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Impact of Ground Crude Oil on the Ecological Engineering
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Abstract Contamination of ground crude oils is international concern. Conventional technologies including
physiochemical treatments are expensive with regard to their consumption of chemicals or energy. Wetland
systems can serve as attractive alternatives to conventional treatment processes by advantage of low capital costs
low energy consumption and low maintenance requirements. However in China this method is only at the
laboratory level. Currently no research has been published related to reed wetlands to treat ground crude oils.

Two key questions that were investigated were as follows

1 Determining effectiveness of reed wetlands nearby Shuguan oil refinery plant in Liaohe Oilfield.
2 Determining influences of ground crude oils on reed wetland system.

The study site is located in the Liaohe Qilfield the northeast of China. The reed wetland consisted of four
reed beds and a control bed with parallel arrangement 6m length and 5m in width with a surface area of 30m?.
A central 10m thick 0.5m high soil partitions divided each reed bed. The wetland was walled with dimensions
0.7m top wide 2.1m bottom wide and 1m high.

Reed bed 1# was dosed with ground crude oils  with 30% mineral oil concentration 0.2 kg m’ 1. e.
mineral oil concentrations in the surface soil 0~20cm deep was 240mg kg soil reed bed 2 # with 2 kg m?
2400mg kg reed bed 3# with 6kg m®> 7200mg kg reed bed 4 # with 18kg m?> 21600mg kg the control
bed with no ground crude oils.

Both experiments were operated seven months annual. The soil samples were collected and analyzed for pH

salt organics total nitrogen TN and total phosphorus TP according to the standard method.
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As measured the ground crude oils had litter effect on pH value in the surface soil 0~20cm deep . The
TN and TP concentrations were slightly lower in the reed beds than in the control bed. The salt concentration
was strongly lower in the reed beds than in the control bed.

In reed bed 3# the pH value and salt concentration in deeper soil were higher than in the upper soil
whereas TN TP organics concentration had the converse law indicating that the wetland soils in the presence
of ground crude oils were in conformity with the normal soil distraction principle and the ground crude oils had
litter effect on physiochemical property of soil.

In order to evaluate the ground crude oils movement in soil the soil profile sample in reed bed 3 # were
analyzed. The results showed that in experiments the mineral oil concentrations in the surface soil 0~20cm
deep were different strongly while in the deep soil 20~80cm deep  they were equivalent. The mean removal
efficiencies of reed beds on mineral oil in reed bed 3% were 8% 96% .

The results showed that within 0.2 ~ 18kg ground crude oil m? soil dosed into reed wetland it would
inhibit the initial reed germination. After Day 40 the ground crude oils had litter impact on the final reed
germination. During the experiments there did not appear to be a trend of number of leaves. Mineral oils in
ground crude oils had different impact on reed height during the experiments and the reed height increased with
increasing ground crude oils level. At experiment | reed biomass in reed bed 4 # was 2.5 times higher than in
the control bed. At final harvest biomass of plant was 346g m?® higher in the reed bed 1# than in the control
bed suggesting that biomass of plant in reed beds was higher than in the control bed. The result also suggested
that the ground crude oils had litter effect on reed quality indices such as cellulose pentose and lignin.

The reed wetland located in the Liaohe Oilfield was used to purify ground crude oils. The results obtained
showed that large amounts of pollutants especially mineral oil in the ground crude oils could be removed. The
removal efficiencies of reed wetland increased with increasing the ground crude oil level. The mineral oil
concentration in the deep soil 40~80cm deep of reed bed was lower than in the surface soil of the control bed.
The results suggested that the ground crude oils had little impact on number of leaves while the reed height
increased with increasing ground crude oils level. The ground crude oils had litter impact on reed quality indices.
Some reed quality indices in reed beds were superior to those of the control bed.
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Table 1 Dynamic change of physico-chemical Table 2 Dynamic change of physico-chemical
property of soil Experiment [ property of soil Experiment [[
1# 28 3# 4% 1# 2# 3% 4%
Index Control Index Control
pH 8.27 8.11 8.37 8.14 8.14 pH 8.05 8.28 8.05 8.09 7.91
Salt 0.17 0.09 0.09 0.09  0.28 Salt 0.150.13 0.10 0.09 0.18
Total phosphorus 0.08 0.06 0.06 0.07  0.07 Total phosphorus 0.05 0.04 0.05 0.06 0.06
Total nitrogen 0.11 0.14 0.15 0.04 0.17 Total nitrogen 0.09 0.10 0.13 0.14 0.15
Organics 5.12 4.01 3.88 3.62  3.69 Organics 2.27 2.15 2.21 2.35 2.59
3 4 3# pH
3 3% % 4 13+ %
Table 3 Physico-chemical property of soil profiles Table 4 Physico-chemical property of soil profiles
in reed bed 3% Experiment | in reed bed 3% Experiment [I
0~ 20~ 40~ 60~ 0~ 20~ 40~ 60~
Control Control
Index 20cm 40cm 60cm 80cm Index 20cm 40cm 60cm 80cm
0~20cm 0~20cm
pH 8.37 8.50 8.37 8.51 8.14 pH 8.05 8.25 8.14 8.17 7.91
Salt 0.09 0.13 0.13 0.16  0.28 Salt 0.10 0.17 0.14 0.17 0.18
Total phosphorus 0.06 0.06 0.06 0.05 0.07 Total phosphorus 0.05 0.05 0.05 0.05 0.06
Total nitrogen  0.05 0.05 0.05 0.04 0.17 Total nitrogen 0.13 0.08 0.06 0.06 0.15
Organics 3.88 1.15 0.83 0.45 3.69 Organics 2.21 2.58 1.25 0.92 2.59
1 0~20cm 130mg kg 1# 150mg kg 2# 983mg kg 3#
1550mg kg 4# 52mg kg 4% ~
32% 0~20cm
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Table 5 Analysis results of mature reed quality

1# 2% 3# 4%

Indicator Control Normal values
% Cellulose 36.35 36.32 36.54 41.69 38.92 38.0~42.0
% Lignose 18.67 18.32 19.37 19.00 19.37 18.0~19.0
% Pentose 17.00 17.50 17.20 17.00 17.00 16.0~19.0
Length Width of cellulose 1.31 1.25 1.20 1.34 1.27 1.0~1.2
pm Width of cellulose 13.60 13.20 11.40 11.00 13.60 10.0~14.0
5 1# 2% 3%
4%
3%
3z
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