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Abstract

This study investigated the use of waste amendments (green waste compost and water
treatment sludge cake) in improving the nutrient and revegetation status of contaminated soil
obtained from a former industrial site that has heavy metal and hydrocarbon contamination.
The waste amendments were mixed with the contaminated soil at application rates equivalent
to 90 and 180 t ha™ (wet weight) and placed in plastic pots. The unamended soil serves as the
control. Reed canary grass and white mustard were allowed to grow on the amended and
unamended contaminated soil in the glass house. After a 30 day growth period, soil nutrients
status were observed and found higher in the amended contaminated soil than the control. In
the amended soil, organic matter, total nitrogen, total potassium and soil nitrate were highest

in contaminated soil amended with green waste compost at 180 t ha' and lowest in
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contaminated soil amended with water treatment sludge cake at 90 t ha™'. Above ground dry
mass of reed canary grass and white mustard grown on amended contaminated soil increased
by 120 - 222 % and 130 - 337% respectively as compared to the control showing that
improved fertility of contaminated soils thereafter, enhanced revegetation.

Keywords: contaminated land; green waste compost; water treatment sludge; reed canary

grass; white mustard

Introduction

Waste materials usage as soil amendments is becoming popular because they improve soil
properties, thus enhancing vegetation growth. Applications of waste amendments on
agricultural, degraded and contaminated lands have been reported. Revegetating contaminated
sites improves biological and physical properties of contaminated sites thus increasing
nutrient level, organic matter and CEC (Norland and Veith 1995). Vegetation helps to prevent
migration of contaminants and it break pathways of pollutant linkages by restricting the
movement of water and gas and preventing dust from blowing off contaminated surfaces
(Nathanail and Bardos 2004). The survival rates of bacteria or symbiotic fungi which have the
ability to degrade toxic chemicals are increased by vegetation availability (Harris 1996). Soil
amendments help to improve soil physico-chemical properties. They improve the activities of
soil organisms and helps in immobilization of soil contaminants. However, they may inhibit
vegetation growth when not properly used. Several amendments that have been applied in
restoration/revegetation processes including, for example, green waste compost (Lord et al.
2007; 2010; Farrell et al. 2010), water treatment sludge/residuals (Van Rensburg and
Morgenthal, 2003; Hsu and Hseu 2011), sewage sludge (USEPA 2007; Tamanini et al. 2008),
composted sewage sludge (Van Herwijen et al. 2007). See Table 1 for the impact of selected

waste amendments on plant yield and yield parameters.
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Lanning and Williams (1981) reported that nitrogen supply is a major limiting factor
in reclamation schemes. Bradshaw (1983) recommended that a nitrogen capital of 1500 -
1600 kg ha' must be accumulated in spoils or disturbed land to support ecosystem
establishment. Karlen et al. (2003) also identified soil nutrients as among the indicators of soil
quality. Bending et al. (1999) recommended that 45 t ha™ and 50 t ha' of thermally dried or
digested cake sewage sludge respectively would provide 1500 kg of nitrogen to-support
ecosystem establishment on contaminated sites.

We conducted a 30 days experiment to investigate the impact(s) of the nutrient status and
plant growth on contaminated soil amended with source-segregated /green waste compost and
water treatment sludge, thus enabling revegetation. The following hypotheses were tested:

1. Waste amendments can improve fertility (and nutrientstatus) of contaminated soils.

2. Water treatment sludge and green waste compost'are suitable amendments in contaminated
sites.

3. Nutrient levels from waste amendments are sufficient to promote crop growth.

4. Reed canary grass and white mustard can establish under such conditions and help to
release nutrients.

The interesting component of this study is that, many studies conducted on the revegetation of

amended contaminated sites-have focused more on vegetation growth and bioavailability of

the toxic compounds. However, few studies have taken time to also look at nutrient status and

their_availability in an amended contaminated soil. This study therefore assessed nutrient

status of the amended contaminated soil, in addition to vegetation growth and heavy metal

concentration. Furthermore, the two test plants (reed canary grass and white mustard) are

among the potential bio energy crops in Europe (Tuck et al. 2006). Therefore, findings from

this study may open doors for further research into growing bio energy crops on contaminated

land.
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Materials and Methods

Contaminated soil and waste amendments

The grey silt loam [sand (28%); silt (66%); clay (6%)] calcareous contaminated soil used in
this study was collected from a former industrial site that has hydrocarbon contamination, and
heavy metal contamination was also reported. The company had ceased operation and it was
undergoing demolition prior to remediation as at the time of this study. Site clearance work
and ground remediation of the site for a generic commercial/industrial end use was-being
carried out using ex-situ bioremediation. The contaminated soil was' collected from an
unamended pile of soil from the warehouse where the remediation was to be carried out.
Green waste compost (PAS100) was obtained from MEC Reeycling Lincolnshire and water
treatment sludge cake from a local water treatment company. The green waste compost is
processed using the windrow composting system, which involves piling of waste in long
narrow rows or piles (Chipula 2013). The physicochemical analysis of the contaminated soil
and the waste amendments are presented in Table 2. To investigate the optimum amount of
green waste compost and water treatment sludge, application levels of: 0, 90 and 180 t ha™
(wet weight) was used in this study.

Test Plants

A commercial cultivar of reed canary grass (Phalaris arundinaceae L.) seeds were obtained
from Advanta via the University of Teesside Middlesbrough, while the white mustard
(Sinapis albal..) seeds were obtained from Suffolk Herb, Essex. Reed canary grass had been
reported to be able to survive on disturbed areas such as bergs and spoil-piles (USDA 2005).
Few studies had also reported its revegetation on amended contaminated sites. Evanylo et al.
(2005) reported that reed canarygrass remained persistent for 10 years after being planted on
surface mine coal lands amended with a mixture of composted and dewatered, anaerobically
digested biosolids at a rate of 368 Mg ha™ dry weight. Similarly, Lord et al. (2007; 2010),

reported that reed canarygrass showed good survival on contaminated soils and consistent



Downloaded by [University of Strathclyde] at 01:57 18 September 2015

growth rates in two subsequent seasons after being planted on brownfield land amended with
green waste compost at 250, 500 and 750 t ha™.

White mustard is a green manure crop; green manure crops are ploughed in to supply
the soil with organic material, increase the availability of nutrients and trace elements, and
increase soil biological activities (Schmid and Klay 1982). No previous study we were aware
of had reported the use of white mustard in revegetating amended contaminated sites. Jolis
(2009) reported that white mustard is not a heavy metal accumulator, while Lord et al. (2010)
showed that reed canary grass is not a metal accumulator.

Experimental design

The combination of treatments is presented in Table 3. The experimental design is factorial,
laid out in a randomised complete block. There were three factors which includes plants (reed
canarygrass and white mustard), waste amendments (green waste compost — 42% water
content and water treatment sludge — 82%.water content)] and application rates (0O t ha
! (control), 90 t ha™and 180 t ha'l). Controls were planted but not amended. 90 t ha™ indicate
low application rate, while 180 t ha " indicates high application level. The treatments summed
up to 10; each replicated 4 times thus making forty experimental units. The forty experimental
units were arranged in 4 blocks, each block had one replicate of each treatment so as to
minimize errors duefo treatment arrangement.

Establishment of pot experiment

The. pot experiment was carried out in the glass house facility of Cranfield University. A layer
of gravel was placed in a 3 litre plastic pot with surface area 0.025 m”. Air dried contaminated
soil (2.1 kg) sieved through a 2-mm metallic sieve was placed in plastic pots, occupying a
depth of 12 cm above a layer of gravel to facilitate drainage. A 1.3 Mg m” bulk density was
assumed because of the silty nature of the soil, following recommendations by Boyd (1995),
in which the bulk density of mineral soil ranges from 1.3 — 1.5 Mg m™, with the lower figure

for fine surface soil. Having filled the pots with the contaminated soil, the soil was removed
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from each pot up to about two-third depth of the pot without disturbing the gravel and bulked
with the amendments before returning the mixture back into the pots. The surface area of the
pot was used to estimate the amount required for each pot. For an application rate of 90 and
180 t ha', we used 225 g and 450 g (wet weight) of the amendments respectively. Seeds of
white mustard and reed canary grass were sown into the soil and covered lightly with soil.
Sopper and Seakers (1983) recommended that planting rates on contaminated soil are higher
than the recommended rates used for non-contaminated soil so as to_.inerease their
germination percentage. Lewandowski et al. (2003) recommends a seeding rate of 15 — 20 kg
ha™ for reed canary grass grown as bioenergy crop. Similarly, Hall (2008) also recommends a
seeding rate of 15.7 kg ha™ when seeded alone in pasture, hence, for this study; the seeding
rate was increased because the grass was planted on contaminated soil. White mustard seeds
were also planted at higher rates without special consideration to the rate since the seedlings
were thinned to 8 best stands per pot. Watering was carried out manually using tap water, and
this was not done to field capacity to avoid compaction due to heavy nature of the soil. The
experimental blocks were rotated bi-weekly to compensate for possible uneven temperature of
the glass house, and to minimise any environmental effect on the response. 15 days after the
emergence of white mustards seedlings they were thinned down to the 8 best plants per pot.
The growth period lasted for 30 days.

Plant harvest and soil sampling

Atrabout 30 days growth period on the amended contaminated soil, white mustard showed
signs of flowering hence, the experiments with white mustard were terminated and the plants
were harvested. The soil surfaces were gently moistened to allow for easy removal of the
plants from the soil. The plants were cleaned with deionised water so as to remove soil
particles attached to them. The plants from each pot were placed into polythene bags and

preserved in a refrigerator (4 °C) prior to laboratory analysis.
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Representative soil samples (6 - 8 cores pot™') were collected using a soil sampler inserted to
the base of the pot so as to have a representative sample of the whole soil layer. The collected
soil from each pot was homogenised, placed in a polythene bag and stored in the refrigerator
prior to laboratory analyses. Reed canarygrass was harvested four days after the harvest of
white mustard because the seedlings of reed canarygrass emerged four days after the
emergence of white mustard seedlings. The grasses were cut at 2 cm from the soil’s-surface,
cleaned with deionised water, and preserved in the same way as for white mustard prior to
laboratory analysis. Soils were collected using the same technique as for white mustard.
Laboratory and statistical analysis

Laboratory analyses were carried out using the Standard Operating Procedures (SOP) of the
National Soil Research Institute (NSRI), Cranfield University. Soil particle sizes were
determined in accordance with British Standard BS 7755 Section 5.4 (BS 1998a). Available
nitrogen (total oxides of nitrogen and ammonium) were determined immediately after the
collection of samples in accordance with method 53 of the MAFF Reference Book RB427
(BS 2001). Dry matter and water content on a mass basis were determined in accordance with
the British Standard BS7755: Section 3.1(BS 1993). Organic matter was determined using a
loss on ignition method in accordance with British Standard BS EN 13039 (BS 2000). Sample
pH was determined in accordance with British Standard BS ISO 10390 (BS 2005). Cation
exchange capacity was determined in accordance with the British Standard BS 7755 Section
32 (BS 1996). Total nitrogen was determined in accordance with British Standard BS EN
13654-2 (BS 2001). Total carbon and total organic carbon were determined in accordance
with British Standard BS 7755 Section 3.8 (BS 1995a). Since the contaminated soil was
calcareous, the total organic carbon of the soil was determined by titration methods in
accordance with the British Standard BS 7755: Section 3.10 (BS 1995b). Available
phosphorus was determined in accordance with the British Standard BS 7755: Section 3.6 (BS

1995c¢). Available potassium was determined in accordance with annexes D, E and G of the
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British Standard 3882 (BS 1994).Total phosphorus, total potassium and selected soluble trace
elements (chromium, copper, lead and zinc) were determined in accordance with US EPA
Method 3051 and British Standard BS 7755: Section 3.13 (BS 1998b). Statistical analyses
were run in Minitab software from Minitab Inc, USA and charts were presented using
Microsoft excel 2007. Data were checked for normality, and transformation was done when
necessary before carrying out analysis of variance (p<0.05). Mean separation was evaluated

using Tukey’s HSD.

Results

Soil organic matter and total nutrients

Application of the waste amendments improved the soil'organic matter (OM), total nitrogen
(TN), total phosphorus (TP), total potassium (TK) and .carbon to nitrogen ratio (C: N)
significantly p < 0.05 (Table 4). OM, TN, TK were higher in contaminated soil amended with
green waste compost at 180 t ha” and lower in'contaminated soil when amended with water
treatment sludge at 90 t ha™'. C:N_was lowest in green waste compost amended contaminated
soil at 180 tha™'.

Available nutrients

Soil nitrate (NOj3), available phosphorus (AP), available potassium (AK) and pH are
presented in Figure 1. Soil ammonium in all of the treatments was below detection. Effects of
waste amendment on NOjz; AP, AK and pH were significant (p < 0.05). The available
nutrients were higher in the contaminated soils amended with green waste compost at 180 t
ha'. NO; and AP showed a significant response with respect to plant type. NO; was
significantly higher in soil where reed canarygrass was grown while AP was significantly
higher in soil where white mustard was grown.

Above ground dry mass, above ground tissue nutrient and heavy metal status



Downloaded by [University of Strathclyde] at 01:57 18 September 2015

Above ground dry mass (DM) were measured on per pot basis (Table 5). The mean DM were
higher in the plants grown on amended contaminated soil than in the unamended
contaminated soil. DM response to waste amendments was significant for white mustard, but
insignificant for reed canary grass (p < 0.05).

Tissue nutrients (mg g of plant) measurements included nitrogen, phosphorus and
potassium (Figure 2). Response of plant tissue nutrient level to waste amendments_ and plant
type showed significance (p < 0.05). Higher level of tissue nutrients were observed.in the
plants grown on contaminated soil amended with green waste compostat 180.t ha™. Plant
nutrient levels are different for each plant, with reed canarygrass higher in N but white
mustard higher in K and P.

The test plants are not metal accumulators so heavy metal measurements were carried
out only on the soil. After the 30 day growth period the heavy metals (Table 6) were not
significantly (p<0.05) increased by the" application of green waste compost and water
treatment sludge. However, there was variation in the heavy metal loads, especially for Cu,

which may be related to variation within the source materials.

Discussion

After the 30 days trial in the screen house, the above ground dry mass yield of reed
canarygrass and white mustard grown on amended contaminated soil increased by 120 — 222
% and 130 — 337 % respectively as compared to their controls. Improved vegetation growths
for reed canarygrass on amended contaminated sites have been reported by (Evanylo et al.
2005; Lord et al. 2007; 2010; Jakubowski et al. 2013). Similar results were observed for shoot
dry weight of rye grass, which increased by 13 and 3.2 times as compared to the unamended
soil when heavy metal contaminated soil was amended with composted sewage sludge and
green waste compost respectively at 20 % (w w™ compost/soil) (Van Herwijen et al. 2007).

When green waste compost was applied at 0 and 40% (v v'') on highly acidic soil which was
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heavily contaminated with Cu and Pb, the above ground biomass of Agrostis capillaries L.
(colonial bentgrass) was significantly higher (P < 0.05) in green waste compost (7.89 g) than
in unamended soil (1.58 g) (Farrell et al. 2010). Heil and Barbarick (1989) reported that
application of ferric water treatment sludge at 5 and 10 g kg’ resulted in 15 to 18 g pot” of
sorghum (sudan grass) as compared to 6 g pot' in unamended soil. In this study it was notable
that above ground dry mass of reed canary grass in the amended contaminated soils.were not
significantly different from the unamended. This may be associated with the ability of reed
canarygrass to survive and remain persistent on disturbed soil. The non respense of reed
canary grass to waste amendment addition may be associated to the non-readily available
chemical nitrogen in composts.

Perhaps unsurprisingly, the organic matter, total nitrogen; and total phosphorus contents of the
amended contaminated soil were higher than<in the tinamended soil. Golabi et al. (2004)
observed that soil organic matter was 34,46, 54, and 72 g kg'1 two months after land
application of organic compost at: 0, 75, 150, and 300 t ha™' respectively. Similarly, in a study
by Gregory and Vickers (2003), soil organic matter increased from 20 g kg™' in the control to
50, 60, and 100 g kg' when municipal green waste material was applied at 25, 50 and 100t ha”
'. Fowler et al. (2004) reported that cumulative nitrogen leaching was lower, ranging from
4.1-4.9 kg N ha' as'compared to 8.4 kg N ha' on fields with and without green manure.
Nitrogen leaching under fallow conditions was higher (17%) than when white mustard (3 %)
was.used as acatch crop (Merbach et al. 1997).

Nitrate was significantly higher (p < 0.05) in this study in the amended contaminated soil
sown with reed canarygrass as compared to that with white mustard. This might be related to
a greater ability of the grasses to initiate nitrogen release. This is supported by the tissue
nitrogen level of reed canarygrass being higher than that of white mustard. Gardner et al.
(1983) reported that Lupinus albus (a green manure crop) was able to mobilise phosphorus in

the soil through root exudates. Root exudates of white mustard also improved the phosphorus



Downloaded by [University of Strathclyde] at 01:57 18 September 2015

absorption of pea when they were grown in a mixture (Narwal 1998). This provides an
explanation for the higher level of available phosphorus observed in the soil on which white
mustard was grown, and hence higher tissue phosphorus level in white mustard as compared

to reed canarygrass.

Conclusions
This study demonstrated the following findings:
1.Nutrient status of the contaminated soil increased via application of ‘waste amendments,
as shown by increasing soil organic matter content, total nitrogen, total phosphorus and
reduced C:N ratio.
2.Green waste compost improved the soil nutrient more than the water treatment sludge for
the same application rate.
3.Reed canary grass and white mustard were able to grow on waste amended contaminated
soils and they assisted nutrient release.
4.Dry mass yield increased by 120 - 222 % and 130 - 337 % in reed canary grass and white
mustard respectively as compared to unamended soil
5.Application of green waste compost and water treatment sludge at 90 t ha™' and 180 t ha™
(wet weight) did not significantly increase soil heavy metal loads.
6.Reed canarygrass enhanced nitrogen release better than white mustard, while white
mustard enhanced the release of phosphorus better.
This study showed that application of waste amendments was able to improve the nutrient
status of contaminated soil, which in turned enhanced revegetation. The plant species grown,
type of waste amendments and application rates all have significant effects on the nutrient
status of amended contaminated soil. This study suggests that attempts at restoration or
revegetation of contaminated sites should not just consider the bioavailability of toxic

compounds but also the nutrient status and dynamics of the amended soils.
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Table 1. Effect of selected waste amendments on Plant yield and yield components

(g/plant_dry weight)

36.15 (mg-P/plant)

Waste amendment  Application rates Plant Plant Mass Total tissue nutrients Source

| N P K |
Water treatment 0, 25, 50 (% wiw) Lettuce 3.1,14.9,15.5 1.8,5.1,4.5 0.5,0.8,0.5 24,5.1,48 Ohetal.2010
sludge (g/plant fresh weight) (% dry matter) (% dry matter) (% dry matter)
Water treatment 0,5, 10, 15, 20, 25 (g/kg) Sorghum- Sudangrass 5.5,15, 15,15, 15, 12.5 nm nm nm Heil and
sludge (g/pot total dry matter) Barbarick 1989
Water treatment 0, 10, 20, 30, 40 (g/kg) Corn 8.9, 11.81, 14.31, 17.90, nm 1900, 2000, 2150, nm Mahdy et al.
residuals 17.24 (g/pot total dry matter) 2300, 750 (mg/kg) 2007
Water treatment 0,5.0,7.5, 10 (% w/w) Bahia grass 8.1,16.2,25.1, and 23.2 25,30,31,31 19,25,23,22 (g/g) 3.9,3.6,1.7, 1.3 Hsu and Hseu,
residuals (g/pot) (glg) (glg) 2011
Green waste 0, 30 (% v/v) Miscanthus 53.5, 133.77 (g/pot) nm nm nm Hartley 2009
compost
Green waste 0,40 (% viv) Bent grass 1.58, 7.58 (g above ground nm nm nm Farrell et al.
compost dry mass) 2010
Corn cob compost 0, 5, 10, 20 (g/kg) Corn 6.19, 7.54, 8.07, 16.73 nm 8.11, 13.23, 13.54,nm Chung 1997

Notes: N = Nitrogen; P = Phosphorus; K = Potassium; nm = Not measured; w/w = weight.for weight; v/v = volume for volume
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Figure 1. Effect of green waste compost (GWC) and water treatment sludge (WTS) on
selected soil available nutrients after 30 days growth period of reed canary grass and white

mustard. (n) = 4; alphabets = statistic difference (p < 0.05)
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Figure 2. Effect of green waste compost (GWC) and water treatment sludge (WTS) on
selected plant tissue nutrients after 30 days growth period of reed canary grass and white

mustard. (n)=4; statistic difference (p < 0.05)



