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The elementary composltlon of marine organisms has been studled;k

by blologlsts and. chemlsts since the last century1 2. These ln-
vestlgatlons however were chlefly subjected to the main compo— J
o nents of sea-water. But due to pollutlon aspects studles on the B
accumulatlon of trace elements, especially heavy metals, got ‘
‘ a hlgh prlorlty. 'I'hus estimatiors of concentratlon factors in p‘ar-t
- h‘,tlculate organlc;matter as first link in the fOOdChaln'lS of, |
:;e‘a speoial]interest3°8.‘ | | -
.To analyse trace metalv in partlculate matter seston lS ordlnarlly
collected on filters and ox1dlsed mainly in a wet dlge tlon pro-l;
, ‘.ﬂ'fbf: cedure wlth HCl, HNO and szzu »5 7. A compllatlon of recommendeo‘ ‘
. ’methods;is”psblished by E,P.A._, D ‘_; ff‘_'ini“:‘liLf{ﬁ%f

N S

Lacklng from the fact that filters used up to. now have hlgh blank
f'metal values, much materlal has to be enrlohed requmrlng long ;
‘ flltratlon times._Furthermore manipulatmn w:.th the reagents makes ‘

i 1t dlfficult to avomd contamlnatlon effects durlng tlme consumlng

!
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e dlgestlon processes. ‘
. ‘ | : wl,_ /
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Due to improvement of flameless atomic absorption spectrometry
~and due to. development of filter materlal Wlth very 1ow metal
" contents it was decided to make some further lnvestlgatlons‘on,nfﬁ'

traoe metal analyses'in'particulate matter., R

ThlS paper descrlbes a method for the determlnatlon of selected}ﬂ;

- metals in seston based on d1rect atomization and 1nterna1

;callbratlonbln a heated graphite atomizer. ll*f roe :j;z_ff7
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EXPERIMENTAL .

AInstrumentation

‘A Perkin—Elmer Model 403 atomic absorption spectrometer equipped_
w1th a leadenkl Kokyo Model Mark II recorder, a deuterium arc -
cbackground corrector and a Perkin-Elmer HGA-72 heated graphite

‘atomlzer‘was employed. This instrumentation has been described

11, Modification for copper analysis is des-
cribed by Kremling and Petersenlz.

in detail by Welz

‘Nuclepore fllters (General Electric Company) are used for ‘7A‘ﬂ' 

collectlng the seston from sea-water samples because of well

4

“:deflned pore size and their very low metal ccatent (see Fig. 1

dand Table 1), Reported analyses are in good accordance w1th the _?

o

o data found in this work.

“‘;Another advantage of the fllters is their good solublllty in

?chloroform, which can be ea81ly purlfied (see Plg. 1) so that

c~‘an overall low blank value is attalnable.

‘effDissolv1ng of the filters is performed in 50 cma-Erlenmcyer

jquartz flasks.
All- addltlons of the reagents ‘and sample 1n3ect10ns are made by
JLEppendorf plpettes.' ‘ |

fThe plastlc tips and the quartz flasks are cleaned 1n a MIBK/
12 L :

"e”APCD solutlon as described eselwhere
" Reagents

' Chloroform. Redistil the commercial grade reagent (Merck) very =

- slowly in a quartz still; no blank value for the metals investie;*z

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



;Standard‘metal solutions. Prepare»a:standard stoch solution -
’(pH-2) of 1000 ppm ?e, cd, Cu, Zn and Pb (Titrivol' Merck) . From.'“’
“thls stock solution prepare dally a 0.01 ppm worklng standard for’v
Cu, Fe .and Pb and a 0.001 ppm working standard for Ca . and Zn by H

;dllutlon.v_

Procedure
‘Seston is collected by filtering 500 cm3 of sea-water through"
47 n mm Nuclepore filters (pore size 0.4% um) and dried for 12 h
| at 70 C. Transfer the fllter into a 50 cm3 Eﬂlenmeyer quartzl:l.

' flask and add 10 cm3 chloroform by a callbratﬂon plpette. The.;

- filter is ea51ly dlssolved (in less than one mlnute), whereasrthe(

"l_»partlculate matter is hlghly dlspersed in the chloroform solutlon:r

hdafter puttlng the solutlon 1n an ‘ultra sound bath for about
’ 30 sec.. Shake faxrly before startlng the measurement by the
atomlc absorptlon spectrometer w1th the temperature programme E?;n‘
ﬁ*as descrlbed in Table 2. For 'the 1n3ectlon of the chloroform k;fjgﬁ"

;iphase take 10 to SO/ul pipettes dependlng on the concentratlonﬁfffw .

: factors of the metals under 1nVest1gatlon. The data reported ri‘f:l:J
‘;1n Table 3 were obtalned by u51ng 50 ul for Cu, ca and Pb and
‘:lo‘pl for Fe respectlvely. After evaporatlon of the chloroform‘J

\,listep (1)x_1nternal callbratlon is performed by dlrect lnjeotlon“

of the worklng standard (20-75,u1) into the furnace.’{.~ ;Afnf

A;tThe temperature programmes for the metals vary at the heat com~ ;;h
B bustlon step (2) due to the different atomlzatlon behav1or. ox»fﬂﬁ

feyor all metals the atomlzatlon step (3) was carrled out. by GAS h';,
. STOP programm provxding an increased sensivity. W1th the ex-*~7"n,
.Ceptiontof,lron analysis, which requires a high atomlzatlpnr.$§jfi

- temperature, the grooved furnace is used.

.



A typical set of‘registretion curves is given in Fig. 1 and 2.
Fig. 1‘demonstrateskthe quaiification of chloroform and nuclepore
- filters as material for trace metal analysis. Fig. 2 shows the.
sensitivitykof the procedure. The recorder speed was normally

2 em min~ 1.

CALCULATION OF RESULTS

- The method for the calculation of the metal contents from inteff
nal calibbation has been described elsewherelz. For fitting of
the regression lines the method of least squares is applied. The
prec151on of the whole procedure performed with a surface sample
k»of Kiel Blght is given in Table 4. The standard deviation between
7 and 15 % is in the range of the wet digestion methods. Kremllng
“(unpﬁblished results) compared heavy metal analyses .in order to
~digest the‘particulate metter using the method of the ﬁreditione1%
wet digestion‘and the metﬁod described here. The results of bothf;;

vmethodskdid»not_show any differences. ' : o , ‘=h.’

Some results determined wlth the procedure are shown in Tahle 3.,ﬁ
The samples were collected from the Baltic Sea durlng the CPUlSQ ‘

w1th R.V. !Alkor' in May 1973,

- The welght of the partlculate matter was in the range of 0.5 mg o
dm-3 The partlcle size of the samples varled between 0. 5 and

300 um.

Deteils'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-
- metrys Nuclepore fllters are used for very low metal content.‘Dl-
‘gestloﬁ of the sample and internal callbratlon are directly per-'
: formed in the HGA-72 graphlte furnace. Repllcate determlnatlons
of seston with a mean concentration of 18 ppm Cu, 1390 pmee,

43 ppm Pb and 6.8 ppm Cd showed standard deviafion betwéen‘7 and

ZUSAMMENFASSUNG

iElne schnelle ‘und elnfache Methode zur Bestimmung verschledener-
fSpurenmetalle im Seston mit Hilfe der flammenlosen.Atom-Ab° |
"sorptibns-Spektrometfie wird beschriebén. Wegen ihres.niédrigehk
':H Méfallgehéltes Werden Nuclepore Filter verwendet. 'Der'AﬁfSChluﬁA ~
‘ der Proben und dle lnterne Elchung erfolgen dlrekt 1n dem Gra;i{ji
phltrohr HGA-72. D1e Reproduzxerbarkelt llegt bel elner Konzentra— 

tlon von 18 ppm Cu, 1390 ppm Fe, 43 ppm Pb und 6 B pmed zw1schen N

.‘;" ’
Pooo

késuné

© On a decrlt une methode operant vitement et ayant sxmple, pour
:’determlner différentes trace &léments contenus en Seston par . )ﬁél*“
absorptlon spectrophotonetrle atomique sans flammes. En consxde-f 

ration de son contenue métallique bas, Nueclepore filtres sont.‘ L

| utilisées. La digestibilité des matériaux des tests et‘le:calif {“

kbrage ihterne sont effectués directement dans la graphite fdbef'
éﬁ?étte HGA=-72. En}reproduire cette méthode concebnaht Sestoﬁﬁ‘"
avec 18 ppmbéu, 1390‘ppm/?e, 43 ppm Pb et 6.8 ppm Cd, on a ob- .

'servé standard déviations entré‘7 et 15 %.
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l.Legéhds’to the Figures:

Fig; 1:
Registrétion curves from 50 mul injections of chloroform (a),
chloroform solution of 5 different filters (b), and replicate

‘determinations of a seston sample (c).

>‘Figl 2:
A set of atomization peaks (with deuterium arc corrector) from -

“internal calibration. "S" is indicated for sample pbobe{



- Table 1:

Mean contents gug per filter) of applied Nuclepore fllters :
(40 CPR ou700)j

Metal ‘ This;  General

work Electric
cu 0.04 0.05
Pb 10.00 —
Fe  0.03 0.5

ca 0.00 -—--



»Table 2:

Program for the HGA-72

Zn;(213.9‘nm)

Step w* W’ ¢ @ we
~ Temp (°C) 65 100 600 1830 ———-
~ Time (sec) 60 60 60 .10 . 60

GASSTOP yes | o

Cu (324.7 nm) N

Step ~ (1)@ P @ @ we
Temp (°C) 65 100 800 2200 ————
. Time (sec) : 60 ~ 60 60 10 60

‘GASSTOP yes

Pb (283,3 nm)

T CT L BN C LA ¢ L € P N COL
‘Temp (°C) 65 100 520 2045 . ====
 Time (sec) 60 60 60 . 10 . 60 ...

GASSTOP ~ no

‘cd (228,8 nm)

st @ @ @ s
'~ Temp (°C) 85 100 275 1830 ====
Time‘(sec)'; . 80 60 120 10 .80 e

 GASSTOP no

" Fe (248,3 nm)

" Step (1@ P @ @ we
Temp (°C) 85 100 1135 2540 ———-
Time (sec) 60 60 60 - 10 - 60
GASSTOP yves '

-a: Evaporation of chloroform - b:Evaporation of standard

solution -
: Heat combustion of organic material d: Atomization . &=

: Cooling period

1o (o



Table 3:

- 10 -

Results of heavy metal investigations of Baltic seston

Metal

Pb

- Cu

- Cd |

Fe
in

N

99
100

99

‘ 60

93

Mean concentr.
(ppm)

123
61

5,8

w475

733

( N : numbers of samples )

‘Table u:

Metal

Cu

cd

Pb -
Fe

Zn

"Rel.Stand.

dev. (%)
11 
7 .
g
12
15

Number
of anal.

7
8

Rel.Stand = Extrema

de
¥

b

14

Mean concentr. .. -

~1390.0

v.(%)
102  0-527
110 0-354
92 0-28,1
123 s1u41773&

133 28-4758

Coefficient of variation for replicate analyses -

(opm)

18.0 .
43.0

5.0 .
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