn techniques as veil as chemi cal and resin extraction . )~ .dison ,

Wisconsin urban runoff sediment gave BSP values of 
- 30% of total P as

meuured by either incubation with Selenastrum, resin ext raction or N O H

ext raction , with a range of 2—55% depending on indi vidual sample or

method used. Resin extraction gave somewhat lover values than either

Selenastr~~ bioassay or base extraction .

In New York urban runoff sediments , resin and base extraction

gave similar results, i6 and 22% of total sediment—P , respectively ,

wi th a range of 1-37% dependi ng on indi vidual sample and method employed .

Selenastrun bioassay , however, vms c 9%. Oene.ee Ri ver sedi ments give a

value of 6% with Selenastr~~ bioassay , while resin extraction gave 6

to 31%. The authors attributed the lover bioassay value to competition

for P by native algal species in the sample during incubation. One must

conclude tram thei r work that while resin or base extraction gives

reasonable estimates of DSP for Wisconsin sediments , these procedures

will  overestimate BSP for New York sediments .

Recently , Nelson (1978) studied BSP of suspended sedi ments

in the Black Creek watershed in Indi ana . This 5000 hectar s watershed

ii located in the western Maumee Ri ver Basin , and is typical of much

of the rural land use and geochemistry of western Ohio and north—eastern

Intl ana. They used Se1enut~~~ bioassay and sequential chemi cal extraction

to estimate DSP . Their ch~~ icml extraction procedure included 0.5 ~j  N1L1?

pri or to 0.1 ! IIaOH , and as such , represents the original scheme developed

by Chang and Jackson (1957). It is the opini on of this author based on

_ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _  -- 
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unpub lished work In  our l aboratory that a substantial portion of the

Miii , l’— ’ ~ t. ritc t.,di Ic I’ wisu I .1 1 racted by N&H ~ i~ nc. lbr ~ urn of t.heuc

Lw” i~raet L~ ns acer’un tt• t r .’r t ’c t ween 71 and 81~ or t.he i~ .c1i ment l nor~ an1c

P extr acted by Selena stru m . This represented between 19 and 29% of the

tot’il iedlment inor~’&ni~ P. Ne1~on (1978) also f~ und that sedi ments

fr ~.m su~ri c ’uI t ural dr ’ l na~’e ,ir~as had lower I~W than f rom an .iprIeult ~,ra1

area i nfluenced by I’ input  f r ,in a smal l villape. The Maurnee FL iver at

the outlet of Blac k Creek was somewhat higher in BSP than the other

ar eas.

~ i i t  I ,’ It ~~~ t ’C(’rl recognised (Wi 1fl~uns ~‘t al , ~O76) that

r i ’.’—~’rat nc~t sedi ments are often higher in tc’tal P and organic mat te r

UULn coars er sedi ments , l it t l e  data is avai lable on P binavai lability

~f d i f f e r e n t  size d sedi ment fractions . Arsm t rong et~~~ . (1977 ) have

reported on preliminary results of chemi cal extraction of sediment—P

for di fferent sized sediment fractions in Gre at Lakes t r ibutaries

(Ge nesee R . ,  New York ; Maumee R .  • Ohio; Gran d B . ,  Mi chigan ; Menomonee B . ,

W t neoris in ; Neme.dji B . ,  M1 nnen~ t a ) .  Maumee en .I Nemadj i sediments were

hir ,hcs t in  total clay , the Gcneaee highest i’ ~i 1t . ( ?— 2 O~~) and the

Menomonee had the highest percentage in the ~1 ze range > 2 0 1 .  Tn most

cases , t otal-P and resin extr a ctable—P or NaOH extract a ble— P as percent

of t~-’ta1 P increased as particle site d~creas ed. In all sit e ran ges ,

Mat~~ee sediment had the hirhes t bioavmilabi lity (as estimated by either

ri’~ in  r N,w~I( ‘xt r~~’1 l .~n )  t1i~.1 he Nemadj i tPu ’ l ovrnt. ~~~~~~~~~ n~n4

#nomn nee sediments were inter mediate and simi lar . LISP (as percent of

t ,tal nedime nt—P ) ranged from 5_1~8%.
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OBJECTIVES OF ThE STUDY

1. To charscterise the phosphorus contained in suspended sediments from

stre a draining into Lake Erie.

2. To stu~~ the di fferences in suspended sediment phosphorus entering

Lake Erie in strew froa different drainage basins .

3. To estimate the bioavai libility of phosphorus to aquatic plants from

suspended sediments in streams draining into Lake Erie.

I~_ I

It -

t 
_ _ _ _ _ _ _ _

_ _ _ _ _  - -
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1. Sample Collection

During the period March th rough July • 1977, a total ~f’

samples were collected from 36 t r ibutary locations in the Lake Eri e

drai nage basin on the U.s. side . A sumsary of the sites , tributaries ,

sampling date. , etc. are gi ven in Table 1. Six major tributaries in

Michigan and two smaller stre ams with drai n age areas ranging from 20 to

lO)~2 at
2 (52—2698 kin2) were sampled between March 5 and May 16. In

Ohio , eigh t major tributari es and ten smaller stre am s ran gi ng in drainage

area rrom O.~ to 6~~o ad 2 ( 0 .a—163~5 km 7 )  were sampled between March 10

and J u.Ly 7. In New York four creeks ranging from 10 to 31 at 2 (26—96 km2 )

were sampled on Apri l •‘~~~~.

The sites were arbitrari ly separated into tour grows :

1. Mi chi gan st reams

2. Maumee-Portage-~anduaky-Huron river basins

3. Eastern Ohio streams

I~. New York stre ams

This di vision allows some separat ion on the basis of land use and

gct~t’hcm1n try .

~ napl es provi ded we re ci the r part ~~‘ I’ an ongoi ng moni ri ng

program or were taken for this stu~ r . Some samples were pumped while

others were grab sampled. Drs . Steve Yaksich , U.S .  Ar my Corps of Engineers

I luf fa lo  Di stri ct and f)flvi l Baker , Ri ve r Laboratory , Hei delberg College ,

TI tfl n ,, Ohio provi ded most of the samples . I ’kst  samples were taken during

the period of .edi ~a to high flow (Table 1) end so represe nt the period
I i

of maximum sedi nt transport .

ii



U ~~~~~~

-

~~

- 

~

- - --— - -

~ 

- 

— —— —
_

~~~~
-- -,--

~
-— -. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~~~~

.

—15—

Sample sites are locate d in Fi gure 2 by numbers which correspond

to those in Tab le 1.

2. Handling and Storage of Samples

A four-liter sample of sediment suspension was collected.

Upon delivery , each sample was vigorously shaken to disperse the

sediment and two 250—mi aliquots were taken (Figure 3) .  One 250-al

aliquot was fi ltered through a 1.0 urn Ilucleopore filter and the filtrate

stored in polyethylene bottles and frozen . The second 250-al aliquot

was left unfiltered and stored ~t Iê°C in polyethylene bottle s , The

remaini ng 3.5 liters was allowed to stand overnight at Ii°C for sediment

to settle.

After settling, the supernatant was siphoned out into another

contai ner. The sediment was shaken and transferred to a smaller co~itainer

and left to settle . Afte r anet of the supernatant was poured out , the

sediment was freeze-dried and stored .

The supernatant was centri fuged and filtered to recover any

of the finer sediment that did not settle . This was added to the

sediment.

3. Analytical Methodolo~~

A 20-al ..liquot of the filtered sample was analysed for

filtered’ reactive phosphorus ( PRP ) by the method of Murphy and Riley

( 1962) as modi fied by John (1970). The fOllowing changes were made in

• This is equivalent to dissolved inorganic—P ( DIP). h owever , DIP is
defi ned as having been filtered through O. l~5 imi filter and we used
1.0 us. Our studies indicate no signi fi cant di fferences with the two
methods.

_ _ _ _ _
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orde r to improve the stab ility of th e blue molybdo-phosphate complex.

Ah~ ~r t ’Rt It• e r t- . t t t i  n.r~ We’ r~ t a k ei~ w i t h ,t !~e t’kmmn ‘Ii ~ec’tr phot .‘meter at

E n’s wavi length and inorganic P concentrations determi ned from a

standa rd curve .

Total phospho rus was determi ned by the method or Somme rs and

Nelson ( 1972) TWenty-mI &l iqu ’ts of  the unf i it e re d  samples we r e pipetted

into 50-al di gest icn tubes . Fi ve drops of ecroentrated sulphuri c acid

Were added to the ~uspenc~ion ~~ I the samples ~v i.po rated in  an oven at

105°C overn i ght .  - ‘! r i ,o li i~, . , al of 70% perch oric  acid were added ,

and py rex funnels were p 1ac~~1 a t - p  the tubes ~~:r~~~ghout the digest ion

to ensure refluxl! ;g of perchloric aci-L The tubes were placed in an

•~~I ina f i tu,~ ,f ( 
~~~~~~ t ~~- ‘  ti too k L . 1  t f ~~ snr~~~c~ 41 ~i~e - f  .~f -~t :‘0 ~°r f’ r rr , ml f l U t ( ’~

Yoilow i ng tIi~ estion , the - i ioe ~ t was allowed t o  cr~o1 , and then diluted

with distilled water to 50 ml . The tubes were shaken to mix the

contents and left to stand vern igh t or centrifuged to remove residues .

Prom the clear supe rna tant solut ion 10 ml a l iqu -ts  were pl petted into

50 ml tubes , neutralized wi th  5 N NaOH using p—nitrop henol as an indicator.

The a l iqu o t was ana ’y~e1 fn r  total p1~nsph orus ‘- lorfmetr l cally as described

i n the section for filtered reactive ph* sphorus .

Twe nty—al a l iqu ot s  of the filtered samples were d ige8ted in

70% perchloric acid foli~ w 1n g the procedure outlined for total phosphorus

digestion . The phosph orus from this digestion is the s tss of soluble

inorgani c and soluble organic phosphorus . The difference between the

values obtained from the digestion of the filtered samples and the

sn~ub 1e In o rganic phr~~phor~i~ ii ’ considered to be ~~~uble orp-.an ic phosph orus .

Tho di ffe rence between 1 t r ~l phosphorus obtaine l rrom d i res t  Ion of the

--
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I I ~~~ :~~mp1 i n u t  I h I l I t  e inorgani c pil :~~IiI ‘ T ~~I:~ p I u~ ~ I uti le

o ph u I h i  •ru ~ ~~~~~ I I  ~- .:t - n of the tilt. t- .’I  ~ tunp 1 o I ~ -~ i:~ I I , rt~~

to be total sediment pho~ ph ’rus .

A ‘j O—al ‘iU queaI . t t h e  nun penled rie~~ me,it . ( u nf i l te r e d sam p ie)

was p ipetted f ro m samples b s i n ~ constantly stirred to ensure uni form

dispersion . The al i i u t  Was f~1te red through a preweighed 1.0 urn

Nuc 1 eopo re ti 1 te r memb rane , the membrane dri ed , end the mass of sed.t ment

determined by di fference .

Phospho rus Fractionation Scheme

Freeze—dried sediment was fractionated sequentially by: 1) NaOH ,

2) oitrate— dlthion ite-bi cerbonate ( — ~~~), and 3) HC I . The fractionation

procedure used is base- I on -ne- of the five Sc > ~~~ used t y W i l lj a ~~
et a.1.. ( 1911).

Freeze —dried øe Iine n~ (0. 1 g )  was placed in 90—al polyethylene

centri fuge tubes and 50 ml of 0.1 14 sodi um hydroxide added. The tubes

were mi xed for 11 h ou rn  on ‘i rotating mixer, after which the sus pension

was o e , , t r i tu g e d  F r  i ’~ minu t e~ at 21e00 rpm . ~he supe rnetant sol ut ion s

were decanted i nto flasks . if  the extracts were d arkly colored du t0~~~—------—

high organic matter In the sediment , fi ve drops of concentrated sulphuri c

aci-~ vere added to flocculate the organic mat~ ’r. The extracted

i norganic phosphate was determined colori metrically as described in the

ier t i - ,n - r  f t lt e r e h re-~~r tj v~ phosphate .

The sediment residue from the NaOH extraction was washed once

with 50 ml of 1 14 sodium chlori de solution . The sediment was then

sus pended in ~0 ml of 0. 3 14 soli*a citrate and 5 ml of 1 14 sodi um

- - — -~~- .-~~~~---— - --— - -  — - -- .- ~~~~ - - - ~~~ - - -.——~~--~~~~~~- -- - - -
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bicarbonate , and then 1.0 ga of sodi um dithi onite was added. The sus pension

was heated in a water bath at 80—85°c f o r  15 minutes with frequent s tir r ing .

The suspension was cooled and mixed for 5 minutes on a rotating mi xer ,

and then centri fuged for 10 minutes at 2000 rpm . The supe rnatant

solution was decanted.

Zn the determi nation of inorgani c-P after citr at e—bi carbonate—

d.t thionite extraction , there are interfe rences from dithionite , citrate ,

i ron and silicon . Therefore , a s implified and more rapid procedure for

the determination of reductant-aoluble phosphate by a modi fication of

14irphy end Riley ( 1962 ) ascorbic acid develope d by Weaver ( 1971k ) was used .

Excess sodium dithionite in the extract was oxidi zed by bubbling moist

air through the extract over—nigh t , 5 ml aliquots were pipetl ed from the

ai r-oxi di zed extract Into tubes , and 3 ml of’ 5% aitm~on1um molybdate solution

added . Addition of the 5% assnonium molybdate solution ccm*pensates for

the i nterference from citrate . Distilled water was ad ded to mak e

approximately ~i0 ml volume and the “mi xed reagent ” for color development

added and absorbance measured at 730 na after 30 mi nutes . The blank

was made by mi xing 25 ml of 0 .3  N sodi um citrate , 1 ga of sodi um

d.ithioni te , and the mixture diluted to 50 ml .  This solution was oxidized

In the s ame manner for same period of’ t ime , and 5 ml ali~ uot pipetted

Into a 50 ml tube .

The sedi ment rest due from the CDB extractio n was washed once

with 1 14 sodl t.a chloride solution ; 50 .1 of  1 ~ hydrochloric acid was

added and the suspension mixed in a rotating mixer for one hour . The

suspension was centri fuged end the supernatant decanted ; 20 ml aliquot

of the extracts were pi pett ed into 50 ml tubes , neutrali zed with

- ‘  

-
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5 N sodium hy droxide and the phos phate determined eolori metrics lly as

for filtered reactive phosphorus . The residue after HC 1 extraction was

digested with per ehlorie acid as befo re end is termed residual inorganic—P.

Total I’honphorus in Sediment

Total phosphorus n sediment was determined by the follow ing

three methods :

1 .  Per ~ht h r i c  acid
2. Fe rsulphate

~~. Mehta

Pe rch lor ie acid method; Total phosphorus of the sediment was determined

by the method of Sornaers and Nelson (1972) . A 0.l-~~n sample of’ the

f reeze—dried sediment was placed in a digestion tube and digested in

~ ml of perchioric acid at ~~~ for 75 minutes . P~ llov1ng digestion , the

digest was al lowed to c”o l end di luted with distilled water to 50 ml.

The tubes were shaken and left  to stand overnigh t or centri fuged to

remove residues . From the clear eupernatan t solution , 3-m.l aliquots

were pipetted Into 50 ml t ubes , neut ral i zed w i t h  5 ! 
NaOH us ing

p— nitrop heno] as an indicat or.  The al iqu c’t was analyzed f o r  total

phosph orus colorirne tr l cally an described I n the section for ?RP .

Nehta method: Total phosphorus in sediment was determined by the method

of Mehta (195’) . The method was modi fied sl ight ly  in the que.ntit3l of

extr acting rea gents in proportion to the amount of sediment analyzed .

A 0 . 1  ga sampl. of freeze— dried sedi ment was placed in di gestion tub.,

end 5 ml of concentrated hy drochloric acid added , and then heated for

10 minutes at 70°C. An add it lont i 5 ml of concentra ted hydrochloric

- -



• acid was added , *i xed and allowed to stand for one hour. Ten milliliters

or dioti t ied water wut ’ added , mixed , and then centr i1~uj~ed . The clear

supernatant solution was poured into a 50-mi tube , 10 ml of 0.5 
!

sodium hydroxi de was added to the residue , stirred and the suspension

allowed to stand at room temperature for one hour , after which it was

centri fuged. The supernat ant solution was poured into the tube containing

the concentrated hydrochloric acid extract . Twenty milliliter s of 0 .5  
!

sodium hydroxide van added to the residue , stirred and cove re d with  an

inverted 50 ml beaker , and warmed in the oven at 90°C for 8 hours . The

tube was cooled , centri fuged and the supe rnat an t poured into the tube

of HC 1 and NaOH extracts . The volume van made to 50 ml and mixed . Two

10— al aliquots of the mi xed extract were placed In two separate tubes .

The fi rst aliquot was analyzed for t.. t a.1 inorg ani c phosphorus color-

imetrtcall.y as described for FRP . The Becond auiq uot was digested wi th

pe rch iori c acid as described previ ously, then analyzed for inorg anic—P .

The di fference between the digested and nondigested aliquots is organic—P.

Pers uipha te me~~ od: Total phosphorus in sedi ments was deter mined by the

pers u.lphate method described in the Standard Methods for the Exami nation

of Water and Was tewater (1975) .  The procedure was modi fled for the

anlaysis of 0.05 ga of sediment sus pended In water. A 0.05—ga sample of

sediment was placed in a 100—mi volumetric flask and about 60 ml of

distilled water added; 1 ml of sulphuric acid solution ~nd 15 ml of

potassium persuIphate solution were added and the mixture heated for

30 minut ea in an autoclave or pressure cooker at 15— 20 psI . The mixture

was then cooled , made to 100 ml , and an eliquot taken , neutral ~.ed with

~a0H and phosphorus dete rm ined by the procedure described previ ously for FRP . 

-. - -~~-~~ 
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RESULTS MID DISCUSSION

Th. data vas organi zed into the four geographical areas

die cussed previ o~a]y . The complete data set is given in App endix A

for  all parameters measured . S~~~ary statistics by area are given in

Table 2 , and mean and S . D. are presented grap hically in Figure )~ .

Sediment concentrations were signi ficantly higher in the New York samples ,

w it h the western Ohio samples intermediate . Filtered reactive— P was

highes t in the eastern Ohio stre ams although the variation was quite

high. Total P reflected both the high sediment concentration s in New

York streams and high FRP In the eastern Ohio streams . Total sediment—P

is calculated as the difference between total and total filtered—P

d ivided by sediment concentration . Our data show that these values

are overestimated at low sediment concentrations ( Appendix A ) when

compared w i th di rect measurement of total P on sediment . Errors in

the three parameters which are used to calculate total sediment—P may

contribute to this di ff’erenc..

The N OB-P was essential ly the same for Michigan and Ohio

strew and these were i f g n i f i -antly higher than the New York samples .

CDB— P shoved the same trend ; the eastern Ohio str eaz~ had significantly

higher values than western Ohio and 11ev York was agai n lover than the

other three areas . On the other hand , HC 1—P ( apatite ) vu highest in

the New York strea ms ; ap atite— P was lowest of three fractions in the

Oh io and Michigan stre w and highest In the 11ev York tributaries . Sum

of the two fractions that are cons i dered to be avai lable ( IIaOH + CDB )

via highest In the east .rn h i.’i samples , sign i fican t ly higher than

western Oh io and New York . 11ev York was lover than the other th reö are as .
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Total—P determined by perehiori c acid digestion was higher than

that by persul fate dI gestion in all eases . The di fference between the

two methods was highest in Ohio streams .

me sum of inorgani c fractions ( NaOH + CDB + HC 1 + residual )

corres pond quite well to Mehta inor gan ic—P for New York and western Ohio

streams but not for the other two areas . The discrepancy is due to the

Ineomplete data set for Michi gan and eastern Ohio strea ms (becaus e of

limited amount of recovered sediment rather than analytical error) .

Organic—P decreased fr~~~ ves t to eas t , reflecting the organic

matter content of soi ls in the Basin (mo re organic eoi is in Michigan )

and the high sediment transport in the New York streams (organi c—C

content tends to decrease as sediment concentration increases).

1. Bioava.tlable aediment-4’

P’nr the purpi tic r this ~itudy , bioavailabLe— P will be considere d

in two ways : short-term and t- ’t al . The NaOH-P viii be conside re d to

be short—term btoava.i labl e becaus e It is known that this fraction

contain, the most lab I 1 ~ r r exchangeable pErn.phate (Logan and McLean ,

1973) and has been shown by Sagher et 
~~~~

. (1975) to be correlated vi th

algal uptake. ( CDB + llaOH)—P can be considered as a measure of the total

available fraction which is potentially releas able over a long period of

time (yea rs ) . Table 3 expresses btoavsilable-P as a percentage of the

total sediment (perctilor i c acid method) . ~aatern Ohio had the highest

amounts of both fractions ( Table 2) but on a percentage basis they

were the same . The high incidence of poist •ourr,es In these two areas

should be investigated further as a possible relationship with high

bi~ .tvaiisb ie-P.
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TAI~14p: ~. PERC~iIT BIOAVAI LA,141L.I TY OF SEDIMENT-P’

lSaOH—P CDB—P (NaDH + CI~~)—P

• 

- 
Michigan 30.0 1i5.O 75.0

-‘ Western Ohio Iel.9 35.9 77.8

Eastern Ohio 32.8 55.8 88.6

New York l~ .O 28.5
_____________________________

- - ‘ Expressed as percent or total sediment inorgani c - . -

phosphorus .

New York samples were lowest in both Na OH—P and CDB-P and would

be expected to support much less algal growth than the streams to the vest.

On a percentage basis , NaOH-P was lover than other areas . Studies in

Pai l Creek , New York (Porter , 1975 ) used a desorptio n technique to measure

readily available phosphorus and concluded that about ~% of the total

sediment-P was avai lable by this technique .

Actual bi oavai labi lity of sediment —P is strongly dependent on

equilibri~a kinetics : the rate at which sorbed P i~ relea sed when a

demand or sink ( algal uptake ) i. in operation , and the peri od during which

the sediment is positionall.y accessible to the algae. In deep lakes with

signi ficant stratification , as in the eastern , and to a lesser extent ,

the central Lake Erie basin,, sediment may be in contact with algae for

short period, only , during which time )IaOH-P will be moat important .

During anoxia and subsequent lake inversion , P released from the CDB

traction will become signi ficant . Therefore, chemical fractionation data

uat be interpreted in light of ~~‘nami cs of the receiving lake .

_ -~~~ 

_
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~imple moment correlations were run between a l l  parameters and

ThL~lc h give~; thone corrclat I~’,i~ wh ich were si .~ni f1 cant at the 5% level

of probabili ty or better~~ Sedi ment concentration was positively correlated

with total-P (pglml ) and HC1-P , and negatively correlated with NaOH—P,

total sediment—P and organic—P . A closer examinati on of the data set

P ( Appendix A) indicates that many of these relationships are reflecting

the in f lue nce of the New York ~amples , a number of which we re the highest

in sus pen ded solids foun d in the study . The results are , howeve r ,

supported by the work of Porter (1975), Logan (19 78) and Armstrong

et ~l .  (1977 ) who found that , at lover sedi ment concentrations the

sedi ment that is tr an sporte J contai ns more clay and orga nic matter

and is higher in sediment —P. Armstrong et al.. (1977) used a chemi cal

fraetionati~ n scheme to characteri ze suspended sediments form Great

L.akes t r i b u t a ries . They fr ~tc t io nated the se~ii~~~nt into various particle

si ze fractions and 4h owe~ that avai lable sedi ment-P was higher on the finer

textured material .

Both IlaOH—P and CUB— P were correlated with total sediment—P

as expected . Step-wise linear regression correlat ions were run on the

va r iou -  fr act i ~ ri~ iuv i ti.e~e ~r~- given in Table ’ 
~~. None of the equations

had very high B2 values . Howeve r , a few trends were apparent . CDB—P

and ( CDB+N aOH )—P were negative ly related to sediment concentration ,

while K C 1—P was positively correlated. Total fi ltered-F was positively

correlated wi th each fraction except CDB—P , and NaOII —P was positively

correlated with  organic—P. The re lation ship of this fraction with

)rganlc—P is not unexpecte l since N O H  is known to extract organic

Complete correlation matrix is gi ven in Appendi x B .

_ _  - 
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material, although only the In organic—P in the Nathi extract was measured ,

I t  i :~ pnssihle thnt  th e  NaOH may be ext rac t in’  a part of the inorgan ic—P

th at is bound to organic matter or there may be extraction of polyphosphates

with subsequent hydrolysis to inorganic reactive—P .

TABLE 5. ~~~~ LINEAR REGRES2 r~ N EQUATIONS

NaOH-~ — 333.1 tmtal f i l t e red—P + 0.26 organic—P — 0.57
o.6o ~— r + -

a 1.52 residual inorgan ic-~ — O.0 1~ se l ime nt B 2 — 0.39
conc . + 169.2

~i ‘~ — P 0.0 ~ed 1?”~ — - n - ~’r~t r a t l~ ii + ~t~: . filtered B2 0. 56
reactive—P + 2O5 .~ total fi l te red—P - 0.3)

- 0. 2 3 (r ” r ehlo ri c a~- 1d t t r ~1— ~ —
per su lfa te  ac i  i ~ — r )  + ~~~~~

~~~~~~~~~~~ tot al rl lte red—P + 2.’~3 residual H ’ z 0.63
inorganic—P - 0.06 sediment concentra-
tion — 0.5 ~ ii l— P +

.2 .  T~ t aj  3edlment-F’ Analysis

The of the objective s - f  this  study was to compare the pereulfate

method - f  total—P an alysIs with  pereblort e acid di gestion used in soil

sn&lysis. O’Conno r and Syers (1975 ) shoved that when water samples contai n

signi fica nt amounts of rtinerai sedi ment , persulfate di gestion fai ls to

recove r all of the P present. They attr ibuted the di fference between

persu~ fate and the more rigorous perchioric acid digestion to highly

resistant inorgani c—P forms .
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Our data ( Table 2) shoved that per ebloric acid does extract

more P than persulfate in all cases . The difference in sedi ment—P

extr acted was positively correlated with total filtered—P and negatively

correlated wi th HC I —P . Step-vise linear regression gave the followi ng

equation:

Di f f e rence in to ta l —P ~ 517 .9 total fi ltered—P — 0.38 CDB— P — 0.67 HC 1—P
+ 258.2 =

The H 2 was qui te low but confi rmed the negative correlation wi th  BC 1—P .

Evi dently the perchiori c aci d is extra cting some fo rm of P in the samples

from Ohio and Mi chigan not seen in the New York samples and that this form

is not organi c— P or residual inorganic—P since these did not correlate.

3. Extrapolation to Lak e Erie

t~bnitored tributary loads of sediment to Lake Erie in recent

years have shovn that most of the sediment is transported during storm

event.. These sediments are primari ly of surficial  soi l ori gin , with

detrital sedi ment and street litter from urb an runoff of lesser signi ficance.

PLUARG - Task C studies in ~~e Menomonee Ri ver Basin and work by Coven

and Lee (1976 ) in New York and Wisconsin indicate th at urban sediments

have phosphorus ch aracteristics simi lar to those from agricultural areas .

Sedi ment— P bloa vai labi lity as meas u red by chemical extraction ,

bioassay or other techniques reflects , for the most part , native soi l

phosphorus levels in Basin soils and i ts chemical and biological reactivi ty ,

fertili zer phosphorus additions , the degree to vhich sediment i. enriched

in P because of pre ferential clay tranaport , and the adsorption of point

sediments .
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I

CONCL~~I ONS

1. Bioavailable sediment—P as estimated by NaOH extraction was on the

orde r of 3)—~O% of total inorg anic sediment—P for suspended

F sediments in Mi chigan and Ohio. New York sediments were only hal f

as much , about 114 .

2. New ‘fork sediments had the highest content of apstite— P and were

l owest in total-P.

3. Per sul fate gave lover total sediment—P values than perchlori c acid
S

in .11 cases this diffe rence was negatively correlated with apatite—P

but was not cor related with organic-P or residual inorganic—P .

_ - 
_
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