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SCIMATIRE

Les composants dissouts et particuleires des précipitations dsns les aleantours
&u Yirth of Forth ont €t& snalysés pour leur teneur en Pb, Cu, Zn et Fe. Les
r{sultats sont considérés relativerment aux travaux précfdents (Davies, 1976)
et on ret l'accent sur le matériau particulaire et la contribution quiil

- zpporte & le Géposition astmosphérique de ces rftaux dans le Firth of Forth.
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Summary

‘ The dissolved and particulate components of rainfall around the Firth of Forth have

been analysed for Pb, Cu;, Zn and Fe. The results are discussed with reference to
previous work (Davies, 1976), and emphasis is given to the particulate material,
and its contribution to the atmospheric input of these metals to the Firth of
Forth.

Introduction

The preliminary results of an investigation of the atmospheric input of certain
heavy metals to the Firth of Forth, E. Scotland, were reported last year (Davies,
1976). The general conclusion reached was that the inputs of lead, copper, zinc,
and mercury were less important in the Forth than had previously been shown to be
the case in the Clyde Sea (Topping, 1974) and the North Sea (Cambray et al, 1975).
The results presented were confined to the dissolved portion collected between
February and December 1975. In this paper similar results for most of 1976 are
discussed, together with analyses of particulate material filtered from the rain-
water collected.

Sampling and analysis

The positions (Fig.1) and descriptions of the six sampling sites around the Firth
of Forth are given in Davies (1976). In addition, sites have been operated in
exposed coastal positions at Loch Ewe, Ross-shire (Grid ref. NG 823884) and Rattray
Head, Aberdeenshire (NK 093583). The sampling apparatus, and analytical procedure
for the dissolved component have been fully described (Davies, 1976). Particulate
material was analysed for lead, copper, zinc, and iron by conventional flame

atomic absorption after digestion in concentrated nitric acid. The estimated
precisions are respectively + 15%, 15%, 2%, 6.

Results
a. Dissolved component

The monthly deposition of copper, lead, zinc and mercury in 1976 largely confirmed
the findings of 1975. The quantities deposited were very variable, and the tendency
for the copper, lead, and zinc deposition to increase with rainfall was confirmed.
Again, the concentration of mercury was negatively correlated w1th rainfall; as

had previously been noted.
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Neither the concentration of dissolved iron in the rainwater nor the quantity
collected per month showed any relationship to the rainfall, or to the other
elements determined. Iron differs from copper, lead and zinc in that it is
predominantly found in particulate form in rainwater (Cambray et al., 1975).

Only about 25% of the total iron is in the dissolved state, whilst | usually 75-95%

of the copper, lead, and zinc are dissolved (Cawse, 1974; Topping, 1974). At
'clean' rural sites iron is usually found associated with elements such as aluminium
and scandium, and is probably derived from soil particles (Cawse, 1974). However,
certain contaminated areas can receive a considerable anthropogenic input of iron
(Pattenden, 1974).

Examination of the seasonal mean copper concentrations (Table 1) shows that there
is no consistent seasonal pattern for the two years of sampling, although the
overall means for January - March, and April - June for the two years are similar.
The results for lead, zinc, and iron also showed no consistent seasonal pattern.

The two year mean concentrations did show significant regional variation (Table 2).
The Firth of Forth sites, with the exception of Cullaloe, all give similar mean ‘
concentrations for each of the four elements. Cullaloe has the highest mean for

each element, the effect being most marked in the lead and iron results. The

two sites distant from the Forth show markedly lower mean concentratbns (with

the exception of the Loch Ewe zinc result). 2

b. Particulate component ‘

The quantity of particulate deposition of copper, lead, zinc and iron varied
considerably from site to site (Table 3). It was highest for all elements at
Cullaloe and Leven, whilst the other four Firth of Forth sites experienced lower,
and broadly similar depositions. The 'background' Loch Ewe site had markedly less
input of all four elements. Cawse (1974) found similar differences between semi-
rural and urban sites. It is known that more atmospheric dust is found in urban
than rural areas. Cawse (1974) has tabulated various values and shown that
population and industry can cause concentrations to rise by factors of 10-40.

There is some indication of seasonal variation of particulate deposition.
Deposition was high in the winter months December 1975 to March 1976. At Carnbee
it decreased from February to June 1975, and was high in October and November 1976 ‘
(Fig 2). There is therefore a tendency for higher particulate deposition in the
winter months. In contrast, the rainfall is highest in the summer (Davies, 1976).
The increased input must therefore be related to seasonal changes in the dry
deposition rate, or the availability of insoluble particulate matter in the
atmosphere. Cawse (1974) reported a tendency towards higher levels of atmospheric
particulate material in winter than in summer, the two being related by a factor of
about 1.7. He attributed this to reduced atmospheric dispersion under conditions
of persistent low inversion layers, and the increased combustion of fuels during
winter. Similar effects have been reported for atmospheric lead (Chow and Earl,
1970), smoke (Stocks et al., 1961), and some other metals (Kneip et al., 1970).
Cawse (1974) also illustrates the similarity in monthly patterns of the
concentration in air of iron, zinc and lead.

In addition to real variations in quantity of particulate input, compositional
differences are also found. The ratios (Table 4) Fe/Pb, Fe/Zn and Fe/Cu increase
in progression from Loch Ewe to Cullaloe. Similar changes in ratio can be seen
between the Plynlimon and Styrrup sites (Cawse, 1974), although the absolute values
of the ratios differ. It is not clear whether these changes in the Forth area
reflect increased input of terrestrial material, or of 'pollutant' iron.



The monthly deposition of particulate copper, lead, zinc and iron did not show

any close correlation with the corresponding monthly deposition of dissolved metals.
However, these four elements show considerable similarities in the pattern of
monthly deposition at 'clean' (eg Carnbee, Fig.2) and more polluted sites (eg
Cullaloe, Fig-3).

The relative significance of the particulate and dissolved components also varies
between sites (Table 5). Cambray et al. (1975) found that at all their coastal
sites lead, copper and zinc were predominantly in the dissolved state, ie the ratio
of the particulate to dissolved metal was 0.3-0.1, whilst the majority of the iron
was particulate (Cawse, 1974) (ratio = 2-8). The deposition at Loch Ewe is of
similar character to that at Lerwick and the east coast stations, with perhaps a
lesser influence of particulate material. In the Forth area, the particulate
component, especially for lead, zinc and iron is of greater importance than at the
sites operated by AERE (Cawse, 1974; Cambray et al., 1975). It is most evident

at Leven, where similar amounts of lead and copper are found in the particulate
phase and in solution; and about 96% of the iron is particulate. It would seem
therefore that, accompanying the enhanced input of dissolved material in the west
of the Forth area (Table 6) there is much greater increase in the particulate
input.

In Davies (1975) details were given of a method of calculating the atmospheric
input of metals to the Firth of Forth. This method has been applied to the data
on soluble and particulate inputs for the periods February 1975 to October 1976
(soluble) and February 1975 to December 1976 (particulate) to obtain annual mean
deposition rates for certain metals, and an estimate of their annual mean inputs
to the sea (Table 6).

The inputs to the Firth of Forth of lead and zinc are very similar to those
calculated for the North Sea and Clyde sea area (Combray et al., 1975), and are
similarly distributed between the dissolved and particulate phases. The input of
copper to the Firth of Forth is significantly lower than to the other sea areas,
the main reduction being in the dissolved component. The meanfor iron deposition
is strongly influenced by the Cullaloe site and is 2-4 times greater than that
observed by Cambray et al. (1975), the main increase being in particulate iron. If
the Cullaloe result is omitted, the mean input becomes similar to that to the

Clyde Sea.

An assessment has been made (Davies, 1976) of the possible significance of
atmospheric input to the metal budget of the Firth of Forth. It was concluded that
this input was not of major importance to the area as a whole because of the

dominance of sewage and other discharges (W. Halcrow, pers. comm.). In general terms,
the additional information presented here does not materially alter this conclusion.
However, it may well be that atmospheric input is of more importance in areas
distance from major sources of metals, or in westerly parts of the Firth, where the
deposition can be considerably higher than the mean for the whole area.
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Tal:le 1

Seasonal mean coppsr concentrations ( /ugl'”’} '

Carnbee Leven OCullaloe Newliston Craisielaw Tantalion Overall

1975

Feb ~March K 4.5 2,2 6.2 4.7 4.7 4.5 4.5

Anril - June 5.2 5.9 4.3 4.8 3.6 T 4.5
% July - Sept 6.9 549 8.4 LTe 3.3 6.1 5.8

Oct = Dec 4.6 6.0 10.4 4.1 12,2 9.3 7.8

1976

Jan -Mar I3 3.9 7.2 20 2.6 8.1 4.6

April~June 6.7 6.3 6.4 C 3.3 4.2 5.0

July - Sept 2.8 3.5 3.5 4.0 3.1 1.6 3.1

Table 2

Mean dissclved metal concentrations for the pexiod 1975 —-6 (/rugl'—q)

b Cu Zn Fe

Cambee 15.4 5.0 135 118
leven 12.7 5.0 174 (&
Cullaloe 42.5 6.6 210 549
Newliston 16.6 3.8 133 60
Craigielaw 23.4 - 4.8 187 79
Tantalion 22.9 5.4 176 134
Loch Ewe 6.2 3.2 144 2g
*Rattray Head 2.8 1.8 B4 32

% Jan ~June 1976 only
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Table 3
Tetal collections of salectzd metals in particulate

material Feb 1975 - Dec 1976

Pb Cu Zn Pe /ug
Carnbee 59.9 14.0  59.8  $100
leven 165.0  40.7 144.4 10310
Cullaloe 235.5 60.8 175.6 47260
Wewlistion 84,7 1.3 €1.7 5340
raigielaw 104,.6 19.6 62,6 YS60
T;;tallcn 102,6  17.7 74.0 6420
L‘och Ewe 18.8 3.9 9.C 580
‘Fable 4

Inter-element ratios in pariiculate waterial

Fe/Pb Fe/Cu Fe/Zn
Carrbes 102 43¢ 102
Iewren 62.5 253 T1.4
Cullaloe 201 777 165
Newliston 63.0 473 103
Craigielew 91.4 488 02
Tantallon 62.6 362 As.B
®Plymliimon 19.14 17.6 iR.6
*Styrrup 57.4 90.5 49.5
Loch Ewe 10.9 149 6h.b

# Cawse (1974)
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Table 5

Ratics of particulate to soluble deposition for Fedb 1975 = 0ct 1376

Pb Cu Zn Fe
Carnbee 0.38 0.22 0.06 9.8
* Teven 2.86 1.7 0.09 26.9
Cullaloe 1.49 1.89 0.16 24 .8
Kewliston 0.60 . 0.23 0.06 16.2
Crajigielaw 0.72 0,32 0.07 16,5
Tantalion 0,48 0.25 0.04 - 841
loch Ewe G.21 0.05 G.0t 1.0

»
*East Coast 00‘5 ""OIS 0.1 ""0;, 0-03"‘0,25 2 "8

*Yerwick 0.2 0.3 G.05 6

% Cembray et zl., {1975).



Table 5

Anrusl m,an deposition g em”? y;:"';i '
Lead he Copper , Zinc Iron

Total pl P2 Total D P Total D ¥  Total D P

Carnbee 1,06 0.70 036 0.36 0.27 0.03 9.0C 8.6 038 LD 3,5 37
Leven 1.66  0.82 0.8k 0.b4  0.23  0.21 10.b6 9,73 ‘5.73 5b.6 2.6 f 5
Cullaloe k.29 2.85 .44 0,70 Q.33 0,37 12,06 10,99  1.07 =10 21,0 259
Newliston 1,55  1.08 o;#v 0.26 0.20 0.06 6.11 5,82 0.2 32.8 2.8 30
Craigielaw 1.23  0.68 0.55 0.27 0,17 0.10 6,47 5.99 Q.48 52,1 241 50
Tantellen 1.66 1,10 0.5% 0.33 0.2k 0.09 5.97  5.58 0.39 38.6 4.6  3b
Loch Ewe 0.2 0.32 0.10 0426 0.24 0.02 9.27 9.2 0,05 5.5 @ 25 3
5 Mean 1.91 1,20 0,70 0.39 0.2% 0.15 8.35 7.79 0.56 88.2 6.2 &2

2 vr"'i

L

Avnual mesan k input ©to sea sress /ug cm

Firth of Forth 1,72 1.08 064 0.35 0.22 0,13 7.52 7.01  0:51 79.4 5.6 73.8

A&

North Sea 1.55 1.35 Qo200 1.3C 105 0.25 7.1 6.5 0.6 16.5 4.6 2.5

\n

Clyde Sea 195 1.55 C.40 1,70 1.25 0,45 8.1 7+6 C.5 34 4.9 29.9

Ge D: Dissolved,

2. P: Particulate,

3. Mean for the Firth of Forth eites.

4, Calculated from mean deposition at the six eites, and a2 correction &oter of 0.9
for the decreased rainfall at sea (Daviss, 3976},

5. Cambray et al., 1975




10 Km
o
isle of
® May
Firth of
J Forth
Cu!lcgoe
~Jdantallon

‘ *Newliston

Figure 1. Location of atmospheric sawpling sites arcund
the Firth of Forth.



3

oLRd
400

R

' CARNBEE

il 2

~

i

i

|

[

A | [, 1

S

Al

JIFIMIAIMIL T

0INTDI

L Eafr ™

:

i

J

H

o

300 ke

& 2004

3.
100

(6

Figure 2.

M N

(6n) uz

-

-~

Monthly ccllections of metais in particulate

September and OctovLer 1776 collections were corbinad.

{60) qd

cnaterini at Carvbhee.

OO ol © O 9
A o L - o
(B} n)

FIMTAIMIJIJITAISTIOINID

A0TE



e e e
B it

L
oINTDT

S

J 1A

GAFL

—d
.L.,.'mf'r-’—'-w

‘F“—‘Y
R
J

=
® | I8
~E— w =
r Eemtteand
- e P o D
b - Z
r =
(7]
o % L | s
- i
i . :
ML -
A |
ey
o = =
% m. x
] s & s
; =
L = - o o—
U =
Q) -
1. 1
L.
1L 1 { ] li e i i i a; i i 1 3 S
mw O mW mw o W - N 3 ™M N mm ﬁm @0 2
3 m S
I“ g
(6n) aq (6} uz (6r1) n) {Br) a4
. Pigure 3. Moazhly collections of metals in prv-ticilate matesial at Cullalow.
: Sepiumber and Ccioler 1976 couiloechicns were cormuined. No
| ¢ liections were sade in Jsptember 1975 and Hay 1075,




