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The elementary organisms has been:studied,
1 2 ' 'by biologists and chemists since the last century , • These in-

vestigations however were chiefly sUbjected to the main compo

nents of ~ea-water. But due to pollution aspects studies on the

accumulation of trace elements, especially heavy metals, got

ahigh priority. Thus estimatiom of concentration factors in par-

ticulate organic matter aS first link in the foodchain is of I

a specia1 interest3-6~

"To analyse trace metals in particulate matter seston is -ordinarily
,.',

'collected on filters arid oxidised mainly in a we~ digestion pro~~.
, \ ' L ~. ,j

cedure with Hel, HN0 3 and H20 2
4 ,5, 7. A compilation, of recommended:,

,t' .,"). ( t

methods i8 published by E. P.A. 8. :' ! ,,,' ,<
(',' i! .1:

. i I,

',Lacking from the fact that filters used upto now have high blank(,
'-'i ; ; . '!,

'" 'meta!' values t much material has to be enriched, requiring ,long· '!::,;'~ ':~

"fiitration' times. FUI"thermore manipulation with, the I"eagent~,mak~s ..
i , "! I'

it 'd.ifficult to avoid contamination effects dUI"ing time'consuming
, " : "" 1 ~ •

digestionprocesses.
• ! • .1 !

, ,"'1

Due to 'improvement of flameless atomic absorption spectro~etry9,~q
, .

and due to development of filteI" material with very low meta~
1 1

: " ,
'. • , '1 ~

contents i t was decided to make some further investigations on,';,

trace metal analyses in particulate matter.

This paper describes a method for the determination of selected

metals in sesten based on direct atomization and internal" ;~.' : .,'" I ~

. ,

.\

calibration in a heated graphfte atomizer.

iud
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•
EXPERIHENTAL

Instrumentation

A Perkin-Elmer Model 403 atomic absorption spectrometer equipped

with a Rikadenki Kokyo Model Mark II recorder, a deuterium arc

background corrector and a Perkin-Elmer HGA-72 heated graphite

atomizer was employed. This instrumentation has been described

in detail by Welz11 • Modification for copper analysis is des-
, 12 '

cribed by Kremling and Petersen •

Nuclepore filters (General Electric Company) are used for

collecting the seston from sea-water samples because of well

• ,defined pore size and their very low metal cCltent (see Fig. 1

and Table 1). Reported analyses are in good accordance with the

'" .'

, ,. l;' , ;

I
,I

',.• "

data found in this work.'

,Another advantage of the filters is their good sOlubilitY'in

chloroform,which can be easilypurified (see Fig. 1)so'that

an overall low blank value i8 attainable.

Dissolving of the filters is performed in 50 cm3~E~lenmeyer

quartz flasks.

All additions of thereagents and sample injections are made b~,

Eppendorf pipettes.

'!

,., i

'-, \

, ' '

:The plastic tips and the quartz flasks are,cleaned in a MIBKI

APCD solution as described eselwhere12 • " ;'
"

Reagents

Chloroform. Redistil the commercial grade reagent (Merck) very

slowly in a quartz still; no blank value for the metals investi-,

gated hare should then be detected (see Fig. 1).

-3- '
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Standard metal solutions. Prepare a standard stock solution

(pB 2) of 1000 ppm Fe, Cd, Cu, Zn and Pb (Titrisol, Merck). From

·this stock solution prepare daily a 0.01 ppm working standard.for

Cu, Feand Pb and a 0.001 ppm working standard for Cd and Zn by .

dilution.

Procedure
..

Seston is collected by filtering 500 cm3 of sea-water through

47 mm Nuclepore filters (pore size 0.4 pm) and dried for 12 h
. 3 . . .

at 700 C. Transfer the filter into a 50 cm E~lcnmeyer quartz .'

•
3'

flask and add 10 cm chloroform by a calibration pipette. The

filter is easily dissolved (in less than one minute), whereas~~the

.' :1 . .
particulate matter is highly dispersed in the chloroform solution,

' .. after putting the solution in an ultra sound bath for'about
.' .......~ - ..' - .

30 sec •• Shake fairly beforestarting the measurem~nt by the
•'. '., • . ': ' .,!

atom~c absorpt~on spectrometer w~th the temperature programml7'

'as described in Table . 2. For 'the injection' of the .'. chloroform.:,:":: I

• ,: • • '. 1 , • '., \' , ~. i.,: '! .; ,) ;

phase take 10 to 50 fUl pipettes. depending' on the con'centrat~on';''-.: <:
• ' , " • , • " • . t' , ~. , '! ';' , .j 't ;'

factors .of the metals under investigation. The da1:'a reported.il,:i,' .
."

:1.11 .Table 3were obtained by uslng 50 pl for Cu,. Cdand Pb ~~~ :', :~"
• 'I ' :\, I

. 10 pl for Fe respectively. After evaporation of the chloroform!!
. (":' !:\

,step(l)~ internal calibration is performed bydirectinjection~>
1"",' '.'

of ,the',working standard (207:75 pl) into the furnace.

The temperature programmes for the metals varyatthe heat com-
"

bustion step (2) due to the different atomization behavior., '

For all met~ls the atomization step (3) was ca:rried out by, GAS:','

STOP programm providing an increased sensivity. With the ex

c~ptien of iren analysis, which requires a high atomization

temperature, the grooved furnace is used.

\
!.•'

i .
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A typical set of registration curves is given in Fig. 1 and 2.

Fig. 1 demonstrates the qualification of chloroform and nuclepore

filters as material for trace metal analysis. Fig. 2 shows the,

sensitivity of the procedure. The recorder speed was normally'

2 cm min- 1 .

CALCULATION OF RESULTS

The method for the calculation of the metal contents from inter

nal calibration has been described elsewhere 12 • For fitting of

the regression lines the method of least squares is applied.The.

precision of the whole procedure performed wirh a surface sampIe

ofKiel Bight is given in Table 4. The standard deviation between

7 and 15 % is in the range of the wet digestionmethods. Kremling

(unpublished results) compared heavy metal analyses in order to

digest the particulate matter using the method of the traditional

wet digestion and the method described here. The results of both

methods did not show any differences.

Some results determined with the procedure are shown in Table 3.

The samples were coll~?ted from the Baltic Sea during the cruise

with R.V.'Alkor' in May 1973.

The weight of the particul~te matter was in the range of 0.5,mg'

dm-So The particle size of the samples varied between 0.5 and

300 pm.

Details will be published elsewhere.

I would like to acknowledge Dr. Kremling and Mr. Petersen for
helpful discussion.
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SUMMARY

A quick and simple method is described for the determination of

selected metals in seston by flameless atomic absorption spectro

metry. Nuclepore filters are used for very low metal content. Di-. .

gestion of the sampIe and internal calibration are directly per

formed in the HGA-72 graphite furnace. Replicate determinations'

of seston with a mean concentration of 18 ppm Cu, 1390 ppmFe,

43 ppm Pb and 6.8 ppm Cd showed standard deviation between 7 and

15 %.

ZUSAMMENFASSUNG

Eine schnelle und einfache Methode zur Bestimmung verschiedener
, I

. Spurenmetalle im Seston mit Hilfe der flammenlosen Atom-Ab

sorptions-Spektrometrie wird beschrieben. Wegen ihres niedrigen

Metallgehaltes werden Nuclepore Filter verwendet. Der Aufschluß

der Proben und die interne Eichung erfolgen direkt in dem Gra

phitrohr HGA-72. Die Reproduzierbarkeit liegt oei einer Konzentra~,

tion von 18 ppm Cu, 1390 pprn Fe, 43 ppm Pb und 6.8 pprnCdzwischep.,'

7,und 15 %.

"
.1' "

I.

RESUME
,,·,1

On a decrit une methode operant vitement et ayant simple, pour

determiner differentes trace elements' contenus en Seston par :,' 'i.. "

absorption spectrophotornetrie atomique sans flammes. En conside~ ,

ration de son contenue metal1ique bas, Nuc1epore fi1tres sont'

uti1isees. La digestibi1ite des materiaux des tests et 1e cali

brage interne sont effectues directement dans la graphite tube

cuvette HGA-72. En reproduire cette methode concernant Seston

avec 18 ppm Cu, 1390ppmFe, 43 ppm Pb et 6.8 ppm Cd, on a,ob-

serve standard deviations entre 7 et 15 %.
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Legends to the Figures:

Fig. 1:

Registration curves from 50 ~l injections of chloroform (a),

chloroform solution of 5 different filters (b), and replicate

determinations of aseston sample (c).

Fig. 2:

A set of atomization peaks (with deuterium are corrector) from

internal calibration. "S" is indicated for sample probe.

""I

\ i I
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Table 1:

Mean contents (pg per filter) of applied Nuclepore filters
(40 CPR 04700)

•

Metal This
work

Cu 0.04

Pb 0.00

Fe 0.03

Cd 0.00

General
Electric

0.05

0.5

.'

','"

, .,1.'



Cu (324.7 nm)

Step (l)a (l)b (2)c (3)d (4)e
.. 0

65 100 800 2200Temp ( C)

. Time (sec) 60 60 60 10 60

GASSTOP yes

.,"""'.



Table 4:

Coefficient,of variation for replicate analyses

Metal Rel.Stancl. Number Mean concentr.
dev. (%) of anal. (ppm)

Cu 11 7 18.0

Cd 7 8 6.8

.e Pb 9 8 43.0

Fe 12 7 1390.0

Zn 15 B 345.0

'''1'

I'

'j, : ~

,:"

" ,
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.,' i

" I



- 11 -
..

ABSORPTION c
•

Cu-= .
0.050

b

0.025
0

~ ,.-- ~~Ahh

• ABSORPTION
c

c

b

'Pb
='

Fe
==

a
0.050

0.100

I I

i

.. A ." '--------~-----:._--:..----- -- _...•..,.

ABSORPT ION

.0.0"75

-- ----------

.0.050

a025 a

b

Fig. 1



•

ABSORPTION

- 12 -

c

0.125

0.100

0.075

0.050

0.025

Zn

b

a
'I ", .

I' .' i i

" ,'"I

, i

1 .•

0.050

.' 'Cd
:=:==

010.25 b

0

Fig. 1

c

',. -

.' I



13

'S + O.93t:g~/Rl?l$b~:'
'. 'I . .... )" 'j ': .' ~I.,~,'l;"~'

~. • ,.•1, ~'::"j' ;'" ;.:.;;.. i..:"'''!'.~

0.025

0.050

ABSORPTION

0.075

Cu

0.000

0.100

0.025

0.075

0.050

0.000

Fig. 2

+Q5ng

+ 0.05ng

~a2ng

-----
:Zn

.ABSORPTION
" '

';.',~·t '< ~ ....~- -.... _.,-,\.• ~ .'-,..

"';,J:Ä'~SORf?T fb N~""
" .. , . i ,,", ~~.. .. .•

.'



14

,.

'"

Fe

0.20

0.30

0.10

·<" 1·' S +O,2ng .'
" \

, .
~~ .~.~ '" ...; \

Fig. 2


