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SampIes of musseIs und seawaters from various locations (Fig 1) around the

Irish coast were analysed for certain heavy metals using Atomic Absorption

(AA) Spectroscopy. The results are presented and discussed below.

S.A11P:'ING

MusseI und water sampIes were taken within thirty minuten of low TIater. The

water was invariably tuken from a pier or jet~ by mevns of a cleaned plastic

bucket. One litre cf the sampIe (measured by Gr~auated cylinder) was treated

with 4 mls, of concentrated Nitric Acid (Analer) unJ tronsferred te a clean

plastic container where it was stored at ambient temperature until analysis (1).

All sampIes were taken by the same operator. The musseIs were talcen from a

point as near as possible to where the water sampIes had been taken. SampIes

censisted cf 10 healthy adult musseIs between 50 und 60 mro lang (2 - 3 years

old). The musseIs were stored in deep freeze before analysis.

EXPERIMENTAL

(i) Seawaters

In the analysis cf seawaters far trace metals by AA Spectroscapy it is
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necessar,y to solvent extract tho sampIes both to ~limin~te intorferences

from the ßross presence of NaCI and other alkali salts, und to concentrate

the metals 01 interest which are usua11y present in very soall concentrations.

Thc usua1 method of extraction is to uso Ammonium Pyrollidine Dithiocarbamate

(APDC) and Methyl Iso Butyl Ketone (~ITBK), with appropriate pH control (2, 3).

It was found that usinß this system alone neither Cl' nor ~~ TIere satisfactorily

extracted. If, however, thc chelating agen SOllium ~lcthyl'Dith~o Carbamate

(SDDC) (4) is used in conjunction ,lith APDC nt pU 1:_.2 1,m is extracted in a

satisfaütor,y manner. In the analysis 100 mls 01' seaTIator at the correct pR

were treated with 5 mls. 01' a purified solution which TIas 1% in both APDC and

SDDC, and extracted with purified MIBK.

Standards were simi1ar~ extracted. The extracts TIere ana1ysed by flameless

AA Spectroscopy, except 1'01' Zinc which was analysed in a, conventional Air/

Acetylene flame using a BoilinG Three-Slot Burner. ßven using both chelating

agonts Cl' failed to be extracted, so after oxporimüntation it was decided to

use the method of :Cdigcr, Peterson and Kerbel' (5) TlhoJl'cin n solution of IJ.H~03

is added to the unextrncteJ sumple in the Graphite tuba. Thc effieacy of this

approach hinGos on thc fact that the NH
4

N0
3

roactn with thc NaCI in the

seawater to form relatively volatile products which con be therma1ly removed

• before the Cl' becomes vaporised, henee the interf8renco 1s cffectively removed.

The analysis tor Hg is, of course, different from tllat cf other metals, in

that it is sufficiently volatile to measure its vapour ~t room temperature. In

the~ase of IIg the cold flameless technique of Hatch and Ott (6) was used.

(ii) MusseIs

Consideration was given to several methods of preparation of the musseI sarnples,

including d~ ashing, traditional wet ashing in streng acid and the relatively

new technique of solubilising with Tetramethyl Ammonium HyJroxide (TtlliH) (

(7, 8, 9, 10). At an ear1y stage it was decided to e1imin~te wet ashing because

published studies (11, 12) as weIl as unpublished invGstigutions in this

laborutor,y indicate that there is no significant differcnce in the recovery of
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ma~ elements - even for the more vo1ati1e ones such as Pb and Cd - between

the two techniques. Consequently, sinoe wetashing is a time consuming and

tedious prooess we set it aside. Since the laboratoryhas had no previous

experience of the TMlIJf solubilising technique abrief preliminary comparison

between it and dry ashing was performed which indicated that there is no

significant difference in recovery between the two preparation techniques.

It was therefore deoided that, sinoe the T!JAH ptoceJ.ure is more conveniant in

practice to use it for n11 snmples.

T1UUl method of dissolving sanples:-

The flesh of the mussels was raa~ved ~rom the shell~, ~uickly rinsed in

distilled water, dried on filter paper and approx. 30g (i.e. 4 - 6 mussels)
,

accurately weighed and introduced into a flask. A 25;-· uqueous solution ot

TMAH (Pfa1tz and Bauer) ,laS ndded in the ratio two of no1vent and one of sample,

and the mixture uas placed in a waterbath at 70
0

for two hours with oC4ssional
,

shaking. Most samples were completely dissolved to yie1d a transparent (clear)

dark brown solution within an hour, but were allowed to digest for 2 hours to

ensure comp1ete dissolution. Prolonged heating in TI.UUI was avoided since it

has been found (10) that this can cause loss of same metala •

,men digestion v~s complete, the solutions nere made up to various vo1umes in

deionised water, depending on the concentration of the meta1 of interest.

The digested samples were analysed using the HGA 72 G·rnphite Tube Furnace, or

Air/Acetylene flame with the appropriate lump and conuitions as alid do~~ in the

rnnnufacturers insturctions (13). Dilutions were m~de of the sampIes as

appropriate. Blanks of TI~ which had been carrieu throueh the same digestion

sequence, without snmplo, were also analysed and their peak heights subtracted

~rom these of the sample. (In most cases thore ware insir,nificnnt compared to

the sample signal).
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INSTURMENTAil

A Perkin-Elmer 303 Atomie Absorption Speetrophotometer, fitted with a Deuterium

Background Correetor, and a HGA 72 Graphite Cell w~s used. The samples were

introdueed into the eell b means of 0. Finn Pipette with disposable plastic tips.

A vol. of 10 ul was used. In the aetual analysis the Iili~ was programmed for the

eyele: drying, ashing, l'.tomisation. A tempo of 105°C Hns used for drying in all

eases. The ashing end atomisation temps. are civen in Teble 1. For the Mercury

analysis a Perkin-Blmer ~ercury Analysis System (Part [~. 303 - 0830) was

employed.

The signal was monitored with 0. Perkin-Elmer 56 recordeJ in conjunction with a

Recorder Readout Aeeessory. Single Element Perkin-Elmer Intensitron Hollow

Cathode Lamps were used for the majority of determinations. In the ease of

Cadmium, however, an Electrodeless Discharge Lamp (~DL) was used, while for

Mercury a Discharge Lamp was employed. Lamp currents and slit-widths were as

liad down in the manufacturers hnnd-book (13). Analythieal wavelengths,

together with furnace temperatures are summarised in T~ble 1, below.

TABLE I

Analythical Ashing Atomisatian• Element Yfv.velength Teoperature Temperature

Cu 324.7 rlIn 9000 C 26000c

Pb 283.3 nm 550
ae 204QoC

zn(a) 213.9 nm

Cd 228.8 nm 350°C 1800
a
G

Mn 279.5 nm 11000C 2600
0c

Cr 357.9 nm l350
0

C 26600c
Hg(b) 253.6 nm

NOTES

(0.) Flame AA was used for this element.

(b) Cold flameless 4\A was used for Mercury
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RESULTS AND DISCUSSION

It should be I'oiut@.d out. .:init.in.ll.r that musseIs wer\.! nelccted because of their

ll~J'l.,tt'7nr, ncd,tu'\} iU1Ll their weIl knov,n ability to cOl1c'.mtrate hOLH'Y metala, as

weIl as their significnnce to the Irish 1~iBhing induntl'y.

The results are presented in Tables 11 and III

An examination of the results in Tuble II and a compnrison of them with similar

previously published surveys (14, 15, 16, 17, 18) inJicates that, with a single

exception there is no evidence of pollution by th~ metals concerned. This

anomaly is in the chromium content of musseIs from Dungarvan, und to a lesser

extent a few other locntions on the East coast.

The results shown in Tnble III are less easy to correlnte vd-eh the existing

literature because values given for trace metuls in senwater (cf, e.g., 19)

general~ refer to the open ocean and not to samples tuken at the share line,

as in this case. It is significant, however, that the ülevated chromium

level found in the Dungarvan mussels is reflected in tl18 seawater analysis as

Table IV illustrates.

I'able IV

• Comparison of chromiUI!) concentrationd in Dungarvo.n with those for the rest of

the country.

Water Mussels
-----+-----_.~-------

Menn Value
for Country

Value for
Dungarvan

Menn Value
for Country

Value for
Dungarvan

-------!--.-~---f_-----I__----

0.130 p.p.m. 0.61 p.p.m.

-------_...::--------!--~---_.--_._---

We have not been able to discover n similar relationship between .vater and

musseI chromium levels for the other instances (i.e. Cc.rlingford, Mornington,

Malahide emd Vfexford) vlhere relatively high levels: were founcl in the shel1 fish.

It is, of course, possible thet there is intermittent elevation of the water



- 6 -

chromium levels in these locations TIhich failed to be noticed in the survey.

The fact that the reported "Enrichment Factol'" in musseIs is highest for

chromium (20) lends credence to this notion.

In any event, it is clenr that there is, in the case of the Dungarvan area at

least, an instetnce of chromium pollution both wi"ch regard to Se(l.~~ater ~md musseIs.

This is probably exacerbnted by the high enrichment fnctor that operates in this

particular system. Otherwise there is no evidence of pollution of musseIs by the

other metals examined.
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TABLE Ir: Concentr3tions of Cu, Pb, Zn, Cd, Mn, Cr...'- in Hythilus edulis

p.p.m. (wot weißht).

- .
Location Cu Pb Zn Cd En Cr

-~-

Carlin~ford Lough 1.07 0.35 6.75 0.97 1.33 1.60

Dund..1.lk 0.08 3.12 8.80 0.60 0.87 0.17
Mornington 0.35 0.41 23.00 - 5.27 2.10

Malnhide 0.55 0.47 22.00 - 1.92 2.10

Arklow - - - - - -
Wexford 1.38 0.01 29.00 - 3.35 2.21

Wo.terford 4.00 2.30 10.80 - 2.33 0.31

Dungarvan 0.83 1.20 29.00 - 2.70 6.40

Yougha1 0.52 N.D 9.90 0.28 1.30 N.D

Cork 0.35 N.D 23.30 0.23 1.1:-0 N.D

Oysterhaven 0.43 N.D 7.56 0.03 0.54 0.02

lCinsa1e 0.34 0.02 1.22 - - 0.41

Courtmacsherry 1.25 N.D 8.33 0.31 0.89 N.D

C1onaki1ty 1.10 N.D 10.40 0.31 0.98 0.26

Rosscarberry 0.66 N.D 8.60 0.28 1.80 N.D

G1andore 0.75 0.08 8.20 0.23 1.00 N.D

Roaringwater Bay , 0.90 0.11 5.20 0.96 2.1.:.0 0.04-

Bantry Bay 0.111- N.D 9.60 0.31.:- 0.65 N.D

Cast1etovmbere 0.311- 0.07 10.4-0 0.08 2.00 N.D

Ding1e - - - - - -
Shannon Estuary 0.60 N.D 7.70 0.20 2.10 N.D

C1arecast1e - - - - - -
Ba11yvaughan 0.09 0.30 15.60 0.20 1.03 0.02

Galway 0.80 0.14 10.04- 0.29 1.60 0.13

Killary 1.00 0.09 5.30 0.07 1.11-0 N.D

Killala 0.65 0.01 7.00 0.23 1.20 N.D

Sligo 0.60 0.08 12.00 0.4-5 1.20 N.D

Donegal 0.13 0.03 10.01 0.2!:- 1.60 0.11

Kil1ybegs 0.211- 0.01 19.00 0.20 1.20 0.08

Me an 00.75 0.34- 12.26 0.31 1.60 0.61

-
"_11 = Not examined.

"N.D. "= Not detected.
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TABLE 111: Heavy metals concentrations in Irish cOllstal waters.

Parts per million

Location Cd Mn CI' He

Carlingford Lough 0,003 0.005 0.010 0.001

Dundalk 0.001 0.008 0.010 0.001

Drogheda 0.002 0.002 0.010 0.001

Skerries 0.008 0.002 0.001 0.001

Malahide 0.002 0.003 0.010 0.001

Arklow 0.001 0.020 0.010 0.001

Wexford 0.001 0.006 0.010 0.002

Waterford 0.002 0.04-0 0.006 0.001

Dungarvan 0.005 0.008 0.130 0.002

Youghal 0.001 0.011 0.012 0.002

Cork 0.002 0.020 0.006 0.001

Kinsa1e 0.002 0.020 0.006 0.003

Courtmn.cshorry 0.001 0.009 0.003 0.001

Clonakilty 0.003 0.002 0.010 0.003

Rosscarbery O.OO:}- 0.001 0.012 0.002

G1andore 0.002 0.006 0.028 0.0011-

Roaringwater Bay 0.002 0.080 0.012 0.001

Bantry Bay 0.001 0.013 0.012 0.001

Castletownbere 0.003 0.001 0.028 0.004-

Dingle 0.001 0.005 0.012 0.001

Shannon Estuary 0.002 0.008 0.018 0.001

C1arecastle 0.001 0.028 0.029 0.001

Ballyvaughan 0.001 0.001 0.008 0.001

Ga1way 0.001 0.012 0.006 0.001

Kil1ary 0.001 0.005 0.008 0.001

Killo.la 0.001 0.008 0.005 0.001

Sligo 0.001 0.007 0.005 0.001

Donegal 0.001 0.015 0.001 0.001

Ki11ybegs 0.001 0.006 0.010 0.001

Mean 0.002 0.012 0. 011l- 0.001
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. Fig. 1.· Map of Ireland showing samplins

stations.


