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THE chemical composition of Irish fresh waters has hitherto been little studied. 
Although Web,b (1947) has published some analyses for pH, alkalinity, 
chloride, sodium and calcium, and Macan and Lund (1 954) give data for 
pH, specific conductivity and calcium, no complete analysis of the major 
dissolved ions is known to the writer. Therefore, when an opportunity arose 
of visiting western Ireland, a series of water samples was taken in the hope 
of learning something of the chemical composition of Irish fresh waters and 
of the factors influencing it. Attention was focussed upon lakes on non
cflJcareous substrata, as it seemed of especial interest to examine their base 
status and attempt to determine the controlling factors. 

The following are the water<: investigated:-

Connemara. 
Pools on the blanket bog at Gowlan East, near Loughannilaun and 

between three and four miles E.S.E. from Cashel on the road to Screeb. 
The peat of this bog is clearly very deep, and the site was carefully chosen 
as providing a peat surface quite unaffected by any chemical influence from 
the mineral soil, and wholly dependent upon atmospheric precipitation for 
supplies of mineral salts. 

Lough Agraffard, about four miles west of Oughterard. 
Lough Shindilla, just west of Maam Cross. 
Craiggamore Lough, about four miles N.N.W. of Roundstone. 
Garraunbaun Lough, about three-quarters of a mile vV.N.W. of Moyard 

Cross and four miles north of Clifden. 

Kerry. 
Muckross Lough, three miles S.S.W. of Killarney. 
Upper Lake, seven miles S.W. of Killarney. 

The Connemara waters lie for the most part on metamorphic schists and 
gneiss, while those in Kerry appear to receive their drainage from Old Red 
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Sandstone. Though Muckross Lough may be influenced by adjacent car
boniferous limestone, its chemistry does not appear to be much affected; 
the water was sampled off the southern sandstone shore. 

METHODS. 

Surface waters were collected in polythene bottles during May 6-8th, 
1956, and filtered through washed Whatman 541 papers, the first portion 
being discarded. Analytical methods were as outlined by Gorham (1955). 

RESULTS. 

The analytical data are presented in Table 1, the various ions as parts 
per million ( = milligrams per litre) and total cations and anions as milli-
equivalents per litre. It may be pointed out that the results for the bog 
pools at Gowlan East lie extremely close to the mean values for some fifteen 
such sites in western Ireland (Sjors and Gorham, unpublished data). Only 
this bog water showed a brown coloration due to dissolved organic matter, 
the lough waters being very clear. 

TABLE !.-Ionic composition of some western Irish waters. 

-~--·--~- ·--

Total 
pH Cations Anions Na K Ca Mg HC03 Cl 804 

m.equivfl parts per million 
Blanket bog pools, 

Gowlan East 4·4 0·783 0·740 12·5 0·5 0·8 1·8 nil 20·6 7·7 

Upper Lake, 
Killarney 6·4 0·336 0·344 4·7 0·2 1·8 0·5 4·4 7·3 3·2 

Muckross Lough, 
Killarney 6·6 0·475 0·478 5·9 0·3 3·1 0·7 6·9 10·4 3·6 

Lough Shindilla, 
Connemara 6·5 0·516 0·530 7·1 0·5 2·8 1·1 4·6 12·7 4·6 

Lough Agraffard, 
Connemara 6·7 0·603 0·610 7·3 0·5 4·2 0·8 10·4 11·8 5·1 

Craiggamore Lough, 
Connemara 6·5 0·853 0·860 13·1 0·6 3·4 1·2 4·9 22·5 7·0 

Garraunbaun Lough, 
Connemara ... 7·2 1·167 1-180 13·7 0·8 8·7 1·5 22·0 23·6 7·4 

Acidity.-The water from bog pools was, as expected, distinctly acid 
(pH 4·4), while the Iough waters were but slightly acid (pH 6·4-6·7), except 
for that from Garraunbaun Lough, which was faintly alkaline (pH 7·2). 
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The slight acidity of most of the Iough waters was no doubt due to the 
presence of dissolved carbon dioxide. 

Total io-ns.-The Kerry lakes exhibited the lowest salt concentrations, 
with less than 0·5 m.e. equiv/1, while the Connemara loughR ranged from 
0·5 to 1·2 m. equivfl. The bog pools were intermediate in this respect, 
with a little less than 0·8 m. equivfl. 

Sodium, magnesium, chloride and sulphate.-These ions showed similar 
trends, being low in the relatively inland Kerry water!:' and highest in the 
sites most exposed to winds from the sea, namely Garraunbaun, Craiggamore 
and Gowlan East. Sodium and chloride predominated among cations and 
anions respectively, ranging from 4·7 to 1:3·7 ppm and 7·3 to 23·6 ppm. 
Sulphate was between 3·2 and 7·7 ppm, and magnesium between 0·5 and 
1·8 ppm, the bog pools being highest in both ions. 

Potassium.-This ion was least abundant among the metal cations, the 
range being 0·2 to 0·8 ppm. The Kerry lakes were low, and Garraunbaun 
Lough gave the highest coilCentration. 

Calcium and bicarbonate.-These ions follow similar trends. The bog 
pools had no bicarbonate, and less than 1 ppm of calcium. Among the loughs, 
Upper Lake in Kerry exhibited the lowest levels (1·8 ppm Ca, 4·4 ppm HC03), 

while the water from Garraunbaun Lough had just over twice as much of 
both ions as the next highest water (8·7 ppm Ca, 22·0 ppm HC03). 

DISCUSSION. 

As has been pointed out by Webb (1947), practically all the chloride in 
Irish fresh waters is derived from sea spray (cf. Erikkson, 1955; Gorham, 
1955), and other sources such as rocks or human agencies can be disregarded 
as negligible. This makes it possible to assess approximately the supply of 
other ions from the sea, using their ratios to chloride in sea water. For 
example, the ratio of chloride to sulphate in sea water is 7·2, therefore a 
water with 14·7 ppm of chloride should derive 14·7/7·2 = 2·0 ppm of 
sulphate from sea spray. Such calculations have been carried out for the 
water from bog pools, and for the average of all the Iough waters, in Table 
2. (While it has been suggested that there may be a separation of sea spray 
components in the atmosphere, leading to a differential supply in rain 
(Sugawara, Oana and Koyama, 1953; Rossby and Egner, 1955), the indirect 
evidence for·this view is open to other interpretations, and in any ease it 
is unlikely that in a eoastal area sueh as that of western Ireland, fully exposed 
to winds from the Atlantic Oeean, there will be any signifieant effect of such 
a separation.) 

It appears from the calculations in Table 2 that by far the largest part 
of the sodium and magnesium in these waters is of marine origin. This is 
not entirely unexpected in such a maritime situation, with hard rocks 
frequently covered by deep peat. Surprisingly, the bog waters show a larger 
non-marine component than the loughs, particularly in the cp,se of magnesium; 
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TABLE 2.-The marine contribution to dissolved ions in some tcesfl!m Irish 

waters (assuming all ehloridc to dcriYc from sea. spray). 

Total Na K Ca Mg HC03 'Cl 804 
Ions 

percentage derived from sen spnty 

Gowlan East bog 85 92 76 59 77 absent. (100) 37 

Western Irish lakes 69 95 60 8 100 (100) 40 

but bog peats are strongly adsorptiYc, and under certain circumstances ions 
absorbed on peat colloids (a.mong which magnesium is usually predomiwmt) 
may be exchanged for hydrogen ions produced by peat decomposition 
(Gorham, 1956). 

Although sulphate is quite clearly correlated with chloride in these waters, 
only about two-fifths of the former ion 11ppears to be supplied in sea spray. 
It would seem that there is about 3 ppm in the loughs and 5 ppm in the bog 
pools which must come from another source. These amounts may perhaps 
be ascribed to decay of organic compounds producing hydrogen sulphide, 
subsequently oxidized to sulphm·ic acid. Conway ( 1942) has suggested the 
muds of the continental shelf as a possible source, but in western Ireland 
the extensive deposits of waterlogged and oxygen-deficient peats could well 
be of importance. The higher level in the bog pools may be significant in 
this connexion, as may the greater concentrations of " excess " sulphate 
(not supplied in sea spray) in the Connemara loughs th1111 in those of Kerry, 
the former group lying in distinctly peatier surroundings. 

A large part of the potassium in these waters also appears to be of marine 
derivation. Presumably the remainder comes partly (or wholly in the ease 
of the bog pools) from dust in the atmosphere, both mineral and organic, 
and partly from soil and rock weathering in sit·n. It may be remarked that 
in western Ireland there are extensive areas of rock exposed through the 
peat, which may provide a source for potassium. 

Much of the calcium in the bog pools is also marine in origin, though 
about a quarter must come from soil (or plant) dust. In this conncxion it is 
of interest that in ten rain samples from Rosseahill, Co. Galway, on the 
border between the schists and gneisses and Carboniferous rocks. the average 
calcium concentration was 1·6 ppm (Gorham, 1957). In view of this high 
level, due no doubt to the proximity of exposed limestone, it would seem 
likely that rain falling with easterly or southerly winds from the great are:ts 
of limestone pavement might be an important agent of calcium supply to 
some peat-covered surfaces. 

In the Iough waters, with five times as much calcium as the bog pools, 
less than a tenth of the total supply can come from the sea. Undoubtedly 
soil and rock weathering is the major sourc'e, and calcium bicarbonate derived 
in this way is almost certainly responsible for neutralizing any acid drainage 
from the bogs which are so abundant, especially in Connemara. This is 
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contrary to the view expressed by Webb (1947), based however on indirect 
evidence from sulphated ash values, which in the circumstances are rather 
unreliable. The relation between pH and bicarbonate concentrations in these 
waters is very evident, with pH rising from 6·4 at 4·4 ppm HC03 to 7·2' at 
22 ppm. 

A point regarding bog drainage deserves mention here. Waters from 
bog pools are generally very acid, and distinctly yellowish-brown, while the 
lough waters are commonly circumneutral and clear. Concerning this 
difference, it is the writer's belief that in fact the normal bog drainage reaching 
the streams feeding the loughs is not nearly so acid or so strongly coloured 
by organic materials as the static water in the bog pools; but is derived 
much more from rapid surface runoff, which does not remain long enough 
on the peat for diffusion to develop strong acidities or high concentrations 
of soluble organic material. 

Taking all ions together, it may be seen from Table 2 that in the Iough 
waters almost seven-tenths of total salts apparently come from sea spray, 
a strikingly large proportion due mainly to the influx of sodium chloride. 
In the bog pools the proportion is raised to 85 per cent., owing to the isolation 
of the peat surface from the weathering mineral soil around and beneath. 
It should be remarked that this figure is an average of cation and anion values, 
the former being 83 per. cent. and the latter 87 per cent. This anomaly is 
owing to a slight excess of measured cations. While small analytical errors 
may be involved, such deviations have been observed in samples from bog 
pools much more often than from lake waters, which suggests the presence 
of a small proportion of organic acid anions. However, it seems unlikely 
that these will contribute much to the free acidity of bog waters, which is 
probably due largely to sulphuric acid (Gorham, 1956), in the presence of 
which weak organic acids would probably not become ionized to any great 
extent. 

In comparing the two waters from Kerry with the four from Connemara 
loughs, it is evident that the former are on the average appreciably lower in 
their ionic concentrations. In the case of those ions derived mainly from 
the sea this may be explained by the more inland situation of the Kerry 
lakes, but in the case of ions such as potassium and calcium it would seem 
to indicate that at least some of the rocks in Connemara are rather less resistant 
to weathering than the Old Red Sandstone, or better supplied with these 
elements, or perhaps both. It is of course very likely that the source of the 
extra mineral supply to the Connemara loughs lies in local occurrences of 
metamorphic limestone or lime and potash-rich minerals in basic intrusive 
rocks. In the vicinity of Garraunbaun Lough, for instance, the schist is 
heavily banded with limestone, and this lough exhibits a calcium concen
tration more than twice as high as in any other lake examined. 

The low salt concentrations in the Kerry loughs on Devonian Old Red 
Sandstone are in striking contrast to the high levels in the Shropshire meres 
on Triassic New Red Sandstone, which are rich in ions and particularly 
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calcium and potassium (Gorham, Tellus, in press). ThiH difference, while 
partly due to differences in concentration by evaporation, reflects to some 
extent the conditions under which the two types of sandstone were bid 
do\vn; the former accumulated by shallow m1trine deposition of materials 
eroding from a rising land mass, and the latter by inland deposition in a 
basin surrounded by mou~1tains, and with an internal drainage system and 
a genemlly,hot dry climate. Under the former regime there was presumably 
a good deal of elution of soluble materials from the rock, whereas in the !Lrid 
conditions of Triassic times, with very sluggish drainage, leaching muHt have 
been inhibited by the strong evaporation, which ultimately led to the 
formation of saline soils and salt lakes, with in addition a great dc1tl of calcium 
carbonate precipitation (Edmunds and Oakley, Hl47). 

In conclusion, it may be of some interest to compare these Irish waters 
with the average fresh water of the world (Conway, 1942), as is done in Table 
3 on the basis of both absolute concentrations and ionic proportions. From 
this comparison it emerges that the Irish laughs are richer both absolutely 
and proportionally only in chloride, owing to their proximity to the sea. 
The proportion of sodium in the Irish loughs is high for a similar reason, 
although the actual concentrations are about eqmtl, due to the presence in 
the world average water of considerable sodium not of marine origin 
(NafCl = 1·0 as against 0·55 in sea water) but probably derived from 
weathering of alumino-silicate rock minerals. The Irish waters are both 
absolutely and proportionally low in potassium, calcium, magnesium and 
bicarbonate, owing primarily to the relatively resistant nature of the under-

TABLE 3.-Comparison of western Irish waters with the average fresh water 
of the world. 

pH Total Na K Ca Mg HC03 Cl 804 
Cations Anions 

Absolute levels. m.equiv/1 parts per million 

Gowlan East bog ... 4·4 0·78 0·74 12·5 0·5 0·8 1·8 nil 20·6 7·7 

Western Irish lakes 6·7 0·66 0·67 8·6 0·5 4·0 1·0 8,9 14·7 5·2 

World average fresh 
water 2·35 2·33 8·4 3-l 29·8 5·0 52·0 8·3 17·7 

milli-equivalents per cont. of total anions 
Ionic proportions. or cations. 

Gowlan East bog ... 69 1·8 5 19 nil 78 22 

Western Irish lakes 56 1·8 30 12 22 62 16 

World average 
fresh water 16 3·4 64 17 74 10 16 
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lying rocks. Sulphates are similar in proportion but much higher in con
centration in the world average water, probably reflecting greater abundance 
of sulphur compounds in sedimentary deposits, but also a greater degree of 
concentration by evaporation, this factor being comparatively unimportant 
in the very wet climate of western Ireland. 

SUMMARY. 

Analyses for pH, Na, K, Ca, Mg, HC03 , Cl and S04 have been made on 
seven Irish fresh waters : one from blanket bog pools, four from loughs 
draining mainly the metamorphic schists and gneiss of Connemara, and 
two from loughs draining Old Red Sandstone in Kerry. Sodium chloride 
from sea spray is clearly the dominant component of the dissolved salts, 
and a considerable part of all ions except calcium and bicarbonate in the 
Iough waters appears to be of marine origin. The circumneutral status of 
the Connemara Iough waters, in an area of extensive acid peat accumulation, 
is explained by the much higher levels of calcium bicarbonate than in the 
bog pools. Release of bases by weathering is apparently sufficient to 
counteract acid drainage from the peat. 
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