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Summary

This paper examines the quest ion of trace metal variations in seawater and
phytoplankton activity. Calculations of the rates of metal removal by
pl~toplankton are made for the open ocean and coastal waters. The restQts
suggest that present day surveys of trace metals in seawater, with their
inherent deficiencies regarding sampling and analyses, have little hope
of relating trace metal levels in seawater to phytoplankton activity.

Introduction

Most publications dealing with trace metal stu1ies in marine systems
inevitably refer to the importance of phytoplankton in the cycling of metals
in the sea. Many trace metals in marine waters are known to be concentrated
by phytoplankton (Riley and Roth, 1971) and one might assume that this
mechanism could represent a significant removal of metal from sea water.
Surprisingly few attempts have been made however to estimate this uptake
and when attempts have been made they have invariably been based on a
single element for a particular area of the sea (Chow and Patterson, 1966
(lead) and Spencer and Brewer, 1969 (copper». Attempts have also been
made to relate trace metal levels in sea water directly with phytoplankton
activity but these have met with little success (Menzel and Spaeth, 1962
(iron) and Alexander and Corcoran, 1965 (copper». Despite this lack of
success some workers in this field (Dutton et al., 1974) continue to refer"
to the possibility of phytoplankton affecting the spatial distribution of
metals in the sea. Considering the amount of work presently devoted to
trace metal studies in relation to pollution and food chain studies the
subject of trace metals and phytoplankton activity deserves further study.

Under what conditions would there be significant removal of trace metals
from sea water by phytoplankton? Can present-day surveys, concerned with
trace metal distribution in the sea, possibly hope" to relate differences
in trace meta! content of sea water to phytoplankton or are the differences
observed largely dependent on other factors (i.e. sampling, inputs or
other loss mechanisms). This paper examines these questions by calculating
the removal of metal" from sea water by phytoplan~~o~ under trle wide range
of conditions observed in the sea. Use is made of existing data on trace
metal levels in" sea water, concentration factors for phJ~oplenkton and
the relevant primary productivity and hydrographie data. In keeping with
trace metal studies conducted by this laboratory these calculations will be
confined to the toxie heavy metals copper, cadmium and leado

Data used in cal~ulations

Concentration factors for marine phytop~1kton

Concentration factors (GoF.) are defined as the ratio of the element in or
associated with an organism to the concentration in the medium under
equilibrium conditionso
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C F
= Concentrntion of metal in plankto~ (lug/gm dry wt)

Concentration of metal in sea water (/ug/~

."

2 P x CF x M
103

Laboratory experiments have indicated that the accumulation of rnetal by
plankton is largely dictated by surface adsorption and ion exchange processes
(Glooschenko, 1969 and GutIDlecht, 1964). Field measurements of metals in
phytoplankton are therefore made difficult by the presence of detritus
which also accumulates metals und which may be collected in the same
sampling net. Recent studies by Riley and Roth (1971) in which they
compared levels of metals in cultured phytoplankton and phytoplankton
collected from the Irish Sea showed that the latter plankton bad an
enormously high value of lead which they associated with inorganic suspended
material collected in the plqnkton haul. The most reliable information
on the uptake of metals by phytoplankton is usually derived from the use of
radioisotopes and

4
a recent review by Rice et al. (1973) gives concentration

factors of 3 x 10 for copper, 4 x 104 for lead and 1 x 104 for cadmium.

Primary Production

The world's seas may be subdivided into three distinct areas with regard
to pri~ary productivity; these are the open oceans, coastal waters areas,
and the upwelling zones. Ryther (1969) has given the mean primary
productivity (gm C/m2/yr) for these areas as 50, 100 and 300 respectively.
The high production at a given position in an upwelling Z0ne results from
the continual (or sporadic) movement of upwelled water offshore. The
production in any parcel of moving water may be no higher than that of ~he

water in a coastal·area. Because of this fa~t subsequent treatment of
metal removal by phytoplmlkton in this paper will be confined to the two
general areas krlown as the open ocean and the coastal zones.

Strickland (1965) has suggested that the depth of the euphotic zones for
the open oceans and coastal water areas are 100 and 10 rp.spectively. By
combining these data and assuming a uniform production over the year for
both areas it is possible to calculate the production of plant life per unit
volume of water in a known water column. The relevant data for concentration
factors may then be used to assess the %removal of any one metal from this
volume of water.

Trace Metal Values for Sea Water

Naturally occurring concentrations of trace metals·in the sea are still not
weIl defined despite the large amount of work done. to date in this. field.
The most recent survey concerned with the trace metal levels in st~face

waters in the Atlantic and Indian Oceans (Chester and Staner, 1974) has
gone a long way to establish baseline levels in coastal waters and open
ocean areas. Average vulues for copper and cadmium in these two regions
are 0.9 and 0.8 j ug .Cu/litre and 0.09 and 0.07 Lug Cdllitre respectively and
average values Tor lead have been quoted by Chow and Patterson (1966) as
0.03 and 0.07/ug/litre.

Calculation of metal removal from sea water by phytoplankton

Let primary productivity (gC/m2/yr) = P (1 gm C=2 gm dry wt)

metal level in sea water (ug/litre) = M

concentration factor = CF
2•• Metal accumulated by phytoplaw{ton/m Iyr =

2 3Amount of metal in a water column 1 m and of reight H metres = MH 10 lug

% of metal taken up by phytoplankton from =
this water column in one "jrear

2

2 P x CF
0

4
H.1 •



-- --~

.~,
Concentrntion of metal in plankton ( ug/f7-l1?-rY:J~v~).~!":::':J~.::•.tdr:I 'CF=_...".. ~-----'--,__,~~-

Concentrntion of metal in sen watcr jU
~. ~~ .. \_:" \'::-- 0 i/. 0

,- ' •. ; ........ ') ...... ,. • t., :.r;:
" Lhborntory' cXperiments have indicnted tlnt the nccumulntion of notal by
plankton is lnrgely dictuted by surface ndsorption end ion cxchangc processcs
(Glooschenko, 1969 und Gutknecht, 1964). Field mcasuremcnts of metals in
phytoplankton. ure:therefore. made ;_~iff~~,l:l~ t;?Yi.~h?~ p:.:~~n?.?!~r.~ ~etritus
which also nccumulutes metals und which mny be collected ~n thc same
snrnpling net. Recent studies by RileYjund Roth (1971) in which they
compared levels of metals in cultured-phytoplankton und phytoplankton
collected from the Irish Seu showed.thnt the Intter plunkton bad an
enorn.ously high value of load which"thcy ·ussociuted with inorgnnic suspended
muterial collccted in:.,the,.plD,nkton huul .... ,The ,most .relinble informntion
on the uptoke of metals by phyt'opiiizikton"-ts"iisually'derived from thc use of
rndioisotopes nnd

4
n recent review by Rice et 0.1. (1973) gives concentration

fnctors of 3 x 10 for copper, 4 x 104 for lend und 1 x 104 for cndrni~.__ ,.',
. - ~" . I:'.... .l-.-.._. _

Primnry Production··,·\(··.~.·,.·. I,," .'~ .. ~ •... ,' '}"" f:'}'; . •• •.
_ _. ,.JJ _ • •• 1 'v.J" ....... • "'>.ti .':"_·..J0~':l:? :):t.~ ::;);:':'::-:':':t ':", ·:~\·~."r~ :;.!.~:.r::!

~.:J J.:./1::.;:"-; .[:)j~:,:~ '!'=' .. ~.~.:t;~'.: :.:-!j 1c :~.~C'_7-:;,•. ir:~r.l'J ... 'c· .. :'-4·1 ,. r'~+-'.··:f""~·,)~",rl",,,

The :":,:"orld' s' sens,~ay. be .subdivided;into r:t~.c~,•.<!is.~i?c~:,O:#~u.~: wi.~.~ :re'g~:d:::;~
to pr~mnry..product~vity; ;these :arer.the. open.oceuns,. cotlstnl,waters .nrens,~.: .
und the; upwclling '.zones., "Ryther J.(19,69) ..1iÄs. giv~!f;th~·~c6.n:~~~märY: '" I ,~.; .. ~:. ~; r;~~
productivitY.:.(Gtl:C/rn~/yr);:for these"arens us 50, \,100 und:300 re'ci'pc'ctively;
The high production D-t a given position-in.' an 'üpwelling-z')ne"rcsults'from L~.
the c0r.tinual (or sporndic) movcrnent of upwelled watcr offshorc.,.);T.h~.r.,.._- .. 'r

production in nny parcel of movinl3 w~tcr no.y be no higher thnn that':-of-the-
wntcr in. a.co.D-stnl·,uren,; ~ Becnu~elof,;;t,his:.~~c~;sub(j.~,q,:~~t.~::.e~t.~.:n~IJ?f. ~,::::r

'metnl' rcmo.val·~by, phytoplankton!l;n ;;t}~:l:s'lpap~:t:J:"!'J::l;l ~~e. ?~n~J.:n:.~ 'l~C: t.~:: ~wo,.. ',i:
;general: aroas, knovm-.as:the;.open:oceun!ond the. coastal.zones•. '., :., ,.~;.\ _. '.

_.(,._ ~",..! .. I"'\pr, ~ p .. ,:. • _ ' ( ~ ,. _·-P."'·_ ·_~··· ~ .. \. j ~ •. " • ..1 ;1'...L.
;._.1 ... .,J.~ ..., .. n,t.J ,~~ ~ ~ .• 1"1 ~;: • .;) J;:r., t\"1 ,:l~*CJ~ f~{~(· ,.,.)r',':1\ '-".J::{- .• r,...".,u'., "'NP

Stricklnnd(1965) ·:htls~suggested..that;;tho :depth of the','öuphot'ic: zoneS' :·fo~., ..~
• -_ ", ~_~ I'.~":",, .1:;)(' .

theopen!oceuns:nnd:coastnl·,wntcr.:nrcD-s urej100.and ..10 r':lspect~vcly•. ;By. ;,:,
- .. •• . - ...... -, ..•. #..... ... ..... \ _ .... f'#~(A

cOI:lbining:.these~dntu :und. assuming,:n~uniform.productionover ..the ..yEmr, forZ ..
both~nreus ~it .1is :;possible-..to~ calculate Y~he~.:productiön·of'plant';iife:'per_ünit
volumo:.ofewnterdn n::known·\\'lD-ter.:.colur.m.;"'~Thercievant.datä:förr·c·oncenträtion
factors 'mny ..then~be used:to:assess 'the' %;reino~nl Of'-!uny.'-one:mctUl·'fro6"this

... . • - .- • •• - .. - - - .. _'. ... _- ••• ..J ..#.., ". _...J. ~'... ........ ..•
voIUtle·of,;water.r::r~ .L;.1n~,:~) ~.::"!~~;!;', "1.1'jl r ·;.:ti;, j~'" .':l\" 'r ~:t "r' '''JJ'':-'''' .

".,... r ; ,:t ~ ..,. ,-; ".' _ ) ;:'..",,: --- -.. ' \ .-. .,) to·· .. J., ". • _ ~: .
. ~ •• ,-._-,', .,w!""'.·.... ) .... \\ ) J.",!Vo (.... ~, ... r .r:~ :(;~-:::' :J J':~~-; 'l~)!.;l~.:·,i~·.).r::.. t.:~· (~v"I.r)

Trace,Metal:'Vnlues for~Sen,Water ~':';Jl;:;') i·r"l'. "l.',!-'! .• ~ ....... ..,: •.,.,. )""" _~, __ ,._,
~ .. ~ .... '''' .a .. J ...... '" • .,.10"_ .......... ..1..,,; ....... _ .. , J ........ ~.,

.:" :;.~r.:..,!; f.:"'fJ·;2!J ':J-:l:..:.-=..-;~ '.,,;!:: .. :;'::';:°.11 ~ ~~c"'''';''t_ •• r''~'''''','''lr('t "'0 .... ;..l.,.~.r;. '-.. --'" ...'\r:'" .. ...1
• ~ '. ....." ." ." ........ ..4 ...... '-' ",a,. l .,,"J.... _.;.J .J.c. ...... j .... l.:"

No.turally':occurrJ.ng;concentrnt~ons~of-:trncemetals;in~the sea are still.not
weIl, defincd:despiteJthe.large nmountr.of work,.done: to.dnt~j-iri!tli:i.s:;ffeld::"~
The 'rnost;recent survey concerned· with 'the.trace ·metÖJ.~level·s·~in.süfflice~:,"v
waters in the Atlantic und Indi~ OceMS (Chester und~Stcncr~'-1974) hruF:. r;:;
gone ~a' long· wuy to establish:baseline 1levels : in coastnl~wntcrs, und. open I. ~~.

. • ...... - ... _.- '''- -'.-"- ...... )#-.. .. ~

occun .·nreus.:;..~Average;vnlues for. copper: und.'.cadmiUI:l,in. these .t\olO. regions ,:,,\
aro :0.9) und ~ 0.8 jug':,Cu/litr?; und: 0.09) und· O. 07.~." ug. Cd/litr.c; r,~.~pecti velY~~§:i
nverage~vnlues:1'or...ileud:huve;.becn- quoted~ by ;.Ch~\'l nnd Pntterson. (1966), as .. ~
0.03 and O~O'7./ug/litre :~ .·J~l j ;::-;d-:-.:1 ':0':~'O 1'("\ ·~'J·,·.r,~~,~-,~~-:·r~::,.:r ~':,~~: ..:;:
....... ' ... r ...... -."' .. ,. ........ ,...... _.'.' ...." ,.. ...... ~••. l·· ~~ ~ ....... .,-.'--.~
.. I.I...,,,.._ • ...JJ ,-j \.,.,1 .! •• .J.!....J .. ~ •• ~; ~~:.., •• L;• .! :.' '1..::;~.. ~;(.J "1:)."1.:.. :1 :-.;;r~\ .(r.~ ! , "",. h·c"lt.)

Calculation'ofl metal, removal· fromsea· "mter ..by- phyJ:oplimktori -i;h. r;.:;~~:,.~·'~·~!;
.,,....-.,. I , ..:,.' ........ :._1 , \ ''"'''\ ,.~.,. ...... ;. -_"" r•• f .. • •
... ""' ~ ",1 .~1.__ •• ' J lJ;.·2 .:..,,_ ·J .. ~lJ .r"_.;""? ,', o.J Hf' .·0··..,."·,,,,.., _." , · .. r, ..r:l ".~(.

Lot 'primary'productiyity. (gC/rn /yrL?_ P".(1;{;ni':b=,2:;~~ß~Y~~~~?: ";~i;j:~·:·:t; d':;~
.:U~·m~t;,1Jie~ci: in"s~O:: wD.t~r"(ij'~ü~cr ,,;:~i ...l:::";j~c·;~ '':~J;·;·i-11 :.!:-';':-:,..[-:''l. t';:J

.... r .. / 'J •.• .>J.J.., " ... , , J". ,,_. _ •. 1) "J' •. 'r' (" ...
•• ' _._ , - "'J .. .. ~ -.J J"; ••• -J \,. ~ . .:.~ ... ,."'..j.., "4_11 ~....' L~J~:):J.tJ::C,;:.J n~;: .. ;;:;~~ . ~~·~;.1 1;:)~:--:'oJ

conccntrntion,.fnctor..,=..-:.CF. r"J,~'i ,:) .. r .. ;;, .., ·r•• ~·,. -i~"'''''· 'j ~.~ fJ· ...r.··." .... . . " -2'" -,. '2'P'~'CF';c'H" -- "" ..:~-,
••• Hetal uccumulated by phytoplunkton/r.'l /yr = :"'.,:~10~ ~C..;~ r.-,~ ~~f LX'I" : :.-.<r-----_._----_ ...~ ...-.

Amount of r.'letal in a WD-~C~~~~o~.~..,;~~~:...c::~.~:s1~igh~~~.~~.:f::e,s.=}1~~~~/Ug

.. l~% _~f.,metal:token,u~ Iby phytoplankton fr.om (='{.G) ~~~.::. 2 P. x' CF'~'!J:~:;::'L::'~
th~s .wo.ter. coluun ~n oneyenr. ,~::r:, "':I;.' c'; ::-,j,;r.':',':::l' :~.:104H\l L:.:iJ~.:~:-0'.';'~

2



N.B. Metal concentration M is not really necessary in this calculation.

Using the above equation and the relevant data for P, CF and H,
calculations were made of the daily, monthly and yearly rate of metal
removal from sea water for the two areas in quest ion. The results of
these calculations are presented in Table 1.

Results and Discussion

(a) Removal of metal from sea water

Open Ocean

The annual removal of these metals from the upper layers of the ocean by
phytoplankton assimilation is extremely small. In. terms of the entire
water column of the ocean, which averages 3,800 m (Riley and Chester,
1972) these amounts of metal represent<0.1% of the entire water column1s
content of oetals.

Coastal Waters

Assuming an average water depth of 50 m for coastal waters the %removal
of metal annually by phytoplankton assimilation ranges from 4% for
Cadmium to 16% for Lead. In an area like the North S~a (average depth
of 50 m) this fraction of the metal removed by plankton could scarcely
account for the fluctuations in trace meta! content of sea water observed
between winter and summer.

(b) Trace metal variations in relation to phytoplankton activit~

Trace metal intercalibration exercises for sea \~ter sampIes have indicated
that most analytical techniques have coefficients of variation of ~10%.
In one exercise (Brewer and Spencer, 1970) the coefficients of variations
for these three metals for a number of laboratories were observed to fall
in the ranges, 24% - 7~~ for cadmium, 1% - 34% for copper and 2% - 36% for
lead. The mean coefficients for copper and lead were given as 20.4% and
29.2% respectively. It should be borne in mind however that these
figures do not include an error associated with the nampling part of any
trace metal programnle as they were based on the analysis of a subsampIe of
sea water collected in a large sampling container. The coefficients of
variations obtained by laboratories with kno~m expertise however are usually
lower than these mean values and fall in the range 10% - 15%. The error
associated with sampling has rarely been quantified but for the sake of
discussion an additional error of 10%, for this part of any trace metal
study, would not be too unrealistic.

Bearing the above data in mind a preliminary examination of the results
in Table 1 would indicate that the daily removal of metals by
phytoplankton from the open ocean and coastal waters would not be detected
by the differences in the trace metal levels in sea water from day to
day. Likewise monthly observations on water collected from these areas
would show little difference from month to month. In terms of the annual
variations, or winter and summer observations, the coastal waters area is
the one area in which differences could be observed. This assessment is
based on the assumption that the water in these areas does not interact
in any way with either Ca) surface water which has not been exposed to
phytoplankton activity 01' (b) water below the euphotic zone which has
been brought up to the surface by vertical mixing. Either of these
mechanisms will cause an apparent reduction in the % of metal removed by
the phytoplankton, e.g. if the bottom w ters in the North Sea should

3



-.
\

.) N.B. l1etal concentration M is not really necessary in this calculation•

Coastal \J/aters .·~~.i·."l:J~·.~

AssUming an average water depth of 50 m for coastal waters the %removal
of metal annually by phytoplankton assimilation ranges from 4% for
Cadmium to 16% for Lead. In an area like the North Sr-a (average depth
of 50 m) this fraction of thc metnl rcmoved by plankton could scarcely
account for thc fluctuntions in trace met~' content of sea wuter observed
between winter and summer.

(b) Trace mebal variations in relation to phytoplankton nctivitl

Trace metal intercalibration cxcrcises for sea water samples have indicatcd
that most analytical tec11niques have coefficients of variation of {1~6.
In one exercise (Brewer and Spencer, 1970) the coefficients of variations
for these three metals for a number of laboratories were observed to fall
in the ranges, 24% - 79% for cadmium, 1% - 34% for copper und 2% - 36% for
lead. The mean coefficients for copper und lead were given as 20.4% und
29.2% respcctively. It should be borne in mind however that these
figures do not include un crror associatcd with the sampling part of any
tracc metal progrnmme as they were based on the analysis of a subsample of
sea water collected in a largo sampling container. The coefficients of
variations obtnined by laboratories with knovrn expertise howcvcr are usually
lower than these r.lCan values und fall in the range 10't6 ..;, 15%. The error
associated with sumpling has rarely been quantified but for thc sake of
discussion an additional error of 10%, for this part of any tracc metal
study, would not be too unrealistic.

Bearing thc above data in mind a preliminary examination of the results
in Table 1 would indicate that the daily removal of metals by
phytoplankton from the open ocean und coastal waters would not be detected
by the differences,in the trace metal levels in sea water from day to
day. Likewisc monthly observations on water collected from these arcas
would show little difference 'from month to month. In terms of the annual
variations, or winter und summer observations, tho coastal wnters area is
the one area in which differences could,be observed. This assessment is
bnsed on the assumption that the wnter in these arens does not interact
in any way with eithcr (a)surface wntcr which has not been cxposed to
phytoplroUtton nctivity or (b) water below t11e euphotic zone which r~s
been brought up to the surface by vertical mixing. Either of these
mechanisms will cause an apparent reduction in the %of metal removed by
the phytoplankton, e.g. if the bottom waters in the North Sea should
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completely mix with the upper 10 m of water then the figures for %removal
of metal by phytoplankton would be reduced by a factor of 5 to give 4% far
cadmium, 12% for copper and 16% for lead.' Under these conditions the
analysis pf sea water for trace metals at the beginning and end of the
spring bloom would not reveal any significant changes in trace metal
content because of the errors involved in analysis.

One may conclude from these calculations and observations that present~day

surveys of trace metals in sea water, with their inherent deficiencies
regarding sampling and analysis, have little hope of relating trace metal
levels to phytoplankton activity in the open sea. In theory the coastal
water programmes appear a little more hopeful on the basis of winter and
summer observations, providing that one can time onels programmes to
start at the beginning of the spring bloom and end just before winter
overturn, and that vertical mixing is ignored. In practice, however, the
problems of contamination during sampling, deficiencies in analyses and
inputs from the atmosphere and runoff (Topping, 1974) will probably be
large enough to camouflage any changes in levels caused'by phytoplankton
activity.

4



• References

Alexander, J.E. and
Corcoran, E.F.

Anon.

Brewer, P.G. and
Spencer, D."'.

Chester, R. and
Stoner, J.H.

Chow, T.J. and
Patterson, C.C.

Dutton, J.\V.R.,
Jefferies, D.F.,
Folkard, A.R. and
Jones, P.G.W.

Glooschenko, W.A.

Gutknecht, J.W.

Menzel, D.W. and
Spaeth, J.P.

Rice, H.V.,
Leighty, D.A. and
McLeod, G.C.

Riley, J.P. and
Chester, R.

Riley, J.P. and
Roth, I.

Ryther, J .H.

Spencer, D.W. and
Brewer, P.G.

Strickland, J.D.H.

1971

1970

1974

1966

1973

1964

1962

1973

1972

1971

1969

The distribution of copper in trop:tcal
sea water. Limnol. Oceanogr., ~, 236-242.

Marine Environmental Quality. Suggested
Research Prograro~e for understanding Man's
Effects on the Oceans, NAS-NRC.
Ocean Affairs Board. Aug. 1971.

Trace Element intercalibration Study.
Technical Report Ref. 70-62, 63 pp.
(Unpublished manuscript)

The distribution of zinc, nickel, manganese,
cadmium, copper and iron in some surface
waters from the World Ocean. Marine
Chemistry ~, 17-32.

Concentration profiles of barium and lead
in Atlantic waters off Bermuda. Earth
Planet. Sci. Lett 1, 397-400.

Trace Metals in the North Sea (1973).
Mar. PoIl. Bull. ~(a) 135-138.

AccumQ~ation of 203Hg by a marine
diatom Chaetoceros costatum.
J. Physiol., Land. ~, 224-226.

Uptake, retention and loss of zinc-65
and caesium-137 by littoral algae.
Thesis, University of North Carolina,
Chapel Hill, 1964.

Occurrence of iron in the Sargasso Sea
off Bermuda. Limnol. Oceanogr., Z, 155-158.

The effects of some trace metals on
marine phytoplankton. Critical Review in
Microbiology 2(1), 27-49.

Introduction to Marine Chemistry, 465 pp.
Academic Press, London.

The distribution of trace elements in
some species of phytoplankton grown in
culture. J. Mar. Biol. Assoc. U.K•
.21, 63-72.

Photosynthesis and Fish Production in thc
Sea (1969). Science, ~, 72-76.

The distribution of copper, zinc and nickel
in sea water of the Gulf of Maine and the
Sargasso Sea. Geochim Cosmochim. Acta,
.l~, 325-339.

Production of Organic Matter in the Primary
stages of the Marine Food Chain. In
"Chemical Oceanography" (J.P. Riley and
G. Skerrow, eds.) Vol.1, pp 477-595.
Acad. Press, London.

5



Topping, G. 1974 The atmospheric input of some heavy
- metals to the Firth of Clyde and its
relation to other inputs.
ICES/C.M. 1974/E32.

6

•



•

Table 1

%Uptake of metal from sea water by Phytoplankton

OPEN OCEAN ... COASTAL WATERS **
2 100m)

2
Metal (Water Column 1m x (Water Column 1m x 1Crn)

Daily Monthly Annually Daily Monthly Annually

Cadmium 0.003 0.08 1 0.05 1.7 20

Copper 0.008 0.25 3 0.16 5.0 60

Lead 0.01 C.33 4 0.22 6.7 80

... Based on annual production rate of 50gC/m
2
/yr and euphotic zone of 0-100m

** Based on annual production rate of 100gC/m2/yr and euphotic zone of 0~10m


