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INTRODUCTION

The operation of nuclear processing facilities and defense-related nuclear

activities has resulted in contamination of ne_-surface and deep-subsurface sediments

with both radionuclides and metals. The presence of mixed inorganic contaminants may

result in undetectable microbial populations or microbial populations that are different

from those present in uncontaminated sediments. To determine the impact of mixed

radionuclide and metal contaminants on sediment microbial communities, we sampled a

processing pond that was used from 1948 to 1975 gor the disposal of radioactive and

metal-contaminated wastewaters from laboratories and nuclear fuel fabrication facilities

on the Hanford Site in Washington State. Because the Hanford Site is located in a

semiarid environment with average rainfall of 159 mm/year, the pond dried and a settling

basin remained after wastewater input into the pond ceased in 1975.

This processing pond basin offered a unique opportunity to obtain near-surface

sediments that had been contaminated with both radionuclides and metals for several

decades. Our objectives were to determine the viable populations of microorganisms in

the sediments and to test several hypotheses about how the addition of both radionuclides

and metals influenced the microbial ecology of the sediments. Our first hypothesis was

that viable populations of microorganisms would be lower in the more contaminated

sediments. Second, we expected that long-term metal exposure would result in enhanced

metal resistance. Finally, we hypothesized that microorganisms from the most
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radioactive sediments should haw, had enhanced radiation resistance.

METItODS

Sediments were obtained from two locations within the dried pond basin,

designated locations "A" and "B". Sediments were obtained from four depths at location

A (4.5, 6, 16, and 25 ft) and two depths at location B (1 and 2 ft). Samples were therefore

designated as A-4.5, A-6, A-16, A-25, B-1, and B-2. Samples were collected, sieved to

pass through a 1-mm screen, and stored at 4°C until analyzed.

Metals and their concentrations in the sediments were determined by X-ray

fluorescence. Radionuclides present in the sediments were determined by y-ray

spectroscopy. Viable microorganisms were detem_ined by serially diluting sediments and

plating onto 1% PTYG (Balkwill and Ghiorse 1985) and 1% PTYG with 1 mM

chromium, copper, or nickel. Individual microbial isolates were examined for chromium,

copper, and nickel resistance using metal-impregnated filter disks placed onto inoculated

plates (10% PTYG); the inhibition of growth around the filter disk was measured

(Fredrickson et al. 1988). Microbial biomass in the sediments was determined by

adenosine triphosphate (ATP) analysis (Parkinson and Paul 1982). Microbial activity in

the segments at native soil moisture was determined by the mineralization of 14C-labeled

glucose (Brockman et al. 1992). After the mineralization of 14C-labeled glucose

approached an asymptotic value, fresh glucose was added, along with a nutrient solution

to provide both nutrients and moisture, to determine whether either of these was limiting

14C-glucose mineralization. Radiation resistance of microorganisms in the sediments

was determined by exposing a known weight of sediment to varying levels of ?-radiation

from a 60Co source and plating onto 1% PTYG for percent survival calculations.



RESULTS AND DISCUSSION

The six sediments had a wide range of total metal concentrations (Figure 1). In

general, metal concentrations in the sediments decreased as a function of depth (compare

A-4.5 through A-25 or B-1 and B-2). A variety of metals occurred at concentrations

above background. Only those with at least a tenfold decrease as a function of depth

were included in Figure 1. The concentrations of copper and zirconium were multiplied

by 0.1 so these data would fit in the figure; thus the actual concentrations of copper and

zirconium are ten times higher than the bars shown in Figure 1. Notice the high

concentrations of copper, nickel, chromium, uranium, and zirconium in sediments B-1,

B-2, and A-4.5. These sediments will be generally referred to in this article as the

contaminated sediments.

The radioactive contamination in sediments B-l, B-2, and A-4.5 was discernible

upon sampling with a hand-held 13,7-counter. The predominant radionuclides in these

sediments were 238U and 235U and their decay products. The concentrations of 238U and

235U are presented in Figure 1. The concentration of 238U was multiplied by 0.1 so the

data would fit in the figure; thus the actual concentration of 238U is ten times higher than

the bar shown in Figure 1. The, high concentrations of uranium, 238U, 235U, zirconium,

and copper in selected sediments (Figure 1) demonstrates the previous use of this pond as

a waste site for nuclear fuel fabrication facilities.

Viable microbial populations, as demonstrated by growth on the same medium

(1% PTYG), were found in all six sediments (Figure 1). Viable microbial populations

enumerated from plates with no additional metal were highest in B-1, B-2, and A-4.5, the

sediments most contaminated with metals and radionuclides (Figure 1). Thus viable

populations of microorganisms were not reduced in the most contaminated sediments,

disproving our first hypothesis. These three metal- and radionuclide-contaminated

sediments were also the only ones that contained microorganisms able to grow on a



, °

medium (1% PTYG) that had been amended with copper, chromium, or nickel at a 10

mM concentration (Figure 1). Thus enhanced metal resistance of the microbial

population was apparently selected for by the presence of these metal contaminants,

confirming our second hypothesis. It should be noted, however, that the population of

metal-resistant microorganisms, as defined by growth on plates containing 10 mM metal,

was significantly less than the total population (Figure 1). In some cases the metal-

resistant population was less than the total counts by four orders of magnitude (e.g., B-l).

So although there was a metal-resistant population, organisms not resistant to metals were

also present. This point was also demonstrated by a random survey for metal resistance

of isolates that grew on PTYG plates without metals. There was no difference in the

minimum inhibitory concentration (MIC) of copper, chromium, or nickel for isolates

from the various sediments that grew on PTYG plates without metals. Thus metal

resistance was not enhanced in the general microbial population from the contaminated

sediments that grew on the 1% PTYG plates without metals. Statistical analysis of

population counts from the metal-amended plates allowed a comparison of average metal

resistance for the three contaminated sediments and average metal resistance for the three

metals. The population of nickel-resistant microorganisms was significantly higher [3.5

log colony-forming units/gram dry weight (cfu/gdw)] than those for chromium or copper

(3.1 and 3.0 log cfu/gdw, respectively). The random testing of isolates from 1% PTYG

without metals also showed a higher MIC for nickel (138 lag) than for copper (80 btg) or

chromium (46 tag). Sediments A-4.5 and B-2 had similar metal-resistant microbial

populations (3.4 log cfu/gdw), but the population in B-1 was significantly less at 2.5 log

cfu/gdw.

Because some microorganisms may not grow on our medium, we, also assayed

total microbial biomass and activity in these sediments. The soil microbial biomass, as

determined by the concentration of ATP in sediments, was significantly higher in the

most contaminated sediments (Figure 2). Sediment B-2 had the highest ATP



concentration, t'ollowed by B-1 and then A-4.5. The three uncontaminated sediments had

simil_u"ATP contents but had a significantly lower level than the most contaminated

sediments. The microbial activity in the sediments, as determined by 14C-glucose

mineralization, was highest in the least contaminated sediments (Figure 2). Sediments A-

I6, A-25, and A-6 had tile fastest rate and greatest amount of 14C-glucose mineralized

when the sediments were maintained at native soil moisture content (Figure 2).

Mineralization rates of 14C-glucose were generally the same before and after the addition

of nutrients and water (Figure 2), suggesting that microbial activity in the contaminated

sediments was not limited by either nutrients or moisture. Thus the contaminated

sediments had a larger biomass but a less active microflora than the uncontaminated

sediments. One possible explanation for this inverse relationship between microbial

biomass and activity is that the contaminated sediments were located closer to the surface

of the dried pond and microorganisms may have infiltrated from shallower

uncontaminated sediments. The surface of the dried pond was covered with a layer of

uncontaminated sediment upon closure to prevent air dispersal of contaminated

sediments.

The presence of radiation in sediments A-4.5, B- 1, and B-2 (Fig. 1) for extended

periods suggested that microbial populations in these three sediments might have

enhanced radiation resistance. There was a wide range of percent survival in the various

sediments as a function of radiation exposure (Figure 3). At the 0.1-Mrad dose, the range

in survival was from approximately 0.1% in sediment B-2 to 2% in sediment A-25. Only

one of the contaminated sediments (B-1) had a percent survival that was higher than the

other sediments at the highest dose (0.25 Mrad). Sediment B-1 also had the greatest

amount of 238U in comparison to the other sediments (Figure 1). The enhanced survival

of microorganisms to radiation exposure in sediment B-1, although significantly higher,

was not much greater than the other sediments.
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CONCLUSION

The presence of mixed inorganic contaminants, including various metals and

radionuclides, over a long time did not significantly alter viable sediment microbial

counts when compared to the less contaminated sediments. Enhanced radiation resistance

was found only for the most radioactive sediment, but the enhanced survival was not

large compared to the other sediments. Metal-resistant microorganisms were found in the

most contaminated sediments, but their numbers were much less than the total viable

population. Microbial biomass was higher in the contaminated sediments, but microbial

activity was lower. Thus although microbial populations were able to survive in the

contaminated sediments, they were not as active as in the less contaminated sediments.
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LIST OF FIGURE CAPTIONS

FIGURE 1. Metal and radionuclide concentrations in processing pond sediments (A).

Concentrations of copper, zirconium, and 238U are ten times larger than

bars shown. Microbial population densities in processing pond sediments

(B). Microbial populations were plated onto 1% PTYG and onto 1%

PTYG with cobalt, chromium, or nickel at a concentration of 10 mM.

FIGURE 2. Sediment ATP concentration and 14C-labeled glucose mineralization in

various processing pond sediments. The legend lists ATP concentrations

as nmol ATP/Ing sediment. Means followed by the same letter are not

significantly different (P _<0.05). For the mineralization of glucose, 10 ml

of a 0.1X nutrient solution was added to the sediments at day 10 along

with a fresh addition of t4C-labeled glucose. Error bars represent the

standard deviation of the means.

FIGURE 3. Dose response curve of viable microbial populations in the various

processing pond sediments to T-radiation from a 60Co source. The last

sampling time was statistically analyzed, and points followed by the same

letter are not significantly different (P _<0.05).
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