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THE CHEMICAl;... COMPOSITION OF RAIN FROM : 
ROSSCAHILL IN COUNTY GALWAY 

By EVILLE GORHAM 

Until recent years rain has gene-rally been regarded as rather 
pure water, with small amounts of gases such as carbon· dioxide 
dissolved in it, the latter being responsible for the soivent power 
of rain upon rocks and soils. However, improvements in analytical 
techniques now ' allow ' great refinement in water analysis, ' and it 
has come t.() be recognised that 'rain contains a wide range of .; 
dissolved ions (Gorham, 1955). Such ions may be of cons1de:r:able· .:; 
ecological importance, especially in h3ibitats poorly sllPplled with 
mineral nutrients, such as mountain lakes. ra-ised and ·blanket 
bogs, and rock surfaces. 

Since rather little is knowr: of rain composition In ditIerent. 
parts of the world , and especially in areas remote from 
atmospheric pollution, it is useful to have data from as wide a 
va'l'iety of sites as possible. The present paper records · a series. 
of analyses from Rosscahill, County Galway, on the Carbonifer.ous. 
limestone very near the border between it a.nd the older granites, 
schists and gneIsses of Connemara. Annual rainfall within this; 
general area is in the ·vicinity of 50 inches, and mean annual 
temperature is just under 50°F., with a mean monthly range from. 
about 40 0 in winter to 60 ' in summer. 

SAMPLES 

The rain waters were .collected in a polythene flask. and 
funnel, at irregular intervals from April, 19.55 to January, 1956 .. 
Usually about 500-600 ml. were coilected, and then sent elf for • 
analysis. The analytical procedures ar.e briefly outlined by' 
Gorham (1955). FiltratJion revealed only very small brownish. ; 
residues, usually of sand particles in an organic matrix. 

RESULTS 

The data are presented in Table 1. It is clear that sodium. 
is predominant among the cations, while if the AUgust sample· 
is excluded chloride slign~ly exceeds bicarbonatd ' among the' 
anions. Since in most samples the ratio betweeii 'sodium and 
chloride closely resembles that of sea water, it ,may be inferred. 
that these ions derive largely from sea spray.. . Because the .. .. 
amouI).t of chlorIde in rocks is nearly always . extretr1ely small. 
and very low iIi p'roportion to t.he amounts' of aikali anp, alkaline 
earth metals. it is likely that in an 'area ·such as tl1e present 
one almost all of· the chloride in rain is supplied 'from the sea. 
(d; Eriksson, 1955), and it is probably allowable . to neglect any 
other source. It is thus P9ss-ibie to caJculate ' rio\\" ;ipUbJl of any' 
otb,er ion is supplied from the Sefl" simply by ' me'anS ;ol its ratio· 
to ' chloride in sea water. , 'For 'example, in sea wate;' sulphate
equals 14 per cent. of C'hl~dde; theref-ore if rain water contains. 
4.60 parts per million of chloride one may ' expect '14 per ce·nt. 
of thls value '(=0.64 parts per million) to represent the mariIie 
sulphate contribution to the raIn. Such calculations are pre-· 
sented in Table 2, for the average of all ten rain samples, and 
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TABLE 1. lomc concentratlOns in rain from !i'Osscahi1l, Oounty Galway 

'~ Sampler 
:.: 

ApproxImate da.t.e 

1. Latter half 'Of April 
2. · First half of May 
3. Latter half of May and first half 

of June 
4. August, rain from heavy thundery 

showers 
5. Mid October 
6. Last few days 'Of October to 

November 8 ... 
7. Late Novemberand ·early December 
8. December 4-10, mostly 'On Decem

ber 10 
9. January 3-19. Some fell ·as snow 

10. January 19-26 ... 

pH Total Total 
Cations Anions 

m1lli-ectuivalents 
per litre 

6.2 0.065 · 0.074 
6.1 0.161 0.160 

6.6 

7.6 
6.3 

6.9 
6.8 

6.4 
5.9 
6.3 

0.244 

0.528 
0.244 

0.427 
0.208 

0.305 
0.317 
0.283 

0.238 

0.530 
0.240 

0.430 
0.200 

0.310 
0.307 
0.280 

Na 

0.8 
2.2 

1.7 

6.2 
4.1 

3.6 
1.8 

3·5 
4.3 
3.8 

K 

0.05 
0.2 

0.4 

2·8 
0.2 

0.4 
0.2 

0.3 
0.6 
0.3 

Ca Mg HCO. C1 

parts per mUHon 
0.5 0.05 1.0 . 1.5 
0.7 0.3 1.12 . 3.8 

2.4 0.5 4.3 _ 2.4 

2.0 l.0 16.7 3.1 
~8 ~3 ~2 ~3 

4.2 0.6 12.2 5.9 
1.7 0.5 4.0 2.9 

1.8 0:1 4.4 6.5 
1.2 0.7 2.0 7.5 
1.4 0.5 3.4 6.6 

SO. NO.-N 

0.8 not don~ 
1;5 0 . .02 

4.6 0.07 

8.0 0.06 
1.6 0.02 

2.8 0.08 
2.6 0.05 

2.4 0.06 
2.9 0.04 
1.8 0.04 

TABLE 2. A comparison 'Of the average composition o.f rain fl'Om western Ireland and from the English Lake District 
and of the marine contribution to dissolved ions . . 

(a) Aver.age composition 
Galway, all samples 
Galway, excluding August sample 
Lake District 

(b) Percentage derived from sea spray 
Galway, all samples 
Galway, excluding August sample 
Lake District 

Total 
anions 

or 
cations 

m .e.!! 
0.28 
0.25 
0.16 

50 
58 
68 . 

Na 

3.2 
2.9 
1'.9 

78 
89 
95 

K 

0.5 
0.3 
0.2 

19 
31 
3'/ 

Ca Mg HCO, C1 

parts per mllli'On 
1. 7 0.5 5.4 4.5 
1.6 0.5 4.2 4.6 
0.3 0.2 nil 3.3 

5 
6 

24 

per cent. 
58 <1 
67 <1 

100 n il 

(100) 
(100) 
(100) 

SO. NO,-N 

2.9 
2.3 
3.2 

21 
27 
14 

0.05 
0.05 

.-0.02 

+ 
+ 
? 
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for the average of nine samples excluding the August collection, 
which is quite evidently aberrant. While it has be~n sugg~sted 
that sea salts may separate in t·he atmosphere in4> various types 
of nuclei which are brought down by rain in differing degree, 
it is most unlikely that this separation, if in fact real, will be of 
any great significance in a eoastal d'istrict such as the present 
one. 

Table 2 suggests that in this area about 80-90 per cent. of 
rain sodium is o·f marine origin, and about 60-70 per cent. of 
magnesium. Among the other ions, potassium and sulphate give 
figures of about 20-30 per cent., while only a very small part . 
of the calcium and bical"bonate is supplied by sea spray. 
Presumably most of the latter ions come as calcium carbonate 
in dust blown from adjacent areas of limestone, and perhaps from 
the calcareomi beach sands of the south-west coast of Galway. 
Much potassium, and some magnesium, may also derive from 
dust, perhaps from the older Connemara rocks in this instance, 
as in limestone they are very low in proportion to calcium. It 
may be noted that in this general district there are large areas 
of both t·ypes of rock exposect at the surface of the soil and peat. 
Another possible source of non-marine components is blown 
organic debris. 

The low proportion of marine sulphate in this rain is some
what puzzling. In such a western country distrkt atmospheric 
pollution is unlike'ly to provide much sulphate, especially in 
summer, although peat burning may perh'aps provide a SIP-all 
proportion. Moreover, as in the case of chloride, rocks usually 
contain only veO! small amounts. It has been suggested that 
much atmospheric sulphate may come from oxidation of hydrogen 
sulphide gas released by biological activity from inshore marine 
muds, or perhaps from soils (Conway, 1942), and a coastal area 
such ~s the present one, with in addition an abUndance of water
logged and oxygen-deficient peats, might well prov~ a good source 
of hydmgen sulphide. In this connexion, the highest sulphate 
level:s wel"e observed in spring and summer, when 'biological 
metabolism would be expected to be most active. Moreover, In 
some western Irish waters inveshg·ated ,during April, 1956 
(Gorham, In preparation) higher levels 'Of non-marine sulphate 
were o'bserved in bog pools than in lough waters, and, of the 
latter, those from peaty areas gave the highest values. However, 
the problem is by no means salved, and deserves further 
investigation. 

The August sample, with an alkaline pH, exceptionally high 
levelS of potassium and sulphate, and much magnesium, sodium 
and bicarbonate as well, is obviously very dilf-erent from all the 
others. This is probably connected with its collection after a 
long dry spell, when much more dust of various kinds than usual 
would no doubt be brought into the atmosphere. 

·Nitrate is consistently low in these samples, the c'Oncentra
tions being much the same as in other British coastal districts 
not exposed to atmospheric pollution. Only a very small pro
portion can be derived from sea spray, but the origin of the rest 
is still a matter of dispute. 
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In addition to the ' pr.esent series of results, Table 2 includes 
'data .from the Eng!oi1lh Lake District (G.orham, 1955) for com
p.arison. It .appears· that the western Irish samples are richer 
'in most ions. Differences in time of sampling may be partly 
responsible, the. English series representing the 'very wet middle 
of 1954. However, the striking differences in calcium and 
bical'bon,ate is undoubtedly due to the situati-on c·f the Irish 
~tation at the edge of the Carbon,iferous limestone. The higher 
Irish values for sodium, chloride and magnesium probably refiect 
a greater exposure to sea spray, though there appears to be a 
non-marine supply of the last element which is not evident from 
the Lake District data. The only ions in which the Lake District 
exceeds Galway are sulphate and ·hydrogen ions (average pH of 
Lake District series=4.5). The higher Lake District levels are 
due almost certainly to greater atmospheric pollution by industrial 
sulphur compounds which oxidize to sulphuric add. 

Taking all salts together, the proportions which derive from 
the sea are rather large . . In Galway just over half the total 
salts appear to be of marine origin, while in the Lake District 
the proportion is even higher, .with almost seventy per cent. 
of total ions apparently deriving from sea spray. 
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