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Oten investigations deal with the residue situation in
contam nated areas and their effects on ecosystens,
however, information are rare concerning relatively
uncont am nated areas -so called "reference areas".

In such areas we can assune an insignificant influence
of pollutants and we can neasure the nmetal flux under
relatively natural condi tions. Since 1988 we have
investigated the nutrient and energy flow as well as the
metal flux in an area which is hardly influenced by
ant hropogenic activities besides sone agro-chenical
conmpounds. For exanple, the depostion and contam nation
of sone plants is relatively low in conparison to other
places in North Germany. Also the average of geol ogical
background concentrations of soil from Schl eswi g-Hol stein
are higher than soil concentrations from Bornhdved. Wth
this investigation we denonstrate the flux of netals
through selected biotic conmpartnments of a relatively
uncont am nat edwoodl and. Good indicators accunulating the
non essential metals Cd and Pb are beetles and isopods.
In contrast ground spiders, although predators, show only
low metal concentrations. The essential nmetals Cu and Zn
were relatively honogenous in concentration in the
animals. Zn showed the highest values and beetles seem
to accunulate it.

MATERI ALS AND METHODS

We selected sanples from an area in Schl esw g-Hol stein,
Germany (10.20 E, 54.10 N). Following species were
anal yzed: Vertebrates - Common shrew (Sorex araneaus,
n=13), Yellow necked nouse (Apoderus flavicollis, n=12),
Bank vole (Clethrionomys glareolus, n=13); invertebrates
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- isopods (Oniscidae, pool of n=25), beetles (Carabus
spec., pool of n=15), earthwornms (Lumbricus rubellus and
Dendr obaena octaedra, pool of n=15; aninmals lived w thout
food for one day), different species of ground spiders
(pool of n=30), snail (Arion spec., n=l); plants -
different fractions of litter (beech, Fagus silvatica):
| eaves (n=l1), seedshells (n=5), seeds (n=3), wood (n=2).
Sanpl es were collected during the period fromautum 1991

till autum 1993. Soil sanples (Cambic Arenosol, ph
3,3-4,0 at 5 cm collected 1994) were taken from 9
different soil horizons (3 sanples each horizon). Al

samples were dried and honogenized. W used carcasses
(body without fur, head, outer extremties and intestine)
of vertebrates as is usual for deterninating body burdens
of organochlorine residues. For the invertebrates we
anal yzed whol e ani mals, because they present the food for
the next tropic level. (Because we had to use earthworns
for further nonitoring prograns, we had to investigate
them wi t hout gut). Whol e body burdens were the basis for
determ ning the nmetals fixed in the bionass and for netal
flux estimations.

Soil sanples were dried at 40° C and dry mass was corrected
to 105° C dried sanples. 250 ng of dried soil was dissolved
with HNO, (1 m) + HO (3 mM) + H- (4 m) in closed teflon
vessels at 160° C for 12 h. Then 1 m HC O,was added and
sanmpl es evaporated to dryness in open vessels at 180° C
and then dissolved in HNO and destilled water at 100°
C. For the analysis of biological sanmples dried material
(max. 200ng) was dissolved in concentrated HNO (1 ni)
under pressure (190° C, 4h). For analysis sanples were
evaporated to dryness (90° C) and again diluted in HNQO.
For the Hg analysis we added 8.5 m distilled water and
0.4 m KCr,0. Sanples were anal yzedby atonic absorption
spectronetry:

- graphite furnace: Perkin Elner Zeeman 3030 with
background correction (Pb)

- graphite furnace: Perkin El nmer 5100 with background
correction (Cd, Cu)

- flame: Perkin Elnmer 2100 (Zn)

- cold vapour: Perkin El ner 1100B equi pped with FI AS 400

(Hg) .

Recovery and accuracywas determ nated by neasuring bl anks
and standard reference material (Fa. Pronmochem Bovine
liver BCR 185 for animal sanples: Plancton CRM 414 for
pl ant sanples; Reference soil sanple SO 2 from "Canada
Centre for Mneral and Energy Technology" for soil

sanpl es) .
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Detection limts were as follows (pg/g dry weight): Cd
0.002, Cu 0.03, Hg 0.02, Pb 0.1, and Zn 2.

RESULTS AND DI SCUSSI ON

Table 1 shows the concentrations in the soil. Hg was bel ow
the detection linit in alnmost all horizons. Pb shows the
smal l est nobilety with relatively high concentration in
the Ahl-horizon.

Table 1. Metal concentrations in soil sanmples of different
hori zons. Values are given in ng/kg dry matter. n.d. =
not detectable.

Horizon (cm) cd Pb Cu Zn Hg

Ahl (5) 0.07 40.4 4.6 22 0.02
Ah?2 (28) 0.08 9.7 3.4 26 n.d.
AhBv (38) 0.09 6.7 3.1 26 n.d.
IIBvl1 (60) 0.08 7.2 5.8 31 n.d.
Bv2 (91) 0.05 4.0 3.2 15 n.d.
rGBv (110) 0.06 3.4 2.7 11 n.d.
Bv3 (130) 0.09 4.1 3.1 13 n.d.
IIIBbsC (154) 0.04 3.3 1.8 3 n.d.
IVBvVC (165) 0.10 4.3 3.2 23 n.d.

Wth the exception of Hg all netals were detectabale in
all plant sanples (Table 2). Wthin these sanples al

netals were relatively constantly distributed besides ten
ti mes higher concentrations of Pb in wood than in seeds.

Table 2. Metal residues in sanples (honpogenates) of
different tropic levels. Values are given in ng/kg dry
matter; Y.-n. mouse= Yellow necked npuse

cd Pb Cu Zn Hg
Beech litter
- leaves 0,27 2,4 5,3 68 0,06
- seeds 0,09 0,9 10,9 62 n.d.
- seedshell 0,11 2,9 8,2 47 0,02
- wood 0,22 9,6 5,8 88 0,02
Snail 3,62 0,5 51,2 320 0,15
worm 6,62 2,4 18,3 312 0,15
Ground spider 0,43 1,3 26,1 151 0,09
Beetle 7,58 1,2 192,0 382 0,22
Isopod 11,14 29,7 140,0 168 0,11
Bank vole 0,05 0,5 9,9 121 0,01
Y.-n. mouse 0,16 0,9 13,5 122 0,08
Commom shrew 1.30 2.6 17.4 274 0,17




Animals were nore highly contami nated with Cu, Hg and Zn
than plants. Zn was relatively constantly accurmulated in
all animals while Cu was 20 tines higher in isopods and
beetles than in Bank voles.

Wthin the invertebrates isopods showed the highest
concentrations of Cd, Cu and Pb. Cd showed the |argest
devi ati ons.

In general Commmon shrews were nore highly contaninated
than rodents and within the rodents Yellow necked mce
were more highly contam nated than Bank vol es.

The conparison of sanples from producers up to tertiary
consunmers showed the followi ng tendency: in nost plant
samples Pb is nore highly concentrated than in consuners
while the opposite is obvious for the other netals.
Conpared to other consuners rodents show |ow netal
concentrations. Deconposers (i sopods) and secondary
consumers (beetles) contained higher concentrations than
ot her consunmers do. Final consumers |ike shrews did not
contain the highest concentrations and ground spiders
(secondary and tertiary consumers) show |ow netal con-
centrations.

Qur investigation area shows relatively |ow heavy netal
deposition as shown in a nonitoring program from
Schl eswi g- Hol st ei n (pers. comm  Gewer beauf si cht sant
It zehoe).

In comparison to "averaged " background soil concen-
trations in Schlesw g-Hol stein, neasured and cal cul ated
by Wegmann (1994), the soil from our area can be
characterized as follows: in general the values of the
Bornhdéved sanples are lower than the Schl esw g-Hol stein
average. Only Pb in the Ahl-horizon was slightly higher.
The soil can be regarded as uncontam nated, the netals
are of geological origin.

The netal concentrations of litter sanples are also
relatively low, often in the same range as sanple con-
centrations from areas which were defined as unconta-
mnated or far away from industrial influence. For exanple
sampl es of beech (leaves, wood and litter) from another
woodl and in Germany showed higher concentrations (Pb 8
fold, CGu 5 fold, Cd 3 fold), while Zn and Hy were simlarly
concentrated (U rich et al. 1986). Oher authors quoted
val ues of uncontam nated plant sanples in the same range
as our values. Only Zn is slightly higher in sonme sanples
from our investigation area.
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Also invertebrates, often epi- or hypogeal living
eart hworms showed higher residues: this is also true for
organisns from so called uncontani nated areas.

For exanple we conpared our results with findings from
different food-web species from an "industrial non
i nfluenced” woodland in Finnland (Nuorteva 1990). Leaves,
mce, voles and wornms showed conparable concentrations,
nmetals in beetles (Carabidae) of the Bornhdoved area are
slightly higher concentrated and netals in spiders are
slightly lower concentrated. In general, Zn concentra-
tions in Bornhdoved sanples are slightly higher in com
parison to the Finnish sanples. In our investigation
especially isopods show el avated concentrati ons of Pb and
Cd.

In general residues in organs of vertebrates were higher
than residues in honbpgenates from our investigation (M
et al. 1991, Miller 1990, Fangneier and Steubing 1986).

Hopkin and Hanes (1994) neasured lethal food residues
(one year experinment) forisopods (Porcellio scaber) which
were 200-250 tinmes higher for Pb and Cd than residues in
litter sanples that we neasured. For Cu and Zn these
val ues only ranged between 10-15. But the authors pointed
out, that one can find isopods in regions wth higher
residues in |eaves than residues of their experinents.
Spurgeon et al. (1994) determined LC 50 soil concentration
for earthworns (Eisenia foetida) of 555 ng/kg (dryweight)
for Cu, 745 ng/kg for Zn, > 1000 ng/kg for Cd and 3700
ng/ kg for Pb. These values were far above those neasured
in soil sanples of Bornhtved sanples. Invertebrates seened
not to be endangered. At present CQu and Zn have the highest
t oxi col ogi cal rel evance.

Residues cited in the literature, which can endanger
manmmal s, where al so higher than residues of mammals from
our area (Tull-Singleton et al. 1994).

There is no strict accunulation of heavy netals via the
food chain, although in general (with the exception of
Pb) sanples from aninmals contain higher concentrations
than plant sanples. Hg and Zn are less concentrated in
pl ants, higher but relatively honpbgenously concentrated
in animals. Only Bank voles contain extremy |low con-
centrations. Pb is highly concentrated in plants and
especially in isopods, low in omivorous manmals and
wi t hout any tendency regarding the trophic level in the
ot her sanples. No tendency can be found concerning Cu,
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i sopods and beetles contain the highest residues. Wth
the exception of spiders Cd is nmore highly accunul ated
in invertebrates than in vertebrates even in shrews.

Concerning the accumul ati on one can differentiate between
essential and non-essential nmetals: essential netals can
be regul ated, especially invertebrates and no differences
can be recognized between herbivorous and carnivorous
organi sns (Roberts and Johnson 1978, Hunter and Johnson
1982). It is hardly possible to define "normal" con-
centrations of essential netals for invertebrates of a
great variety of different species. There exist sone
ecotypes which were able to accunmulate netals without any
t oxi col ogi cal consequences. Especially concerning bin-
ding proteins for Cd, which can also bind Zn, it is not
surprising to find higher concentrations of both netals
in some species. Even in arthropods we cannot recognize
a convincing tendency although there are sone hints:
carni vorous arthropods often contain higher residues than
omi vorous ones. Sone species tend to accumulate high
amounts: isopods and snails -in our investigation beetles
t 0o.

Non-essential metals tend to accunulate. This is obvious
for Cd especially in the system plant/herbivore (Hopkin
and Hanes 1994, Hunter and Johnson 1982, Roberts and
Johnson 1978). For spiders the results are contradictory:
while sone authors assune spiders do accunulate netals
(Hunter et al. 1987, Fangneier and Steubing 1986) others
do not (Hopkin 1990, Hopkin and Martin 1985, Van Hook and
Yates 1975). Concerning small manmmals the tendency, that
carnivors accumul ate higher anpbunts than herbivors, is
obvi ous (Hunter et al. 1989, 1987; this investigation).
Andrews et al. 1984 confirm this situation for conta-
m nated areas, but not for uncontamn nated areas.

The results for Pb are not w thout contradiction. In |ow
contam nated areas Fangneier and Steubing (1986) could
not identify an accumulation with the exception of Arion
spec. and Lunbricus spec.. The aninmals showed a high
variability. In other investigations some carnivorous
invertebrates were |ower contamnated than herbivorous
ones (Andrews et al. 1989, Roberts and Johnson 1978). On
the other hand Beyer et al. (1985) found in ground l|iving
arthropods from nmetal contamnated areas relatively high
concentrations, in sone cases whole populations were
m ssing. Also residues in small mammals showed a strict
dependence on their trophic level (Ma et al. 1991, M
1989) .
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For Hg one can find accumulation tendencies in nmammals
and birds. Lubricides from contam nated areas also
cont ai ned hi gher anounts than aninmals from uncontam nated
areas (Bull et al. 1977). W cannot find any tendency.

Sone authors consider the anpunt of food and the phy-
siological situation to be responsible for the accumnu-
lation (Fanggnmeier and Steubing 1986). Bioavailability
in connection with soil ph is another inportant factor
to be considered for hypogeal species. In animals from
contam nated areas (especially soil contamnation) in
general we can find higher residues than in animals from
uncont am nated areas while bioaccunulation via the food
chain is not noticeably evident. W can agree with this
last finding. Nevertheless sone invertebrates are good
accumul ation indicators even in |ow contaninated areas;

i sopods and beetles should be mentioned.
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