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Summary

This report deseribes the analytieal and sampling procedure used in this
investigation together ~~th a summarY,of the results for the metals copper,
cadmium7 lead and zine. An attempt is also made to assess the impact of this
input on the hcavy metal concentrations in sea water. The results suggest that
the atmospheric input of heavy metals to the Firth of Clyde is a significant
fraction of the total input and that i t could significantly affect the level
of metals in surfaee waters.

Introduction

The introduction of trace metals to the marine environment may oceur
through a number of pathways (i) riv&rs (ii) direct injection from outfalls
or dumpings and (iti) atmospherie fallout. Reeent studiC5 (l:l..nön, 1972) have
suggested that the atmospherie fallout might weIl represent a signifieant
portion of the total input and comparisons have been made for river and
atmospheric transport (P..non 1971). The data in Table 1 taken fram this
latter publieation eompares mining production of heavy metals with an assess
ment of river 'liransport and atmospherie washout. Chow and Patterson (1966)
have in fact elaimed that the lead values of surface oeean waters have
dramatically inereased as a result of the "rainout" of man introduced lead
from the atmosphere 7 primarily derived from petroleum produets.

Although eonslderable work has been done on the measurement of airborne
partieulate and the associated heavy metals (review reeently by Riee et al,
1973) 'few field studies have been set up to study the actual transfer of
this material to the sea surface. In view of the importance of this pathway
as a possible souree of heavy metals the Marine Labaratory, Aberdeen, has
ineluded measurements of this type in its heavy metal studies in the Firth
of Clyde. In conjunction with AER.E7 Harwell an atmospheric sampling station
was erected on the Isle of Arran to assess monthly input to this area. Tlus
station formed part of a network of 7 stations which were established to
examine the concentration and deposition of 30 trace elements in the UK.
This report describes the basic equipment used in this'study together with a
summary of selected heavy metals (zinc 7 copper, cadmium and lead). An
attempt is also made to assess the impact of,this input on the heavy metal
concentrations in sea water and eomparison is made with other inputs of
heavy metals.
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Sampli~ and Analys es

The sampling station was located on the southern tip of Arran near lhe
eoastguard station at Kildonan (Fig. 1). The equipment used in 'this type of
programme together vdth subsequent analytieal procedure has been deseribed in
detail elsewhere (Cawse and Pearson, 1972). The overall proeedure was briefly
as folIows:

SampIes of dry and wet deposition (rain vlater) together with airborne
partieulate were collected at monthly ~ntervals during the period June 1972 
~ay 1973. The equipment used in this work consisted of

(a) a pump that draws air (SOm3/week) through a filter paper (vVhatman 4D,
6 cm diameter) in order to collect airborne dust near ground level. The
inlet faces downwards to avoid intake of rain and is capable of eollecting
particles of ~150/um.

(b) a polythene bottle, enclosed in a black plastic bag to inhibit the growth
of algae, and funnel to collect rain water. The funnel was protected by a
tery~ene mesh to prevent inseets from entering the eollection bottle.

(e) a pad of filter paper, mounted herizontally under a shelter, to collect
dry deposition.

These sampIes were forwarded monthly to AERE, Halwell, England where
they were examined for some 30 trace elements principally by the method of
instrumental neutron activation analysis. Atomie absorption and x-ray
fluoreseence techniques were also used. By eombining these results with
details of r~infall and 'washout' factors it was possible to produce monthly
profiles of airborne particulate levels and wet and dry deposition far
these elements.

Results

Limited space prevents full tabulation of all the results obtained in
this exercise. The disucussion will be confined to the four heavy metals
prevlously mentioned. It is hoped that ~ more detailed tabula~ion and
discussion of these results together with those from the other 6 stations
in the UK network will be published shortly (Carnbrey, Jefferies and ~opping,

in preparation).

The monthly deposition data (pg/cm
2

) for these four metals togetr.er
with rainfall data ~mm) are presented in Table 2. The following general
observations may be made on t~ data,

1. monthly deposition rates vary by at least one order of magnitude far all
four metals.

2. although highest deposition rates for all metals are found in the periods
of heavy rainfall (Dec. 72 - Feb 73) there appears little correlation be~veen
input and the amount of rainfall/month. ~

3. the soluble fraction of the deposition represents the major fraction of
this deposition.

Using the data in Table 1 it is possible to estimate the annual amount
of metal deposited at the sea surface, pravided ane corrects for the lower
rainfall observed over the sea surfaee. On average the rainfall over the sea
is considered to be 5~b of the rainfall observed on the adjacent land.
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(R S CambreY'ipersonal communication). On this basis the daily and annual
~nputs 0ug/cm ) of these metals to the sea surface have been calculated and
are presented in Table.3, where comparison has been made ~o the amount of
metal in varying columns (O.01m, 1m, 10m ane. 55m) of 1 cm cross section,
the latter depth corresponds to the mean depth of the Clyde Sea. The assum~tion

made in this eomparison that there is no metal gradient in the water column
is not strietly true but for the purposes of this ealculation the metal
coneentratation has been assumed to be uniform over the entire water column.
The data in Table 3 would suggest that the atmosphere input to the upper 10m
of the sea surfaee eould signifieantly affeet the level of metal in this water
column and tha·t· in the short term «1 week) the level of metal observet'l in
the upper layers of the sea might weIl refleet the fluetuating atmospheric
input. More detailed information on the distribution of metals in the .upper
layers of the sea is required before we can measure the real effects of this
input on trace metal levels.

Comparison of inputs of Metals

To the best of our knowledge the main inputs of heavy metals to the
Clydc Sea are (i) Brackish water outfiow from the main shipping channel
(ii) Sewa~e sludge deposits at Garroehhead (iii) Run off from the Ayrshire
coast (iv) Input from the lrish Sea ~- the estuarine eompensating flow and
(v) Atmospherie input.

The amounts of heavy metals assoeiated with (i) a.d (iii) have recently
been the subject of investigation by workers at the Clyde River Purifieation
Board. Aeeording to this souree (T Leatherland, personal communieation)
there are substantial amounts of some heavy metals discharged annuallly from
these sourcesj the annual amounts of copper, zine, lead and cadmium are shown
in Table 4.

The ~nnual input of metals from sewage sludgA dumping, currently running
at 1 x 10 tons, ean be assessed from some recent sewage sludge analyses
(MCKay and Topping, 1970). These data are alto presented in Table 4.

The compensating estuarine inflow for the Clyde Sea is thoug~to eonsist
partly of water from the Irish Sea and enters this area along the eastern
part of the Firth (Steele ~~, 1973). Previous surveys ooncerned with
the distribution of selected metals in sea water (Freston ~~, 1972) have
shown that the metal levels in sea water from the lrish Sea, in partieular
from the eastern eoastline, are higher than levels found in the main body
of 'iest Coast waters. The retention time cf the inflow water may be
sufficiently 20ng enough to allow this water to give up this excess me~al load
to the Clyde before leaving this area in the southerly surface outflow. In
this oase this inflow would represent a net inflow of metals and should be
considered in any eomparison of inputs. The volume of this inflow water
i5 presently the subjeet of some debate and should be resolved quite soon.
Most workers agree on the range of values .for t~inflo~ .and fqr the sake of
this comparison the minimum and maximum (60 x 10 and 366 x 106 m3/day
respeetively) have been used. The exeess metal load has been computed by
taking these flow rates and multiplying by the differenee between the mean
sea water values for the lrish Sea and the lestern Approaches. Freston~~
(1972) refers to these areas as Area 3 and 4 respeetively. These data are
presented in Table 4.

Assuming that the fallout data on the Isle of Arran can be applied to the
whele cf the sea area surrounding it (see Fig. 1) it 1s possible to calculate
the annual input of metals from the atmosphere to the relevant sea2surface.
The data presented in Table 4 is based on an area of 2.59 x 103 km plus an
annu~l ra~nfall of 55% of that observed at Arran.

The results of this study indicate that although much more information is
needed on all inputs of heavy metals to the Clyde the atmospherie input appears
to be of major importance.
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these sourcesj the'annua1camounts'lof copper, zinc,' lead and cad:nium are shown
. in Table 4. - .

..... _ •• ("~"':'~I)=,,, 11··~".~~J, ",rr'~ ·4al· ... "·'~t' r·-ett " (i .
_ ... '._. ..... ~:.•-,r{ ,;,r\.l p~ :.--._". ,-" •• ~: ••• ' ~,,,,,,,.l. -~'''., ,J..i t~'Jl"I~·.tl~t, .~~ :.r:,C.'~0I;(,.'t":!

.• '.:::.T~~:gz:n~~!:~~p~~:J ~f·· me~als:; fro~ s ewage sludgp. ~ dumpi~~h,curr~ntlyC~?ß1
at~ 1 :?5!~q, J to~;:caX:-"be assessed,:f~om some recent sewagesludge ana~~.e~:J.r';Jj':;
(UcKay and Toppi.ng;'.:1970) .1!~~These.data are alco presented in Table 4~

.~'-~"-\:~ :[ t.~"~J~[')·:r

,_ ~ The compensating estüärine inf'low forthe Clyde Sea is thouglt to consist
partlY of,'water"f'rom the"'.Irish~Sea.-.änd enters,".this area .along•.the)eastern "", ",:
po.rt: oi',thii'Firth' (~teele~.21~!!11~·1973). Previous. surveys oonc'erned'with~:";::~
the distrib~tio'n;or· selooted' metals: in sea water (Preston et al, 1972) ho.ve'"

I '. "shown ,that the metal levels in sea v;ater f'rom the Irish Sea" in particUlur
-'.: ~rom :the·'.e,~~,t':lrz.i1co~stline~;~I:~" hiß1:er. than ·levels found..in:,.the} ma~n :t>o,dY:cl)')": G

. o~ West Coa~tl Vlaters';I,~ The':rotenti~·time cf the. ~nf';tow~w.ater.m?-y';~e~ll(;1'~:d.' r.
suffieiently long enough to allow this'water to ~ve up ;this..excess .me't;allo9.d
tri the Clyde before leamg this area iri the southerly surface outflow;:'~-In
this ease this inflow would represent a not iIrl'low of metals und should be

. cOnS1dered in any comparison 01' inputs~ The volume 01' this iIlflow water
is presently the subject 01' somedebate ari.d sheUld be resolved quite soon.
Nest workors agree on the. runge of values ,1'07 t~inf'low and.i'qr the sake of
this comparison the minimum and maximum (60 x.10 ,and 366 x 106 m3/day, ,
respectively) have been used. The excess metal,load has been computed by
taking these flon rates and multiplying by the diff'erence betweenthe mean
sea water values for the Irish Sea and the Western Approaches; Pre5ton~~
(1972) refers to these areas as Area 3 and 4 respectively~ These data are
preserited in Table 4.

Assuming that the faliout data on the Isie of, Arrun can be applied to the
whole of the sea. area' surround.ing it (see Fig. 1) it is possible to calculate
the annual input of.IJetala from the atmosphere ,to the relevant sea2surface.
The data presented in Table 4 is based on an area of 2;59 x 103 Y.m plus an
annual rm.n:ro.lJ. of 55% of' that observed at Arrun~

The results of tms study 'indicate that although much more information is .
needed on all inputs 01' heavy metuls to the Clyde the atciospherio input appoc,rs
to be of' major importance.
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Table 1

World Heavy Metal Production and ?otential Ooean Input·

Element Mining produotion
Transport by Atmospheric

rivers to oceans washout

(millions tons/yr)

Pb 3 0.1 0.3

Cu 6 0.25 0.2

Cd 0.01 0.0005 0.01

Zn 5 0.7

Hg 0.009 0.003 0.08

... Anon (1971)

Table 2

133

0.007 58

<0.001 55

<0.001 11

86

0.009 20

167

0.003 166

0.007 134

0.038 87

0.004 92

118

Month Copper Lead Zino

June 0.078/0.073 0.322/0.279 0.469/0.449

July 0.076/0.072 0.101/0.094 0.279/0.257

Aug. 0.175/0.150 0.19~0.187 0.395/0.392

Sept. 0.03510.030 0.062/0.045 0.429/0.413

Oct. 0.188/0.091 0.44&"0.335 1.974/1.891

Nov. 0.033/0.020 0.023/0.011 0.123/0.109

Deo. 0.292/0.192 0.43(/0.299 5.0(/5.00

Jan. 0.558/0.340 0.319/0.269 2.15/1.93

Feb. 0.41(/0.248 0.251/0.205 1.00/0.934

Mar. 0.782/0.7tJ:J 0.623/0.546 0.661/0.511

Apr. 0.188/0.150 0.22&"0.166 0.602/0.559

May 0.185/0.180 0.443/0.399 1.50/1.44

Atmospheric Deposition of Copper, Lead, Zino and Cadmium at Kildonan,
15le of Arran.

Metal Input* ~uw'cm2/montW

Cadmium Rainfall (mm)

* Total Metal Deposite~SolubleComponent of this deposition



• Table 3,
1.• E:f'f'ect o~ Atmospheric Input on Metal Levels in Seawater

Surf'ace Seawater .Atmosphe~c Input Amount of MetaJ. (,.u~) in Water
)!etal Range of Values yu&"l) ,ur/em Column (1 cm x H)

(Mean) Daily Annually H=O.01m 1m 10m 55m

Zinc 2.7 - 6.5 0.022 8.1 0.0046 0.46 4.6 25.3
(4.6)

Copper 0.2 - 2.9 0.0046 1.68 0.0011 0.11 1.1 6.1
( 1.1)

Lead 0.1 - 1.3 0.0043 1.56 0.0005 0.05 0.5 2.75
(0.5)

Cadmium 0.1 - 0.5 0.00013 0.05 0.0002 0.02 0.2 1.1
(0.2)

Table 4

Comparis on of Inputs of Metals to the Clyde Sea

INPUT SOtffiCE ANNUAL IN.2UT (Kg)

ZINC COPPER LEAD CADMIUM

Outflow from upper estuary* 45 000 10 000 20 000 400
(shipping channel)

Run off from Ayrshire coast* 50 000 10 000 35 000 600

Sawage sludge deposita 60 000 25 000 25 000 250

Input from the lrish Sea (a) 44 000 7 000 1 300 6Eb

(b) 267 000 43 000 8000 4 000

Atmospherie il.tput 209 000 43 000 40 000 1 300

_ • T Leatherland, pera onal communication
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FIG. I -- OOUNOARY L1NES USED IN THE CALCULATION OF
THE ATMOSPHERIC INPUT OF TRACE METALS TO
THE SEA SURFACE.
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