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Objective:

The restoration of soil ecosystems following reraédn of oil and brine spills can be a lengthy s As the
eco-based standards are implemented, the domésiidogas industry (and especially the small irehejent
producers) will need low-cost methods of accelaathe restoration of these sites. The key tor#ssoration
will be the rebuilding of soil structure, whichtiarn stimulates soil microbial communities and tessin
revegetation to pre-spill levels of biomass anctcEsediversity. We propose that re-introductioreafthworms
to remediated sites can be a cost-effective tedgyab rebuild soil structure and restore disturbeidl
ecosystems.

Approach:

This project seeks to determine the efficacy ofrthentroduction of earthworms to sites which hawnelergone
remediation for crude oil or brine spills in orderaccelerate the restoration of these sites maef soil
quality and plant biomass and species diversitgcBipally we will examine the effects of threedtment
variables: earthworms, organic matter, and fedilion the restoration of the two sites refereradmal/e. This
will be a two-year project. In the first year measuof soil quality will be the primary indicatas§restoration.
These measures will include microbial communityatre and diversity in terms of phospholipid fedtyd
analysis, soil nutrient concentrations, numbensitbgen cycling bacteria, nematode numbers anghtco
diversity, and earthworm numbers and reproductigris. After earthworms are introduced, no further
disturbance of the test plots will be allowed exdep sampling. Therefore, some re-vegetation efgtots may
occur in the first year. If so, plant biomass apécses diversity will be determined at the endchef first
growing season. In the second year, plant bionagspecies diversity will be added as measures of
restoration. All data will be analyzed using anayd variance (ANOVA).

Expected Results:

These data are anticipated to lead to a cost-eféeptotocol for re-introduction and cultivation @&rthworms
in remediated oil and brine impacted sites and dhetnate the benefits of re-introduction on restoraéind re-
vegetation of these sites in terms of plant bionaaskspecies diversity. The results of this work loa readily
introduced to independent producers, landownestlaregulatory community in an easily understood
manner through IPEC's technology transfer program.

Supplemental Keywords:



Crude oil spill, brine spill, remediation, restooat, earthworms, soil structure, nitrogen cycliagil nutrients,
nematodes, re-vegetation, phospholipids fatty an@lysis

1 #
$
$
$ %
&
$ 9%(
) (
* +, "
$ $

$ %( (

$ "o & ./012
112 & .012 1(
' $ $



w

05

$& $

ONN BECEN MO

e000Oe

cCeeOO0
(C)eje) J©

L JOoX JOF J
L X JOXOF
00000

0@ Ceeo

( JON JoJoX |
o0 0000

0@ 06000
0 0000
o0 000

C® 00O
00 0000

00 0000
®@ 00000
® OO00e

000 @00
e0® 000

0 0000
cC® 0000

o0 0000
0O o000

AN

O

©C @ @ O




7 $
& 8 1
7 $ %
9% $
7 "
9.#+,, 8;
<29, #=+2,,, 8; )
3 n
9
>.9







» At the first sampling, earthworms were found in the top 15 cm of most
enclosures

— A. trapezoides
— Diplocardia sp.
— Very few E. fetida
* Most worm observations at soil moisture concentrations of 22-26%

M Brine Site
W Hydrocarbon site

No. of Observations of
Worms

16-18 18-20 20-22 22-24 24-26 26-28 28-30 30-32

Percent Moisture

Treatment August 2005 October 2005 June 2006
Brine Site
HF 26.0+2.1 233+238 29.4+33
H 25.7+3.3 242 +3.4 29.2+29
F 26.1+1.6 225+3.0 25.9+4.0
N 25.7+1.6 219+25 29.6 +£3.3
Native 13.7+15
Prairie (n=4)
Treatment August 2005 October 2005 June 2006
Hydrocarbon
Site
HF 22.0+3.8 18.9+ 3.9 23.1+6.4
H 21.7+45 18.2+4.6 23.2+8.4
F 20.7+4.3 19.3+4.8 28.4+13.3
N 18.2+4.9 194+4.1 21.3+6.5
Native 13.5+1.7
Prairie (n=4)

Mean = std. dev. with n=8 or 9 unless otherwise indicated
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Sample | Treatment NO,-N NH,-N P %N %C

Date Brine Site mg/kg mg/kg (mg/kg)

August HF 1.65+0.74al 7.7+48a | 11.7+81a| 028+0.53a| 1.51+0.31a
2005

1.74+069a| 146+9.0b| 25.7+19.6ah 0.11+0.03a| 1.69+0.38a
150+055a| 6.5+25a | 15.7+17.6ah 0.10+0.00849 1.51+0.25a
N 1.85+1.04a| 125+8.1ab 345+24.4Db| 0.38+0.72a| 1.45+0.24a

October HF 342+137a|278+£1.004 24.0+125a| 0.12+0.02a| 1.67+0.25a
2005

421+329a|205+0974 6.4+17b |[0.12+0.008¢9 1.57+0.28a
2.85+0.67a| 252+1.084a 225+10.7a| 0.11+0.0069 1.61+0.30a
N 495+3.74a 199+1.144 6.8+13b |[0.12+0.007¢d 1.54+0.23a

1 All values are mean + std. dev. with n=8 or 9

2 Different letters following values for a given sample data indicate significant
differences at p<0.05

- 3 %4&
Sample Treatment NO,-N NH,-N P %N %C
Date Hydrocarbon (mg/kg) (mg/kg) (mg/kg)
Site
August HF 12.1+6.2a| 3.25+0.57a| 89.2+51.9a| 0.20+0.01a| 3.63+0.30a
2005
H 10.1+6.0a| 3.20+0.82a| 27.3+7.1b| 0.19+0.01a| 3.66+0.30a
F 18.7+24.49 3.00+0.33a| 69.2+30.2a| 0.18+0.008a 3.51+0.30a
87+72a| 272+0.41a| 27.7+11.5b| 0.19+0.009a 3.53+0.25a
October HF 66+09a | 1.29+0.24 a) 66.4+183a| 0.20+0.01a| 3.68+0.22a
2005
75+44a|141+0.15a) 229+7.2b| 019+0.01a| 3.62+0.34a
80+39a| 1.62+0.40b| 55.0+13.7a| 0.20+0.01a| 3.76 +0.33a
54+08a|150+0.34a) 255+95b| 019+0.02a| 3.69+0.20a

1All values are mean + std. dev. with n=8 or 9
2Different letters following values for a given sample data indicate significant differences at
p<0.05
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Treatment August 2003 October 2003 June 2006
Brine Site
HF 8,315 + 3,464 a| 11,497 + 3936 3 7,168
H 9,917 + 4,863 a| 12,843 + 3790 3 5,686
F 7,126 + 3,099 a| 11,033 + 4089 3 6,700
N 6,893 + 1,483 a| 11,038 + 3111 3 7,827
Native 10,333
Prairie
Treatment August 2003 October 2003 June 2008
Hydrocarbon
Site
HF 7,623 +1,356 a| 9,301 + 3082 a 10,270
H 8,489 +2,9754a| 8,146 +1970 a 6,974
F 6,872+2,339a| 7,577 £2751a 6,929
N 7,270 +1,944 a| 8,248 +3870 a 8,874
Native 23,718
Prairie

& #

1Concentration of
phospholipids
proportional to
concentration of
viable microbial
biomass

’mean *
std.dev with
n=8 or 9

3Eight-fold
composite
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