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Effect of Heavy Metals on the Denitrification Process in SoiJl 

JEAJ.'l-MARC BOLLAG AND WIESLA W BARABASZ' 

ABSTRACT 

Tile effect of Cd, 01, ........ Za .. ~ ., .._ 
Pwlulom- tpedes ill a llqwill ~ ....._ (GIItay) SIMI ill ••to
eland sol, u ~ u 011 tile 4ellitrifJiaa ac~Pity of lllld-.eiOI, wu t.
•esdptM laQby ...... Qilii~IWdJia .. 51 
~'~~._. streiiiiY tuil»i1ted lfOWtllllllCI dnitrlllcsdoll o1 • •llldndlled 
~ Jf., P . .-v/filtoal, ad P. 4Mri~ wiWie Zllud 
Pll did aot Ddlae~~ee tile dnitrilyiq Kltrity ua •P to 510 J4/IIIL Ca 
.. 5I I'll.. illllllited dHitrHicsdoa of 1'. ....,trin_ - tile .. 
ideadlled PMMi,.,.__ sp.; llowner, It Ud 110 lalhlcDce oa 1'. tk
tritrl/ktuu. Wlla tile time brlderta were lllonlated illto utoda•ed 
101 dleir telldiH to Cd SIMI C. _. m.ilar to dlat ill GlhQ- _.._, 
bat tile ~llladoll of drite _. COIIIiclerslli1 ~· Za, wlddl 
Jllowed 110 effect ill tile liquid medl .. at 500 J&&/'1111, IUibited tile 
deaitrifyiq acdvitJ of ..U baderia ia die soil .It dUll ~tratioa. 

DetlitrtflcatiOIIla udYe <-•todaftti) JOII'Inl tlso illllillltett"lty 
!lie MdJtlo• of illcftuiDc -•il Gl lile=rY1 aei111L 1'UI .,. iildi
cated 1tJ u llCCB•~ fJI Wtrtte 011 ...,_ o:dde wlddl ~ 
re • ._.. *aree..,. for a :dlorter I-.e period lll•olltnld!d al8fles. 

Addltlontlllndu Worr/8: lleaYJ .ml toDdty, llitrlte acauaaJa. 
doll, ....._ oldde foraadoa, iaiUbltio• of 1fniCriflcadoL 

Heavy metals are inherent components of soils but to
day's concern is related to their accumulation from 
man-made applications. Although the average level of 
heavy metals can be quite low, their probable inhibitive 
or toxic impact on the metabolic activity of Hving sys
tems or, in particular, to the natural microfiora and 
microfauna in the soil can have a deleterious effect on 
the quality of the soil and, consequently, on nutrient 
cycling and soil fertility. There is only limited informa
tion on the specific physiological effects of heavy metals 
on microbes (7, 9, 10). Consequently, their precise im
pact under various environmental conditions is not yet 
clear. 

It was the aim of this .study to investigate the in
fluence of heavy metals on the microbial growth under 

'Amhorized for ptJbtication on 18 Apr. !978 as Pap. no. ~500 !n the 
J. Ser. of the Pennsylvania Agric. E::tj). Stn. R.~eived 12 May 1978. 

' Professor of Soil Microbiology and exchange visitor from the 
Agric. Univ. of Cracow {Poland). respa:tively, Dep. of Agron .• The 
Pennsylvania State Univ.,liniversny Park:, P:\ 16802. 
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anaerobic conditions which are often pn:dc~miinll 
the biota of the soil eovirOillilCilt. To our kn4lwledl 
such investigation has been reported. Since 
microorganisms are capable of adapting to the 
cation process for respiratory purposes. this 
cal activity was essentially examined in 
termine the heavy metal effect on microbes in 
sence of oxygen. Since denitrification causes the 
tion of nitrate to nitrite and nitrogenous gases, 
vestigation includes the possible impacts of 
metals on the nitrogen cycle. 

Extrapolation of results from pure microbial 
to the natural environment has often been 
but the complexity of a natural ecosystem o;uch a 
does .(lot often allow llS to assign the 
certain product to a specific physiological 
Therefore, various systems were used to "in-.;cedtimlfi 
effect of cadmium (Cd). copper (Cu), lead 
Zinc (Zn) on denitrification. The experiments 
formed with pure bacterial cultures in a growth 
and in autoclaved soil under anaerobic corldi1ti011Lt 
approach, as outlined in a previous vuuu ..... ~ 
should clarify whether the change from a chc:mi.cal 
fined liquid to the solid and complex .. ~-n .. ..-., ..... 

causes an essential cbaDp in che denitrifying 
the bacteria-in this ca:~ey to the additions 
metals. Since an inoculated, autoclaved sci! is still 
different from a natural soil, the experiments 
done by incubation of native soil from which 
tioo to field conditions appear more feasible. 

MATERIALS AND METHODS 

The denitrifying bacteria used in the e.:'tperiments nrionn,.,t...r' 
the foilowing ~urces. The unidentified PseudomoNlS sp. 
from Hublersburg silt loam (2), P. acuginosa W83 obtained 
culture collection of the Department of \llicrobiology at the 
vania State University, and P. denitrijiams from Dr. C. C. 
University of California, Davis. The bacteria were tnumfc:mi 
nutrient apr to liquid Giltay medium and grown for 2 
before they were !lsed for inoculation of liquid media or 
~oiL Giltay medium consisted of !.0 g Ki'IO, ( 140 1'8 ~0, · 
g t-asparacme. 8 . .5 1 Na-citrate, 1.0 1 m,PO •• 1.0 1 ,.,..,..~ •• - ... , 
0.2 ~ CaCI,•6 H,O, and O.OS g FeC1,•6 H,O in 1 liter 
The pH ·.vas adjusted to 7.2 with NaOH. Each bottle I:OLIUU~Iol 
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liquid II)C(ijum (~ m1) iDcludiaa tbe heavy metals ~,,,, lllltecl with 
·aDt loOP of bKtcrW culture. Oro1fdl of tile t.dail 41111!f.eaaed bf 

'nina optical dcDiity at '~om with a BaulclliDd Lomb Spec
~ 20 spccb'OPbotometer. For aD expaimellts. 125-ml Pyra 
~es were used wbicb were sealed with ooe-IK* nabber 1tQ11PerS 

uipped with cyliDdrical rubber septa for ps f1ulhiDI Uld ps sam-
~· The beavy metals used were Cd(N0,).•-4 H.O, Za(NO,). •6 
tf,O. pb(NO,)., and Cu(NO,). • 3 H,O. 

lbe soil UJed. native or autoclaved, was a Hqerstowa silt loam 
~th a pH of 6. "· w~ was air~~ and passed tbrouab a 2-~ 
geve prior to the ~ents. The m<fi&enous NO,· ·N concentration 
_.5 65 p.g~'g sod; or(llDlc carbon. 1.81!'t; and tbe and-, Jilt-, .md day
:ontents were 8.5, 63.4, and 28.1"'-, respecuveJy. 

For the aative ~il expcmments 20 g ()( roil were introduced into 
:~~Cil bottle md thoroughly !DIXed witb 7 mJ of distilled water which 
;antained 135 1'8 nitratetg soil (in order to achieve a total of 200 1'1 
..o, · -Nt g soil) and the desiml amount of heavy metals. For the 
autoc!aved soil experiments tbe bottles containing 20 g of soil were 
,utociaved three times at 121•c for 45 min. at 24-bour intervals. Be
'ore the third autoclaving, 4 mJ of distilled water containin11 135 14& 
~.-.N/ g soil and the desired amount of heavy metals were added to 
·JIC soil ;amplo:s. After the autodavin11 process was complete, each 
nask was inoculated with 3 mJ of ba1."terial cultures. 

Three replicates were included for tacll treatment, and each experi-
11er:r was repeated at least once; the reported results represent average 
•alucs. Samples without heavy metals as well as noninoculated culture 
..,na and JUtQdaved soil serwd u coatrols. 

for preparatioa of IIIIICrObic c:ooditiOD&, a syriDae aeedle was iD
.ened in the septum and helium at 0.56 to 0.103 q!cm• (8 to 10 pst) 
•as tlusbed through the flaskS fm l min. After decreasing the pres
JUI'e of helium to0.1<4 q;cm• (2 Jlll) the bottles were stoppered tiafrtly 
Jl1owinl a slight politi¥e j)l'CSIIQf'f! in order to avoid air contaminatioa.. 
"unospheric contamination couJd easily be detected by aas chroma
!019'3Phic analysis. 

Gas ;amples of SOO ,J were withdrawn from each flask with a au
Jllll ;yringe and analyzed in a ,gas-chromatograph (Varian Aerc>
gaph. model 1820) using two parallel columns (2 mm I.D.) at 50°C 
11111ultaneously. Porapak Q {600 .:m, ~mesh) separated CO, and 
\I,J and Molecular Sieve .S A (450 em, ~5-60 mesh) ·N. aad Ot. The 
!!lament current wu 200 milliampere (mA) for tbe Porapak Q and I~ 
;aA ;'or 1le Molecular Sieve 5 A column. Helium was used as a carrier 
ps 11 a flow rate of 40 ml/min under 3.16 kglcml (45 psi). Dual 
:Jiemlal .:onductivity cells at 200•c served as detectors. The poa'k 
~~US were integrated automatically {V:uian Acr~. modd 477) 
md the ;~as quantities calculated from standard ps curves. Increased 
l!RSSure in bottles rsuJtina from ps production 'lVU measured by a 
11111ometric device, and the tocaJ ps volume and amouat ol detected 
fUCI were calculated accordinciY. 

Nitrate-N, NO, --N, and pH were determined in the liquid media 

after ~ of tbe cdls aad in tO,., _.;a .,_ f:IS{IICtioG witb dilldlled 
warer at a ratio of .4() ml of 20 1 ai1!!Sried 30il Cot 30 min on a 'Wria
AaioD' shaker. The IOil wu scperated f'lom ... aqueous pbate by 
caltrifuption. 

Nltrate-N disappearance wu JDeaSIII'Cd with a nitrate eJectrode 
(Orion Research, Inc., Cambridae. Mast.) after destroying interferiq 
nitrite by addition of a 21!'t suJfamic add IOiutioa. Nitrate-N produc
tion wu determined colorimetrically by the a-naphthylaminNu.l
fanilic acid procedure (I). 

RESlJLTS 

Three Pseudomonas species were selected to investi
gate the effect of Cd, Cu, Pb, and Zn on the denitrifica
tion process of isolated bacteria. P. aeruginosa and P. 
denitri{icans reduced nitrate to nitrogen gas, while the 
end-produ'-'t for the nonidentified Pseudomonas sp. was 
NlO (4). 

Effect of Cd, Cu, Pb, and Za on Denitrification 
in a Liquid Growth Medium 

Different concentrations of the heavy metals were 
added to Giltay medium and, after several days of incu
bation under anaerobic conditions, N01--N dis
appearan~ N01 --N formati~ evolution of gases, 
cha.n&e of pH. and growth were measured. Growth and 
denitrification of the PseudomONZS sp. were strongly in
hibited by Cu and Cd; Cu was already highly effective at 
2 ,111/ml while Cd showed clear inllibition at ~ J'g/ml and 
complete suppression of growth and nitrate r~uction 
was observed at SO .ug/ml (Table 1). Zinc and Pb had 
virtually no effect on denitrification of the PseudomOIIIIS 
sp. at concentrations of up to 500 "g.lml, as indicated by 
the formation of N10. 

P. aeruginosa was also inhibited by Cd and Cu if 
incubated for 3 days under anaerobic conditions, but Pb 
and Zn did not influence growth and denitrification at 
concentrations of up to 400 ,ug/ml (Table 2). It was 
interesting to :>bserve that Cd had an inhibitory in
fluence at 10 ,ag/ml, which caused the accumulation of 
25',ag/ml of nitrite, while Cu interfered with denitrifica
tion at higher concentrations. This interference resulted 
in the formation of nitrite wtaidl apparently could act 
be further reduced to N1 at SO ,uglml Cu. 

Table 1-Effeet of diffenmt eoDCeDtntiou of Cd. C.. Pb, aacl Za oa deaitrificatioa by a Ps~udomoruu • ill GUt.y IIIOldium 
(anaerobic incubation for 4 days at 28°0. 

Nitroc-
Total GMWth 

Cone. uNO,· uNO,· uN,O't uN, detectedt co. IOD560nml pH 

,.gJ 

binoc:ulated 145.4 0 0 0 1-46.8 0 0 7..2 
laoculated u 0.1 103.4 0 106 .• u 0.16 8.4 

Ccl 5 28.5 0.1 84.1 0 U0.7 11.8 0.16 8.3 
10 1-4.8 0.1 54.4 0 129.1 16.5 0.11 8.1 
25 117.5 0.1 20.5 0 138.2 14.3 • 0.06 7.8 
50 147.3 1.2 0.3 0 148.8 2.6 1).0} 7.2 

';Q 2 111.4 tc 21.2 0 132.5 10.5 0.06 7.7 
5 127.0 tc 10.9 0 137.9 10.8 0.03 7.5 

10 126.8 tc 7.2 0 1~.0 9.8 0.02 7 .• 
25 1:16.0 tc 3.4 0 138.4 7.9 0.02 7.3 ,., 50 8.1 1.5 100.5 0 l!O.l 7.3 O.lti 8.1 

100 10.9 1.5 95.5 0 107.9 8.9 0.18 8.4 
2tiO 13.2 l.J 93.2 0 107.6 10.9 0.25 8.3 

z. 50 2.8 0.8 105.9 0 109.5 9.5 0.16 8.4 
100 .5.2 0.1 103.4 0 108.7 11.5 0.17 8.3 
250 7.8 0.1 97.8 0 106.7 27.0 0.17 8.0 

'~ corrnctioD8 were made for the solubility of N,O and ~tly it was not possible to detect the total Nat 4.11 iDcnlllsing pH with the .applied analytical 
'llethods. 
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Ni&npD 
TocalN GI'O'II'dl 

Coae. uNO,· uNO,· asN,O uN, detected co, (()D560~ ,. 
NoaiDoculated 139.4 0 0 0 139.4 0.4 0 
Inoc:Wated 1.8 0 0 1<10.6 142.3 14.8 o.u 
Cd 10 33.5 25.0 ;) 52.2 120.7 27.3 0 . .26 

25 61.7 !4.1 I) 43.9 119.7 3l.J 0.18 
so 121.3 L2 •) l.l 123.6 20.J !1.03 -r-~~ 

100 131i.J O.i 0 I) 135.4 0.5 0.(105 "1.1 ~~-
Cu s 2.:.! 1) \) 131.5 13:1.7 18.7 0.30 8.J ~.A~~.-

lO !.8 0 I) 130A l32.2 20.6 0.24 8.:t "'~~ 
25 7.8 20.0 0 101.5 129.3 42.7 0.15 8.1 

" .:~ ;:sl"'. ,5:':' 
•.•,a· 

so 117.3 20.9 0 ;) 138.2 !5.6 0.04 7.2 

Pb 50 2.J 0 0 l39.8 t4l.8 20 .. 1 0.54 8.3 
!00 1.9 0 i) 138.7 140.6 22.3 0.47 8.2 
2110 2.2 tr :) 136.5 !;18.7 22.3 0.56 8.2 
4lKI 2.1 tr I) 139 7 141.3 33.9 0.60 !!.1 

Zn 50 2.3 tr 0 141.0 143.3 24.1 0.41 8.3 
HIO 2.1 tr 0 142.4 l44.5 27.2 0.40 8.;1..{-~~· 
200 2.0 tr 0 1JIU !40.1 41.6 0.42 8.1 . .,., ... ]·1 
400 2.1 tr 0 

P. denitrif1Cll113 (Table l) proved to be much more re
sistant to the inhibitory effect of the heavy metals at the 
investigated' C641Centrations than the other two bacteria. 
Only Cd, at a concentration of 100 JL&/ml, affected de
nitrification and caused the accumulation of nitrite. but 
growth was already reduced at lower concentrations. 
This appears to indicate that the suppression of denitri
fication is not correlated only to growth. 

The formation of col could not always be related to 
growth. It has been previously shown that, under cer
tain conditions, if the denitrification process was re
duced or suppressed, a corresponding increase in COz 
formation took place (3). There is no clear explanation 
for this observation. r 

Effect of 01, Ca, Pb, and Zn oa Denitrif"rers 
ia Aatoda-.ed Soil 

When autoeJaved soil was inoculated with the three 
Pseudomonas species and incubated under anaerobic 
conditions, an inhibition of denitrification was observed 

1d2.7 ~84.8 69.5 0.46 

at most levels of aU the heavy metals tested. 
control soil, to which no heavy metals had been 
practically all nitrate was volatilized to N10 

7:1 

fled Pseudomonas sp.) or Nz (P. aeruginosa and 
nitrificans) during 4 days of incubation. The 
plied with Cd, Cu, Pb, and Zn starting at 10 
showed an inhibition of denitrification, as incjliaelli 
the remaining amount of N01 ·-Nor the ae<:uaml• 
of NOz·-N and NzO (Fig. 1). 

Copper was the most effet.."tive inhibitor of 
tion for the unidentified PseutlomotuJS sp.; Q! 
.:aused less inhibition, and the inbibitive ir" lfltteRce'·Oi 
was very limited even at a concentration of up 
JLg/g 30il (data not presented). Although a 
tive effect of denitrification could be tt .. , ... rltn•"
this bacterium. it was never possible ;.o detect . 
cumulation of nitrite. 

The relative inhibitive effect of the varioa~-·1 
metals on denitrification of P. aeTVginosa 
into the soil was similar to that of the unidellll 

Table 3-Effeet of different concentratiou of Cd, Cu, Pb, and Zn on denitrification of P!eudomonas denitri{icans in Giltay 
(anaerobic incubation for 3 days •t 28°C). 

Nitropn 
TotaiN Growth 

Cone. as NO,· as NO,· as.'lr,O IISN, detected CO, (0D550nml 

t4!J 
NoniDOCUiated 1~2.0 0 0 0 H2.0 0 0 
IDIOCDiated 2.1 0 0 139.1 141.2 18.6 0.43 

Cd 10 2.8 0 0 136.5 139.3 23.3 0.32 

ro 2.8 0 0 139.4 142.2 22.4 0.19 
3.2 0 0 133.9 1.36.1 '21.2 0.12 

100 7.5 20 0 103.4 130.9 ~2.8 0.12 

Cu 5 2.1 0 0 131.3 133.4 i8.3 0.28 
10 2.1 0 0 132.3 134.4 20.4 0.23 
25 2.1 0 0 139.1 141.2 24.3 0.23 
50 2.7 f) ·J 139.5 H2.2 28.0 0.22 

Pb 50 2.1 0 0 138A !40.5 20.3 0.42 
100 2.1 0 0 138.0 140.1 23.4 0.46 
250 2.1 0 0 131.1 133.2 30.0 0.51 
.soo 2.1 0 I) 132.d l:J4.7 ~3.0 0.58 

Zn .'iO 2.1 0 0 [;)4.J !J6.l 24.6 O.J2 

100 2.1 0 0 132.6 134.7 28.8 0.3:1 
250 2.1 0 0 138.3 141.0 5.1.0 0.34 
500 2.1 0 0 132.1 139.2 92.5 1).48 
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P.. dmitrifu:tUU ill aseoclaved soil. {A~ illalltatiolt fiJI' 4 da11 at 28°C}. • 

Pseudomonas species (Fig. I). It could be determined 
that increasing concentrations of Cu. Cd, and Zn 
caused higher accumulation of nitrite. The addition of 
iOO 1-tg Cu per g soil caused the formation of 41 ~tg/g 
~Oz --N and 250 1'8 Cd per g soil resuited in the ac
cumulation of 52 lAg! g NO,· -N (Fig. 2). The inhibitory 
influence of Pb was minor up to 500 !£g/ g .roil, but at a 
concentration of 1,000 l'g/g soil (data not presemed), it 
.:aused the accumulation of about 17 ,ug NO~· per g 
10il. All investigated heavy metals caused the formation 
of NzO by P. aeruginosa. However, this observation 

could not be made with Cu at concentrations above 100 
;.tg per g soil. 

P. denitrificans (Fig. 1) was, as in the liquid growth 
medium, more resistant to the inhibitive influence of the 
heavy metals than the other two bacteria. However, it is 
remarkable that Cd was the most effective inhibitor for 
P. denitrificans and the accumulation of a considerable 
amount of N02- occurred . 

Simultaneously with the gas chromatographic de
termination of N10 and Nz. the evolution of C02 was 
measured. Generally, it could be observed that an in-
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.,biuve effect of the heavy ~n denitrirtcation 
c:~u¢1 a ~ecrease of COa formation. 

Effect of Cd, Ca, Pb, ud Zn oa DeaJtrlflcadoa 
laNadveSoO 

Soil. which was not autoclaved and not inoculated 
.ub bacteria, was also supplied with various concentra
tiOOS of heavy !D~ ~d in~~ated for 3 weeks. Every 
.. Javs the derutnficatJ.on aCtivity of the soil was meas
:Jted. in individual samples (Fig. 2). Increasing concen
(fa(ions of.heavy m~ caused inhibi~on of denitrifica-
000 as indicated mainly by accumulation of N10 or ni
!flte. The respo~ varied with the various elements: Pb 
.. as least effe-.:nve followed by Zn, Cd, and Cu. Nhrite 
.,..~mulation was not observed in the nontreated and 
po-supt:iied s~il sampl~ •. but Cu an~ Zn caused a tem
porarY rormati~n of. rutnte, an~ sods treated with 500 
" Cd per g soil retained a considerable amount of ni
gite even after 3 weeks. Simultaneously, it could be ob
ter'ed that while N10 formation decreased in untreated 
jOil during 3 weekl, an aconnulation of this gas 
occurred with increasing concentrations of Cd, Cu, Zn, 
and Pb. _ 

Again it was pOssible to observe (data not presented) 
chat with an increasing inhibition of the denitrifying ac
tivity a decrease of col formation took place. 

DISCUSSION 

The denitrifying activity of various microorganisms 
ill Giltay medium and autoclaved soil was compared 
trilb mat of native soil after exposure to different con
~trations of heavy metals. The selected bacteria 
sbowed different responses to the addition 9{ heavy 
.Ws in the investigated environments. The ·unidenti
fied PseudomoMS sp. which produced N10 as the end 
product of denitrification wu most sensitive to the in
Ouence of Cd, Cu. Pb. and Zn, wbile P. aeruginOSil was 
las inhibited id its growth and denitrification by the 
tated heavy metals and P. denitrifrcans was affected in 
(ii)tay medium by only Cd. 

In general.. it could be determined that Cd was the 
metal wirh the strongest inhibiting influence on denitri
(ation. It reduced the growth of bacteria, decreased 
dae evolution ot N10, N1 and generally of colt and 
caused the accumulation of large amounts of nitrite. 
Sitrite accumulation was mostly observed in the liquid 
taedium and in soil inoculated with P. t~eTUginoso and 
f. denitrificans. 

Zinc, which had no effect on denitrification in Giltay 
IDedium at concentrations of up to 500 ,ug/ml, inhibited 
21trare reduction of all bacteria in the inoculated soil as 
•eU as in the native soil. Cu affected the tested denitri
lying bacteria to a similar extent in Giltay medium and 
• the autodaved soil. Inhibition of the denitrifying ac
:l~1ty by Cu was most pronounced with unidentified 
htudomonas sp .• while P. •ruginosa and, in particu
ilr, P. denitrifrcans were less affected. 

It is remarkable that Cd and Cu caused inhibition of 
il:nirification in Giltay medium at lower concentrations 
~ were nec:!SSary for suppression of denitrification in 
!Cil, while Zn did not affect the bacteria in the liquid 

medium, but causarfnhibition Of dalitrific:atioll in the 
soil. 

Lead was the heavy metal in our study that had the 
least effect on denitrification. It c:ausec~· YlrtuaDy no in
hibition of the nitrite-reducins enzyme system (e.,., 
compare the denitrification activity of P. lknitti/ictlns 
in autoclaved soil) but, in several cases, an accumula
tion of N10 was observed in the presence of Pb. FouUy 
(5) found under aerobic conditions that Pb at 100 ppm 
completely suppressed gram positive bacteria in vitro, 
but it did not inhibit bacteria in soil. He concluded that 
Pb is attracted !)y day-humic complexes and. therefore, 
becomes unavailable for microorganisms. 

All these observations confirm the conclusions from 
Sadler and Trudinger {9) that inhibition of microbial ac
tivity by heavy metals is specific, both for each 
organism and eac.:h metal.. 

The accumulation of nitrite during denitrification 
under adverse conditions has been observed in our pre
vious investigatioos .. Certain unfavorable environment
al growth conditions (2), various pesticides (4), nitrifica
tion inhibitors (6,, and heavy mctab, as reported herem, 
can came the &CQmlulatiott of aitrite wbicb is asuaBy 
not found during the denftrification proCess. nus 
observation might indicate that the nitrite reducing
enzyme system is more :sensitive to inhibitory influeDca 
than the nitrate reductase system. It is worthwbile to 
emphasize this fat.'t, since the temporary or permanent 
accumulation of nitrite can cause conca-n from an en
vironmental point of view. 

The reported results with pure cultures of denitrifiers 
in a liquid medium and autocJaved ~ as wen as with 
native soil, clearly indicate that the investigated heavy 
metals reduce denitrification a<.-tivity of microorgan
isms. It can be concluded that heavy metals interfere in 
the microbial activity under anaerobic conditions, 
which implies an additional potentially disturbing im
pact of these compounds in the enviromnent. 
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