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Many industrial and waste disposal practices unconsciously pollute 
our environment by adding excess heavy metals to it. Although 
reports show an inconsistency in the toxic levels of heavy metals 
such as zinc, nickel, cadmium, mercury and silver between micro- 
bial groups, the toxic effects of the metals on microorganisms 
have been well documented (Carr et al. 1973; Ditri 1972; Forstner 
and Wittman 1979; Golubovoch 1974; Mascaskie and Dean 1982; 
Robinson and Tuovinen 1984). Little is known of the differential 
effects these metals have on coliform K. pneumoniae and K. oxyto- 
ca. These bacteria are widely recog~zed as antibiotic~esistant 
opportunistic pathogens ( Martin, et al. 1971; Eickhoff, 1971; 
Crouch et al. 1972; Orskov, 1974; Fox, and Rohosvsky, 1975; 
Cruickshank, et al. 1975) ubiquitously distributed in environments 
(Wong et al. 1985), Besides, they are able to fix dinitrogen, In 
this study, these metals were found to affect these organisms in a 
variety of concentrationsJ Such effect could affect the total 
coliform count in water, dinitrogen fixation, and removable of 
nitrate in soil and water, 

MATERIALS AND METHODS 

Three hundred and ninety-eight strains of Klebsiella (146 K. 
oxytoca, 252 K. pneumoniae including ATCC 29665 and 13030) were 
used in the study. All except the ATCC strains, were isolated 
from clinical, alfalfa sprouts and soil samples. These cultures 
were maintained on nutrient agar (Difco) slants at 20 oC. The 
cultures were subcultured every 30 days. Purity was checked by 
streaking plates before each subculture was performed. 

All cultures were routinely grown on nutrient agar plates incu- 
bated at 37 OC for 18 hours. Cells were harvested by gently 
scraping colonies off agar surfaces. The cells were washed twice 
with sterile phosphate buffer (0.01M). Immediately after washing, 
the cells were resuspended in the buffer. Each cell suspension was 
further diluted to give each inoculum with final concentrations 
approximately lO v.c./ml. The maximium holding time was 6 hours 
before initiation of the experiment. 
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The chemically defined nitrogen-free medium (NFB) used for the 
tests had the following composition (gram per litre of triple- 
distilled deionized water): NalHPOa, 0.7; NaHIP04,0.3; MgSO4.H O, 
0.21 MnS04, 0.I; CoCI 2,0.005; FeC12, 0.005; and MOO3, 0.005. To 
prepare the medium, all of the chemicals were dissolved in hot 
water. The pH was adjusted to 6.8. A slight precipitate formed on 
cooling and was filtered out with a Whatman No.2 filter paper. 
Sterilization was by membrane filtration (with 0.22 micron mili- 
pore filter). Nitrate medium (NNB) was prepared by adding 1 gram 
of of potassium nitrate to a liter of NFB. Both NNB and NFB 
contained 1 gram of glucose per liter. Nitrate Broth (Difco) was 
used for nitrate reduction test. 

One gram of one of the following compounds wa- added to a litre 
of nutrient agar: mercuric chloride (HgC12), ~ranyl nitrtate (U02 
(NO3)2.6H20), thorium chloride (ThC14.4H20), zinc chloride (ZnCII) 
, nickel chloride (NiC12.6HlO), .cadmium acetate ((CH3COO)2Cd.2H 2 
0), and silver acetate (CH3COOAg). To get maximum solubility of 
these compounds without hydrolyzing agar, the pH was adjusted to 
6. Each litre of nutrient agar was then sterilized by autoclaving 
at 121oC for 15 minutes and allowed to cool to 50 oC. Each plate 
was arranged with one side being lifted up to a height of 5 mm. 
The molten agar was poured carefully into the dishes that the agar 
would barely touch the bottom edge of the lifted side. This pro- 
cess gave a gradient of agar ranging from 5 mm to zero mm in 
height. The plate was left in this position till the agar was set. 
The high and low sides of each plate were clearly marked. Then the 
plates were placed on a flat surface. Sterile nutrient agar with- 
out any added compound was poured onto the low side until the agar 
just reached the top of'the high side, forming a level surface. 
When the agar was set, the surface moisture was aseptically air 
dried. Sterile swabs (cotton wool), wetted with each of the 
inocula prepared, were used to make a lawn on each plate Contain- 
ing one heavy metal. The inoculated plates were incubated at 37 ~ 
for 24 hours. The plates were then examined. 

Eighteen strains were randomly selected from 398 obtained from 
clinical sources, 24 from alfalfa sprouts and 8 from soils to give 
a total of 50 isolates. These were tested on nickel chloride, 
cadmium acetate, mercuric chloride, and silver acetate. The media 
used were: nutrient broth (Difco), NNB with 0.1% (w/v) glucose, 
and NFB with 0.1% (w/v) glucose. 

Each of the four listed compounds was added to the media in a 
series of concentrations. For the more toxic silver, mercury and 
cadmium based compounds, the concentrations used were (mg/l): O, 
0.i, 1.O, 5.0, I0 and 20 while for the less toxic nickel chlor- 
ide, the concentrations used were (mg/l): O, I0, 50, i00, 200, 
300. Two ml of each medium was carefully dispensed into one well 
in a multiwell repli-dish (Qual~cum Ltd., Ottawa, Ont.) in asce- 
nding order of the concentrations of the metal compound. Each 
well was inoculated with 0.01 ml of inoculum prepared 
using a microliter pipette. The plates were incubated at 35 oC 
for 48 hours. Turbidity generation was used as the index of 
growth, and confirmed by cross-checking using streaking on nut- 
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rient agar and subsequent colonial growth in abundance after 
overnight incubation. 

RESULTS AND DISCUSSION 

Results in Table 1 show that neither K. oxytoca nor K.pneumo- 
niae had any preferential resistance to any particular heavy 
metallic compounds. The percentage of survivals of each species to 
each compound tested was extremely close. The degree of inhibition 
on the gradient plates was related to each individual strain 
rather than the whole species. The more resistant strains appeared 
to be the more slimy. This indicated that the slime build-up of 
these organisms provided them with a defense mechanisms against 
the toxic metallic ions. 

Table 1. Effect of compounds of heavy metals on the ability of 
Klebsiella spp. to grow on gradient plates 

Surviving Strains (%) 

Chemical Compound K. oxytoca K. pneumoniae 

Cadmium acetate 22.3 23.2 
Mercuric chloride 20.0 20.3 
Nickel chloride lO0.O IO0.0 
Silver acetate 23.7 22.2 
Thorium chloride 100.O lO0.O 
Uranyl nitrate i00.0 i00.0 

Not all the heavy metals are toxic to these organisms. Uranyl 
nitrate and thorium chloride had no effect on them. At a concen- 
tration of approximately ig/1 (w/v) on them, there was no sign of 
any inhibition. The cause(s) of this is/are currently under inves- 
tigation. 

Results in Table2 showed that cadmium acetate exerted no sign- 
ificant inhibitory effects at 1.O mg/1. At this concentration, 

Table 2. Effect of cadmium acetate on the survival ability of 
strains of Klebsiella spp. 

Surviving Strains (%) 

Concentration Nutrient Broth NNB NFB 

(mgCd!!) C A S C A S C A S 
0 iOO i0--0 i~0 iO0 I0--0 i0--0 IO0 I0--0 iO0 
O.1 lOO iOO i00 1OO IOO 1OO i00 I00 IO0 
l.O i00 i00 i00 iOO lOO lOO iO0 i00 lO0 
5.0 I00 lOO i00 6 13 50 0 0 38 

i 0 . 0  67 67 50 6 0 50 0 0 0 
20.0 67 46 50 6 0 13 O 0 O 

C, clinical isolates; A, alfalfa isolates; S, soil isolates. 
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Klebsiella was inhibited in NNB and NF media, but not in nutrient 
broth. As far as soil isolates are concerned, 50% grew in nitrate 
medium while only 37% grew in NFB. Higher concentrations than i0 
mg/l caused inhibition. However, two strains, one from clinical 
and one from soil isolates, were grown in NNB. In nutrient 
broth, the toxicity of cadmium acetate was diminished since all 
strains grew well at 5 mg/l concentrations. Even when the concen- 
tration was increased to 20 mg/l, 67% of clinical isolates, 50% of 
isolates from legume sprouts and 50% of soil isolates were still 
able to grow. 

The response of Klebsiella to mercuric chloride varied consid- 
erably for different growth conditions. Inhibition was distinctly 
shown in glucose NFB, particularly on clinical isolates (Table 
3). At 0.i mg/l there were 17% and Ii % survival rates respective- 
ly in NNB and NFB. Both alfalfa sprouts and soil isolates were 
more resistant. But in the nutrient broth the inhibition was 
only found when the concentration of mercuric chloride was raised 
to 5.0 mg/l. At this concentration, there was no growth in NNB and 
NFB. At concentration of i0 mg/l of the same compound, 5 clinical, 
5 botanical and 4 soil isolates survived. 

Table 3. Effect of mercuric chloride on the ability of strains of 
Klebsiella spp. to grow. 

Strains exhibiting growth (%) 

Concentration Nutrient Broth NNB NFB 

(mg/l)  c A S C A S C A S 
0 10--0 i00 100 i0--0 i~0 i0-0 i~0 i0--0 I~0 
0.1 I00 I00 i00 17 67 88 11 71 75 
1.0 94 100 100 0 0 25 0 0 13 
5.0 39 i00 I00 0 0 0 0 O 0 

I0.0 28 21 50 0 0 0 0 O 0 
20.0 28 4 O 0 0 0 0 0 0 

C, clinical isolates; A, alfalfa isolates; S, soil isolates. 

Table 4. Effect of silver acetate on the ability of strains of 
Klebsiella spp. to grow. 

Strains Exhibiting Growth (%) 

Concentration Nutrient Broth NNB NFB 

(mg/!) C A S C A S C A S 
0 iO--O iO0 10~ i-O0 i0--0 i~0 iO0 i0--0 iO0 
0. I 39 38 63 0 0 0 0 0 O 
1.0 27 21 50 0 0 0 0 0 0 
5.0 27 21 50 O 0 0 0 O 0 

I0.0 27 21 50 0 O 0 0 0 0 
20.0 22 17 37 0 O 0 0 O 0 

C, clinical isolates; A, alfalfa isolates; S, soil isolates. 
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Of the four metallic compounds tested, silver acetate proved to be 
the most lethal to Klebsiella, particularly when the organic 
nitrogen was not available in the media (Table 4). At a 0.i mg/l 
concentration of silver acetate, there was no growth of any iso- 
lates in either NNB or NFB. However, when organic nitrogen was 
available, i.e. nutrient broth, 38 % of legume, 63% of soil and 
39% of clinical isolates were not inhibited. Even when the con- 
centration of the compound was raised to 20 mg/l the survival 
rates of these isolates was still above 20%. 

Nickel chloride appeared to be the least toxic amongst the four 
compounds (Table 5). However, the isolates from alfalfa sprouts 
were more tolerant to this metal than were the other isolates. 
Amongst the three groups of isolates, the soil isolate were the 
most susceptible to nickel chloride. At lOmg/l concentration, no 
growth of soil isolates occurred in either NNB or NFB. But at this 
concentration, 22% of clinical and 29% of alfalfa sprout isolates 
survived in NNB, and 25% of clinical and alfalfa sprout isolates 
grew in NFB. When the concentration was quintupled, only alfalfa 
sprout isolates grew in NNB and NFB (8% in NNB, 13% in NFB). In 
nutrient broth, more than 50% of the isolates from alfalfa sprouts 
remained unaffected by the presence of nickel chloride at 50 mg/l 
level. When this level was raised to 300 mg/l, 3% of the 50 
strains tested still grew (6% of the clinical and 8% of the alfal- 
fa sprout isolates). 

Table 5. Effect of nickel chloride on the ability of strains of 
Klebsiella spp. to grow 

Strains Exhibiting Growth (%) 

Concentration Nutrient Broth NNB NFB 

(mg/l) C A S C A S C h S 
0 i0--0 i00 i00 i00 10--0 i00 i00 i00 i0--0 
i0 78 83 i00 22 29 0 6 25 0 
50 22 54 0 0 0 0 0 13 0 
i00 17 42 0 0 0 0 0 4 0 
200 17 38 0 0 0 0 0 0 0 
300 6 8 0 0 0 0 0 0 0 

C, clinical isolates; A, alfalfa isolates; S, Soil isolates. 

Solubilities of these compounds decrease as the PH increases. At 
the same time, the toxic effects of these compounds on Klebsiella 
diminished. This was particularly distinct when mercuric chloride, 
silver acetate, nickel chloride or cadmium chloride was added to 
the media. This suggested that by lowering the pH, these compounds 
become solubilized and more toxic to these organisms. Some of 
these such as compounds of nickel and cadmium are commonly found 
in the soil. At low pH these compounds could be released into 
water system to kill these organisms or prevent then to assimilate 
nitrate and to fix dinitrogen. The toxic effects of these com- 
pounds on coliform Klebsiella could also affect the total coliform 
count in water. 
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Apart from those in the nutrient broth, strains surviving in NNB 
and NFB appeared to be light pink in color. This coloration was 
not ~observed in the presence of other heavy metal compounds 
tested, except nickel chloride. In this respect no distinct diff- 
erences were observed between K pneumoniae and K. oxytoca. 
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