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Behavior ot Chmmium in Soils: 1IV. Toxicity to Mlcroomnisms
D. S. ROSS, R. E. SJOGREN, AND R. J. BARTLETT?

ABSTRACT

The toxicity of Cr to soil bacterinl lsnimies was studied by mensuring

arbidity of liquid cwitures supplemented with Cr(¥T) or Cr(IIT). Ten

pom CrVD) was found imhibitory (0 most isolstes growing in

1 soil-extract medium amd or in 1 semisyathetic medium. Gram

dve hacteris were more sifecied than gram positive bacteris dy

cavh woth at this level and at 1 ppm. Tamicity due 10 CATID was dot
2d at similar leveis.

Nedlis loum (Typic Eatrocirest) and Hinesbarg fine sazdy loam
gavc Hapiorthod) samples were treated with 10 and {00 ppm Cr(VY)
o4 00 PPD CallD. Ail three treatments sgnificanty decressed CD,
ceointion from that of controds for e 3-week duratioa of the 2xperi-
acst. Extraciabie CVh in these soils decreased rapidly during this
-, indicating thas reduction of the xided Cr(VT) was occurring.

Tae wxicity o low ieveis of Cr(Y]) o gram segative bacieria in

weras caiture imdicates that 1ol microbial tnasiormations, sach i
‘mnano-, may be affected. The fact that both Cr(ifl) and Cr(V])
piebiterd microbisi activity i soil shows that more castion may e
ﬂmhn&qu-mm,mmﬂkm“
Cr. -
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increasing use of scil as a repository for human waste
groducts has brought about increased inter=st in the &f-
‘ects on the soil of high concentrations of potentiaily
oxic substrances. Chromium (Cr) often is-found in
waste siudges from tanning, metailurgic, and other
adustries. Chemical aspects of the reactions of Cr with
soils have been reported by Bartlett and Kimbie (1976a,
1976b) and Bartlett and James {1979).

Trivalent Cr formerly was thought to be the only
tabie form of Cr in soils because of rapid reduction of
wded Cr(VI). Work with field-moist soils, however,
aas shown that some oxidation of added Cr(1ll) takes
place in aercbic, nonacid soils and Cr(VI) can be ex-
tracted from soil samples at least | year after the Cr(I11)
sidition (Bardett and James, 1979). Therefore, the toxi-
aties and mobilities of both species must be considered.

1t appears that Cr(11l} is less toxic than CR(VI). Inor-
ganic Cr(11]) is aot mobile in soils and is not readily
aken up by cells, probably because of its low solubility
ind tendency to form large hydroxy polymers at neutral
pH levels. On the other hand, Cr(VY) is mobile in soils
and it penetrates cell membranes readily. Once inside
=ils, it is reduced; its toxicity probably results from
oxidation of ceil components (National Research

Article 00,49, Csntribut;on to
t Regional Project %/Recewed 28 March 1

‘Former Graduate Feilow, Dep: 57 Mant & Soil

essor, Dep. of & Sochemistry; md mem.
Dep. 5f Plant & Soil Science: respectively, Univ. of Vermont and
‘im Zxp. Stn., Buriingron, VT 05405,

;. £ Slater and H. M. Reisenauer. 1979. Toxicity of Cr(llI) and
CAVY added 10 soils. Agron. Abstr. p, 38.

b—‘icr:ncnt Agric. Exp. Sun.

Council, 1974). After reduction to Cr(lll) inside the
cell, it may interfere with protein function. Mutations
have been observed in bacteria grown in the presence of
Cr(VY), indicating DNA susceptibility {Petnilli and De
Flora, 197N.

Henry and Smuth {1946) studied the zoxic 2ffecis of
fichromate-suifuric acid cleaning mixiure on micro-
arganisms and Jound :hat { pem Co(VTD) was (oxic to
Staphylococrus qureus in svathetic media, while 10 ppm
¥as needed for complete inhibition in nurrient broth.
Rudoifs (19350} reviewed the literature cn oxic metals in
sewage treatment and recommended a S-ppm lmit for
Cr(¥1; in sewage. Barth ¢t al. (1967), using & model of
an activated sludge plant, found that a 10-2pm contine-
ous dose of Cr({Vl) in the influeat reduced piant ef-
ficiency by 5%, as measured by effluent chemical oxy-
zen demand (COD). Slater and Reisenauer’ found that
both Cr(¥1y and CTr{I1l) reduced CO, evoiution when
added to a moist Yolo scil. The depression caused by
Cr(VT) lessened with time, but aot that caused by
Cr(liD.

Because of the lack of reports dealing with Cr toxicity
to soil microorganisms, the present study was under-
taken 0 provide an initial indication of the effect of Cr
on soil microbial actiyities. The oxic action of Cr m
s0ils needs (o be better understood 10 provide guidelines
for the soil application of Cr-containing wastes.

MATERIALS AND METHODS

Reprmcative sod hactena were isoiated from feid-moist sampies
of a Neilis loam (Typic Euwrochrept), an Eldridge ioamy fne sand
{Aquic Udorthent), and several other ¥Yermour soils. The isciates were
identified to gemera according to Bergey’s Manuai of Deserminative
Bacteriology (Buchasan and Gibbons, 1974). A wide range of com-
monly isolated geera was cttamed.

An aquecus soil extract was prepared by autociaving 1 kg of moist
Nellis 30il in § liter of H,O for | dour. Afley cenrifugation, 0.5 3
K:HPQ. per liter was added to the supernatant. Before ase, the extract
was diluted 1.33 x with distilled H,0. A semisynthetic medium aiso
was used and contained 0.3 g KNO,, 4.5 g (NH.,),30,, 9.2 g MgHPO,-
3JHLO, 9.1 g CaCl«2H,0, 2.0 g casamuno awids, and 2.0 g dexirose per
liter of H,O. The pH of each autociaved medium was sdjusted 0 6.5
with sterile KOH. This pH, slightly below the optimum for mos bec-
teria, was chosen 1o incresse solubility of Cr(iI1) above that in reurral
sofution,

Bokh nonaerated and sevaged cuitures were shudied. Bacteria i son-
aevated cultures were grown in 13- by [ 50-am disposable cuiture mabes
which had been selected for optical uniformity at 660 am using 2 spec-
trophotometer. (nocuium was grepared in these same mbes dy grow-
ing the isolates in the medium to be used for the text. After 48 hours
incubation, the optical density (O.D.) was adjusted to 0.05 vy Jilution
with sterile medium. One-centh milliliter of this inoculum 2nd 3.2 mi
of sterile 7.5, 75, or 750 ppm Cr(VT) as X,Cr,0- or 7%, 730, or 7,500
ppm Cr(1IT) as CrCl; were added ic 14.7 mil of media that had deen
sterilized in the tubes. ARl treatments were duplicated. After 24, 43,
and 72 howurs at 25°C, the tubes were voriexed and O.D. determined at
660 am. This vavelength was used to minimize effects of the yellow
color of the medium on the turbidity readings (DeMoss and Bard,
1957y

in the aerated experiments, 250-mi Erienmeyer flasks containing 45
md of culture sofution and < in proportions similar to the 1onaerated
sultures were shaken comtinuously at room temperature {23-33°C).
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Tahle I—Toxicity of Cr(VD) in so@ ¥xtract medium ss mdicated
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by optical densities of 48 hour calturs suspensions. dm&-hnmm
Aeratad Nonserated Initial Cr{VT) in solatie
Nm;bu' Initiai Cr(V1} in solution. ppm 24 hours
Bacteria isolates O 1 {1 g 0.1 i 10 Bacteria 0 1 12
optical densityt — optical deasity ——
Gm’ bacteris Bacsilus wp. (Gm* 1.70at 135b G24c
Baciilus sp. 1 0.28a 0.19% 0.07¢ Arthrobacter 1. 1IGm* 1.50a  1.38b Olie
1 9.08a 0.06b 1.06a 2.03c Strepromycses sp. .Gm1) {.46a 1.352 92.30h
AstArnbacter sp. 7 0.285a ).254 0.iab Acingrobacter 3p. 'Gm" Liom 2758 1.03b
2 0.08a 1.08s 0.07a 3.03b Pseudomonas %, .Gm Lide 13l L0le
Cormebact. 30, { 0.2%a 0.22a 0.20a : - - ,
’ 2 1.06a 1.058 1.05a .04b * Talues rml(m‘ed v “he ame letter in sach mw ire 1on g
Nocardia p. 1 2.9 3.:88 0.0 5 ‘erent at she 3% ‘evel ‘nonorchogonai contrasts).
1 3.34a 0.04a 0.04a 2.0 5
Strepromces m. ; ; i};a )1;'3 39602 Tabie 3—Toxicity of CrIII) in soil sxtract medium, as 4
Jida 2.2k 04 ny optical densities of 48 ho ure niiame
Averageofal ¥ 0P de Q) ars culture suspe
Gm” bacteria 11 0.06a 0.95b 3.96a 193¢ Initial CovI1D in ,iohxtmn,m
Gm’ bacteria . . Bacteria i 1
Ayeudomonas . 2 0.1%a 0.i2a 0.01b
2 1.07a 0.08a 1.04b 0.0 ¢ optical density -
Acnamhacter . 1 009 00b000% )
H 7.08a 0.3% 0.0 » 1 B Aeraced
Momzella 3. i 3.57a 0.05b 40 = 33 ¢ Baciilus p. (Gm" 2.14at 0158 Ol6e
Flavabact. sp. 1 2.06a 0.04s 008 2.01b Artarobacter sp. IGm?) 3232 O24a 0226«
3 O0.0la 2.08b 00 ¢ Acinatobacter 9. (Gm™ 1.08eb 0.878 &N
Average of ail Pyevdomonas =p. IGm? Tiia  0.:6b  0.15h
Cm bacteria” . 5 3.07a 9.06b 0.02¢ 2.0 ¢ Nonseratsd
t Yalues ‘oilowed by the same letter in a row arw not sigmificansly diffesnt Bacillus =p. (Gm* 006e 006 108
ac zhe 5% level inonorthogonal contrasts). Arthrobacter . (Gm?) 0.08a 9.i0b 00wk
: Moraxeila 3p. iGm) 006a 3.08a Q.06« .
Preudomonas 3p. (Gm) 309 098 J.08

Aliguots were transferred to mubes and O.0. derermined at 4 and 48
qours. f the O.D. was >9.40, he sampie was diluted 10x. A¢ 48
Bours, sampies vere centrifuged and Cr in solution also was de-
rermined: axidized Cr was measured <olorimetricaily by she s-dipheny!
carbazide method (Bartlert and lames, 1979) and towai Cr by atomic
absorption.

Micromal activity in :he soi samples was svaiuated by measuning
<O, evoiution asing MaOH :raps. One-kilogram sampies (dry wt
asis) of fleid-moist Nedlis loam and Hinesburg fine sandy loam (Enuc
Haplorthod) were placed in 2-liter jars. The pH levels of these two
:01ls were 6.4 and 5.9, respectiveiy. A bottle containing 1.0 NaOH
»as placed on top of the soil ‘n each jar. Treatments in triplicate
included X,Cr,0- at 10 and 100 ppm Cr, CrCly at 100 ppm Cr, based
on the weight of the soil, and controls without Cr. The final H,0 con-
tent of ihe treated soils and the comerols was adjusted (o exacdy 25%
for the Nellis and 20% for the Himesburg (approximately 1/3 atm
moisture tension). The jars were incubated in the dark ar 25°C and the
air inside was freshened daily by removing the caps for a few seconds.
A& 3- 1o S-day intervais, the NaOH in each jar was ttrated with HCY
after the addition of 82C}; and phenoiphthaicin. Oxidized Cz in the
rreated soil was determined coforimetrically as described above, after
axtracting moist 2.5 cm’ sampiles with 0.01M KH, PO, «K,HPO..

RESULTS AND DISCUSSION
Toxicity in Culture

Optical densities for 48-hour bacterial cultures in soil
extract media containing Cr(¥1) are given in Table 1.
All gram aegative {(Gm™) bacteria tested were almost
:ompletely inhibited by the high level of Cr(VI). Cue
npm Cr(V1) had little or no effect on most gram positive
{Gm") bacteria, whereas imhibition was complete for
some Gm- bacteria at this Cr level. Growth in nonaerated
cultures for four actinomycetes was in the form of
macroscopic <clonies, making turbidity readings
unreliable. Two of these isolates were slightly (nnibited
by { ppm Cr(V]) and compietely inhibited by 10 ppm
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¥ Taiuss foilowed by :bhe same ‘etter (0 aech row are not sigei
furent at the 3% level inonorthogonal contrastsy.

Cr(VY). The other two were somewhat inhibted
i) ppm level.

The concentration of TV} in sclution
hours {Gm~, 8.78 and 3.2 ppm; Gm~, 1.15 aad W,
for the | and 1] ppm Cr(VT) levels, respectived
aerated cuitures) indicated that Cr(VT) toieram
ently was aot the result of its reduction to the T
Cr(11]) in the aerated cultures, although less Ty
found i cuitures with a higher finaf c2fl conee

To determine whether or not the 30t extract
was involved in the interaction between the hacts
Cav1), the aerated experiment was repeated us
semisynthetic medium. Growth rates were o
thap in the soil extract, and the experiment was's
after 1 day (Table 2). The toxicity of CriV]) s

soil extract medium, and again Gm~ bacteria s
sensitive than Gm* bacteria.

Tozicity of Cr(1II) was tested under both
nonaerated conditions. Mean conceniraticns of $0
Cr at the end of the experiment were 40.7, 4.6, and
ppm for the 100, 10, and ! ppm levels, res
{(Table 3). Large decreases in Cr concentra
occurred because of the low solubility of Cr(11) af
5.5. Significantly lower growth rates warz found for
of four isclates tested in the nonaerated studly 3
100-ppm level. Higher growth ragtes at the 10-ppa B
comparsd with the controls, were found in the 2
study; perhaps Cr(11f) ‘ncreased growth by complexing ...
inhibitory <ompounds present in the s0il exig
Onptical densities for a Streptomyces sp. were unrell
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yut no differences in aerated and nonaerated cultures
were apparent.

Aacteria included in this study apparently were much
pore sensitive to CrVT) than Co(1Il) and Gm- hacteria
were somewhat more inhibited by Cr(V1) than werz Gm*
racteria.

CO, Evoiation

Microbial activity of the controi soils was higher than
that in all Cr-treated Nellis and Hinesburg soils (Fig. 1
and 2). All Cr-wreated scils showed decreased respira-
don as evidenced by decreased CO, evolved per day,
ad differences between Cr-treated scils were small.

Figure 3 shows the decline in extractable Cr(V1), ap-
parently by reduction to Cr(IIl), in the soils in which &t
was measurable, The presence of Cr(VY) in the 100 ppm
Clll)-:reated soils after 3 days showed that some oxi-
datton of Cr(11I} had occurred in the Neilis soil, but ex-
wactable Cr(V¥1) had disappeared by 13 days. About
twree-fourths of the Cr{¥1) added to the scils treated
with {00 ppm Cr{VT) was not axtractable after J days.

Since the bacterial culture studies did not show re-
duced Cr to have much toxicity, the suppression of
microbial activity by added Cr(1II) was not andcipated
(Fig. 1 and 2). Slater and Reisenauer® also found de-
treased CO, evolution in moist Yolo soil with added
Cr(lil). The fact that CO, evolution did not increase as
the Cr(V1) disappeared alsc was unexpected. Four ex-
Manations are possible:

) Cr(V1), even though present for only a short time,
may have permanently Jdamaged one perticn of
the soil population.

2) “Tanning” of available substrate by Cr(Ill) may
have occurred; that is, Cr(7I) may have formed
cross-linkages between organic compounds in the
soil12 rendering them unavailable o microbial at-
tack.
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Fig. 3—Coocentrations of extractable CAVT) in e twe 30ils stodied
far CO, evointioa with e aiter Cr application.

3) An unstudied portion of the soil microbial popula-
tion, ¢.g., fungi, mthbemhslﬁ?mvcto
Cr(HID).

4) Condmcns of gromh in soil may be so different
from those in pure culture that toxicity studies in
onemedmmcannotbetppheé:omzothcr -

There is no direct evidence favoring any one of the
above conjectures. It is possible that, in some locales,
Cm" bacterial activity could Bave been complesely sup-
pressed. High sensitivity of some Gm~ bacteria to
Ce(V) was shown carfier in this study. It is hard to
imagine that 100 ppm Cr(ill) '‘tanned’ very much of
the availabfe substrate, but this «ffect cannot be ruied
out.

The inhibition of Cm~ bacteria in aqueous culture by
low leveis of Cr(VI) indicates that soil microbiai pro-
cesses carried out by Gm~ bacteria would likely be af-
fected in soils treated with wasies contaiming small
amounts of Cr, if the Cr becomes oxidized. Rudolfs
{1950) observed that nitrification in an activated sludge
process was inhibited by Cr at levels as low 23 2 ppm.
Initial inhibition may, however, be overcome if the
microbial population is able to adjust to the strzss,

Toxicity of Cr(¥]) 1o most forms of ife is docu-
memted, whereas Ce(1H) is mot generally considered 2
preblem. Even though the reasons are aot clear, it is
evident that both Ce(VD) and Cr(11T) additions may be
LOXIC tQ 30il microorganisms. [t should aot be assumed,
therefore, that Cr(I1I) is harmiess when added to soil.
More study is needed to determine the nature and 2xtent
of the toxicity of both species of Cr in field soils,
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The Respouse of a Southern Apopaijachian Forest to Waste Water Irrigation!
G. H. BRISTER AND R. C. SCHULTZ! w

ABSTRACT

The sperational Iand tresxtment systes st Unicoi Staie Park oesr
Helen, Georgiz wa ased tar & yeviod of 3 yeary i» stmdy the roie of 3
matare Agpuischiag forest in renovating monicipad waste vater. Lp-
take of some of the seirients @ (e watle waler yas scrmeTing in e
sepetation, bat 30 rymemsiic asiriest sptake by Any aae coEpuRet
of the sisad was shesrved, Overmary irees falled 1o show sy growih
respoaseto. Be rrigation s height or dismeter st dresst Jeight (dbin,
ut did show increamd stem distmeter growdh withim the canopy. The
irigation w3s cwsing sguificant acresses 8 dancer 2t 3.3 = wd
Seight of anderstory Trees. A detailed stem zaniysis of 5 renied end §
control white pine rees (Pinus irobus L.; from ke ;siure sversiory
showed that spper stem diameter growth was incressed dguificamdy
s 3 resuit of the imigation. This mem volumse response in waste water
irvigation wouid 301 de detected iad breast deigit dismeter and totnd
aeight been the only stem mesnsarements akes. The irvigation is de
creating the diomuss, e dversity, st the sumber of meifvidunis of
dee ground vegetntion, -

Additional index Wordy: ‘mad trestmesi, Yomass, stem amaiyma,
Pinus strodus 1.

Brister, G. H., and . C. Schuitz. 1981, mmscoftmm
“_pwm!ﬁ forest 10 waste water irrigation. J. Eaviron. Quai. {0z
1

In 1973 the Unicoi State Park was selected by the En-
vironmental Protection Division of the State of Georgia
and the School of Forest Resources of the University of
Georgia as the site for a land application demonstration
in the southern Appalachian hardwood-pine forests.
The site was to become the operational wasie water
treatment system for the recreational facility and its
associated conference center.

Because of the operational nature of the demonstra-
tion, only one site and one application rate were used.
This demonstration provided an opportunity to investi-
gate the response of a mature forest 10 waste warer and
the role played by the forest in nutrient renovation.
Renovation is the removal of nutrients, organic matter,
and pathogens from applied waste water by the biotic
and abiotic components of the site. Although destruc-
tive sampling of the stand could not be permitted, in-

Contribution from the School of Forest Rescurces, Univ. of
Georga, Athens, GA 30602, Received § Oct. 1980

* Associate Professor, School of Forest Resour., Univ. of Georgia,

and Associate Professor, Dep. of Forestry, chwa State Univ.; re-
spectively.

148 ). Eaviroa. Qual., Vol. 10, ne. 2, 1981

. National Research Council. 1974. Committes on
fects of atmospheric poilutants. Chromium. Nad. Acad.
Washington, D.C.

9. Perilli, F. L., and S. DeFlora. 1977. Toxicity and mutags
of hexavalent chromium on Saimonedia typhimurium.
Environ. Microbiod. 13:8905-909.

10. Rudoifs, W. {ed.). 1950. Review of literature on toxic mats
nfmmwmmm and 3.0.D%
terminations. Sew. Ind. Wagtes 22:1157-{191,

ferences on net vegeiation nutrient storage are possibie . .
under the assumption that the biomass of an individuai
plant is related to measures of its height and stem?t
diameter (Taras and Clark, 197%). Since there o oo
repiicarion of irrigated plots, the observed responses dg
a0t provide a measars of site variability, but do pr
guidance in the southern Appalachian region where
formation on site response to waste water irrigation
scarce or nooexisteat. The purpcse of this study §
therefore, to determine whether the additica of wasté
water to this Appalachian forest would increase th

growth and nutrient uptake of the vegetation and caug

a change in species distribution. -

MATERIALS AND METHODS

aear Helen, Ceorgia. Its devation ranges ‘rom 450 0 520 m
siopes from 9 to 20°. The major 30il on the site i classified by the S
Canservation Service (USDA) as a autriemt deficient, well draiy
Hayeaville sandy loam, & membex of the dayey, axidic, mesic &
of Typic Hapiuduits. The sol pif averages 5.7 and cation
sapacities range from $ 10 14 meg/100 ¢,

The climate is characterized by warm suosmers, cool winters,
average rainfall of 1,300 mws with 3 maximuwe i gring and a
mum i fail. Only & few days of above 12°C or bekow 0°C ey
tures are recorded cach year, and the mean anpual lecperate
13*C.

‘fegetation on the study area consists of a pine-hardwood
with predominant overstory species of caks (Qwercus obw L., 3
cinex Muenchh., Q. fulcata Micha,, Q. monssne Willd., Q. ;
QMWM).vmmMML}md Viegimia g
(Pinus virginigng Mill). The lower siopes contain a2 weil-defived,”
dense understory cousisting aimost sntirely of mountain img
(Xafmis lavifolis 1.}, and the predowsinant waderstory species. an

(Cayluswscia spp.), dogwood (Cormus flovida .}, and tesd 4
(Acer rubrum L.). There is & distinct vertical stradfication wittm
woody vegetation. The lower stratum rarely reaches 6 m in height sal
the apper stoey is consistently tafler than this. The stand has . ’
average age of 45 years.

The waste water from Unicoi State Park reczives the squivalest
secondary reatment in an oxidation lagoon. The waste water is ch
nated as it is pumped from the lagoon to the irrgation site. There
00 heavy metals present in this waste water. P

The 0.8-ha study site is divided into two areas approximately N W
long and 55 m wide. The trestment srea & irrigated | day cach w
throughour the year at the rate of 8 mm/hour for 2 iowal of 76&
mm/day using impact sprinklers on {.2-m dsers. The spray ‘uﬂd

ot

preasure was < 3.2 kg/cm®, mmanmonthlyqumuuuofn ii
added to the site are presented in Tabie 1. [nidally, weekly sampiing -~
was done, but this was changed in 1976 10 2 monthly basis. The ,aoh S
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