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Tab. 19: Distribution of the carbon content in the granulodensimetric fractions of 

the wetland soils of the river Mulde 

soil total soil clay fract. 

Corg (%} Cclay 

SPI a*) 17,70 

b*) 14,70 0,91 

c*) 6,2 

KEL a*) 12,92 

b*) 10,34 0,92 

c*) 8,9 

LAN a*) 10,23 

b*) 1,73 0,54 

c*) 31 ,2 

GRE a*) 6,15 

b*) 3,1 0 0,84 

c*) 27,3 

a*) in % of the amount of the fraction 

b*) in % soil mass 

c*) carbon content in % of the total 

ligth fraction - CLF (%) residual 

d< 1,8 d= 1,8-2,0 CR 

g cm-3 g cm-3 L LF 

39,77 21 ,14 1,52 

11, 17 1,51 12,68 0,86 

76,0 10,3 86,3 5,9 

30,78 20,36 1,72 

3,38 1,06 4,44 1,24 

32,5 10,3 42,8 12,0 

28,63 5,74 0,46 

0,81 0,36 1,17 0,39 

46,8 20,8 67,6 22,6 

31 ,20 14,36 1,22 

1,01 0,23 1,24 1,04 

32,6 7,5 40,1 33,5 

Comparing the high carbon content of the ,,light" fraction in the wetland soils (40 - 86 % 

of the total carbon content) with data from selected agricultural used soils of Russia and 

Germany (TRAVNIKOVA et al. 1992) there are some features. There are the large 

differences in the total carbon content and the amount and carbon content of the ,,light" 

and clay fraction respectively. Possibly this is due to different soil forming conditions . 

Remarkable on the other hand is the comparatively high total carbon content of the 

soils SPI and KEL and their carbon content in ,,light" fractions. · As an example, in a very 

fertile agricultural used Tschernozem the amount of carbon in the ,,light" fraction (in % 

of fraction mass) ranges from 0,5 to 1,8 % which is not more than 30 - 50 % of the total 
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carbon content of the soil. In the wetland soil SPI the amount of carbon in the ,, light" 

fraction is at about 13 % of the fraction mass which represents 86 % of the total carbon 

content of the soil. 

These features of the humus state of the wetland soils are of particular importance for 

the determination of the stability of the dominant forms of heavy metal compounds and 

their transformation behaviour. 

3.2.2.5. Distribution of inorganic pollutants in the granulodensimetric fractions 

As already indicated the wetland soils only have increased contents of lead and copper. 

A contamination with cadmium was only detected in soil GRE. 

The concentrations of metals (mg/kg of the fraction) vary widely. 

Irrespective of the absolute contamination degree higher amo.unts of cobalt, cadmi~m 

and lead were found in the clay fraction and higher amounts of copper were found in the 

,,light" fraction with d < 1,8 g cm·3 (exception: sandy wetland soil where a maximum 

content of copper and cobalt was found in the fractionation residue). 

The concentrations of heavy metals in the two density fractions of the ,, light" fraction 

follow the same order. This ,,light" fraction contains also biophytolites with active 

adsorption centres of silicium groups (SCHAIMUCHAMETOV et al. 1984; BARTOLLI 

1985). The Si-group specific adsorption of heavy metals occurs analogue to the 

adsorption type of aluminium but with less stability (BOL'SHAKOV et al. 1993). 

Investigations to forms of heavy metal bindings and mechanisms of their transformation 

have to been done. However, one hypothesis is that lead, cobalt and cadmium is 

strongly linked to adsorption processes on the surface of clay particles while copper is 

unlinked to humic substances of the ,,light" fraction with d < 1,8 g cm-3 . 
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Tab. 20: Distribution of heavy metals in the granulodensimetric fractions of wetland soils of the river Mulde 

soil fractions copper cobalt cadmium lead 
a*) b*) c*) a*) b*) c*) a*) b*) c*) a*) b*) 

SPI plant residuals 106,3 3,1 6,67 0,2 1,04 0,03 250,0 0,03 
LF, d<1,8 g cm·3 58,75 16,5 4,44 " 1,2 1,2 0,30 119,3 335 
LF, d=1,8-2,0 g cm·3 43,75 3,1 4,40 0,3 0,24 0,02 431,8 30,8 
L LF - 22,7 18 - 1,7 10 - 0,35 50 - 64,33 
clay(< 1µm) 125,0 6,4 5 13,2 0,7 5 0,96 0,05 7 1150,0 79,0 
fract. residue 169 96 77 23 13 87 0,5 0,3 43 16 9 
total content - 125 - - 15 - - 0,7 - - 159 

KEL plant residuals 87,5 3,9 6,67 0,3 2,0 0,09 272,7 12,3 
LF, d<1,8 g cm·3 283,8 31,2 4,40 0,5 1,60 0,2 400,0 43,9 
LF, d=1,8-2,0 g cm·3 175,0 9,1 8,88 0,5 1,68 0,09 448,9 23,4 
L LF - 44,2 19 - 1,3 13 - 0,38 25 - 79,6 
clay(< 1µm) 143,8 102 4 20,0 1,4 14 3,4 0,2 13 1250,0 88,8 
fract. residue 253 183 77 10 7 70 1,0 0,9 60 105 76 
total content - 237 - - 10 - - 1,5 - - 245 

LAN plant residuals 25,0 0,2 11 , 1 0,07 2,92 0,02 79,5 0,5 
LF, d<1,8 g cm·3 118,8 3,4 6,67 0,2 1,08 0,03 267,0 7,6 
LF, d=1 ,8-2,0 g cm·3 10,0 06 6,60 0,4 0,56 0,04 113,6 7,1 
L LF - 4,2 18 - 0,67 3 - 0,09 11 - 15,2 
clay(< 1µm) 81,3 4,3 18 31,1 1,6 . 7 4,0 0,2 25 348,9 18,2 
fract. residue 21 15,5 63 25 21 91 0,6 0,5 63 2 2 
total content - 24 - - 23 - - 0,8 - - 35 

GRE plant residuals 105,6 03 9,26 . 0,03" 5,22 0,02 118,3 0,35 
LF, d<1,8 g cm·3 425,0 13,8 17,8 0,6 6,48 0,2 511,4 16,6 
LF, d=1,8-2,0 g cm·3 125,0 2,0 17,8 0,3 3,28 0,05 323,9 5,2 
L LF - 16,1 12 - 0,93 5 - 0,27 7 - 22,1 
clay(< 1µm) 118,8 16,3 12 46,7 6,40 36 9,4 1,30 32 517,0 71, 1 
fract. residue 133 108 77 14 11 61 3 2,5 61 106 86 
total content - 140 - - 18 - - 4,1 - - 179 

a*) mg kg·1 of the fraction 
b*) mg kg·1 of the soil 
c*) % of the.total content 

c*) 
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This is because of: 

- the high affinity of these elements to humic substances especially to the group of 

humic acids (ORLOV 1985; BOL'SHAKOVet al. 1993) and 

- the active role of copper in the transformation processes of soil organic matter 

(MORTLAND 1970). 

The coarse fraction of the soils contains the main parts of chromium, manganese, 

cadmium and cobalt (Tab. 21) whereas zinc and lead were mainly found in the two 

,,light" fractions ar:id in the clay fraction. 

Tab. 21: Content of heavy metals in the coarse fraction of wetland soils of 

the river Mulde 

soil Cr Cu Zn Pb Ni 

a*) b*) a*) .b*) a*) b*) a*) b*) a*) b*) 

SPI 455 79 19 7 47 15 32 8 10 29 

KEL 334 45 53 22 240 35 56 13 16 33 

LAN 55 52 8 13 35 11 15 20 6 10 

GRE 201 · 64 56 35 318 47 44 19 36 63 

* -1 a ) mg kg of soi l 

b*) % of the total content 

There are tendencies for a correlation between Cu, Zn, Ni , Pb, Cr and the carbon 

content of the residual fraction. This may be because of the dominate organic nature of 

the metal compounds in the fractionation res idual. 

Table 22 shows which fraction of the soil is enrich~d with heavy metals. Enrichment 

coefficients were calculated for the elements copper, cobalt, cadmium and lead in the 

wetland soils SPI, KEL and GRE with the low contaminated soil LAN as basis line. 
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Tab. 22: Coefficients for an enrichment of selected heavy metals in different soil 

fractions of wetland soils compared with an only little contaminated soil 

soil soil fractions Cu Co Cd Pb 

SPI plant residuals 4 - - 3 

LF, d<1,8 g cm-3 - - - -
LF, d=1,8-2,0 g cm-3 4 - - 4 

clay ( <1 µrh} 1,5 - - 4,5 

fractionation residual 8 - - 8 

KEL plant residuals 3,5 - - 3,5 

LF, d<1,8 g cm·3 2,5 - - 1,5 

LF, d=1,8-2,0 g cm-3 17,5 - 3 4 

clay (<1 µm) 2 - - 4 

fractionation residual 12 - 1,5 53 

GRE plant residuals 4 - 2 1,5 

LF, d<1,8 g cm-3 4 2,5 6 2 

LF, d=1 ,8-2,0 g cm·3 12,5 3 6 3 

clay (<1 µm) 1,5 1,5 2 1,5 

fractionation residual 6 - 5 53 

From the results of table 22 it can be concluded that increasing contamination degrees 

results in enrichments of heavy metals in_all organo-mineral soil fractions as well as in 

the fractionation residue. The rates of enrichments are different for elements and 

fractions. Increasing contamination degrees cause an accumulation of copper and lead 

mostly in the )ight" fraction of d = 1,8 - 2,0 g cm·3 and in the clay fraction. This is in 

accordance to the conclusion of adsorption processes of heavy metals by biophytol ites. 
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3.2.3. CONTRIBUTION OF GERMANY 

3.2.3.1. Total contents of organic pollutants in wetland soils of the river Mulde 

In some wetland soils of the river Mulde not only a contamination with heavy metals but 

also with organic pollutants was detected. Main organic pollutant in this region is the p­

isomer of the hexachlorocyclohexane W-HCH), a waste-product of the lindane (y­

hexachlorocyclohexane) production process. Lindane was formerly used as a pesticide 

agent. Because of the high persistence of the P-HCH in all environmental compartments 

investigations are necessary for an evaluation of its long term behaviour. 

Tab. 23: Total content of selected chlorinated hydrocarbons (mg kg·1 ) in wetland 

soils of the river Mulde 

SPI KEL LAN GRE G1 G2 G3 

alpha-HCH 77,527 44,797 0,033 0,818 0,996 1,333 0,361 

HCB 19,081 14,318 0,008 0,521 0,740 0,956 0,097 

beta-HCH 152,651 239,271 0, 120 ' 15,272 1,568 15,430 2,511 

gamma-HCH 2,437 0,716 0,018 0,052 0,054 0,021 n.d. 

delta-HCH 3,851 2, 141 0,015 0,095 0,564 0,236 0,032 

aldrine 0,351 0,071 0,007 0,083 - - -

DDT-group 16,275 17,549 n.d. 3,063 - - -

methoxychlor 18,713 4,349 n.d. n.d. - - -

n.d. =not dectected 

Total concentrations of the organo-chemicals in soils show the high contamination 

degree (Tab. 23) but also the large variation between the sites. As already mentioned 

in previous chapters, the soil LAN is only little contaminated with both heavy metals and 

organic pollutants. 

The other soils of Germany, Russia and North Bohemia were not contaminated with 

chlorinated hydrocarbons what is in accordance to their genesis and use. 
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Tab. 24: Total content of selected polycyclic aromatic hydrocarbons in urban 

soils and ash substrates (mg kg.1) 

soil fluor- pyrene benzo(a)- benzo(b)- benzo(k)- benzo(a)- L Of 10 

anthene anthracene fluoranthene fluoranthene pyrene PAH 

Leipzig 

37 0,66 0,36 0,35 0,43 - - 1,79 

62.1 0,45 0,26 0,31 0,44 0,16 0,19 2,06 

62.2 0,79 0,35 0,35 0,67 0,26 0,35 6,90 

63.1 0,31 0,13 0,14 0,16 0,07 0,09 1,24 

63.2 1,52 0,87 1,01 1,40 0,53 0,91 7,88 

65.1 0,42 0,27 0,17 0,21 0,09 0,08 1,61 

65.2 5,05 3,44 2,21 3,02 1,17 2,01 22,26 

Moscow 

city 

1 0,20 0,13 0,15 0, 17 0,05 0,08 1,01 
• 

2 0,03 <0,05 <0,025 <0,025 <0,013 <0,025 0,22 

3 0,15 0,16 0,25 0,04 <0,013 <0,025 0,77 

4 0,43 0,15 0, 11 0,19 0,05 0,05 1,38 

5 0,16 <0,1 0,06 0,09 0,03 0,06 0,72 

6 0,10 <0,1 0,05 0,05 0,02 <0,025 0,55 

7 0,08 <0,1 0,05 0,03 <0,013 <0,025 0,49 

8 0,13 0,05 0,05 0,07 0,03 0,05 0,61 

steel mill 

1 0,15 0,05 0,013 0,025 <0,006 <0,013 0,37 

2 0,20 0,09 <0,013 0,020 <0,006 <0,013 0,42 

3 - 0,09 0,04 0,071 0,019 0,023 0,42 

4 0,14 <0,05 0,02 0,037 0,009 <0,013 0,38 

5 0,15 <0,05 0,02 0,037 - <0,013 0,38 

It was assumed that in the urban soils of Russia and Germany and in the ash substrates 

of North Bohemia larger amounts of PAH would be found. Table 24 shows that these 

soils contain only very small amounts of PAH with the exception of the second layer of 

the urban soil (65.2) of Leipzig (Stephanieplatz). This could be due to the fact that city 

sites sometimes get new soil material as an overlay on the former top soil layer. 
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3.2.3.2. Organic pollutants in a hot water extractable fraction of soil organic 

matter 

There are only few informations about the behaviour of ~-HCH in soil but it seems to be 

a problematic substance because of its hydrophobic properties and the high 

persistence in soil. Until now there are some views that because of its hydrophobic 

properties there are minimum risks for a translocation of P-HCH in deeper soil layers 

and the ground water as well as minimum risks to get into the food chain. 

Investigations in the CER, Department Soil Sciences showed that p-HCH could be 

found also in deeper soil layers (KALBITZ 1996) and that p-HCH was taken up from 

contaminated soils in significant amounts by carrots, broad beans and maize 

(HEINRICH & SCHULZ 1996 a,b,c,d,). 

Further on in the past years some agricultural land in the riverine areas of the river 

Mulde had to be excluded from being used as pasture or for feed-stuff production as a 

consequence of the appearance of P-HCH in cow milk. 

Analyzing some other sites of the wetlands of the river Mulde for their total contents but 

also soluble and available amounts especially of p-HCH the following could be 

.,. concluded (SCHULZ & KLIMANEK 1996): 

The two sites (G1 and G2) were investigated also in deeper soil layers. The highest 

contamination with B-HCH was found in the third layer of soil G1 while in soil G2 the 

first layer was most contaminated (Fig. 4) . 

. No or insignificant amounts of this substance were found in the soil solution. However, 

in the hot water extractable fraction of soil organic matter the B-HCH amounted between 

8 to 11 % of the total content (Fig. 4). 
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Content of ~-HCH as a total and in hot water extract respectively in 

wetland soils of the river Mulde (SCHULZ & KLIMANEK 1996) 
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The fraction of hot water extractable soil organic matter contains microbial biomass but 

also slightly decomposable organic matter. This fraction is strongly correlated to soil 

biological processes and parameters (SCHULZ 1990) and may be used for an 

evaluation of the soil nutrient supply as well as the bio-availability of pollutants (TITOVA 

et al. 1995). 

3.2.3.3. Organic pollutants in granulodensimetric fractions of wetland soils of 

the river Mulde 

This novel analytical method has been used to evaluate if organo-chemicals can be 

detected in very low concentrations and in very small .samples. First results for selected 

compounds of the group of chlorinated hydrocarbons in tt.:1e wetland soils SPI, KEL, LAN 

and GRE are presented. 
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Tab. 25: Distribution of selected chlorinated hydrocarbons (CHC) in wetland soils SPI and KEL of the river Mulde I z 
-t 
)> 

contents of CHC in granulodensimetric fractions I: 
CJ) 
I 

CD 

clay(< 1 µm) plant residuals LF <1,8 g cm·3 LF=1,8-2,0 g cm·3 residue fractions w 
I 

-" 
soil I -" 

a> 
mg kg·1 mg/tract mg kg·1 mg/fract mg kg·1 mg/fract mg kg·1 mg/fract mg kg·1 mg/fract mg 00 

!! 
::s 

Bllmf1:;;~~~2'• e 
;;o 

alpha -HCH 11,83 0,61 22,15 0,64 22,89 6,43 16,40 1, 17 0, 11 0,06 8,91 Cl> 

HCB 6,82 0,35 11,82 0,34 7,02 1,97 5,54 0,40 0,03 0,02 3,07 
"C 
0 

!iTi f:\:Hf~q11 ~!11,,;23iw* :tll3:mt;i if!)~iOl',lJ~\;1 l'l'·-~lt.itltl !?ill~Jljllfll;.1 :i. 

0,10 2,09 0,06 2,93 0,82 2,66 0,19 0,16 0,09 1,27 
0, 11 2,73 0,08 1,18 0,33 1,38 0,10 0,01 0,01 0,62 
0,01 0,15 0,004 0,36 0,10 0,17 0,01 0,07 0,04 0,17 
0,86 0,50 0,78 0,29 0 2,54 

l: I o,p' methoxychlor I 4,08 0,21 7,44 0,22 0,87 0,24 1,31 0,09 0 0 0,76 
17,37 . 0,89 28,34 0,82 4,20 1, 18 3,14 .0,22 0,22 0,13 3,24 

I 
:r1e111m11•1• , 

alpha -HCH 6,16 0,44 15,24 0,69 37,70 4,14 58,98 3,08 0,42 0,31 8,65 
HCB 2,28 0,16 6,59 0,30 5,80 0,64 18,09 0,94 0,17 0,12 2,16 

12w1·:% ~ , __ ,.~Jlwt 1~;a,i11 RII3l1il1 -~18,i2tt ·~~~<.·:• .. ::·v ~·-·: ~:·.·.-... ->.:~:*:~ jl;~;1111 Bdlll• ft.~;11.U~!l!i m·1m1:4 K ...... i~-~·''' 

1amma-HCH I 0,81 0,06 1,24 0,06 4,39 0,48 4,65 0,24 0,32 0,23 1,07 
delta-HCH I o,93 0,07 1,88 0,09 0,97 0, 11 1,32 0,07 0,04 0,03 0,35 

0,10 0,01 0,69 0,03 0,18 0,02 0,25 0,01 0,04 0,03 0,10 
0,74 0,75 0,66 0,49 0,10 2,73 

o,75 I 0,05 0 0 0,86 0,09 1,25 0,07 0,08 0,06 0,27 
1,78 0,13 2,18 0,10 2,72 0,30 3,56 0,19 0,38 0,28 0,99 



Tab. 26: Distribution of selected chlorinated hydrocarbons (CHC) in wetland soils LAN and GRE of the river Mulde 

soil 

t; I o,p' methoxychlor I 

contents of CHC in granulodensimetric fractions 
clay(< 1 µm) plant residuals I LF <1,8 g cm·" I LF=1,8-2,0 g cm· residue 

L 
fractions 

mg kg-1 I mg/fract I mg kg-1 I mg/tract I mg kg-1 I mg/fract I mg kg-1 I mg/fract I mg kg-1 I mg/tract I mg 

0,51 I o,o3 I 0,41 I 0,002 I 0,49 I 0,01 I o,5o I o,o3 0,01 0,01 I 0,03 

OJ_5 _l ~OL_j 0 l 0 l 0 l 0 0,16 j__0,01 0 0 I 0,01 

JM~lf :i1~~~1l.4111~~; .·. 
0,49 0,03 0,28 0,002 0,75 002 0,43 0,03 0,04 0,03 0,02 
0,07 0 ,004 0 0 0,10 0,003 0,05 0,003 0,01 0,01 0,02 
0,03 0 ,002 0,02 0 0,31 0,01 0,10 0,01 0,02 0,01 0,01 

0,002 0 0 0 0 0 
0 I 0 0 0 0 0 0 0 0 0 0 
0 I 0 0 0 0 0 0 0 0 0 0 

n.s. 0,73 0,02 1,23 0,02 I 0,06 0,05 0,13 
n.s. 0,34 0,01 0,49 0,01 0 0 0,3 

' #lf&1'3:1J' l~Jll~ 
0,05 n.s. 1,27 . 0,04 1,51 0,02 0,20 0,16 0,27 
0,01 n.s. n.s. 0 0 0 o I o 0 0,01 

0,001 n.s. n.s. 0 0 0,18 0,003 I 0,01 0,01 0,01 
0,24 n.s. 0 0 0 0,24 

0 0 n.s. n.s. 0 0 0 o I o 0 0 
0 0 n.s. n.s. 0 0 0 o I o 0 0 
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The project co-operators of Russia did the granulodensimetric fractionation of the 

wetland soils SPI, KEL, LAN and GRE. The mass of the fractions the organics were 

analyzed from ranged only between some 50 mg to some 200 mg where (Tab. 25, 26). 

The results are comparable to the original method with larger samples. The main 

contaminant is the P-isomer of hexachlorocyclohexane (P-HCH). The content of P-HCH 

varies widely between sites following the order: KEL > SPI > GRE > LAN. The sites KEL 

and SPI show also the higest concentrations and amounts of the other analysed 

chlorinated hydrocarbons (CHC) but the distribution in the fractions differs. In all cases 

no considerable concentratrons of CHC were found in the fractionation residue while 

highest concentrations and amounts of P-HCH were found in the clay fraction (<1 µm) 

and in the plant residuals. The high concentrations in the clay fraction reveals the 

possible importance of adsorption processes in the fate of P-HCH which also form 

complexes with soil organic matter. Whithin the ,,light" fractions accumulation of P-HCH 

was found in all density fractions. In the much less polluted sites GRE and LAN the P­

HCH is found in same amounts in all fractions except the fractionation residue. Highest 

concentrations of methoxychlor accumulated in the clay fractions and plant residuals 

have been found in soi ls of the site SPI where the original soil contains relatively large 

amounts. In soils of the site KEL methoxychlor concentrations were much lower and the 

distribution of this substance is nearly equal in the fractions (except the residues). 

The high concentrations of the P-HCH in the fraction of plant residuals is due to uptake 

by living plants (especially roots) which accumulate considerable amounts (HEINRICH 

& SCHULZ 1996). 
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3.2.3.4. Parameters of soil biological activity 

Anthropogeneous activities on the soil may influence the biological activity of soil micro­

organisms. 

Using three wetland soils of the river Mulde and two soils of the city of Leipzig the 

influence of heavy metals and organic pollutants on selected criteria of biological 

activity of soil micro-organisms was tested. For an evaluation of the soil microbial 

activity a number of parameters are necessary because the impact between harmful 

substances may cause different effects on soil micro-organisms. 

The results of the biological investigations are presented in table 27 and 28. 

Investigated soils differed in their contamination degree for h~avy metals and organic 

pollutants. Site KEL was the most polluted one. The content of heavy metals and 

polycyclic aromatic hydrocarbons (PAH) were mostly in the range of the category B of 

the ,,Holland List". In the wetland soi l SPI the content of chromium was found to be even 

above category 8 while its contents of cadmium, copper, zinc and PAH were within 

category 8 , above the critical limits of the category A of the ,,Holland List". 

Soil microbial biomass 

Microbial biomass (Tab. 27) did not correlate with the degree of pollution. The lowest 

amount of microbial biomass carbon was found in the soil SPI. The microbial biomass 

was twice as high in the most polluted soil KEL . The only slightly contaminated soil 

LAN had the highest microbial biomass 

Similar results were found with the urban soils of Leipzig (Tab. 28). At site 

Stephanieplatz soi ls of two layers had been sampled at different places. The samples 

varied in the amount of microbial biomass and the degree of contamination also ranged 

in the categories A and 8 for the elements lead, copper, zinc and barium. Higher 

contamination degree was found in the deeper soil. layer. A drastic decrease of soil 

microbial biomass with increasing heavy metal contamination as reported by 

KANDELER (1990), CHANDER (1 990) and FILIP (1995) was not found. However, in 

these investigations the contamination degree· was much below the limitation values 

reported by KLOKE (1980). 
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Tab. 27: Parameters of biological activity of wetland sites of the river Mulde 

SPI KEL LAN 

soil layer (cm) 0-20 0-20 0-20 

TOC (%) 16,96 12,90 2,93 

2: C02 g-1 soil after 120 days incubation 2,20 0,80 1,60 

production rate µg C02 ~f 1 d-1 

start 30,70 17,30 30,40 

end 16,20 5,00 1,00 

hot water extractable C (mg g-1
) 2, 1 1,2 2,2 

biomass Cmic (µg g-1 dm) 108,53 217,99 374,5 

basic respiration (µgCOrC g-1 h-1) 1,54 2,87 3,44 

metabolic quotient qC02 (ng Cµg-1Cmic) 14, 19 13,14 9,17 

dehydrogenase (µg TPF g-1 dm) 0 5,37 11 ,34 

DMSO reductase (ng DMSO g-1h-1
) 214 642 1554 

nitrification Ninorg. ( µgg-1
) . start 4,5 4,1 4,7 

end 141 55,8 114, 1 

In long term incubation experiments a negative effect of increasing contamination with 

pollutants on the metabolic activity was found in the soil KEL (Tab. 27): Despite of a 

high amount of organic carbon and a relatively high content of easy mineralizable 

carbon (carbon of the hot water extractable fraction of soil organic matter - Chwe) only 

0,8 mg C per g soil were mineralized in the soil KEL during an incupation time of 120 

days. In contrast to this in the soil SPI 2,2 and in the soil LAN 1,6 mg C per g soil were 

mineralized. 

In the soil KEL only 56 % of the hot wat~r extractable. carbon were mineralized while in 

the soil SPI more than the amount of this carbon fraction was mineralized (see 2: of C02 

production and hot water extractable carbon in Table 27. 

The soil SPI showing a contamination of heavy metals within the range of the A 

category of the ,, Holland List" and having the highest content of organic carbon showed 

the highest C02 production rate in the end of the long term incubation. 
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Tab. 28: Parameters of biological activity of urban sites of Leipzig 

Mariannen-

park 

MAR 2 . 62.1 62.2 

horizon Ah Ah Ah 

depth (cm) 11 8 20 

TOG(%) 3,!?7 1,8 2,41 

incub. (mg C02 1 oog·1
) after 35 days 202,51 141 ,95 93,96 

biomass Cmic (µg g·1 dm) 528,75 415,84 255,77 

basic respiration (µgCOrC g·1 h·1 ) 3,37 2,64 1,84 

metabolic quotient qC02 (ng Cµg·1cmic) 6,37 6,34 7,19 

dehydrogenase (µg TPF g·1 dm) 65,84 68,01 27,43 

ale. phosphatase (mg p-nitrophenole g·1
) 2476 2408 2334 

protease (µg tyrosine g·1 2h·1 868 359 381 

P-glucosidase (µg argenine g·1 3h.1
) 219,33 121,59 111,56 

DMSO reductase (ng DMSO g·1h·1
) 2877 1369 790 

Stephanieplatz 

63.1 63.2 

Ah Ah 

17 9 

1,48 3,35 

107,04 111,87 

292,89 240,3 

2,08 2,13 

7, 11 8,86 

46,07 28,28 

953 2588 

220 387 

82,35 102,87 

992 759 

65.1 

Ah 

22 

1,28 

99,88 

230,78 

1,54 

6,6 

30,69 

527 

156 

71 ,66 

941 

65.2 

Ah 

18 

2,94 

105,6 

183,65 

1,82 

9,91 

12,14 

2414 

283 

83,66 
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As an indirect and more practicable criterion for the microbial transformation efficiency 

in dependence of the contamination degree of soils the metabolic quotient for C02 

(q C02) can be used (ANDERSON & DOMSCH 1989). The metabolic quotient (q C02) 

of the heavy polluted soil SPI and KEL is increased drastically. Similar results were 

found by INSAM(1990) and KANDELER (1990). 

In unpolluted soils values between 2 and 8 ng COrC per µg C of microbial biomass and 

hour are measured ·depending on the kind of land use of the soils and the determination 

method respectively (BECK 1991) . The metabolic quotient of the soils investigated 

was about 14 indicating that in these soils contaminated with heavy metals and PAH the 

energy demand of micro-organisms for their maintenance respiration was higher, e.g. 

more substrate was transformed to C02 and therefore less energy was converted into 

soi l microbial biomass. 

The metabolic quotients of the urban soi ls of Leipzig ranged in the same order although 

the tress situation for micro-organisms was classified below the critical limit. 

Nitrification efficiency 

At the beginning and at the end of an incubation experiment the wetland soils of the 

river Mulde had similar amounts of mineral nitrogen (Ninor9) but there were big 

differences in nitrification efficiency at the end of the incubation. No correlation to the 

C/N ratio or the content of organic carbon could be found. 

The nitrification efficiency was high at the slightly contaminated sites SPI and LAN 

compared to the more contaminated site KEL with ist much higher content of organic 

carbon and nitrogen. However, the nitrification efficiency of site KEL was 40 to 50 % 

of that of the two other sites. The reduction in nitrification is possibly due to the 

enrichment of especially cadmium and lead which may be over a tolerance threshold 

(KANDELER et al. 1990 and 1992~ TYLER et al. 1974; WALTER & STADELMANN 

1979). 

According to OITOW (1984) the amounts of copper, zinc and cadmium above 

tolerance thresholds block redox enzymes of ammonium and nitrit oxidation. BECK 

(1981) also found a reduced nitrification due to increased chromium amd zinc 

concentrations and KLOSE (1993) mainly due to increased concentrations of lead. 
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In soils from the site KEL only a reduced nitrification occured because of the 

contamination with chromium, copper, lead and zinc in connection with a very low pH 

of 3,8. 

The behaviour of the cell-bound enzyme activities, dehydrogenase and DMSO 

reductases, determined in the wetland soils and in the urban soils of the Leipzig city 

was similar to the microbial biomass. 

The cell-free enzyme activities of the alcaline phosphatase, B-glucosidase and protease 

is normally higher in the upper soil layers. Higher values of alkaline phosphatase in the 

deeper soil layer point to lower amounts of phosphorous in this layer. Higher values of 

protease and ~-glucosidase point to an increased accumulation of mineralizable 

organic substance. Because of the relatively low contamination degree of these soi ls no 

significant effect on enzyme activities was found. 

The results of the different parameters of soil biological activities showed that the 

occurrence and activity of soil micro-organisms is influenced by contaminantion levels 

only above a tolerance threshold. Effects of nutrients may overlay inhibition effects. An 

input of organic substances can reduce the bioavailability of heavy metals by complex 

forming reactions (KANDELER 1986) . 
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3.2.4. CONCLUSIONS 

From the investigations within this INTAS project including results from basic research 

in the instituts of the co-operators and from research activities on similar issues in other 

funded projects can be concluded: 

The soils investigated showed very different degrees of contamination. with heavy 

metals and organic pollutants. 

The wetland soils were enriched with the heavy metals chromium, copper, lead and zinc 

as well as with organic chemicals. Main organic pollutant is the 13-isomer of the 

hexachlorocyclohexane (13-HCH). 

Despite of high total contents of heavy metals in some soi ls the contents of soluble or 

available (ammonium nitrate extracts, hot water extracts) forms of these elements is 

very low. This is probably due to inactivation by soil organic matter which results in low 

potential to be translocated to deeper soil layers. The formation of a pool of soluble 

copper , coba.lt and zinc compounds depends on the amount of dissolved soi l organic 

matter. 

The contents of organo-chemicals, especially · 13-HCH, in the hot water extractable 

fraction of soil organic matter seem to provide a possibility for an evaluation of the 

behaviour (mobility and bio-availability) of organic pollutants in soil. The content of 13-

HCH in this fraction may contain up to 10 % of the total. 

Granulodensimetric fractionations provide informations about of the prefered links of 

contaminants to specific soil fractioAs like mineral and humus complexes according to 

different stability and capacity of the bindings. 

The heavy metal distribution in the granulodensimetric fractions reflects the order of the 

total content of heavy metals in soil. However, between the contents in the fractions 

large ranges are possible. 
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Most of the elements chromium, manganese, cadmium and cobalt were found in the 

coarse textured fraction and in clay (<1 µm). 

The wide range of contamination degrees in the wetland soils are also found for organic 

pollutants in the granulodensimetric fractions. The high concentrations of organic 

chemicals in the clay fraction (<1 µm) indicate the importance of adsorption processes to 

clay particles and stable bindings to complexes of clay and soil organic matter. 

The biological investigations revealed that the biomass carbon is not related to soluble 

or total concentrations of heavy metals present in these soils. Contaminants above a 

tolerance threshold only will negatively affect the activities of micro-organisms. It is 

likely that the toxic thresholds of both heavy. metals and organic pollutants have not 

been reached in these soils and that effects of nutrients may overlay inhibition effects. 

3.2.5. PUBLICATION 

As a result of this project one publication was prepared in co-operation of Russian and 

German scientists. 

Authors: N.A. Titova, L. S. Travnikova, V.A. Bol'shakov, B.M. Kogut, Z.N. Kachnovich, 

N.H. lsmagilova, S.E. Sorokin 

E. Schulz and M. Korschens 

Title: ,,About the distribution of heavy metals in different soil fractions as a criterion 

of their mobility as a risk for the environment" 

In: Arch. Acker-Pfl. Boden. 19995, Vol. 39 pp 93-1 05 

Harwood Academic Publishers GmbH, Malaysia 
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