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Selenate Reduction in River Water by Citerobacter freundi
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Bacterial reduction of selenate [Se(VI)] to insoluble elemental Se [Se(0)] is an important remedial
technology to remove selenium (Se) from Se-impacted water. Citerobacter freundii, a Se(VI1) reducer,
isolated from a Se-contaminated sediment was assessed for its ability to reduce Se(VI) in a mineral
culture medium and natural river water in a series of laboratory batch experiments. The results showed
that a combination of yeast extract and glucose used in the culture medium was more effective than
yeast extract alone, yeast extract plus sodium acetate, and yeast extract plus sodium lactate for
reduction of Se(VI) to Se(0) by C. freundii. About 89—96% of the added Se(VI) (500—4500 ug/L)
was reduced to Se(0) in the culture medium amended with 500 mg/L each of yeast extract and glucose.
C. freundii can also survive in natural river water and reduce Se(VI). During an 8-day experiment in
both sterile and nonsterile river water, 63—70 and 21—-22% of the added Se(VI) was reduced to
Se(0) and Se(—Il), respectively. These results suggest that C. freundii has great potential for Se(VI)
reduction and may be used for remediating Se-impacted water.
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INTRODUCTION capable of reducing Se(VI) to Se(0) have been isolated from
different environmental sediment samples, thaSidfurodpir-
illum barnesiifrom estuarine sedimen28), Bacillussp. SF-1
from sediment receiving Se-containing discharge from a glass-
grocessing factory2d), Bacillus selenitireducensp.nov. from
a lake sediment25), andSelenihalanaerobacter shriftii gen.
nov. sp.nov from Dead Sea sediment (26).

In this study, we isolated a Se(VI)-reducing bacterium from
a Se-impacted lake sediment (Stewart Lake, Utah) and assessed
its potential to remove Se from Se-impacted water. The removal
of Se(VI) from water was characterized in a series of batch
experiments.

Selenium (Se) contamination of wetlands receiving drainage
water from seleniferous soils occurs throughout the western
United Statesi—3). Bioaccumulation of Se in organisms living
in these wetlands, through the food chain, creates serious hazard
to fish and waterfowl 4, 5). Selenium in drainage water is
frequently found at elevated levels of 140400 «g/L in the
western San Joaquin Valley, Californ& 7). In 1987, the U.S.
Environmental Protection Agency (EPA) established a water
quality criterion of 5ug of Se/L as a safe level to aquatic
predators (8). Therefore, Se needs to be removed from Se-
impacted surface water before it is disposed into wetlands.

Several strategies have been proposed for the removal of SQATERIALS AND METHODS
from Se-contaminated water, that is, Se adsorption by mineral . .

. S Materials. Natural surface water was collected from the New River,
adsorbents (9—12) and Se methylatlonlvolgtlIlzatlon to the California. The river water, with a pH of 8.2 and a salinity [electrical
atmosphere (13—17). One of the most effective techniques forconductivity (EC)] of 2.3 dS/m, contained 4.2a)/L Se(VI), 0.903
the removal of Se from Se-contaminated water is bacterial ,q/L of selenite [Se(IV)], 0.33&g/L of organic Se, 9.23 mg/L of NO-
reduction of Se(VI) to insoluble Se(0§)( which can precipitate N, 0.04 mg/L of NH™-N, and 0.88 mg/L of PG~-P. The river water
at the bottom of the facilities used for the treatment of was passed through a/8n filter to remove detritus prior to use. The
Se-impacted water. mineral culture medium was prepared with the following constituents

Bacterial reduction of Se(VI) to Se(0) is an important (N g/L): MgSQ, 0.05; NaCl, 0.33; Ca@i2H,0, 0.037; (NH).SQy,
biogeochemical process in natural aquatic systdi@s?1). The ~ 0:183; KRPQ, 0.132; kHPQ, 0.169; FeGl 0.0002; and a trace
sediment is a sink of Se accounting f280% of the total Se element solutionZ7), 1 mL/L. The amounts of organic carbon sources

. - _ (yeast extract, sodium acetate, sodium lactate, and glucose) added to
(20, 22), of which Se(0) often accounts fer30—60% (18 the culture medium and river water are described below in each

21). Therefore, Se-contaminated aquatic sediments may be &yperiment. The culture medium with different organic sources was
good habitat for Se(VI)-reducing bacteria. Several bacteria gytoclaved (18 psi at 121C) for 20 min before use. The Se(VI)
standard stock solution (10000 mg/L) was passed through a sterile 0.2-

* Author to whom correspondence should be addressed [telephone (909)«M membrane filter prior to its addition to the culture medium and
787-3405; fax (909) 787-2954; e-mail william.frankenberger@ucr.edu].  river water.
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Isolation and Identification of the Se(VI)-Reducing Bacterium. 0.02
Stewart Lake, Utah, is a Se-impacted aquatic sys&8n The sediment P
samples were collected in 2002 for Se speciation. One sediment sample
containing relatively high Se(0) [total Se 19.5ug/g and Se(0Oy
7.77 ug/g] was used to isolate Se(VI)-reducing bacteria. The wet
sediment (2 g) and 20 mL of sterile 500 mg/L yeast extract solution
were added into a 50-mL sterile Erlenmeyer flask, spiked with Se(VI)
to a concentration of 50 mg/L. The flask was capped with a sterile
rubber stopper and incubated at 30 for 2 days when a clear red
color of Se(0) appeared in the flask. The contents of the flask were
serially diluted in sterile deionized water and spread onto tryptic soy
agar (TSA; Difco, Detroit, Ml) plates containing 50 mg/L of Se(VI).
Plates were incubated at 3C€ for 24 h when several colonies with
red Se(0) precipitates were observed on the TSA plates. The colonies
were restreaked on TSA plates with and without Se(VI) to ensure that
the red color of the colony was not due to a bacterial pigment.

One pure bacterial isolate, tentatively designated Iso Z7, was
identified by 16S rDNA sequence analysis. In brief, this colony was
suspended in nuclease-free water. DNA was extracted from the
suspension according to the method described by Ausubel &9al. (
I e e s FAS 1. NSOy GBI 16 of . s b
Escherichia colpositions 27F and 519R were used for the amplification 65 TDNA sequence analysis. Bootstrap values are indicated at each
of 16S rDNA by Polymerase Chain Reaction (PCR). PCR master mix Nnode.

(catalog no. M7502, Promega, Madison, WI) was used according to

the manufacturer’s instructions. Genomic DNA«1) was the template. washed cell suspension (@@= 0.55). The purpose of adding 2000
DNA was amplified by a 35-cycle PCR using a PTC-100 programmable u«g/L of Se(VI) to the culture medium was to clearly see a red color of
thermal controller (MJ Research Inc., MA). The PCR product was Se(0) when Se(VI) was reduced to Se(0) ®yfreundii. The flasks
analyzed on 1.5% agarose gel and purified using the Qiaex Il gel kit were capped with sterile rubber stoppers and incubated under a static
(Qiagen, Valencia, CA) according to the manufacturer’s instructions. condition at room temperature (2C) for 7 days. The samples collected
DNA cycle sequencing was conducted with the ABI Prism BigDye at the end of the experiment were analyzed for the determination of
terminator kit (Perkin-Elmer Applied Biosystems, Foster City, CA) and Se(IV) and total soluble Se.

an Applied Biosystems ABI 3100 genetic analyzer. Analy_sis of DNA Reduction of Se(VI) in Mineral Culture Media with Different
sequences and homology searches were completed with a MEGA-concentrations of Se(VI1).Results of the second experiment revealed
BLAST (30) using the BLAST algorithm for the comparison of & that a combination of 500 mg/L of yeast extract and 500 mg/L of
nucleotide query sequence against a nucleotide sequence databas&ucoSe was optimum for Se(VI) reduction to Se(0) ®y freundii.
(blastn). o o The third experiment was conducted in the laboratory to see the effect

Reduction of Se(VI) in Mineral Culture Media with Different of different Se(VI) concentrations on Se(VI) reduction to Se(0) in the
Organic Carbon Sources.so Z7 (C. freundii) was pregrownina 1%  cyjture medium. In this experiment, 150 mL of the culture medium
tryptic soy broth (TSB) solution and incubated (30) overnight. The  amended with 500 mg/L each of yeast extract and glucose was added
solution was then centrifuged at S000 rpm for 20 min. To remove the 5 each 250-mL Erlenmeyer flask. The flasks were spiked with Se(VI)
TSB residues, cells were washed four times with 30 mL of the sterile {5 final concentrations of 500, 1000, 2000, and 45@9L and
culture medium or river water described above by centrifugation. ,oculated with 0.4 mL of the washed cell suspension ¢@B 0.59).
Washed cells were resuspended in the same solution to give & OD  Te flasks were capped with sterile rubber stoppers and incubated under
range of 0.42—0.59 for four different experiments in this study. static conditions at room temperature (2T). The experiment was

The first experiment was conducted in the laboratory to determine pertormed in triplicate for 8 days. The samples were collected daily
the effect of different organic carbon sources on the reduction of Se- ¢, analysis of Se species.

(V1) to Se(0) in a mineral culture medium. These organic carbon sources
included four different combinations: yeast extract alone, yeast extract
plus sodium acetate, yeast extract plus sodium lactate, and yeast extracg
plus glucose, which were added into the culture medium at a
concentration of 500 mg/L of each organic carbon source. In the

Kluyvera cochleae (AF047187)

Enterobacter infermedius (AF310217)
Citrobacter braakii (AF025368)

Citrobacter freundii (AY259630)
81

Iso-Z7 (AY372118)
Citrobacter gillenii (AF025367)
g7 Citrobacter youngae (AJ564736)
Citrobacter murliniae (AF025373)
Citrobacter werkmanii (AF025373)
Enterobacter cloacae (AF511434)

Caulobacter fusiformis (AB008533)

Reduction of Selenate in Natural River Water.To observe whether

. freundiicould survive in natural river water and reduce Se(VI) to
e(0), 150 mL of nonsterile river water spiked with Se(VI) (100
L) was added to 250-mL Erlenmeyer flasks. The flasks were supple-
experiment, 150 mL of the culture medium with different combinations m_ented with 500 mg/L each of yeast extr_act and glucose and inoculated
of organic carbon sources was added to each 250-mL Erlenmeyer flask.Wlth (_)'4 mL Of_ the washed cell suspension (3= 0.45). The water )
The flasks were spiked with Se(VI) to give a final concentration of qev0|d of the |n0(;u_|um served as a control. In a parallel study, sterile
1000ug/L and inoculated with 0.4 mL of washed cell suspensiong@D ~ 1Ver water containing Se(V1) (1000g/L), yeast extract (500 mg/L),

= 0.42). The flasks were capped with sterile stoppers and incubated 2nd glucose (500 mg/L) was also tested for Se(VI) reduction with and
under a static condition at room temperature {€). The experiment without addingC. freun_du cells. All flasks were capped with sterile
was run in triplicate for 8 days. The samples were collected daily for "UPber stoppers and incubated at room temperature°@1 The

the analysis of Se species. experiment was run in triplicate for 8 days. The water samples were
Reduction of Se(VI) in Mineral Culture Media with Different collected .dally for-anaIyS|s.of S_e Species. _ _
Amounts of Yeast Extract and Glucose The results from the first Analysis. Selenium species in the culture medium and river water

experiment described above proved that the combination of yeast extractwere determined using a method developed by Zhang and Franken-
plus glucose was best f@. freundiito effectively reduce Se(VI) to berger (31) and Zhang et al3%) after removal of Se(0) from the
Se(0). Therefore, the second experiment was conducted in the laboratorysolution by centrifugation at 12000 rpm for 10 min. Directly measured
to test the effect of various amounts of yeast extract and glucose on Se species included total Se, total soluble Se, Se(IV), and Se(lV) plus
the reduction of Se(VI) to Se(0) in the culture medium. In this Se(—Il) [organic Setll) plus inorganic Setll)]. Se(Vl), Se(0), and
experiment, 40 mL of the culture medium with various levels of yeast Se(—Il) were determined by the difference meth@l,(32). Se
extract (0, 100, 500, and 1000 mg/L) and glucose (0, 100, 500, and concentrations in all of the prepared solutions were analyzed by hydride
1000 mg/L) was added to each 50-mL Erlenmeyer flask followed by generation atomic absorption spectrometry (HGAAS), 33). The
spiking with Se(VI) (200Qug/L) and inoculating with 0.4 mL of the detection limit in the prepared solution was Q.&/L.
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Figure 2. Effect of different organic carbon sources on the changes of Se species in a mineral culture medium amended with different combinations of

organic carbon sources and inoculated with C. freundii. Error bars indicate one standard deviation (n = 3). Y, yeast extract; A, sodium acetate; L, sodium
lactate; G, glucose.
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Figure 3. Concentrations of Se species in a mineral culture medium at the end of the experiment. The culture medium was amended with different
amounts of yeast extract (0—1000 mg/L) and glucose (0—1000 mg/L) and inoculated with C. freundi.
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Figure 4. Changes of Se species in a mineral culture medium amended with 500 mg/L each of yeast extract and glucose and inoculated with C. freundi.
Initial added Se(VI) concentrations were 500 (A), 1000 (B), 2000 (C), and 4500 ug/L (D). Error bars indicate one standard deviation (n = 3).

The rate constant of Se(VI) reduction in the culture medium was to 559 and 262ug/L at day 8, respectively, with a Se(lV)
calculated using a simple first-order kinetics equation: dSe(V#idt  concentration of 22g/L. Highly favorable results were observed
—kSe(VI), wherek is the rate constant of Se(VI) reduction. The data jn the culture medium amended with yeast extract and glucose.
from the first 5 d_ays of thg experiment were used in the ca_lculatlon The highest concentration of Se(0) (84FL) was detected with
because the_major reduqtlon of Se_(VI) in the culture medlqm was rapid reduction of Se(VI) from 979 to 70g/L in the yeast
completed within that period of the time in most of the experiments. g

extract and glucose-amended culture medium. Se(lV) and Se-
(=) were 36.4 and 29.9g/L, respectively, at the end of the
experiment.

Phylogenetic Identity of Bacterial Iso Z7 Strain. The Se- Effect of Amount of Yeast Extract and Glucose on Se-
(VD)-reducing bacterial strain (Iso Z7), isolated from Stewart (VI) Reduction. The relationship between Se(VI) reduction and
Lake, Utah, sediment, was identified & freundii by 16S the amount of yeast extract and glucose in a mineral culture
rDNA sequence analysis. The gene accession number ismedium is shown ifrigure 3. In the low-yeast extract (6100
AY372118. The percentage identity of Iso Z7 was 99%. The mg/L) medium without glucose, total soluble Se showed no
phylogenetic neighbor-joining tree &. freundiiis presented change, ranging from 2027 to 2088/L in the culture medium.
in Figure 1. Total soluble Se slightly decreased from 20af)L (added) to

Effect of Different Organic Carbon Sources on Se(VI) 1680—197Qug/L in the culture medium amended with a yeast
Reduction. The reduction of Se(VI) in the mineral culture extract (G-100 mg/L) and glucose (1661000 mg/L), with Se-
medium during an 8-day experiment is illustratedFigure 2. (0) and Se(IV) concentrations ranging from 67.1 to 3&0L
The extent of Se(VI) reduction differed in the culture medium and from 81.5 to 1330g/L, respectively. In the culture medium
added with different organic carbon sources. Se(VI) concentra- amended with higher levels of yeast extract (50000 mg/L),
tion decreased from 988 to 458&)/L in the culture medium  total soluble Se decreased from 2QafJL added to 6241590
containing yeast extract alone. Simultaneously, Se(0) increaseg«g/L in the culture medium without glucose and dropped to
to 425ug/L with a Se(-1l) concentration of 43g/L and a Se- 77—387ug/L in the culture medium with a glucose range of
(IV) concerntration of 68.3.g/L at day 8. In the yeast extract 100-1000 mg/L. The concentration of Se(0) increased with the
plus acetate-amended medium, the Se(VI1) concentration droppedncreasing amounts of glucose in the culture medium: -408
from 979 to 259g/L. With this treatment, Se(0) and Sel() 1380ug/L (without glucose); 16101653 ug/L (100 mg/L of
concentrations at the end of the experiment were 557 and 149glucose); and 18501920.g/L (500—1000 mg/L of glucose).
ug/L, respectively. A low Se(IV) concentration{@4.6ug/L) Se(lV) was relatively low, ranging from 1.1 to 128/L in the
was found during the experiment in the culture medium culture medium, with the higher amount of yeast extract at all
amended with yeast extract and acetate. Se(VI) concentrationlevels of glucose.
also declined from 966 to 124g/L in the yeast extract plus Effect of Initial Se(VI) Concentrations on Se(VI) Reduc-
lactate-amended culture medium. Se(0) and-8¢(ncreased tion. Reduction of Se(VI) in the culture medium spiked with

RESULTS
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Figure 5. Changes of Se species in a natural river water amended with 500 mg/L each of yeast extract and glucose with and without C. freundii. Error

bars indicate one standard deviation (n = 3).

different levels of Se(VI) (5064500ug/L) and amended with

Table 1. Rate Constant of Se(VI) Reduction in the Experiments

500 mg/L each of yeast extract and glucose is presented inAmended with Different Organic Carbon Sources (See Figure 2)

Figure 4. Se(VI) dropped rapidly from 517, 974, 1931, and
4521 to 38.2, 33.2, 48.1, and 228/L, and Se(0) increased to
462, 925, 1861, and 418&/L in the culture media spiked with
500, 1000, 2000, and 450@/L of Se(VI), respectively, during

8 days of incubation. The Se(lV) concentration was low
throughout the experiment with a relatively higher concentration
(632ug/L) at day 2 in the culture medium containing an initial
Se(VI) concentration of 4500g/L.

Se(VI) Reduction in Natural River Water. Reduction of
Se(VI) in the natural river water with and without inoculation
of C. freundiiis shown inFigure 5. In the absence o€.
freundii, there was little change in Se(VI) concentration in the
sterile river water. Se(VI) concentration slightly changed in the
nonsterile river water during the first 5 days of the experiment
and then decreased rapidly to 168/L, with a rapid increase
in the concentrations of Se(0) (6@8/L) and Se(—II) (125:g/

organic carbon sources rate constant (k, 1/day)

yeast extract alone 0.145
yeast extract plus acetate 0.099
yeast extract plus lactate 0.178
yeast extract plus glucose 0.493

for bacterial respiration. For an effective reduction of Se(VI)
to Se(0), bacteria need organic sources (i.e., yeast extract,
acetate, lactate, and glucose) as carbon, energy, and electron
sources (634—37). Oremland et al2@) revealed thaSulfu-
rodpirillum barnesiiused lactate as an effective electron donor

in Se(VI) reductionThauera selenatimetabolized acetate (6),
whereasEnterobacter cloac&LD1a-1 utilized glucose3d) in

the reduction of Se(VI) to Se(0). Stolz and Oremlard®)(
reported that the free energies for Se(VI) reduction to Se(IV)

L) measured at the end of the experiment. However, inoculation and Se(IV) reduction to Se(0), coupled te bixidation, are

with C. freundiirapidly decreased the Se(VI) concentration from
988-990 to 56.7124ug/L in both sterile and nonsterile water,

—15.53 and—8.93 kcal/mol, respectively. Se(VI) reduction to
Se(lV) is energetically favorable when acetate and lactate are

with simultaneous increases in the concentrations of Se(0) (626—used as electron donors, yieldingl72 and —343 kJ/mol,

690ug/L) and Sef1l) (208—217ug/L). The Se(lV) concentra-

respectively. Therefore, the addition of an adequate organic

tion remained low throughout the experiment, and the highest carbon source can enhance Se removal from Se-impacted water

Se(lV) concentrations (90-7126 ug/L) were observed at day
1.

DISCUSSION

Bacterial reduction of Se(VI) to Se(0) is a useful remedial
technique for removing Se from Se-impacted surface water. In

through bacterial reduction of Se(VI) to Se(0). The present study
shows that the efficiency of Se(VI) reduction By freundiiis
related to the nature of organic carbon sources added to the
culture medium. A combination of yeast extract plus glucose
was most effective in reducing Se(VI), withkavalue of 0.493
1/day (Table 1). In contrast, the rate constants were 0.145,
0.099, and 0.178 1/day in the yeast extract alone-, yeast extract

aquatic systems, Se(VI) can serve as a terminal electron acceptoplus acetate-, and yeast extract plus lactate-amended culture
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Table 2. Rate Constant of Se(VI) Reduction in the Experiments with Se(VI) to Se(0) and Se(l), indicating the survival and high
Different Se(VI) Concentrations (See Figure 4) activity of C. freundiiin the natural river water.
Agriculture productivity in the San Joaquin Valley of
initial Se(V1) concn (ug/L) rate constant (k, 1/day) California generates high-Se drainage water, which has a
500 0.506 concentration range of 140400ug/L in many areas of the
%ggg 8-2% valley (6, 7). In the Salton Sea region, elevated Se is in the

range of 3—300ug/L in the subsurface drainwatedX).
Selenium concentrations in most of these areas are much higher
than the interim maximum mean monthly Se concentration of

media, respectively. During 8 days of incubatier§6% of the 2—5ug/L for discharge to receiving water as recommended by

added Se(VI) was reduced to Se(0) in the yeast extract plusthe State of California Water Resources Control Boaﬁﬂ).(
glucose-amended culture medium. In the yeast extract a|0ne_,These elevated Se levels need to be reduced before discharge

yeast extract plus acetate-, and yeast extract plus lactatet0 Nearby wetlands and lakes. The results of this study indicate

amended culture media, 43, 57, and 58% of the added Se(vI)thatC. freundiiis capable of effectively reducing Se(V1) to Se-

were reduced to Se(0), respectively. 0)in mllnergl culture .medlum as Welllas. in natqral river water,
Reduction of Se(Vl) to Se(0) was also related to the amount suggesting its potential role in remediating Se-impacted water.

of organic carbon sources (i.e., yeast extract and glucose) addeq | TerATURE CITED

to the culture media3y). In a recent study on Se(VI) reduction

4500 0.565

by Enterobacter tayloraeZhang et al. 87) reported that yeast (1) Lemly, A. D.; Finger, S. E.; Nelson, M. K. Sources and impacts
extract promoted Se(VI) reduction to Se(0). In artificial drainage of irrigation drainage contaminants in arid wetlangs.iron.
water with a relatively high level of yeast extract (500000 Toxicol. Chem1993,12, 2265—2279.

mg/L) added,~89—93% of the added Se(VI) was reduced to (2) Lemly, A. D. Agriculture and wildlife: ecological implications

Se(0), whereas 2040% of the added Se(Vl) was reduced to of subsurface irrigation drainagé.Arid Erviron. 1994,28, 85-
) 94.

Se(0) in drain{:lge water With low Ie_vels of yeast extract{50 (3) Presser, T. S.; Sylvester, M. A.; Low, W. H. Bioaccumulation
100 mg/L) during 7 days of incubation (37). The present study of selenium from natural geologic sources in western states and
also reveals that reduction of Se(VI) to Se(0)®yfreundiiis its potential consequenceBnziron. Manage1994, 18, 423—

also affected by the amount of yeast extract and glucose added 436.
to the culture medium. No Se(VI) reduction occurred during 7 (4) Ohlendorf, H. M. Bioaccumulation and effects of selenium in

=

days of incubation in the culture medium devoid of glucose wildlife. In Selenium in Agriculture and the Enonment Jacobs,
and containing low levels of yeast extract«(000 mg/L). L. W, Ed.; ASA and SSSA: Madison, WI, 1989; pp 133
Increasing the levels of both the organic carbon sources favored 177.

th teria r tion of VI t with an timal (5) Presser, T. S.; Ohlendorf, H. M. Biogeochemical cycling of
e bacteria reduction of Se(Vl) to Se(0) an optima selenium in the San Joaquin Valley, California, USviron.

combination of 500 mg/L each of yeast extract and glucose. Manage.1987,11, 805821
Reduction efficiency of Se(VI) to Se(0) is also influenced (6) Cantaﬁo.l A. W Hagen, K..D.; Lewis, G. E.; Bledsoe, T. L.;

by the initial concentration of Se(VI) added to the culture media Nunan, K. M.; Macy, J. M. Pilot-scale selenium bioremediation
(34, 39). In a 2-day experiment, Losi and Frankenber@e) ( of San Joaquin drainage water wilthauera selenatisAppl.
reported that~90% of the added Se(VI) was reduced to Se(0) Environ. Microbiol. 1996,62, 3298—3303.

by Enterobacter cloacaSLD1a-1 in a tryptic soy broth medium (7) Sylvester, M. A. Overview of the salt and agricultural drainage
with a Se(VI) concentration range of-300 mg/L. They problem in the western San Joaquin Valley, Califorbiss. Geol.

Surp. Circ.1990,No. 1033c, 119—124.

(8) U.S. Environmental Protection Agency (EPAmMbient Aquatic
Life Water Quality Criteria for Selenium1987; Report EPA-
440/5-87-006; Office of Research and Development, Environ-

observed only 62% Se(VI) reduction in the TSB medium
containing 1 mg/L of Se(VI). In a Se(VI) reduction experiment
using three Se(VI)-reducing strains, FK-2, FK-121, and FR-1,

lke et al. reportedd9) that 52-96% of the added Se(VI) (7-9 mental Research Laboratories: Washington, DC, 1987; 121 pp.
395 mg/L) was reduced in a basal salt medium during a 7-day (9 Balistrieri, L. S.; Chao, T. T. Selenium adsorption by geothite.
experiment. The present study shows t@atfreundiiis also Soil Sci. Soc. Am. 1987,51, 1145—1151.
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