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Abstract. The purpose of this study was to explore and describe blend-
ing compost produced exclusively from food scraps and wood shavings with 
sediment from the Passaic River (NJ) that had been decontaminated by a 
process developed under the auspices of the United States Environmental 
Protection Agency (US EPA) to produce a manufactured topsoil that is 
suitable for growing turf grass that is safe for human contact. Food scraps 
generated in the kitchens and dining halls at Kean University (NJ) were 
blended with wood shavings obtained from local cabinet manufacturers 
and composted in a custom-designed aerobic in-vessel digester designed 
to process 1,000 lbs./day of feedstock. The compost was blended with the 
decontaminated river sediment to produce five different treatments: 100% 
sediment, 75% sediment + 25% compost, 50% sediment + 50% compost, 
25% sediment + 75% compost, and 100% compost. Grass seed was planted 
two days after the treatment trays were prepared. There were 5 replicate 
trays for each treatment level, where level implies the magnitude of the 
treatment, in this case, the percentage of compost in the compost-soil mix-
tures. The dependent variables were: 1) germination success, which was 
operationally defined as the number of blades of grass counted each day 
during the study period; 2) growth vigor, which was operationally defined 
as the height of the tallest blade of grass measured in centimeters in each 
quadrat during the study period; 3) biomass, which was operationally de-
fined as the total mass of the grass grown in each tray measured in grams. 
Germination success for the 5 treatments was 71%, 69%, 31%, 37%, and 
0% respectively. Growth vigor for the 5 treatments was 7.4 cm, 11.1 cm, 
8.7 cm, 8.0 cm, and 0 cm. Total biomass for the 5 treatments was 82 gms, 
211 gms, 157 gms, 94 gms, and 0 gms. Analyses of grass samples showed 
that uptake of residual contaminants from the sediments were minimal. 
The only contaminants detected were 1.1 mg/kg of cadmium and 1.9 mg/
kg of selenium in the 100% compost treatment and 2.0 mg/kg of selenium 
in the 25% compost blend.
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INTRODUCTION
Dredging in ports and other waterways has traditionally been done 
for navigation channel maintenance and the disposal of  dredged 
sediments has occurred in nearshore areas. In recent years the uses 
of  dredged sediments have expanded to include the construction of  
artificial reefs and shoals, habitat restoration, intertidal marsh resto-
ration, and the filling of  dead-end basins. They have also been used 

in the remediation of  landfills and brownfields (Yozzo et al. 2004).
There has been much historical concern over the ecological effects 

of  near-shore ocean disposal of  dredged materials (Albrecht et al. 
1981; Greig and Pereira 1993). Increasingly stringent environmen-
tal regulations on both the national and international levels have 
curtailed this activity. There are also increased concerns about what 
effect dredged materials will have on the marine environment after 
ocean disposal  (Bray et al. 1996). In the United States alone, the U.S. 
Environmental Protection Agency (USEPA) has estimated that there 
is approximately 1.2 billion cubic yards of  contaminated sediment 
under the country’s surface waters (Interstate Technology & Regu-
latory Council 2011). Environmental engineers and port managers 
are increasingly turning to sediment decontamination and beneficial 
reuse for materials that were once considered largely worthless (Bray, 
et al. 1996).

Since 1972, the United States has prohibited ocean disposal of  
dredged materials if  laboratory testing revealed them to be toxic or 
if  they contained pollutants likely to accumulate in the tissues of  
marine organisms. Changes to the testing protocols and enactment 
of  the Marine Protection Research and Sanctuaries Act have since 
reduced the amount of  material eligible for ocean disposal although 
nearshore disposal in confined sites is still permitted (O’Connor 
1999).

Considerations such as these raised the question: if  an increasing 
quantity of  dredged materials cannot be dumped in the ocean, can 
they be put to some beneficial use? There is a long-standing debate 
whether sediments should be decontaminated before beneficial use 
or if  they can be used without additional treatment. This question 
is complex and the answer often hinges on the balance between 
economic needs and social benefits against the costs of  using either 
treated or untreated sediments. This balance must take into account 
the ecological limitations imposed by the presence of  contaminants 
and even the public’s perception that all dredged materials are, by 
definition, waste materials (Deibel et al. 2007). 

The U.S. Army Corps of  Engineers is responsible for navigation 
improvement projects in the United States. Because federal law au-
thorizes dredged material beneficial use, projects such as marsh, 
beach, and habitat restoration have all used dredged materials. Other 
uses have included land reclamation and erosion control measures 
(Yozzo et al. 2004). Relatively uncontaminated materials are current-
ly the best candidates for beneficial use, but if  the most contaminated 
sediment fractions could be separated a much larger pool of  poten-
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tial material could be exploited. It has been argued (Olin-Estes and 
Palermo 2001) that improved separation technologies could create 
sources of  sediments for beneficial use such as ecological restoration 
based on grain size or other desired criteria. This is the approach 
taken at the Port of  Hamburg, Germany, where the sand fraction 
of  the dredged material is separated from the silt fraction. The sand 
fraction is relatively clean and can be reused without additional treat-
ment while the silt fraction contains most of  the organic contami-
nation and is sent for separate disposal (Detzner and Knies 2004). 
Another approach is to use phytoremediation to remove or attenu-
ate pollutants on sediments after being applied to terrestrial surfaces 
(Vervaeke et al. 2003).

There will inevitably be sediments so badly polluted that full de-
contamination is required before any beneficial use is possible. The 
lower Passaic River in northern New Jersey is a prime example. This 
heavily urbanized river has been the dumping ground for industrial 
pollutants for more than 150 years. The sediments of  the river are 
badly contaminated with dioxins, heavy metals, PCB’s, and PAH’s  
(Baron et al. 2006). The Lower Passaic River Restoration Project 
(LPRRP) incorporated an environmental dredging pilot study. In 
December of  2005 approximately 4,300 cubic yards (3,287 cubic 
meters) of  contaminated sediment were dredged from the Passaic 
River’s Harrison Reach. The work area encompassed 1.5 acres (670.3 
square meters) at a water depth of  10 to 15 feet (3.05 to 4.6 meters). 
After removal from the river, the dredged material was brought to 
processing facilities for treatment. Two technologies were tested in 
this phase of  the project, thermal destruction and sediment washing 
(Baron et al. 2006). A description of  both of  these technologies can 
be found in Jones et al. (2001).

The present study was undertaken to test whether a mixture of  
the washed Passaic River sediment and food-based compost could 
be safely used as a manufactured topsoil for landscaping purposes. 
Topsoil mining for ornamental landscaping is not a sustainable prac-
tice and the effects of  topsoil removal are widely known. Areas of  soil 
where the topsoil has been removed have fewer nutrients and organic 
matter than undisturbed soils. Soil texture and saturated hydraulic 
conductivity may also be adversely affected. The adverse effects of  
topsoil removal may persist for up to 20 years (Papiernik et al. 2009). 
A study of  pastureland in New Zealand revealed that removing the 
top 31 cm of  topsoil also removed the majority of  the labile organic 
matter. Overall pasture productivity declined an average of  30% after 
topsoil removal (Hart et al. 1999). Recognition of  topsoil’s value lead 
to the Province of  Ontario passing a special Municipal Act in 2001 
and made changes in a municipality’s ability to regulate, or even pro-
hibit, topsoil removal (OMAFRA 2011). Long experience has shown 
that topsoil reapplication has been effective in the restoration of  road 
cuts in the northern mountains of  California but adequate supplies 
of  topsoil are not always available (Curtis and Claassen 2007).

The use of  sustainable approaches for the treatment and benefi-
cial use of  contaminated sediments is of  importance to the USEPA. 
Sediment decontamination is one alternative to the post-dredging 
disposal, especially if  a beneficial use product, such as a manufac-
tured topsoil can be obtained from the post-treated sediment. Such 
a strategy may help in the redevelopment/restoration and economic 
development of  impacted waterways such as the Passaic River be-
cause accumulation of  decontaminated sediment, which is often 

considered undesirable by the general public, will be minimized. At 
the time of  this study, much of  the sediment that had been dredged 
from the Passaic River and subsequently decontaminated was being 
stored at various locations because an appropriate use for it had not 
been found. 

There have been a number of  studies in which various types of  
composts have been used to assist in the restoration of  disturbed 
areas. These include manure and lime applied to mine tailings (Ye 
et. al 2000), yard waste compost applied to mountainous slopes 
damaged by road cuts (Curtis and Claassen 2007), and composted 
sewage sludge and composted plant wastes applied to fire damaged 
shrub-land. (Larchevêque et. al. 2010) Blending compost with de-
contaminated river sediment is one more example of  a sustainable 
approach to a natural resource management issue because the “es-
sence of  composting is its ability to replenish and restore soils while 
recycling organics” (Michel 2010, p. 213) and because adding “or-
ganic amendments can ameliorate…negative effects” (Cogger 2005, 
p. 243) of  urban development on soils; however, not all composts 
are created equally. The characteristics of  a specific compost deter-
mines how well soils are replenished and/or restored. For example, 
the nutrient profile of  compost produced exclusively from food waste 
may be different from compost produced exclusively from landscape 
debris. Still, that compost is an excellent soil amendment has been 
clearly documented.

The research questions, which respond to Cogger’s (2005) obser-
vation that “little direct research has been published on amending 
soils disturbed by urban development,” (p. 249) were: 

1. What effect, if  any, will adding compost to the decontaminated 
sediment have on germination success of grass seed?

2. What effect, if  any, will adding compost to the decontaminated 
sediment have on the growth vigor of grass seed?

3. What effect, if  any, will adding compost to the decontaminated 
sediment have on the biomass of grass grown in the blends?

4. What effect, if  any, will adding compost to the decontaminated 
sediment have on the concentration of remaining pollutants in 
the sediment?

5. What, if  any, of  the remaining pollutants will be accumulated 
in the grass?  That is, will the grass be safe for human contact?

MATERIALS AND METHODS
Decontaminated Passaic River sediments were obtained from Bio-
genesis, who in cooperation with Roy F. Weston, Inc. and under 
the auspices of  the USEPA, operated full-scale, sediment-washing 
equipment at the site of  the former Koppers Coke Seaboard site in 
Kearny, New Jersey. The treatment process began with the physical 
separation of  oversize materials, then sediment-washing with propri-
ety detergents, followed by liquid-solid separation. The liquids were 
sent for processing at a wastewater treatment facility and the cleaned 
sediments were retained for manufactured topsoil creation (Jones et 
al. 1999).

The decontaminated river sediment was mixed by volume with 
compost produced from food scraps generated on the campus of  
Kean University (NJ) and wood chips obtained from local cabinet 
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manufacturers in a custom-designed on-campus aerobic in-vessel 
digester during the summer of  2010. There were five levels of  the 
treatment: (1) 100% river sediment (RS), (2) 75% RS + 25% compost 
(C), (3) 50% RS + 50% C, (4) 25% RS + 75% C, and (5) 100% C. 

Approximately 0.25 ft3 (0.007 cubic meters) of  each treatment-
level growing medium was placed in a 22 � 11 inch germination tray 
(Carolina Biological catalog no. 665916). Blended growing mediums 
were thoroughly mixed by hand to assure uniform consistency. The 
maturity index of  the compost, determined using Solvita® colorimet-
ric gels for CO2 and NH3 and Digital Color Reader, was 2. “Solvita® 
detection is based on a novel, patented gel-colorimetry technique, 
analogous to Beer-Lambert’s law governing optical-chemical reac-
tions to changing concentrations of  dissolved molecules, carbonic 
acid and ammonium hydroxide” (http://solvita.com/compost-infor-
mation).

The trays were marked with string to create 12 roughly equal-
sized quadrats, a common technique in ecological research, to fa-
cilitate data collection. Each treatment tray was wetted with 500 ml 
of  water prior to placing 50 grass seeds in each quadrat for a total 
of  600 seeds per treatment tray. The seed was obtained from the 
grounds department at Kean. The composition was 39.7% Avenger 
tall fescue, 19.9% evening shade perennial ryegrass, 19.8% Olympic 
Gold tall fescue, and 19.6% Manhattan 5 GLR perennial ryegrass. The 
germination success was 85%, 92%, 90%, and 90% respectively for the 
varieties based on a reported June 2010 testing by the supplier. The 
trays were then wetted with an additional 500 ml of  water after the 
seeds were planted. There were five trays for each level of  the treat-
ment for a total of  25 trays. Using a random integer generator, the 
trays were placed randomly in five rows on three study tables in a 
greenhouse on the campus to control for the fact that not all areas of  
the greenhouse receive the same amount of  sunlight, irrigation, etc. 
(Figure 1). An overhead spray irrigation system (2.5 liters/minute 
flow) delivered water in the form of  a mist rain on the germination 
trays twice daily, once in the early morning and once in the late af-
ternoon, every other day. 

Trays were inspected every weekday morning for evidence of  ger-
mination. Once germination was observed, which was four days after 
the sowing, data collection began. The number of  blades of  grass 
in each quadrat and the height of  the tallest blade of  grass in cen-
timeters in each quadrat were recorded. The study data collection 
period was 17 days, including weekends. At the conclusion of  the 
study period, the sum of  the blades of  grass in each tray for each day 
of  the study period was calculated. The mean height of  the tallest 
blade of  grass in each tray for each day of  the study period was also 

determined. Lastly, on the 17th data collection day, all grass in each 
tray was harvested as close to the surface of  the substrate as possible. 
It was weighed to determine the total amount of  grass biomass in 
grams. After the grass was cleared from each tray, a core from the 
entire column of  the growing medium was taken from one tray in 
treatment levels 1, 2, 3, and 4. For the period when both the grass and 
growing medium samples were collected and subsequently retrieved 
during the morning of  the next day by HamptonClark�Veritech 
(HC�V), a New Jersey Department of  Environmental Protection cer-
tified testing laboratory, they were stored in containers provided by 
the laboratory. HC�V’s established full chain of  custody documen-
tation procedure was followed. No preservatives of  any kind were 
added to any of  the samples.

The independent variables in this study were the levels of  the 
treatment. Level of  treatment conventionally implies the magnitude 
of  the treatment, in this case, the percentage of  compost in the com-
post-soil mixtures; therefore a continuous variable. The dependent 
variables were: 1) germination success, which was operationally de-
fined as the number of  blades of  grass counted each day during the 
study period; 2) growth vigor, which was operationally defined as the 
height of  the tallest blade of  grass measured in centimeters in each 
quadrat during the study period; 3) biomass, which was operational-
ly defined as the total mass of  the grass grown in each tray measured 
in grams; and 4) contaminant uptake, measured by chemical analysis 
performed by an independent laboratory. 

Because some conditions inside of  the greenhouse, such as the 
blower fan and the overhead irrigation, were considered to be po-
tentially detrimental to plant growth, the location of  each treatment 
tray was also considered a contaminating independent variable and 
was, therefore, included in the data analyses. The levels were also 
continuous insofar as the level was determined by the location of  the 
trays relative to the blower fan. Specifically, the blower fan desiccated 
some of  the treatment trays and clearly inhibited germination and/
or growth of  the grass (Figure 1). Similarly, some of  the overhead 
irrigation heads delivered an uneven spray and flooded some of  the 
treatment trays, again, clearly inhibiting germination and/or growth 
of  the grass.

To insure methodological rigor and regulatory acceptance, HC�V 
was contracted for all chemical analyses. HC�V subcontracted to 
Pace Analytical Services of  Minneapolis, MN the dioxin analysis. The 
analyses used the following USEPA analytical methods: Hg by EPA 
7471A, RCRA Metals by EPA 6010, PAH by EPA 8270, PCBs by EPA 
8082. Dioxin analysis was performed by EPA method 1613.

Figure 1. Placement of  treatment level trays on greenhouse benches in greenhouse. (Treatment Level - Tray Number) Location of  defective blower represented 
by black box.
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mg/Kg mg/Kg mg/Kg

Mercury ND 0.084 ND 0.084 1.6 0.098 4.4 0.14 2.9 0.1 1.3 0.13 23 65 0.1

Arsenic ND 2 ND 2 32 2.4 30 3.3 37 2.5 20 3.1 19 19 19

Barium ND 10 ND 10 170 12 150 16 170 12 140 15 16,000 59,000 1,300

Cadmium 1.1 0.6 ND 0.6 1.6 0.71 1.3 0.98 1.4 0.75 ND 0.92 78 78 1

Chromium ND 5 ND 5 77 5.9 72 8.2 73 6.2 59 7.7 NA NA NA

Lead ND 5 ND 5 180 5.9 140 8.2 150 6.2 110 7.7 400 800 59

Selenium 1.9 1.8 2 1.8 4.1 2.1 4.7 3 4.1 2.2 3.8 2.8 390 5,700 7

Silver ND 1.5 ND 1.5 ND 1.8 ND 2.5 ND 1.9 ND 2.3 390 5,700 1

Aroclor (Total) ND 0.25 ND 0.25 0.39 0.029 0.31 0.041 0.36 0.031 0.23 0.038 0.2 1 NA

Aroclor-1016 ND 0.25 ND 0.25 ND 0.029 ND 0.041 ND 0.031 ND 0.038 0.2 1 0.2

Aroclor-1221 ND 0.25 ND 0.25 ND 0.029 ND 0.041 ND 0.031 ND 0.038 0.2 1 0.2

Aroclor-1232 ND 0.25 ND 0.25 ND 0.029 ND 0.041 ND 0.031 ND 0.038 0.2 1 0.2

Aroclor-1242 ND 0.25 ND 0.25 ND 0.029 ND 0.041 ND 0.031 ND 0.038 0.2 1 0.2

Aroclor-1248 ND 0.25 ND 0.25 0.22 0.029 0.18 0.041 0.22 0.031 0.13 0.038 0.2 1 0.2

Aroclor-1254 ND 0.25 ND 0.25 ND 0.029 ND 0.041 ND 0.031 ND 0.038 0.2 1 0.2

Aroclor-1260 ND 0.25 ND 0.25 0.17 0.029 0.13 0.041 0.14 0.031 0.098 0.038 0.2 1 0.2

Aroclor-1262 ND 0.25 ND 0.25 ND 0.029 ND 0.041 ND 0.031 ND 0.038 NA NA NA

Acenaphthene ND 1 ND 1 ND 0.24 ND 0.33 ND 0.25 ND 0.31 3,400 37,000 74

Acenaphthylene ND 1 ND 1 ND 0.24 ND 0.33 ND 0.25 ND 0.31 NA 300,000 NA

Anthracene ND 1 ND 1 ND 0.24 ND 0.33 ND 0.25 ND 0.31 17,000 30,000 1500

Benzo[a]anthracene ND 1 ND 1 0.9 0.24 0.6 0.33 0.69 0.25 0.41 0.31 0.6 2 0.5

Benzo[a]pyrene ND 1 ND 1 0.9 0.24 0.66 0.33 0.75 0.25 0.42 0.31 0.2 0.2 0.2

Benzo[b]fluoranthene ND 1 ND 1 1.6 0.24 1.1 0.33 1.3 0.25 0.74 0.31 0.6 2 2

Benzo[g,h,i]perylene ND 1 ND 1 0.79 0.24 0.63 0.33 0.74 0.25 0.42 0.31 380,000 30,000 NA

Benzo[k]fluoranthene ND 1 ND 1 0.51 0.24 0.35 0.33 0.43 0.25 ND 0.31 6 23 16

Chrysene ND 1 ND 1 1.1 0.24 0.72 0.33 0.83 0.25 0.48 0.31 62 230 52

Dibenzo[a,h]anthracene ND 1 ND 1 ND 0.24 ND 0.33 ND 0.25 ND 0.31 0.2 0.2 0.5

Fluoranthene ND 1 ND 1 1.2 0.24 0.84 0.33 0.97 0.25 0.51 0.31 2,300 24,000 840

Fluorene ND 1 ND 1 ND 0.24 ND 0.33 ND 0.25 ND 0.31 2,300 24,000 110

Indeno[1,2,3-cd]pyrene ND 1 ND 1 0.67 0.24 0.5 0.33 0.61 0.25 0.34 0.31 0.6 2 5

Naphthalene ND 0.25 ND 0.25 0.13 0.059 ND 0.082 ND 0.062 ND 0.077 6 17 16

Phenanthrene ND 1 ND 1 0.68 0.24 0.59 0.33 0.47 0.25 0.34 0.31 NA 300,000 NA

Pyrene ND 1 ND 1 1.5 0.24 0.92 0.33 0.98 0.25 0.56 0.31 1,700 18,000 550

Other Parameters

2,3,7,8-Tetrachlorodibenzo-
furan

1.8  
(ng/kg)

1  
(ng/kg)

10  
(ng/kg)

1  
(ng/kg)

2,3,7,8-Tetrachlorodibenzo-
p-dioxin

1.2  
(ng/kg)

1  
(ng/kg)

47  
(ng/kg)

1  
(ng/kg)

Table 1. Concentrations of  contaminants in grass and in the sediment / compost blends compared with New Jersey Department of   
Environmental Protection (NJDEP) soil remediation criteria used to evaluate contaminant results.

NOTE: None detected for the 50% and 75% compost treatment levels.

RSRS = Residential soil remediation standard     NRSRS = Non-residential soil remediation standard  IGWSRS = Impact to groundwater soil remediation standard 
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Pace Analytical Services performed the dioxin analysis and re-
ported recoveries of  isotopically labeled (TCDD/TCDF) internal 
standards between 80 and 96%. The laboratory spike samples were 
prepared with clean sand and dioxin standards. Recoveries of  these 
standards ranged from 98 to 114%. The surrogate recoveries for the 
organic analysis and the spike recoveries for the eight RCRA metals 
are provided in Table 1.

Data were analyzed using SAS version 9.1.

RESULTS AND DISCUSSION
The total number of  seeds that germinated in the treatment trays dur-
ing the study period ranged from 0 for 100% compost to 426 (71%) 
for 100% sediment (Table 2). Since there were unequal observations 
for each tray location within the greenhouse, a general linear model 
of  the form: Y = �0 + �1x + �2y + �3xy + � was adopted to represent 
the data. Germination success was entered as the dependent vari-
able with five treatment levels described as the percent of  compost 
and sediment. There were also five levels of  location parameters de-
scribed as 1, 2, 3, 4, and 5. The numbers indicate the general physical 
location of  each tray in the green house. The results revealed that the 
model was significant at p < 0.0001. The model showed that 88.9% of  
the variation in the germination success is explained by the model. 
The Type III sum of  squares analysis showed that the treatment ef-
fect, location effect, and the interaction effect of  location by treat-
ment were each significant at p < 0.0001. The Student-Newman-Keuls 
(SNK) post hoc test revealed that there were significant differences 
at p = 0.05 in all pair-wise comparisons of  the compost blends. The 
pair-wise analysis for location using the SNK test revealed significant 
differences in the means at p = 0.05 except between location 5 and 
location 3. 

The height of  the tallest blade of  grass in each treatment tray 
ranged from 0 cm for 100% C to 11 cm for the 75% RS + 25% C blend 
(Table 3). Growth vigor was entered as the dependent variable with 

the five treatment levels. The five levels of  location parameter were 
identical to that of  the germination success analysis. The rationale 
for using the general linear model was similar to that of  the germi-
nation success model. The results of  the analysis revealed that the 
model was significant at p < 0.0001. The analysis also revealed that 
62.1% of  the variation in growth vigor is explained by the model. The 
Type III sum of  squares analysis for growth vigor showed that treat-
ment effect, location, and the interaction of  treatment with location 
were each significant at p < 0.0001. The SNK test revealed that there 
were significant differences at p = 0.05 in pair-wise comparisons of  
means of  treatments except between the 0% C and 50% RS + 50% C 
treatment levels. The pair-wise analysis for location using the SNK 
test revealed significant differences in the means at p = 0.05 for loca-
tion 5 and 3, 2, 1, and 4.

There were five observations of  the dependent variable biomass 
under each of  the five treatment levels for a grand total of  25 obser-
vations (Table 4). The general linear model used was similar to the 
growth vigor and germination success models. The results showed 
that the model is significant at p = 0.0529. The model can explain 
approximately 88.7% of  the variation in biomass. The Type III sum 
of  squares analysis revealed that treatment effect and location were 
significant at p = 0.0460 and p = 0.0306 respectively. The interaction 
effect of  treatment and location on biomass was significant at p = 
0.1408. The SNK Post test revealed significant pair-wise differences 
at p = 0.05 in the means between the 75% RS + 25% C and 100% C 
treatment levels.

Because the conditions inside of  the greenhouse were deemed to 
be a contaminating variable, analyses were performed to explore and 
describe the effect of  location in the greenhouse on the dependent 
variables. Chi square analyses revealed a significant difference for 
germination success, �2 (12, N = 4,286) = 1337.43, p < 0.0001; growth 
vigor, �2 (12, N = 97.2) = 24.55, p < 0.0001; and total biomass, �2 (12, 
N = 444) = 240.82, p < 0.0001.

Table 2. Germination Success (Total Number of Blades of Grass) of Each Treatment Level

                                                                                       1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Tr
ea

tm
en

t 
Le

ve
l 1 254 320 360 383 401 411 418 414 418 419 420 420 416 425 426 426

2 189 282 330 363 381 397 406 406 395 402 411 412 411 412 412 412

3 29 58 97 122 152 163 172 170 173 177 178 181 179 182 184 188

4 1 5 21 45 81 112 132 145 156 166 174 186 193 213 215 220

5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Data Collection Day

Table 3. Growth Vigor (Height in cm) of Each Treatment Level

1 2 3 4 5 6 7 8 9 10 12 13 14 15 16 17

Tr
ea

tm
en

t 
Le

ve
l 1 2 3 4 5 5 6 6 6 7 7 7 7 7 7 7 7

2 2 3 4 6 7 7 8 8 9 9 10 10 11 11 11 11

3 1 2 2 3 4 5 6 6 6 7 7 8 8 8 8 9

4 0 1 1 2 3 3 4 4 5 6 6 6 7 7 8 8

5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Data Collection Day
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A general linear model of  the same form was applied to assess 
observed versus predicted values for the dependent variables (Figures 
2–4). Results revealed the proportion of  variance explained by the 
model as R2 = 0.889 for germination success; 0.621 for growth vigor, 
and 0.887 for total biomass. The plots of  observed verses predicted 
values for all dependent variables show the expected linear trends 
(Figure 4, 5, and 6). 

Analysis of  the blends in each treatment tray showed, with some 
exceptions, a general decline in the concentration of  each pollutant 
as the proportion of  compost rose (Figure 5). But this decline was 
not linear with the percentage of  compost. Total pollutant concentra-
tions were highest in the unmixed sediment. In the 75% RS + 25% C 
treatment level, the average decline for all contaminant classes was 
21%. There was a clear reversal in the downward trend at the 50% RS 
+ 50% C treatment level. In the treatment levels with 50% RS + 50% C 
and 75% RS + 25% C, the total average declines were 13% and 42% re-
spectively. Total metals declined by 28% between the 100% RS and the 
75% RS + 25% C treatment levels. Polychlorinated biphenyls (PCBs) 
and Polycyclic aromatic hydrocarbons (PAHs) declined by 40% and 
68% respectively over the same RS + C range.

Because of  cost constraints a composite mixture of  all four soil 
samples was tested for dioxins. In this sample 2,3,7,8-TCDF was pres-
ent at 10 ng/kg and 2,3,7,8-TCDD was present at 47.0 ng/kg. These 
results were comparable to what was obtained by the BioGenesis’s 
testing which found 2,3,7,8-TCDD present at 14.0 ng/kg. In the com-
posite grass sample 2,3,7,8-TCDF and 2,3,7,8-TCDD were present at 
1.8 and 1.2 ng/kg respectively. The testing laboratory reported spike 
recovery of  80% for 2,3,7,8-TCDF-C13 and 85% for 2,3,7,8-TCDD-
C13. Additional testing for dioxin was constrained by the high cost 
of  the procedure. . 

Only two types of  PCBs were detected in the test plots, Aro-
clor-1260 and Aroclor-1248. The concentrations of  these contami-
nants were below the non-residential soil remediation standard 
(NRSRS) in all of  the blends and the original decontaminated sedi-
ment (Table 5). The levels of  aroclor-1248 exceeded both the residen-
tial soil remediation standard (RSRS) and the impact to groundwater 
soil remediation standard (IGWSRS) in two of  the four treatment 
levels (100% RS and 50% RS + 50% C), but the cumulative amounts 
of  PCBs exceeded the IGWSRS standard in all of  the blends. All 
EPA Priority Pollutant PAHs except acenaphthene, acenaphthylene, 
and anthracene, were detected in all of  the blends; however, only 
benzo[a]antracene, benzo[a]pyrene, and bezo[f ]luoranthene consis-
tently exceeded remediation criteria. Silver was the only metal not 
detected in any of  the test plots. Arsenic exceeded both the RSRS and 
NRSRS in all of  the blends. The more stringent IGWSRS standards 

1 2 3 4 5 M SD
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l 1 5 8 7 9 53 16 21

2 91 83 9 18 10 42 41

3 0 92 14 11 40 31 37

4 26 20 6 6 36 19 13

5 0 0 0 0 0 0 0

Table 4. Biomass (weight in gms.) accumulation for each of  the treatment 
levels.

Tray Number

Figure 2. Observed versus predicted values for germination success (number 
of  blades of  grass).

Figure 3. Observed versus predicted values for growth vigor (height in cms).

Figure 4. Observed versus predicted values for total biomass (weight in gms).
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were exceeded by mercury, arsenic, cadmium, and lead in all but the 
75% RS + 25% C treatment level. In that blend, the standard was ex-
ceeded by mercury, arsenic, and lead. 

Uptake of  pollutants by the grasses was minimal. No PCBs or 
PAHs were found in any of  the grass. Within the suite of  metals 
only cadmium and selenium were found in the grass grown in 100% 
sediment. The level of  cadmium was 1.1 ppm, which exceeded the 
1.0 ppm IGWRS standard. The selenium concentration of  1.9 ppm 
was below all three remediation standards. In the remaining blends, 
grasses grown in the 75% RS + 25% C treatment level contained se-
lenium at 2 ppm. 

DISCUSSION
Clearly, the addition of  compost to the decontaminated river sedi-
ment generally affected the germination success, growth vigor, and 
total biomass of  the variety of  grass used in this study (Figure 6). 

The overall effect was in the direction of  increasing of  the op-
erational definition of  each variable despite the observation that 
grasses did not thrive when planted in 100% C. The organic portion 
of  municipal solid waste may be composted; however, in certain cir-
cumstances it may contain soluble salts that will compete with ionic 
nutrients in the soil and lead to nutrient deficiencies. Marchiol et. 
al. (1999) report that wild herbs grow better in soil/compost blends 
than in pure compost. (Marchiol et. al. 1999)  In future projects of  
this type, the optimal blend of  compost and decontaminated sedi-

ment may vary with the desired type of  vegetation. The salt content 
of  the food waste compost is a variable deserving of  additional re-
search. Simply using compost to dilute the residual contamination in 
the cleaned sediments may not result in optimal growing conditions.

Even with the limitations of  the greenhouse, which we interpreted 
as being representative of  adverse weather conditions such as exces-
sive prolonged wind leading to soil desiccation, the treatment trays 
that included compost exhibited increases in all variables studied 
over the treatment trays with no compost. We considered this find-
ing important because we believe the decontaminated river sediment 
may reasonably be compared with those soils classified as moderately 
degraded by the Global Assessment of  Soil Degradation (Oldeman, 
Hakkeling, and Sombroek 1991) given the productivity exhibited by 
the 100% sediment treatment trays. That is, productivity of  those 
treatment trays was roughly one-half  to one-third that of  the 50% 
and 25% compost blends treatment trays, respectively.

We attribute the non-linearity of  the chemical analyses results to 
two factors. First, the original decontaminated sediment was stored 
outdoors and the pile may not have been sufficiently stirred before 
samples were taken. Second, the mixtures were made using volumes 
of  compost and sediment whereas, in hindsight, dry weight might 
have been more experimentally preferable. 

The presence of  dioxins in the composite grass sample is surpris-
ing although it is not entirely certain that the material was taken up 
through the roots. Because dioxins are hydrophobic compounds the 
primary mechanism of  plant uptake from soil is accumulation in 
lipid-rich peels of  root vegetables such as beets, carrots, and turnips 
(Hellstrom, 2004). Dioxins in the leaves and stems of  many plants are 
the result of  atmospheric deposition. McCrady and Maggard (1993) 
found 56% of  the 2,3,7,8-TCDD bioconcentrated in plants came from 
air to leaf  vapor transfer, 37% from particle deposition, and only 7% 
from root uptake. The dominant mechanism of  dioxin contamina-
tion for Welsh Ray grass (Lolium multiforum) was dry atmospheric 
deposition. Soil-related pathways have been shown to be of  minimal 
importance (Welsch-Pausch et. al. 1995). It is clear that the grasses in 
the treatment trays were not bioaccumulating the dioxins; however, 
the mechanism by which the dioxins entered the plants is unclear. 
While root uptake cannot be ruled out, atmospheric deposition is at 
least an equally strong possibility because the greenhouse is situated 
in a heavily industrialized region of  New Jersey.!

The lack of  any appreciable uptake of  PCBs and PAHs is not sur-
prising because these and other hydrophobic molecules are rapidly 
accumulated in sediment or soil where they strongly bind to soil or-
ganic matter. Measurements in rice paddies have revealed that the 
highest amounts of  PCBs found on the leaves were a result of  atmo-
spheric deposition (Bi et. al 2002). Lin and others (2006) conducted 
studies with lalang grass (Imperata cylindrical) showing that PCB ac-
cumulation in the leaves and stalks was mostly due to atmospheric 
deposition. Like PCBs, PAH molecules can be strongly bound to soil 
organic matter and may or may not translocate to plant roots. For ex-
ample, Su and Zhu (2008) studied PAH uptake by rice (Oryza sativa) 
finding that some PAH molecules were taken up by the rice plants, 
but the concentrations in roots exceeded those in shoots and the up-
take was governed largely by the lipid concentrations in the roots.

The uptake of  selenium and cadmium by grasses grown in the 
100% RS and in the 75% RS+ 25% C blend also is consistent with the 
findings of  many previous investigations. A meta-analysis of  metal 

Figure 5. Trends of  organics and metals in compost-sediment blends.

Total Organics mg/kg by % Compost

Total Metals mg/kg by % Compost
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uptake commissioned by the US Department of  Energy cited values 
for cadmium and selenium uptake that were consistently higher than 
those for arsenic, copper, lead, mercury, nickel, and zinc (US DOE 
1998, p. 16). One factor certainly operating in the present study was 
the presence of  lead, which has been observed to increase the uptake 
of  cadmium in rye and fescue (Carlson and Rolfe 1979). We interpret 
the plant uptake data to indicate that this manufactured topsoil is 
safe for growing lawns or ornamental plants; however, we caution 
that because we did not address crops grown for human consump-

tion, our findings should not be generalized to these types of  plants. 
For example, in comparing selenium uptake of  maize, lettuce, radish 
and ryegrass, Munier-Lamy et al. (2007) found the greatest uptake 
in radishes.

Proposed future research includes examining the same variables 
with other plants, with at least one providing an edible component, 
such as tomatoes. Also, exploring and describing blending compost 
with a different Solvita maturity rating is worthy of  more examination.

Figure 6. Examples of  effect of  blending food scraps based compost with decontaminated Passaic River sediment 
on grass growth in greenhouse conditions.

100% decontaminated river sediment 25% compost by volume

 50% compost by volume 75% compost by volume
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