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ABSTRACT: Landfarming of hazardous petroleum wastes has, until recently, been a common
disposal practice in the United States. In order to effectively reclaim a decommissioned petro-

leum waste landfarm, a stable soil is needed. Little is known regarding the influence of metals

within oily wastes on soil microbial activity and soil recovery. A Glynwood soil (fine, illitic, mesic

Aquic Hapludalf) was treated with 1% (w/w) petroleum or hexadecane in combination with five

rates of Cr(III) or Cr(VI) and incubated for 140 days in the laboratory. Soil microbial activity

was assessed via respiration and enumeration of microbial populations. Microbial respiration was

significantly (p < 0.05) increased by addition of the hydrocarbons but partially inhibited by either

species of Cr. Numbers of soil fungi increased with the hydrocarbon additions, but bacterial num-

bers decreased. Fungi were more sensitive to Cr additions than were bacteria. By the completion

of the incubation, most of the added Cr(VI) had been reduced to Cr(III). Oxidation of Cr(III) to

Cr(VI) was not detected. The results of this study indicate that newly-closed petroleum land treat-

ment facilities may experience impaired organic matter turnover and delayed soil recovery as a

result of Cr-induced microbial inhibition.

INTRODUCTION

Soil incorporation (landfarming) of hazardous petroleum industry wastes has been

discontinued in the United States as a result of the implementation of the Resource Con-

servation and Recovery Act and The Toxic Substances Control Act. Until recently, a

variety of refinery wastes had been land-applied, including crude and distillate tank

cleanings, filter clays from jet oil, and biological sludge from wastewater treatment (Earth

Systems, 1985; Hornick, et al, 1983).

A common landfarm closure technique involves conversion of the treated site to

permanent vegetative cover. In order to maintain vegetation, however, a stable soil is

necessary. An understanding of the interaction of refinery waste components with in-

digenous microbes capable of degrading the waste constituents and cycling nutrients is

needed to assess soil stabilization in such extreme environments. Certain petroleum waste

constituents can, if accumulated, alter normal soil chemical and biological reactions

(Mott, etal, 1990).

Refinery wastes, in addition to containing a suite of potentially hazardous organics

(Speight, 1980; Atlas, 1975), contain variable quantities of chromium (Cr). If

landfarming is used for long periods for the disposal of such wastes, Cr will accumu-

late in the surface soil. Concentrations of Cr may be sufficiently high to inhibit the

native soil microbial populations which are critical to the maintenance of a stable soil.

Information is lacking on the specific short-term effects of Cr on microbial activity

in soils which have experienced heavy loading of petroleum refinery wastes. It is im-

portant to determine whether an accumulation of Cr will be a serious obstacle to soil

stabilization, following petroleum landfarm closure. The purpose of this study was to

investigate the influence of various combinations of hydrocarbons as well as Cr(III) and

Cr(VI) on the activity and numbers of heterotrophic microbes in soil.
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Figure 1. Carbon dioxide evolution from the Glynwood soil amended with petroleum

and five rates of Cr(III).

Figure 2. Carbon dioxide evolution from the Glynwood soil amended with hexadecane

and five rates of Cr(III).
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MATERIALS AND METHODS

Sample collection and preparation. Glynwood silt loam (fine, illitic, mesic Aquic

Hapludalf; pH 6.2, 0.85% organic carbon) was collected from the upper 25 cm of a field

cropped to a corn {Zea mays L.)-soybean (Glycine max (L.) Merr.) rotation near New
Albany, Indiana. Soil samples were composited, air-dried, and sieved through a 2-mm
mesh sieve.

Incubations and measurements. Crude petroleum (0.2% N, pH 5.5) (Country Mart

Cooperative, Inc., Mt. Vernon, IN) and a pure hydrocarbon, n-hexadecane

(CH
3
(CH

2 ) 14
CH

3
), were applied to the soil in the laboratory on a 1% weight basis as

hydrocarbon test substances. Petroleum characteristically contains a broad array of

aliphatics, aromatics, and alicyclics (Speight, 1980), and the hexadecane has been em-

ployed in other studies (Jensen, 1977) to simulate the aliphatic petroleum fraction. The

hydrocarbons were added dropwise evenly over the soil surface. Chromium was added

either as a CrCl
3
or K

2
Cr

2 7
solution leading to final concentrations of 0, 10, 100, and

200 jig Cr/g soil (dry weight basis). All treatments were run in triplicate.

Microbial activity within the hydrocarbon- and Cr-treated soil samples was assessed

via soil microbial respiration and enumeration of microbial populations. Respiration

was measured within airtight soil microcosms (Gillet and Witt, 1978). To 0.95-liter (1

qt.) mason jars, distilled water (or Cr solution) was added to triplicate 200 g samples to

bring the mixtures to 0.03 MPa field capacity as measured by a soil tensiometer. All

microcosms were incubated at room temperature (22 ± 2° C) and opened at weekly in-

tervals to allow for exchange of gases.

The C0
2
produced was trapped in a vial containing 10 mL of 1M NaOH that was

removed from each microcosm at Day 3 and Weeks 1, 2, 3, 5, 10, and 20. A solution

of 3M BaCl^ was added to the vials, and the C0
2
trapped in the alkali was determined

by titration with 1M HC1 (Stotzky, 1965).

At 20 weeks, microbial numbers were estimated using a spread plate procedure

(Koch, 1981). Soil samples (1 g) were removed from each microcosm, diluted in dis-

tilled H
2
0, and plated in triplicate. Standard plate count agar (Difco, Detroit, MI) was

used for total bacterial counts and malt extract agar (Difco) for total fungi. Plates were

incubated in the dark at room temperature for 6 days.

After 20 weeks, free and adsorbed Cr(VI) was measured in the Cr(III)- and Cr(VI)-

treated microcosms using the s-diphenyl carbazide method (Bartlett and James, 1979).

In the method, a soil sample is extracted with 0.06M KH,P0
4

, and the Cr(VI) in the

extract is reacted with s-diphenyl carbazide reagent to form a magenta color.

Respiration and microbial population data were subjected to one-way analysis of

variance and a t-test for independent means, respectively. All statistical tests were con-

ducted using SPSSX through a VAX 11/785 operation system (SPSS, 1986).

RESULTS AND DISCUSSION

Carbon dioxide evolution. Microbial respiration patterns in all hydrocarbon-Cr

mixtures were similar, regardless of whether the soil was treated with petroleum or

hexadecane (Figs. 1-4). Respiration was maximal up through Day 7, due-to the initial

wetting of the soil and subsequent reactivation of microbial activities, and increased only

gradually thereafter. Respiration also leveled off due to depletion of easily degradable

substrate (e.g., short-chain linear alkanes). The microflora then utilized organic matter



78 Soil and Atmospheric Sciences: Pichtel, Scheidler Vol. 101 (1992)

10.0

100 120 140

Days

Cr(VI) Rate

Figure 3. Carbon dioxide evolution from the Glynwood soil amended with petroleum

and five rates of Cr(VI).

Figure 4. Carbon dioxide evolution from the Glynwood soil amended with hexadecane

and five rates of Cr(VI).
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Table 1. Microbial numbers in the Glynwood soil as affected by hydrocarbon and Cr(III)

treatment.

Cr(III) Total Total

Hydrocarbon Rate Bacteria Fungi

(M-g/g) ( lOVgsoil )

Petroleum 7.4 ± 4.7 38.0 ± 3.7

10 7.0 ± 0.45 5.3 ± 1.7

100 5.3 + 0.050 6.9 ± 2.1

200 5.9 ± 0.11 0.4 ± 0.10

Hexadecane 1.2 ± 0.04 2.2 ± 0.50

10 0.080 ± 0.01 1.8 ± 0.90

100 0.050 ± 0.01 0.20 ± 0.05

200 0.040 ± 0.01 0.40 ± 0.08

Control - 21.7 ± 1.1 3.3 ± 0.60

more resistant to decomposition.

Respiration in all hydrocarbon treatments, regardless of the Cr species or applica-

tion rate, was significantly (p < 0.05) above the control at all sampling dates after Day

3. By Day 140, respiration in the hexadecane/Cr and petroleum/Cr treatments (zero Cr

rate) both averaged 2.7-times that of the control.

Both Cr(VI) and Cr(III) were inhibitory to soil microflora (Figs. 1-4). Cumulative

respiration decreased with increased rates of Cr, whether as trivalent or hexavalent. The

lowest respiration observed in the hydrocarbon treatments was at 200 (ig Cr(VI)/g soil:

6.2 and 5.7 (imol C0
2
/g in the hexadecane and petroleum treatments, respectively.

Microbial respiration was greater in the Cr(III)- compared to the Cr(VI)-treated soil

(Figs. 1-4), although the differences were not significant. Hexavalent Cr was found to

be more toxic to microbes incubated in a soil extract than was trivalent Cr (Ross, et al.,

1981).

Microbial populations. Microbial numbers were affected by both hydrocarbon type

and Cr application rate (Table 1). Bacterial numbers were 66% lower in the petroleum

treatment, zero Cr rate, compared to the soil-only control. In contrast, the fungal num-

bers were 91% higher compared to the control. Soil fungi are known to be more effi-

cient than bacteria in oily waste decomposition, and a wide array of fungi are known to

metabolize hydrocarbons, including crude oil (Perry and Cerniglia, 1973; Llanos and

Kjoller, 1976; Hornick, et al, 1983).

With increased Cr application rate, the numbers of bacteria and fungi decreased

(Table 1). Populations of bacteria and fungi were significantly different in both hydro-

carbon treatments. Fungi were more sensitive to Cr than were the bacteria. An 86%
decrease in the number of fungal colonies occurred in the petroleum-treated soil with

application of 10 (ig Cr/g, while bacterial numbers were essentially unchanged. At the

200 (ig Cr/g rate, fungi and bacteria decreased by 99% and 20%, respectively.

Chromium transformations. At the completion of the incubation, most of the
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Table 2. Cr(VI) remaining in microcosms at the completion of incubation.

Hydrocarbon

Cr(VI) Cr(VI)

added remaining

( M-g/g dry soil )

Cr(VI)

reduced

(% of added)

Petroleum

10

100

200

0.60

0.39

35.0

48.0

97

65

76

Hexadecane

10

100

200

0.40

1.0

43.0

60.0

90

57

70

Control 0.90

added Cr(VI) was not recovered (Table 2). The Cr(VI) not recovered had either been

reduced to an insoluble form of Cr(III) (e.g., Cr(OH)
3
) or had been precipitated or tightly

adsorbed by the soil as anionic Cr(VI) (e.g., HCr0
4

, Cr0
4

2
) (James and Bartlett, 1983;

Rai, et ai, 1989). Chromium(VI) is strongly oxidizing, as shown by its stability only

under high redox potentials (Rai, et ai, 1989). In aerobic soils, easily oxidized organic

compounds act as reducing agents for Cr(VI). The hexadecane and various components

of the petroleum may have served as reducing agents.

Chromium(III) in the microcosms may also have been oxidized. Chromium(III)

oxidation to Cr(VI) is plausible in aerobic soils, the main oxidants being the higher valent

Mn oxides (Rai, et ah, 1989). Total Mn in the petroleum-treated soil, however, mea-

sured only 0.2 Jig/g, which is insignificant in terms of oxidizing Cr(III) (Bartlett and

James, 1979). Nascent Cr(VI) was not detected in the Cr(III)-treated soils.

Chromium(VI) is considered the species most toxic to biota. However, microbial

respiration (Figs. 3-4) did not increase as the Cr(VI) disappeared. Possible reasons in-

clude: 1) the Cr(VI), although present for only a short time, may have permanently in-

jured some component of the soil microbiota; 2) Cr(III) may have formed cross-link-

ages between organic compounds in the soil, rendering them unavailable to microbial

utilization; or 3) the presence of Cr(III) resulted in inhibited respiration (Figs. 1-2), be-

cause an unstudied member of the soil microbial population (e.g., the actinomycetes)

may have been sensitive to Cr(III) (Ross, et ai, 1981).

The toxicity of Cr(VI) to biota is established, whereas Cr(III) has only recently been

considered a hazard. The current study demonstrates that both Cr(III) and Cr(VI) addi-

tions are inhibitory to soil microbiota. Additional study is needed to assess the mecha-

nism of the toxicity of both Cr species in soils.
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