
H E L G O ~ D E R  MEERESUNTERSUCHUNGEN 
Helgol}inder Meeresunters. 33, 576-586 (1980) 

Comparison of trace heavy-metal  levels from 
monitoring in the German Bight and the southwestern 

Baltic Sea 

D. Schmidt 

Deutsches Hydrographisches Institub Wfistland 2, D-2000 Hamburg 55, 
Federal Republic of Germany 

ABSTRACT: Since 1973, monitoring for selected trace heavy metals has been performed in the 
German Bight (North Sea) and the western Baltic Sea. This paper deals with a set of filtered and 
unfiltered samples from a network of 22 stations covering the whole German Bight based on a Cruise 
with RV "Gauss" in May 1974, and a similar series of samples taken at different depths at 18 
stations in the Baltic Sea in October 1974. The metals Cd, Cu, Fe, Mn, and Ni were determined by 
flameless atomic absorption spectrometry. Data comparison is facilitated since sampling and 
analytical methods were identical. Distributions of metal-content data have been calculated from 
unfiltered and filtered samples. Qualitative and semi-quantitative aspects of the major differences 
or similarities between the histograms obtained from both sea areas are discussed. 

INTRODUCTION 

Trace heavy  metals  are r ega rded  as one of the main  p rob lem groups of substances 

w h e n  consider ing env i ronmenta l  pollution. Moni tor ing  their  levels  is therefore  neces-  

sary to learn  about  possible  increases  of their  concentrat ions in coastal and offshore 

wate r  bodies  due  to an thropogenic  activities.  "Moni to r ing"  is def ined  here  as the 

recording of t race-meta l  concentrat ions,  r epea ted  at regular  intervals  and cont inued 
over  longer  per iods of t ime with  comparab le  analyt ical  techniques .  It is now genera l ly  

accepted  that  t rends of env i ronmenta l  changes  can only be de te rmined  if long t ime 

series are avai lable .  Recently,  wi th  regard  to the convent ion  on the protect ion of the 
mar ine  env i ronment  of the Baltic Sea area  ("Hels inki -Convent ion") ,  a s imilar  def ini t ion 

has b e e n  adopted  (Anonymous, 1978): "Moni tor ing  means  the r epea ted  measu remen t  of 

se lec ted  parameters  and pol lutant  concentrat ions in order to fol low changes  over  a 

per iod of t ime."  In the same context  the fo l lowing explana t ion  has b e e n  annexed  which  

is also of interest  here:  "It is implici t ly  unders tood that the observat ions wi l l  form part  of 

a warn ing  system to de te rmine  unnatural ,  possibly harmful,  changes  in the environment .  

In order to regis ter  man- induced  changes,  the natural  changes  of different e l emen t s  of 

the ecosystem must  be  known. Therefore,  moni tor ing wil l  often inc lude  regis t ra t ion of 

more or less 'natural '  conditions.  In its more restr icted sense, the term is app l ied  to the 
regular  measu remen t  of pol lutant  levels  in re la t ion to some standard, or in order to judge  
the effect iveness  of a system of regula t ion  and control. Moni tor ing  does not encompass  
exper imenta l  laboratory studies."  
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Reference is also made  here to the m a n y  decades of careful meteorological  observa- 

tions on a global  scale that may now supply the data essent ial  for discovering 
cl imatological  changes.  

The "Deutsches Hydrographisches  Institut" has, by federal  legislat ion,  the task of 
moni tor ing  noxious compounds  in  the sea. In this framework, invest igat ions were started 
by the author in  1971 to monitor  trace heavy metals  in  sea water  off the coasts of the 
Federal  Republic  of Germany,  part icuIarly in  the German  Bight of the North Sea, and  in  
the southwestern  Baltic Sea. From the beg inn ing ,  we have placed equal  emphasis  on 
both sea areas. The n u m b e r  of inst i tut ions inves t iga t ing  both North Sea and  Baltic for 
trace metals  with equal  effort, and  with comparable  methods for sampl ing  and  analysis,  
is probably  rather  small. 

ANALYSIS OF DATA AND METHODS 

Trace-metal  data are avai lable,  many  of them still unpub l i shed ,  from RV "Gauss"  
cruises to the inner  Ge rman  Bight in  1973 and  to the wes tern  Baltic Sea in  1973, to the 
whole German  Bight and  the southwestern  Baltic both in  1974, and  to some coastal 
stations of the German  Bight in  1975. Some data have al ready b e e n  ana lyzed  from a 
cruise covering the whole  G e r m a n  Bight in  1976, from part ic ipat ion in  the in te rna t iona l  
cooperative exper iment  BOSEX '77 in  the Baltic proper and  from some coastal stations in  
the Baltic, both in  1977, and  from work aboard the research platform "Nordsee" (FPN) in  
1978. Samples  have b e e n  preserved, where  analysis  is unde r  way or has not yet  b e e n  
started, from a similar  cruise with RV "Gauss"  to the Baltic in  1976, and  from a leg 
t raversing the whole North Sea in  1977, from a RV "Meteor" cruise to the G e r m a n  Bight 
in  J anua ry  1978, from work aboard FPN in  1979, and  from a cruise with RV "Meteor" to 
the nor thern  North Atlant ic  Ocean  in  1979. 

For this paper,  a set of samples  was selected from a ne twork  of 22 stations covering 
the whole G e r m a n  Bight, t aken  on a cruise with RV "Gauss"  in  May 1974 (Fig. 1). They 
were compared with a similar  series of samples  from 18 stations in  the Baltic Sea, t aken  
on a cruise with RV "Gauss"  in  October 1974 {Fig. 2). In the latter case, data from 
Stations 1 to 3 have b e e n  omitted from the calculations, since these were very coastal 
ones. Station 4 was first observed in  the usua l  m a n n e r  and  was repeated  three t imes 
dur ing  one day on the re turn  leg of the vessel, in  order to examine  possible na tura l  
fluctuation. These data have b e e n  entered  into the present  calculations. On all stations, 
samplers  have b e e n  set at about  3 to 6 different legels, according to water  depth. 

For the purposes of this intercomparison,  the concentra t ion data for the metals  
cadmium, copper, iron, m a n g a n e s e  and  nickel  have b e e n  selected. Sampl ing  and  
analyt icaI  methods were ident ical  for both sets of samples. 

Water  samples  were coliected at up to 6 depths, us ing  1.7-1 Nansen- type  bottles 
made  from polycarbonate  plastic (Hydrobios, Kiel) on a PVC-coated hydrographic  wire. 
Unfi l tered samples  were conserved immediate ly .  Fil trat ion of water  from the same 
sampler  was performed by vacuum suction in  a gIass apparatus  through 0.4-fire "Nucle-  
pore" m e m b r a n e  filters. Both types of samples  were filled in  ac id-prec leaned  500-ml 
bottles special ly made  from silica ("quartz") glass. They were rapidly deep-frozen at 
--60 ~ us ing  a special apparatus  (Kryotherma, Trier). Samples were stored in  commer- 
cial freezers at - 28 ~ unt i l  analysis  in  the l and-based  laboratory. The samples  from the 
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Fig. 1. Station network for RV "Gauss" cruise to the German Bight in May 1974. The rectangle 
around Station 14 indicates the dumping area for TiO 2 waste solutions; the rectangle east of it 
identifies an additional area for dumping under severe westerly gale conditions. The small 
rectangle northwest of Station 6 shows the dumping area for digested sewage sludge from the city of 

Hamburg 

German  Bight were ana lyzed  from November  1975 to March 1976, those from the Baltic 
be tween  August  1978 and  March 1979. 

After thawing,  acidification (HC1), chelat ion (APDC) and  l iquid/ l iquid-ext rac t ion 
(MIBK), the metals  Cd, Cu, Fe, Mn, and  Ni were de te rmined  by flameless atomic 
absorpt ion spectrometry (A.AS) us ing  Bodenseewerk Perkin-Elmer  spectrometers models 
3 0 0  and  432. The s tandard  addi t ion method was appl ied  for calibration.  Addi t ional  
details of the sampl ing  and  analysis  procedure have b e e n  omitted here; they have b e e n  
presented  in  our contr ibut ion to the Baltic Intercal ibrat ion Workshop in Kiel (Schmidt & 
Neubauer ,  1977) and  more recent ly  (Schmidt & Zehle, 1979). 
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Fig. 2. Station network for RV "Gauss" cruise to the southwestern Baltic Sea in October 1974 (for 
explanation see text) 

The  ana ly t i ca l  me thod  has  successful ly  b e e n  in te rca l ib ra ted ,  in pa r t i cu la r  dur ing  
the Baltic In te rca l ib ra t ion  Workshop  in Kiel  (1977), and  by  pa r t i c ipa t ion  in the  first, 
third,  and  fourth round  of in te rca l ib ra t ions  (Jones, 1976, 1977; Bewers  e ta ] . ,  1978, 1979) 
conduc ted  u n d e r  the  ausp ices  of the  former ICES Subgroup  on Con taminan t  Levels  in 
Sea Wate r  that  was  cha i red  by  the author.  

RESULTS AND DISCUSSION 

From p r e c e d i n g  inves t iga t ions  (Schmidt,  1976a, b, c), pa r t i cu la r ly  in the  inner  
G e r m a n  Bight  and  the sou thwes te rn  Baltic, both  in 1973, and  aga in  in the g rea te r  
G e r m a n  Bight  and  a l a rge r  par t  of the  Baltic in  1974, the  most obvious and  r e m a r k a b l e  
observa t ion  was  that  l a rge  var ia t ions  in  me ta l  content  could  be  found over  the sea  a rea  
i nves t i ga t ed  and  at  different  dep ths  for cer ta in  metals .  Those meta l s  were ,  wi th  decrea -  
s ing d e g r e e  of var ia t ions :  Fe, Mn, Ni. The var ia t ions  could  be  t raced  back  to w e l l - k n o w n  
sources,  l ike  dumping ,  and  input  by  major  es tuar ies  and  rivers. Other  metals ,  l ike  Cd, 
Cu, Zn, a p p e a r e d  to be  more  even ly  d is t r ibuted .  As one e x a m p l e  of this oceanog raph i c  
var iabi l i ty ,  the leve ls  of "pa r t i cu la te"  and  "d i s so lved"  Fe from the cruise  to the G e r m a n  
Bight  in  1974 are  p r e sen t ed  in F igure  3. From the same sampl ing  bott le ,  an unf i l te red  
sample  was  taken ,  whe rea s  another  a l iquot  was  f i l te red  by  means  of 0.4-#m Nuc lepore  
filters. Using  this w i d e l y  accep t ed  f i l t rat ion procedure ,  an  ar t i f ic ial  d i s t r ibu t ion  is 
p rov ided  b e t w e e n  a "d i s so lved"  compar tmen t  and  another  compar tmen t  for "d i s so lved"  
p lus  "pa r t i cu la te"  metals .  As can be  seen  from Figure  3, the  most p rominen t  i ron levels  
occur in the  unf i l t e red  samples ,  ma in ly  de r ived  from par t i cu la te  iron. Very  h igh  concen-  
t ra t ions of pa r t i cu la te  i ron are  in t roduced  th rough  the  es tuar ies  of the  Rivers Elbe and  
Weser .  Pass ing  a long  the stat ions to the  wes t  (Stations 6, 5, 4, 3, 2, 1), aga ins t  the  r e s idua l  
current,  and  then  h e a d i n g  up  north into the  open  G e r m a n  Bight, leve ls  for pa r t i cu la te  Fe 
dec rease  rapid ly .  Much  of the  outf low of the  Elbe r iver  wa te r  is tu rn ing  up nor thwards  
(Stations 5, 12, 13, 18), wi th  r e l a t ive ly  h igh  va lues  for i ron in unf i l te red  samples .  Ano the r  
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m a x i m u m  is v i s ib le  in the dumping  area for waste  solutions from titanium dioxide 
production northwest  of He lgo land  (Station 14}. Similar observations were  made  by 
Weichart (1975a, b) wi th  a very different analytical  technique.  The h ighest  concentration 
from the cruise was  found in the lowest  sampl ing  bottle of Station 17 northwest of the 
dumping  area (702 #g 1-1Fe) 

For at least some of the metals  these features were  very in teres t ing  This led  to 
further considerations in regard to dumping  regulations and marine pol lut ion by rivers. 
Hence ,  it did not appear reasonable  to mask  the oceanographic  variations by calculat ion 
of m e a n  values ,  e.g. for the German Bight as a wh o le  or for the southwestern Bal t ic  

In the present work, a different approach was taken. Al l  data were pooled,  and only 
few parameters considered: metal,  filtered versus unfi ltered sample,  German Bight 
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versus  sou thwes te rn  Baltic. Consequent ly ,  whi l e  poss ib le  f ine s tructures  accord ing  to 
g e o g r a p h i c a l  a rea  or s ta t ion dep th  become  h idden ,  gene ra l  t rends  t end  to revea l  
themselves .  

The  data,  toge the r  wi th  necessa ry  information,  were  s tored  in a H e w le t t  Packa rd  
9825 A desk  computer .  By us ing  spec ia l  p rog rams  d e v e l o p e d  wi th in  our r e sea rch  group,  
h i s tograms  have  b e e n  ca lcula ted .  Al l  me ta l  concent ra t ion  va lues  were  d i s t r ibu ted  into 
20 e q u a l l y - s p a c e d  channels ,  the  wid th  of which  was  se l ec t ed  accord ing  to the  r ange  of 
the  major i ty  of values .  The n u m b e r  of ana ly t i ca l  da t a  found in each  of the  channe ls  
appea r s  on the y-axis .  The  total  number s  of me ta l  da t a  u sed  for each  of the  i nd iv idua l  
h i s tograms  are  comparab l e  and  are  i n d i c a t e d  in the  d i ag rams  (N). For the  p resen t  
considera t ions ,  only  the  re la t ive  propor t ions  and  the ge ne ra l  d is t r ibut ion  pa t te rns  are  of 
interest .  

C a d m i u m  

This me ta l  shows a very  r egu l a r  d i s t r ibu t ion  pa t t e rn  {Fig. 4) wi th  no s igni f icant  
d i f ferences  b e t w e e n  f i l te red  and  unf i l t e red  wa te r  samples .  This f ind ing  confirms resul ts  
from our  ea r l i e r  inves t iga t ions  (e. g. Schmidt ,  1976c)l Cd tends  to act l ike  a "d i s so lved"  
me ta l  - w e a k l y  che l a t ed  and  wi th  a low pe rc e n t a ge  b o u n d  to pa r t i cu la te  matter .  
However ,  s igni f icant  d i f ferences  are  a p p a r e n t  b e t w e e n  h i s tograms  for the  G e r m a n  Bight  
and  those  for the  Baltic Sea. Since Cd is u sed  as a m o d e l  e l e m e n t  in  m a n y  s tudies  on 
d is t r ibut ions  of noxious  h e a v y  meta l s  b e t w e e n  sea  water ,  sed iment ,  and  mar ine  biota,  
and  in inves t iga t ions  o f  the  effects of h e a v y  meta l s  on the  ecosystem,  a t ten t ion  m a y  be  
d rawn  to the  re la t ive ly  low concent ra t ions  found in the  p resen t  work.  The Cd da ta  
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cluster a round a va lue  of about  60 ng 1-1 for the German  Bight of the North Sea and  
around about  20 ng 1-1 for the Baltic Sea. 

Geographical ly,  Cd is also very evenly distributed.  For the German  Bight, no 
part icular  "hot spots" can be seen. The lowest values  occur at Station 20; sl ightly 
enhanced  concentrat ions can be recognized west and  east of Helgoland.  For the south- 
western  Baltic cruise, Cd levels do not show any marked  gradients  or structure, ne i ther  
in  the different subdivis ions of the area concerned nor according to depth or be t w e e n  
filtered and unfi l tered samples. 

C o p p e r  

A similar distr ibution,  compared with the case for Cd, is d isplayed for Cu in  the 
German  Bight samples (Fig. 5). However,  the dis tr ibut ion is very different for the 
samples from the Baltic. Here the levels appear  to be more shifted to higher  values,  with 
a smaller  degree of cluster ing around a m e a n  concentrat ion.  Some of the higher  
concentrat ion values  in  the fil tered samples  may be an  indica t ion  of contamina t ion  by 
the fi l tering process in  some cases; at that t ime some problems were encounte red  with 
filtration on board. In the meant ime,  totally new fi l tering equ ipmen t  has b e e n  des igned  
and  put  into service that will  now avoid contaminat ion  sources. 

The spatial  dis t r ibut ion of Cu in  the German  Bight shows a t endency  for slightly 
increased concentrat ions at some coastal stations (2, 3, 4, 5 and  18) that are inf luenced  by 
river outflows; the lowest concentrat ions occur at the outermost stations (15, 16 and  10). 
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In the  case  of the  Baltic, s l ight ly  e l eva t ed  Cu levels  a re  found at Stat ions 9 and  10 in the  
Lfibeck Bay and,  surpr is ingly ,  at the  open  Baltic Stat ions 17 and  18, south and  nor thwes t  
of Bornholm Island, respect ive ly .  

I r o n  

Very  h igh  iron levels  occur in  some unf i l te red  samples  from the Nor th  Sea  (Fig. 6). 
They  are  caused  by  the d u m p i n g  opera t ions  and  the inf lux from the Elbe  and  Wese r  r iver  
es tuar ies ,  as d i scussed  ea r l i e r  and  as shown by  F igure  3. The  Fe levels  are  grea t ly  
r e d u c e d  by  f i l t rat ion to low concent ra t ion  va lues  wi th  a more  r egu la r  d is t r ibut ion  
pat tern .  This a g a i n  appea r s  as typ ica l  and  has  b e e n  found in our ea r l i e r  inves t iga t ions  
(e.g.) Schmidt ,  1976c). In the  case  of the  Balt ic unf i l t e red  samples ,  the  leve ls  are  
s igni f icant ly  shif ted to the  lower  side,  wi th  a lmost  no h igh  concentrat ions .  The  few 
e l eva t ed  Fe leve ls  occur ma in ly  in the  lowermost  sample r s  i m m e d i a t e l y  above  the 
bottom; i nc reased  concentra t ions  in the  u p p e r  s a m p l i n g  bot t les  are  found at Sta t ion 12 of 
the  Balt ic ne twork .  The  sea  a rea  i nves t i ga t ed  there  does not expe r i ence  any  d u m p i n g  of 
Fe wastes ,  nor  is it  i n f luenced  to a l a rge r  deg ree  by  major  rivers.  The  levels  c luster  even  
more  in one p e a k  by  fil tration, fa l l ing  a lmost  exc lus ive ly  into the  lowermost  concent ra-  
t ion range .  

The Fe da ta  a p p e a r  pa r t i cu la r ly  in f luenced  by  ex te rna l  condi t ions  dur ing  the 
cruises.  Accord ing  to Schmidt  (1976b), me teo ro log ica l  pa r a me te r s  - l ike  w ind  force and  
direct ion,  wave  heights ,  and  sha l lowness  of the  sea  a rea  - are  c losely  cor re la ted  wi th  Fe 
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levels  in the  s amples  cor~taining ~ e  par t i cu la te  mat ter ,  obvious ly  caused  by  h ighe r  
tu rbu lence  in the  wa te r  and  a grea te r  s ed imen t  load.  

M a n g a n e s e  

In pr inc ip le ,  Mn dis t r ibut ions  (Fig. 7) bea r  some r e s e m b l a n c e  to Fe pat terns .  This 
a g a i n  confirms prev ious  resul ts  (Schmidt,  1976c) c l a iming  as typ ica l  for the  G e r m a n  
Bight  that  the  t h r ee -d imens iona l  d i s t r ibu t ion  for Mn c o m p a r e d  wi th  Fe was  similar ,  bu t  
less p ronounced  in  var iabi l i ty .  Very  h igh  Mn concentra t ions  in unf i l t e red  wa te r  are  
found at  the  stat ions su r round ing  the l~.lbe and  Weser  es tuar ies  {Station 6, 5, 9, 13) and  
nor thwes t  of the  TiO 2 d u m p i n g  a rea  {Station 17). In F igure  7, h o w e v e r -  in contrast  to Fe 
- h ighe r  Mn levels  are  found in the  Balt ic Sea  than  in the  G e r m a n  Bight. The h ighes t  Mn 
va lues  occur here  at  Stat ions 6, 7, 8, 9, 12 and  15. In al l  these  cases  m a x i m a  are  found in 
the  lowest  s a m p l i n g  bott le .  The  geochemis t ry  of Mn in the  Baltic Sea  has  b e e n  shown to 
b e  very  in teres t ing ,  w i th  r e m a r k a b l y  h igh  concent ra t ions  of d i sso lved  Mn in cer ta in  
wa te r  layers  (Kremling & Petersen,  1978}. 
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A l though  Ni exhibi ts  chemica l  behav io r  s imi lar  to that  of Fe, very  different  d is t r ibu-  
t ion pa t te rns  are  ev iden t  {Fig. 8). No s igni f icant  d i f ferences  can be  seen  b e t w e e n  f i l te red  
and  unf i l t e red  wa te r  samples  bo th  for the Nor th  Sea  and  Baltic Sea. The  concent ra t ion  
va lues  t end  to c luster  in  the  midd l e  par t  of the  r ange  for the  G e r m a n  Bight  samples ;  in 
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southwestern  Baltic Sea samples,  concentrat ions a r e m o r e  evenly  dis t r ibuted over the 
whole  range,  with some relat ively high values  far beyond.  The latter t endency  was 
displayed for Mn  in  the Baltic, bu t  not for Fe. Whereas  for Ge rman  Bight samples  the 
spatial  and  depth dis t r ibut ion of Ni concentrat ions does not show any  part icular  struc- 
ture; increased  levels in  the Baltic Sea are found at Stations 7, 9, 10 and  11 and  in  the 
lowermost  sampl ing  bottles only at Stations 15, 16 and  17. 

In the present  work I have not a t tempted to compare trace metal  data from other 
authors by en te r ing  them into computer  calculations.  The n u m b e r  of previous invest iga-  
t ions in  the same areas of the German  Bight and  the southwestern  Baltic Sea that  used  
comparable  stat ion networks and  similar  analyt ical  procedures is very small. In the 
Baltic Sea, Kremling  (1973) and  Br i igmann (1974) appl ied  the electroanalyt ical  method  
of anodic  s t r ipping vol tammetry  (ASV) for the de te rmina t ion  of dissolved Zn, Cd, Pb, and  
Cu. However,  it is now genera l ly  accepted that ASV values  for Cd and Cu cannot  be  
directly compared with AAS values since the metals  are be ing  de te rmined  whi le  i n  
different physical  and  chemical  states. For the same reason, our data for Cd, Cu, Zn, and  
Pb de te rmined  by ASV in samples  from the same cruise to the German  Bight in  1974 
have b e e n  excluded from computer  calculations.  
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