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By freeze-drying the following elements can be determined in natural water except sea 
water: Au, Ba, Br, Ca, Ce, Co, Cr, Eu, Fe, K, La, Mo, Na, Sb, Sc, Se, U, Zn. Some problems 
may arise with respect to As and Hg. Cu, Cd and Ni can only be determined if present in 
high concentrations. Separation by adsorption on charcoal in presence of eomplexing agents 
gives yields between 75 and 100% for the following elements in sea water: Ag, Au, Cd, Ce, 
Co, Cr, Eu, Fe, Hg, La, Mo, Se, Se, U, Zn (As 67%, Sb 56%). Activation or use of labelled 
ions and study of exchange give information about mobility of trace elements in suspended 
matter. 

Introduction 

For routine analysis simple procedures and reproducible remits are essential. 

The following points are important: (a) Non-destructive determination. (b) Deter- 

rnination of the greatest possible number of elements relevant for the environment 

(multielement analysis). The elements which can be determined by routine neutron 

activation analysis, the influence of imputities in the quartz ampoules, the inter- 

ferences and the reproducibility of the results were studied in detail. The samples 

were irradiated in the research reactor FR2 in Karlsruhe at a flux of 9" 1013 

n �9 cm -2 �9 see -1 for 1-3  days and measured after a decay time of 1 day or more. 

Fe was used as standard. 

Freeze-drying 

The following elements can be determined in natural water except sea water by 

freeze-drying without difficulties: Au, Ba, Br, Ca, Ce, Co, Cr, Eu, Fe, K, La, Mo, 
Na, Sb, Sc, Se, U, Zn. Problerias arise with respect to the determination of 'As and 

Hg: Cu, Cd and Ni can only be determined if present in relatively high concentra- 

tions. 
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Table 1 
Relative mean values and standard deviations obtained by freeze drying 

and application of the Fe-monostandard method 

Element  

As 

Au 

Ba 

Br 

Ca 

Cd 

Ce 

Co 

Cr  

Cu 

Eu 

Fe 

Hg 

K 

La 

Mo 

Na 

Sb 

Sc 

Se 

U 

Zn 

Concentrat ion,  
ppb 

1 

0.01 

100 

10 
l0  s 

1 

0.1 

1 

1 

10 

0.1 

100 

0.1 

1000 

0.1 

1 

5 ~ 0  

1 

0.02 

I 

1 

10 

Relative mean  value 
and standard 

deviat ion,  all values 
included 

1.81 • 2.4 

0.36 • 0.20 

0.67 • 0.037 

1.08 • 0.14 

1.04 • 0.17 

4.11 • 3.12 

1.84 • 0.91 

1.10 • 0.11 

1.04 • 0.34 

2.75 • 3.0 

1.21 _* 0.55 

0.72 • 0.35 

31.2 • 106 

1.16 • 0.58 

1.14 • 0.32 

1.08 • 0.26 

0.87 • 0.09 

0.90 • 0.33 

1.29 • 0.18 

1.04 • 0.20 

1.17 • 0.15 

0.98 • 0.09 

Relative mean  value 
and standard deviat ion 

calculated according 
to NALIMOW 

0.65 • 0.34 

0.36 • 0.20 

0.66 • 0.021 

1.08 • 0.14 

1.10 • 0.0 

2.66 • 0.32 

1.52 • 0.30 

1.10 • 0.11 

0.99 • 0.30 

2.75 • 3.0 

0.89 • 0.13 

0.72 • 0.35 

1.63 • 0.77 

0.89 • 0.24 

1.14 • 0.32 

1.25 • 0.0 

0.86 • 0.08 

1.01 • 0.12 

1.33 • 0.12 

1.00 • 0.10 

1.15 • 0.05 

0.96 • 0.06 

The  resul ts  ( in  relat ive u n i t s )  f o u n d  b y  us ing  s t a n d a r d i z e d  w a t e r  samples  are 

p r e s e n t e d  in Fig. 1. T h e y  show clear ly  the  r e p r o d u c i b i l i t y  and  the  accu racy  for  the  

d i f f e r en t  e l ement s .  Mean  values  and  s t a n d a r d  devia t ions ,  again given in f r ac t ions  

o f  t he  accura te  value,  are i nd i ca t ed  in Fig. 1 and  in Table  1. In the  las t  c o l u m n  

o f  th i s  t ab le  the  values  ca l cu la t ed  acco rd ing  t o  N A L I M O W ' s  m e t h o d  are given,  fo r  

compa r i son .  

Resu l t s  o b t a i n e d  for  d i f f e r e n t  k i n d s  o f  wa te r ,  t ap  w a t e r  ( D a r m s t a d t ) ,  r iver w a t e r  

( R h e i n )  and  lake w a t e r  (Lago  Maggiore)  have  a l ready  b e e n  pub l i shed ,  t 
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Fig. 1.Reproduc~ility and accuracy found by freeze-drying and application of  the Fe-mono- 
standard method for water samples o f  known content (standardized water samples). 
The real concentrations corresponding to the value 1 are listed in Table 1 
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Standardized water obtained by dissolution of salts in appropriate amounts and 

composition is used for the preparation of multielement standards by freeze-drying 
or adsorption for trace element determination in tap water, river water and sea 
water. 

Adsorption of trace elements on char coal 

A method of preconcentration developed in Darmstadt is shaking the water with 

appropriate amounts of pure activated carbon and complexing agents. This proce- 

dure leads to an adsorption of a great number of the trace elements or their com- 

plexes on the surface of the char coal whereas the alcali ions, especially sodium, 

remain in the solution. Char coal is an adsorbent which is not activated by ther- 

mal neutrons and can be obtained in high purity. Results of neutron activation 

analysis of different adsorbents, complexing agents and quartz samples are given 

in Table 2. They show the relatively high purity of activated char coal "Carbo- 

puron 4n" (Degussa), which was selected for the further experiments. 1 liter stand- 
ardized water with the composition of sea water was shaken with 60 mg char coal 

for 15 minutes. Complexing agents were added in amounts of 1 mg, dissolved in 

1 ml acetone. The pH was 5.5 or it was adjusted to 8.5 by addition of 0.1M am- 

monia. The char coal was filtered off and irradiated. Results of  three sets of ex- 

periments with char coal alone, char coal in presence of dithizone and char coal 

in presence of sodium diethyldithiocarbaminate (NaDDTC) are presented in Table 3. 

The following elements are adsorbed to an extent from 75 to 100%: Ag, Au, Ce, 

Cd, Co, Cr, Eu, Fe, Hg, La, Sc, U, Zn. The amount of Na is reduced to about 
10 -6, Br tO about 10 -s and Ca to about 10 -2. The separation of the trace ele- 

ments is reproducible within certain limits. On the basis of reproducibility of the 

separation a correction for the values found is possible. 
The application of the method is most favourable for sea water. The main ad- 

vantages are: High reduction of NaC1 content, application of the method directly 

after collection of the samples, no storage problems, no restriction of the volume 

of the water samples, fast and simple separation. After filtration and drying at 

80 ~ the carbon samples are filled in quartz ampoules for irradiation. 
The following procedure was found to be most efficient: 1 liter of sea water is 

first shaken at ptl 5.5 with a suspension of 30 mg char coal and 1 ml of an ace- 

tone solution containing 1 mg NaDDTC. After filtration the solution is brought 

to pH 8.5 by addition of 0.1M ammonia and shaken again with a suspension of 

30 ml char coal and 1 ml of an acetone solution containing 1 mg dithizone. Both 

fractions of char coal are combined, dried and filled into a quartz ampoule for irra- 

diation. Using this procedure sea water from the north sea was analyzed. The trace 
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Table 4 
Determinat ion o f  trace-elements in seawater (mean values and standard-deviations).  

Samples taken  at 5403 , north,  lati tude, 6030 ' east. longitude, in the  Nor th  Sea 

E l e m e n t  

AS 
As 

Au 

Ba 

Br 

Ca 

Cd 

Ce 

Co 

Cr 

Eu 

Fe 

Hg 

K 

La 

Mo 

Na 

Sb 

Sc 

Se 

U 

Zn  

Water  w i t h o u t  
suspended  materia l ;  

S d e t e r m i n a t i o n s ,  

s/1 

(8 .8  + 0 . 4 )  �9 10 -9 

(3.5 + 0.3) �9 10 -7 

Suspended material; 
S determinat ions;  

g/t 

(3.6 + 0.3) �9 10 -9 

(3.4 + 1.2) �9 lO-S 

Water  with 
suspended  material; 

3 d e t e r m i n a t i o n s ,  
g / !  

(8.7 + 0.4) �9 10-9 

(4.7 • 0.7) �9 10-7 

(3.5 + 0.3) �9 10-1 o 

(5.7 • 0.1) �9 10-7 

(5.5 + 0 .1) -  10 -7 

(3.6 + 0.2) �9 10 - s  

<10  -s 

(3.4 + 0.3) �9 10 -s 

(4.5 + 0.3) - I0 -s 

(1.4 + 0.1) �9 I0 -~ 

(8.2 • 1.4) �9 I0-I o 

(1.5 + 0.2) - I0 -s 

(2.2 + 0.2) �9 I0 -s 

(3.6 + 1.9)- I0 -s 

(3.2 + 0.I). I0 -s 

(4.4 + 1.4) �9 I0 -s 

(3.6 + 0.3) �9 10 -4 

(5.7 • 0 .4 ) -  10 -9 

(4.5 + 0.3) �9 lO-S 

(4.5 + 0.3)- I0 -s 

(3.3 • 1.0) �9 lO-S 

(2.3 + 0.1) �9 lO-S 

(4.5 + 2.0)" 10 -I o 

(4.1 + 0.6) �9 1 0 - '  

(4.0 + 3.8) �9 10 -~ 

(1.5 + 0.3)" I0-4 

< 1 0 " s  

(2.4 • 1.5) �9 10 -s 

(2.3 + 0.8) �9 10 - s  

(1.3 + 0 .3)"  10-7 

( 4 . 4  + 1 .9)  �9 1 0 - 9  

(3.5 + 1.2)-  10 -s 

< 5  �9 10 -9 

(2.9 + 0.7)"  10 -s  

(2.8 • 2.1) �9 10 -s 

(2.1 + 0 . I )  �9 10 -s 

(4.7 • 6.9) �9 10-4 

(2.3 + 0.8) �9 I 0 -9  

(1.9 ~ 2.0) �9 10 -s 

(3.5 + 0.9)"  10 -s 

(1.5 + 0.8) �9 I0 -s 

(3.3 + 1.5) �9 10 -7 

(3.9 + 0.2)- I0 -l o 

(1.3 + 0.5) " 10-4 

(3.7 + 0.2) �9 I0-4 

(2.0 + 0.5) �9 I0-' 

< 1 0 - '  

(I.0 + 0.2) �9 lO-S 

(6.7 ~: 0.2) - lO-S 

(2.9 -+ 0.2) �9 10 -7 

(5.6 • 1.7)" 10 -9 

(6.8 :~ 1.5) �9 I0 -s 

<5 �9 10 -9 

(4.7 • 1.4) �9 10 -s 

(7 .4  ~ 1.4) �9 10 -s 

(6.1 ~: 0 .5 ) -  10 -s 

(1.7 • 0.7) �9 10 -4 

(1.3 • 0.2) �9 10 - s  

(2.3 + 0 .4 ) -  10 -s 

(6.3 • 0.7) - 10 - s  

(5.6 • 0.9) �9 lO-S 

(3.9 + 0.2) �9 10 -4 

e l e m e n t s  we re  d e t e r m i n e d  in  t h e  w a t e r  t o g e t h e r  w i t h  t h e  s u s p e n d e d  m a t e r i a l ,  in  

t h e  s u s p e n d e d  m a t e r i a l  a l o n e  a n d  in  f i l t e r e d  w a t e r .  T h e  r e s u l t s  a re  p r e s e n t e d  in 

T a b l e  4.  T h e y  h a v e  b e e n  c o n f i r m e d  b y  i n d e p e n d e n t  d e t e r m i n a t i o n  fo r  t h e  e l e m e n t s  

Co ,  Fe ,  Hg,  Sb ,  Sc,  U, Z n .  

Suspended material 

A n u m b e r  o f  w a t e r  s a m p l e s  f r o m  r ivers  we re  f ' d te red  u s i n g  m e m b r a n e  f i l t e r s  a n d  

t h e  t r a ce  e l e m e n t s  in  t h e  s u s p e n d e d  m a t e r i a l  as wel l  as  in t h e  s o l u t i o n  w e r e  de t e r -  

m i n e d  s e p a r a t e l y .  R e s u l t s  f o r  t h e  M a i n  r iver  a t  d i f f e r e n t  s i t e s  a n d  t i m e s  a re  g i v e n  

Z Radioanal Chem. 37(1977) 7 2 3  
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Table 5 
Distribution of elements between solution and suspended matter in the Main river. 

Sample I from Main river (11.3.75, Frankfurt, middle of the river); 
sample II from Main river (24.3.76, Frankfurt, near the left bank of the river) 

Sample I Sample II 
Element 

Solution, Suspended Solution, Suspended 
% matter, % % matter, % 

Ag 

As 
Au 

Ba 

Br 
Ca 

Ce 
Co 
Cr 
Cs 
Eu 
Fe 
HI" 

K 
La 

Mo 
Na 

Rb 
Sb 
Sc 
Se 
Sm 

U 
Zn 

w 

91.5 
66.6 
84.0 
99.0 

20.4 
66.6 
25.0 
38.0 
23.1 
9.3 
9.1 

93.0 
30.0 

99.8 
58.0 
64.0 

3.5 
76.0 

65.0 
90.9 
64.0 

8.5 
33.4 
16.0 

1.0 

79.6 
33.4 
75.0 

62.0 
76.9 
90.7 
90.9 

7.0 
70.0 

0.2 
42.0 

36.0 
96.5 
24.0 
35.0 
9.1 

36.0 

11.1 
70.7 
44.7 

85.7 
99.0 
99.5 

47.5 
57.8 
25.0 
12.5 

21.0 

96.0 
54.7 
97.7 
99.9 

54.4 
2.4 

82.6 

94.0 
66.4 

88.9 
29.3 

55.3 
14.3 

1.0 

0.5 

52.5 
42.2 
75.0 
87.5 

79.0 

4.0 
45.3 

2.3 
0.1 

45.6 
97.6 
17.4 

6.0 
33.6 

- :  Not determined. 

in Table 5. The variations of  the elements with place and time are in most cases 

not  significant. The following elements are enriched in the suspended material:  Ag, 

Ce, Cr, Cs, Eu, Fe, Hf, La, Sc. The percentage found in the suspended material 

is <llYTb for Br, Ca, K, Mo, Na and U. The alcali elements exhibit  increasing ad- 

sorpt ion with atomic number,  ranging from 0.1% for Na to 62% for Cs. It may be 

assumed that Cs is bound in the clay particles by ion exchange. 
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Table 6 
Preliminary values for the mobility of the elements ,in the suspended material, as calculated 

from the fraction taking part in the exchange between suspended material and solution 

Element 

Ag 
Au 
Ba 

Ce 
Co 
Cr 
Fe 
Sb 
Zn 

Fraction of 
exchange calculated 
for 100% mobil ity 

0.05 
0.25 
0.71 
0.27 
0.37 
0.12 
0.I0 
0.33 
0.45 

Fraction o f  
exchange found 

0.09 -+ 0.02 
0.25 -+ 0.14 
0.11 -+0.03 
0.19 -+ 0.01 
0.36 +- 0.01 
0.16 -+ 0.01 
0.18 • 0.01 
0.15 • 0.01 
0.27 -+ 0.05 

Mobility, 
% 

100 
100 

16 
70 

100 
100 
100 
46 
60 

In order to obtain an indication of  the mobility of  the elements in the sus- 

pended matter which is given by the fraction exchanged between suspended matter 

and solution the following experiments were made: Suspended matter and solution 

were separated in a centrifuge. The suspended matter was dried at 80 ~ irradiated 

and mixed with the original solution. Alternatively the filtered solution was freeze- 

dried, irradiated, dissolved and mixed with the suspended matter. After shaking for 

about 1 day solution and suspended matter were separated again. Some preliminary 

values which have been obtained up to now are given in Table 6. Furthermore 

some experiments have been performed in which the suspended matter was treated 

either with water or with acetone or with diluted HCI in order to obtain values 

for the solubility of  the trace elements in these solvents and hence an indication 

of  the chemical form and the physical state o f  the elements. By treatment with 

water some elements are dissolved partially: Ba, Ca, Na. The treatment with ace- 

tone is not very effective, whereas the treatment with dilute HCI dissolves appreci- 

able amounts of  Ba, Ca, Co, Cr, Na and Zn. The results may be compared with 

former investigations. 2,3 

Conclusions 

Freeze-drying as routine method gives reliable results for a great number of  ele- 
ments. Adsorption of  trace elements on char coal in presence o f  complexing agents, 

especially at two different pH values and using two different complexing agents 
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represents a new very simple method  for the determinat ion o f  trace elements in 

sea water. The investigation o f  exchange equilibria by  different methods  gives in- 

formation on the mobi l i ty  o f  the trace elements in the suspended material.  
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