Agronomic evaluation of ThermAer ATAD biosolids; greenhouse growth trials
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ABSTRACT
Greenhouse growth trials of ThermAer ATAD (Autothermal Thermophilic Aerobic Digestion) biosolids were conducted at the University of Guelph, Kemptville campus, Ontario Canada, in order to evaluate the agronomic value of ThermAer ATAD biosolids as compared to a recognized commercial fertilizer. ThermAer ATAD is a process involving the controlled and intense aeration of waste slurries in an enclosed, insulated bioreactor under fully aerobic conditions. The ThermAer system generates a Class A, pathogen reduced, malodor free biosolid. 

ThermAer ATAD biosolids from 5 different treatment plants were utilized in the growth trials.  Feedstock for these plants included primary, secondary and anaerobically digested WWTP sludges, as well as corn processing waste and source separated municipal organic waste. Tests were carried out with lettuce, Kentucky blue grass and fescue; these plants were chosen due to their differential growth patterns and nutrient uptake rates. Results indicate that both yield and biomass quality was enhanced by the ATAD products. There were some differences among these products likely due to the variations in the mineralization kinetics due to the differences in the initial waste feed. ATAD products also left more residual nutrients in soil at the end of the trial indicating their potential for long term soil agronomic quality.
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INTRODUCTION

Thermal Process Systems of Indiana have developed a second-generation ATAD (autothermal aerobic digestion) system (ThermAer). There are currently over 12 ThermAer plants operating in the US with two facilities being developed in Canada (through WCI Environmental Solutions). The ATAD process produces a biologically stable product, achieving a reduction in biomass, while using smaller digesters, compared to mesophilic aerobic and anaerobic digestion Layden et al., 2007).

Aerobic thermophilic treatment of organic wastes has the potential to rapidly eliminate pathogens, reduce significantly the BOD of the effluent (Juteau et al., 2004) and significantly reduce odors. Estimates of the microbial population diversity indicate the establishment of thermophilic organisms confirming changes in the active microbial species (Juteau et al., 2004a). 

Aerobic thermophilic treatmen of wastes has been tested for a wide range of organic wastes ranging from municipal pre-treated or sewage (LaParra et al., 2001), swine waste (Juteau et al., 2004), food waste (Mohaibes and Heinonen-Tanski, 2004), industrial wastewater (Quesnel and Nakhla, 2005). 

However the utilization of the ATAD biosolids has been delayed mainly due to lack of understanding of their agronomic value. We present here the results of a growth-trial that was aimed at understanding the fertilizer potential of ATAD products, for a range of input waste-streams.

METHODOLOGY

Biosolid/fertilizer materials:

ATAD products from different treatment plants and different feed materials were utilized in the growth trials as follows:

· Three Rivers, MI - Waste Water Treatment Plant

· Yorkville, IL - Waste Water Treatment Plant

· Moorehead, IN - Waste Water Treatment Plant

· Staley, IN - Corn processing waste

· Ottawa, ON - pilot ATAD 

· anaerobically digested biosolids further treated by ATAD - ROPEC AD2

· decanted digestate (~1% solids) from ATAD treated anaerobically digested biosolids above (ROPEC AD_DI)

· ATAD product from municipal Source Separate Organics feedstock (SSO)

Parameters of these materials are presented in Tables 1 and 2.

The materials identified as Three Rivers, Yorkville and Moorehead are generated by wastewater treatment plants in the U.S. Incoming sewage goes through primary settling, activated sludge treatment and then ATAD processing. Yorkville is dewatered with a centrifuge and Moorehead and Three Rivers are dewatered with a belt press. The material identified as Staley is produced by a corn processing plant; all the streams from the corn processing operation are discharged to a bulk volume fermenter (operates anerobically) which overflows to a aerated basin from which the solids are pumped to the ATAD process, dewatered and trucked away. Ropec AD2 is sludge generated by a Canadian WWTP and treated with a pilot ATAD.

The material identified as SSO-12 day R.H. is material coming from SSO (Source Separated Organics) that have been hydropulped to 8% slurry and processed in the ATAD with a 12 day retention time and then press dewatered. A liquid wastewater extract (Ropec AD DI) has been applied in the irrigation water either on its own or as an additive to other treatments (fertigation).

It was noted that all the ATAD biosolids products had virtually no offensive odors.

Two fertilizer materials, a commercially available fertilizer (Scott’s Miracle – Gro Slow Release Plant Food 10-10-10) and a fertilizer produced from chicken farm organic residuals (UGS 5-4-5 fertilizer – an organic based fertilizer with supplemental mineral addition) These two and mineral fertilized soil treatments (urea and phosphate, see Table 3) have been considered to provide baseline data against which growth results of ATAD products could be assessed.

Table 1. Nutrient and micronutrient concentrations of tested biosolid fertilizers

	Source¶
	Biosolid/fertilizer
	Extractable/available (ppm)‡
	Total concentrations (%)

	
	
	NH4-N
	NO3-N
	P
	K
	Mg
	Ca
	Fe
	Na
	N§
	P
	K
	Mg
	Ca
	S
	Na

	WWTP
	Moorehead ATAD
	4360
	5.35
	184
	455
	577
	3553
	1636.8
	513
	2.34
	2.142
	0.4
	0.1
	1.11
	1.29
	0.06

	
	Three Rivers ATAD
	5750
	12.6
	256
	644
	1094
	9085
	1639.6
	1079
	2.73
	1.479
	0
	0.11
	1.23
	0.97
	0.06

	
	Yorkville ATAD
	3780
	5.81
	998
	3780
	1601
	7443
	443.6
	890
	3.97
	3.584
	0.47
	0.45
	1.42
	0.89
	0.06

	
	ROPEC AD2
	1810
	98.2
	452
	4498
	1598
	7897
	661.6
	3970
	2.15
	2.527
	0.73
	0.59
	1.33
	0.53
	0.4

	
	ROPEC-AD-DI Sol
	25600
	12300
	881
	32596
	3253
	30709
	2707.09
	44893
	5.96
	2.976
	3.82
	0.77
	4.01
	1.72
	5.17

	CPP
	Staley ATAD
	11600
	12.4
	144
	1326
	884
	3493
	1779.6
	11017
	5.53
	1.974
	0.23
	0.11
	1.04
	1.75
	1.3

	SSO
	SSO-12 day RH
	341
	7.33
	218
	6175
	1322
	18251
	1004
	5327
	2.29
	0.986
	0.7
	0.32
	1.36
	0.35
	0.5

	CF
	Scott’s fertilizer
	10200
	38.8
	38466
	92981
	862
	450
	297.39
	2268
	10.43
	5.574
	9.61
	0.16
	0.07
	25.15
	0.23

	
	UGS fertilizer
	11600
	28.4
	2162
	42396
	2014
	10461
	108.6
	5076
	4.39
	1.861
	3.99
	0.69
	1.82
	1.67
	0.55


¶ - Source: WWTP - municipal sewage, CPP - corn processing plant, SSO - source separated solids, CF – commercial fertilizer
‡ - ammonium and nitrate expressed per weight fresh material; available K, Mg, Ca, Fe are expressed per matter content

§ – Total Kjeldahl nitrogen

Table 2. Chemical parameters of tested biosolid fertilizers

	Source¶
	Biosolid/fertilizer
	DM %
	pH
	CEC (cmol/kg)
	EC

(mS/cm)
	Na (ppm dry)
	Carbon (%)
	Regulated metals (ppm)

	
	
	
	
	
	
	
	InC
	OrgC
	TC
	As
	Cd
	Cr
	Co
	Cu
	Pb
	Mo
	Ni

	WWTP
	Moorehead ATAD
	29.44
	7.2
	79.1
	1.5
	513
	0.08
	23.82
	23.9
	3.6
	2
	1400
	7.9
	990
	52
	30
	390

	
	Three Rivers ATAD
	21.12
	8.4
	88.6
	2.12
	1079
	0.45
	30.95
	31.4
	14
	1.9
	51
	4.1
	1200
	43
	6.2
	25

	
	Yorkville ATAD
	26.05
	6.3
	49.9
	1.9
	890
	0.32
	26.58
	26.58
	1.6
	<1
	45
	4.4
	910
	37
	7.9
	35

	
	ROPEC AD2
	47.6
	7.9
	102.7
	2.58
	3970
	0.41
	19.49
	19.9
	nt‡
	nt
	nt
	nt
	62.2
	nt
	nt
	nt

	
	ROPEC-AD-DI Solution
	1.54
	8.2
	95.2
	2.6
	44893
	0
	19.7
	19.7
	2.4
	<1
	180
	19
	290
	38
	23
	46

	CPP
	Staley ATAD
	13.8
	8.4
	64.5
	4.45
	11017
	0.1
	31.2
	31.3
	1.1
	<1
	36
	8.8
	38
	17
	8.2
	47

	SSO
	SSO-12 day RH
	22.17
	6.4
	72
	5.4
	5327
	0.4
	19.2
	19.6
	2.3
	<1
	200
	12
	140
	32
	9.3
	43

	CF
	Scott’s fertilizers
	99.27
	4.2
	35.8
	200
	2268
	0
	2.43
	2.43
	nt
	nt
	nt
	nt
	0.75
	nt
	nt
	nt

	
	UGS fertilizer
	90.85
	6.2
	73
	35.8
	5076
	1.46
	27.74
	29.2
	nt
	nt
	nt
	nt
	24.8
	nt
	nt
	nt


¶ - Source: WWTP - municipal sewage, CPP - corn processing plant, SSO - source separated solids, CF – commercial fertilizer
‡ - nt = not tested
Soil

The soil used is a sandy soil (sand 88 %, silt 10% and clay 2%), air-dried and sieved through a 2mm sieve. The fertilizers were added at the recommended rates, mixed into the soil, and the mixture was packed into 0.39 L pots, at 1.5g cm-3 bulk density. Soils were regularly irrigated throughout the trials’ life to maintain the soil humidity at the calculated soil field capacity for water holding (~ 0.33 bar). Distilled water was used for irrigation.

Test crops

The growth trials used 3 plant species:

· Lettuce (Lactuca sativa cultivar Grand Rapids) – to evaluate the role of the immediately available nutrients

· Kentucky Blue Grass (Poa pratensis cultivar Mercury) – to evaluate the fertilizer utility for plants with a longer vegetation period.

· Tall Fescue (Festuca rubra ssp. Rubra, cultivar Jasper) – also to evaluate the fertilizer utility for plants with a longer vegetation period but slower growth.

Treatments

Lettuce:

Two crops of lettuce were planted subsequently in the same pots. Biosolids (including fertigation treatments), and mineral fertilizers were only added during the 1st crop. Hence results of the 2nd crop indicate the residual effect of the treatments applied at the 1st crop.

Kentucky bluegrass and fescue:

As opposed to lettuce these are slower growing plants that can take better advantage of delayed nutrient availability due to mineralization of organic matter. Grass blades were harvested by clipping them at a 1 in (2.54cm) height three times during the three months of the tests (three cuts).

Fertilization

Unsupplemented biosolids were added at rates calculated to satisfy the nutrient requirements of the crop at least one of the N or the P requirements of the crop without exceeding the required rate for any of the two. The Ropec decanted digestate solution was added with the irrigation water in 7 equal portions over 7 weeks (fertigation). These treatments also allowed the estimation of the yield efficiency of each biosolids (grams yield per grams dry matter biosolids). Scott’s and UGS have been added under using the same rules. Soil with no amendment was used as negative control treatment and soil amended with mineral fertilizers to satisfy the crop requirements was used as positive control treatment (Table 3). Each treatment (plant/fertilizer product combination) was carried out in seven repeats (seven pots). 
Table 3. Fertilization schedule

	Biosolids type
	Plant
	Urea (g/L soil)
	P fertiliser (0-46-0) (g/L soil)
	Total fresh biosolid applied per L soil
	Total fresh

biosolid applied per pot2 (g)
	Total biosolid DM per pot (g)

	Moorehead ATAD
	KBG
	 
	 
	130
	50.7
	14.93

	ROPEC AD DI Solution
	KBG
	 
	 
	286
	111.54
	1.72

	Scotts fertiliser
	KBG
	 
	 
	0.8
	0.312
	0.31

	Staley ATAD
	KBG
	 
	 
	104
	40.56
	5.60

	Three Rivers ATAD
	KBG
	 
	 
	137
	53.43
	11.28

	UGS fertilizer
	KBG
	 
	 
	15
	5.85
	5.31

	Yorkville ATAD
	KBG
	 
	 
	116
	45.24
	11.79

	Soil + fertiliser
	KBG
	0.51
	0.09
	0
	 
	 

	Soil 
	KBG3
	 
	 
	0
	 
	 

	Moorehead ATAD
	Lettuce 
	 
	 
	65
	25.35
	7.46

	ROPEC AD DI Solution
	Lettuce 
	 
	 
	142
	55.38
	0.85

	ROPEC AD2
	Lettuce 
	 
	 
	91
	35.49
	16.89

	Scotts fertiliser
	Lettuce 
	 
	 
	0.8
	0.312
	0.31

	Staley ATAD
	Lettuce 
	 
	 
	52
	20.28
	2.80

	Three Rivers ATAD
	Lettuce 
	 
	 
	68
	26.52
	5.60

	UGS fertiliser
	Lettuce 
	 
	 
	8
	3.12
	2.83

	Yorkville ATAD
	Lettuce 
	 
	 
	84
	32.76
	8.53

	Soil 
	Lettuce 
	 
	 
	0
	0
	 

	Soil + fertiliser
	Lettuce 
	0.25
	0.14
	0
	0
	 

	Moorehead ATAD
	fescue
	 
	 
	130
	50.7
	14.93

	ROPEC AD DI Solution
	fescue
	 
	 
	286
	111.54
	1.72

	ROPEC AD2
	fescue
	 
	 
	140
	54.6
	25.99

	Scotts fertiliser
	fescue
	 
	 
	0.8
	0.312
	0.31

	Staley ATAD
	fescue
	 
	 
	104
	40.56
	5.60

	Three Rivers ATAD
	fescue
	 
	 
	137
	53.43
	11.28

	UGS fertiliser
	fescue
	 
	 
	15
	5.85
	5.31

	Yorkville ATAD
	fescue
	 
	 
	116
	45.24
	11.79

	Soil 
	fescue
	 
	 
	0
	 
	 

	Soil + fertiliser
	fescue
	0.51
	0.09
	0
	 
	 


1fertigation – solution added weekly with irrigation water in 7 equal portions over the growth period of the 1st lettuce crop

2KBG = Kentucky bluegrass

3Volume of pot = 0.39L

Sampling and Laboratory Analysis

All biosolids have been tested for their nutrient composition, for the presence of elements that my affect growth (i.e. salinity) or confer toxicity (i.e. heavy metals) (see tables 1 and 2). All tests have been carried out by the Guelph Laboratory Services a company jointly managed by the University of Guelph (Carter and Gregorich, 2008, Sparks, 1996):

· pH – paste method

· Dry matter content – gravimetrically

· Ammonia and nitrate nitrogen (KCl extraction) – available nitrogen

· Total nitrogen (Kjeldahl extraction method)

· Available phosphorus (Olsen method)

· Total P, K, Mg, Ca, and Na (microwave acid digestion method)

· Available K, Mg, Na and Ca (ammonium acetate extraction)

· Total, inorganic and organic carbon (LECO method)

· Electrical conductivity (indication of ionic strength)

· CEC (indicator of the cation retention and potential for nutrient losses) 

· Sulphur (Ca(H2PO4)2 extraction)

· Metals (Fe, Cu, Zn, As, Cd, Cr, Co, Pb, Mb, Ni, Se – DTPA extraction)

At the end of the growth trials the soils were again tested for:

· Total N, pH, available P, K and Mg

· Plant available Fe

Dried and ground plant samples were also tested for total N, P, K, Ca, Mg, Zn, Cu, Mn and B in plant tissues (DTPA, CaCl2 or Ca(H2PO4)2 extraction as appropriate).

Data analysis

Data was analyzed separately for each individual lettuce crop and for each individual grass cut, as well as for the summary yield for all crops or cuts.

Data is presented either as yield per pot. Given the area of the individual pot the results presented below may be transformed into yield per ha by using the following transformation factors:

- for lettuce a 1g DM yield per pot is equivalent to 32.6 metric tonnes per ha fresh material (for an average DM content of lettuce of 4.5%).

- for the two grasses a 1g DM yield per pot is equivalent to 5.25 metric tonnes per ha fresh material (for an average DM content of grass matter of 28%).

All treatments were carried out in a completely randomized design with 7 repeats for each treatment except the soil only controls for which only 5 repeats were available.

Statistics has been carried out using the GenStat package. Graphics have been prepared in Minitab™.

All statistical tests have been carried out on a dry mater content basis (fertilizer materials or biomass production).

RESULTS AND DISCUSSION

Yield data was recorded for each individual pot and aggregated for each individual treatment for each crop. Biomass quality (nutrient and metal concentration) was measured for each treatment on composite samples. Standard analysis of variance statistics with covariate corrections for the number of plants in each pot were carried out using the GenStat® package.

Yields

All treatments were devised to offer equivalent available nutrients as calculated from the results of the laboratory testing. Nevertheless the yields obtained for the different treatments varied widely as a function of the capacity of the fertilizer materials to make more nutrients available during the vegetation period as well as due to the synergistic effects of carbon mineralization and nutrient availability.

For all three tested crops the yields were significantly greater for the ATAD treatments

(Fig. 1 to 3). The results obtained with the Scott fertilizer were similar or slightly greater than the results obtained on the fertilized soil treatments.

The lettuce, a short vegetation period crop, was a good indicator of capacity of the fertilizers to provide immediate nutrition. ATAD materials did produce lettuce yields that were on average 

41% greater than the Scott’s fertilizer and 57% greater than the soil and fertilized soil treatments (Fig. 1). These results suggest that the ATAD materials were able to provide readily available nutrients, beyond the amount expected from the laboratory tests.

The two grasses tested, fescue and Kentucky bluegrass, were good indicators of the long term availability of nutrients from the tested fertilizers. For fescue, the ATAD yields, obtained from three cuts over a three months period, were on average 61% greater than the yields obtained with the Scott’s fertilizer and on average 59% greater than the yields obtained with the soil and fertilized soil treatments (Fig. 2). For Kentucky bluegrass, the ATAD yields, obtained from three cuts over a three months period, were on average 75% greater than the yields obtained with the Scott’s fertilizer and on average 89% greater than the yields obtained with the soil and fertilized soil treatments (Fig. 3). These results suggest that the ATAD products were able to provide nutrients over the entire length of the vegetation period considered for these tests.

Fig. 1
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Fig. 2
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Fig. 3. 
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Nutrient availability

The kinetics of nutrient availability to the three crops of different growth intensity has shown that the nutrients in the liquid decanted digestate are made available immediately to crops (similarly to Scott’s Miracle-Gro) (Fig. 4). On the other hand the biosolid fertilizers are making less nutrient available immediately after application indicating a potential for longer term nutrient availability through mineralization (Fig. 4), as more of it is left within the soil at the end of the growth period (Table 3). 

Biomass quality

Biomass quality can generally be indirectly inferred from the concentration of Nitrogen

(N), phosphorus (P) and potassium (K) in the plant tissues. N can be also used as an indirect indication of the potential concentration of protein in the plant tissues. P and K concentrations can give an indirect indication of the general health of the plants; large K concentration is generally also considered to be one indicator of the resistance to stress

(physiological or pathogenically induced).

[image: image4.png]Fig. 4. Plant uptake assessed availability of nutrients from the tested fertilizer materials
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Nutrient uptake per gram fertilizer material (differential uptake for plants grown in fertilized pots, after normalization for the

nutrient content of the soil only plants). The bars’ height are an integrated indicator of the total amount of nutrient made
available by each gram of fertilizer material and taken up by plants (i.e. nutrient availability vs. nutrient provided)




For Kentucky bluegrass, at the 1st cut, the concentration of N in the plant tissues harvested from 

the ATAD treatments was on average 3% greater than the fertilized soil treatments. At the third cut the N concentration in plants was on average 5% greater for the ATAD treatments than the fertilized soil treatments.

For fescue, the N concentrations for the plants on the ATAD treatments were equivalent to the ones on the fertilized soil treatments at the 1st cut and reaching concentrations on average 70%greater that the soil treatments at the 3rd cut.

For the 1st crop of lettuce the N concentration of the ATAD harvest was on average 29% greater than the fertilized soil treatments. For lettuce the concentration of P under ATAD products was on average 9% greater than the concentration obtained with the fertilized soils. For the two grasses the P concentration was similar to the concentration in the fertilized soil plants. These results confirmed the decision taken at the start of the experiment to supplement some of the ATAD products with P fertilizer. However 1) no noticeable deficiency was observed for the ATAD treated plants and 2) given the larger yields under ATAD products the absolute P uptake was still larger for the ATAD treatments.

The trends were similar for the K, with concentrations in the grass biomass on average 2% greater for the ATAD treatments when compared to the fertilized soils. Again no deficiency symptoms were noted for any ATAD treatments.

Table 4. Nutrient and micronutrient concentration in lettuce  

(dry matter basis - Mean and CV of Mean)

	Treatment
	N % 
	P % 
	K % 
	Mg % 
	Ca % 
	Zn ppm 
	Mn ppm 
	B ppm 

	Scotts fert
	1.14
	0.187
	1.95
	0.51
	0.97
	13
	87
	25

	Soil
	1.26
	0.137
	2.11
	0.48
	1
	12
	37
	25

	ROPEC AD2
	1.89
	0.223
	3.3
	0.36
	0.86
	22
	45
	25

	UGS fert
	2.16
	0.195
	4.69
	0.39
	0.86
	23
	67
	26

	Moorehead ATAD
	2.32
	0.244
	1.68
	0.79
	1.17
	36
	71
	27

	ROPEC AD DI Solution
	2.53
	0.22
	4.22
	0.58
	1.2
	30
	71
	30

	Staley ATAD
	2.56
	0.196
	1.53
	0.63
	1.04
	26
	64
	27

	Yorkville ATAD
	2.62
	0.325
	1.68
	0.92
	1.28
	32
	72
	32

	Three Rivers ATAD
	3.35
	0.242
	2.11
	1.02
	1.41
	41
	68
	29


Table 5. Nutrient and micronutrient concentration in fescue (1st cut)  

(dry matter basis - Mean and CV of Mean)

	 Treatment
	N % 
	P % 
	K % 
	Mg % 
	Ca % 
	Cu ppm 
	Zn ppm 
	Mn ppm 
	B ppm 

	Soil
	3.68
	0.345
	3.56
	0.41
	0.82
	5
	24
	18
	12

	Scotts fert
	4.19
	0.417
	4.05
	0.36
	0.76
	5
	27
	33
	14

	ROPEC AD DI Solution
	4.45
	
	
	
	
	
	
	
	

	Staley ATAD
	4.69
	0.418
	3.3
	0.49
	0.98
	5
	44
	45
	15

	Moorehead ATAD
	4.72
	0.499
	3.37
	0.48
	0.96
	23
	53
	30
	16

	Yorkville ATAD
	4.78
	0.531
	3.21
	0.49
	0.93
	15
	60
	26
	17

	UGS fert
	4.79
	0.416
	4.59
	0.35
	0.76
	5
	40
	32
	17

	Three Rivers ATAD
	4.8
	0.409
	3.09
	0.48
	1.29
	13
	69
	15
	16

	ROPEC AD2
	4.96
	0.47
	4.3
	0.3
	0.74
	7
	48
	39
	16


Concentrations of Magnesium (Mg) and calcium (Ca), two micronutrients of significance for the overall plant health and photosynthesis efficiency, were either very similar to the soil treatments or up to 60% more Ca and 80% more Mg in the ATAD treatments in comparison to the soil and even Scott’s treatments. Copper (Cu) and Zinc (Zn) are two metals that are both considered to be plant micronutrients as well as potential toxicants if in excess. For all treatments the metal concentrations in the plant tissues were very well in the range required for good growth. Therefore no risk to plants associated with the uptake of these metals is expected from the use of ATAD products.

Table 6. Nutrient and micronutrient concentration in Kentucky blue grass (1st cut)  

(dry matter basis - Mean and CV of Mean)

	Treatment
	N %
	P %
	K %
	Mg %
	Ca %
	Cu ppm
	Zn ppm
	Mn ppm
	B ppm

	Scotts fert
	2.86
	0.312
	2.68
	0.36
	0.58
	5
	22
	21
	14

	Soil
	2.88
	0.286
	2.34
	0.49
	0.73
	5
	23
	23
	16

	ROPEC AD2
	3.58
	0.283
	3.2
	0.4
	0.68
	5
	46
	36
	17

	Moorehead ATAD
	4.1
	0.302
	2.39
	0.62
	0.66
	16
	50
	24
	16

	Yorkville ATAD
	4.31
	0.395
	2.41
	0.62
	0.73
	16
	59
	22
	18

	ROPEC AD DI Solution
	4.43
	*
	*
	*
	*
	*
	*
	*
	*

	UGS fert
	4.48
	0.333
	4.05
	0.4
	0.82
	10
	44
	30
	16

	Three Rivers ATAD
	4.61
	0.297
	2.67
	0.7
	1.14
	18
	75
	17
	18

	Staley ATAD
	4.71
	0.29
	3.14
	0.5
	0.82
	5
	49
	39
	15


Residual Nutrients

Residual measurements of N, P, K, Mg, Fe in soils were carried out at the end of the trials. Residual nutrient concentrations of soils are a good indication of the long-term efficiency of the fertilizers used. ATAD treatments left 31% more total N than the fertilized soil or Scott’s treatments. ATAD products left an average of 47% more P than the fertilized soil treatments and 27% more than the Scott’s treatments; ATAD treatments also left behind on average 87% more K than the fertilized soil treatments. All these are an indication of the long-term nutrient availability from the ATAD products. Scott’s fertilizer increased the P concentration of soils by in average 14% above the average ATAD residual levels. Iron, essential micronutrient for green lawns, increased on average 117%above the concentration measured in the soil or 84% more than the residual iron left after the Scott’s treatments. No significant changes in the Mg concentrations for any of the treatments were noted at the end of the trials.

Direct evaluation of the yield capability was carried using a specialized laboratory mineralization test. These tests were only carried for the solid ATAD products. The results indicated that the rate of carbon mineralization is the best indicator of the yield potential associated with the respective material (rate of C loss per total dry matter mass).

The most efficient ATAD material in terms of yield per gram dry matter biosolid was Staley ATAD.

About 30% of all ATAD product’s mass was in form of carbon. Addition of organic carbon to soils is essential for improving the soil’s structure, water retention capacity and nutrient retention capacity. The latter was confirmed by the significant cation exchange (CEC) capacity measured for these products.

Table 7. Residual nutrients in soil at the end of the growth trial (average over the three plants)

	Factors
	P (mg/L soil
	K (mg/L soil
	TKN (mg/L soil

	Moorehead ATAD
	67.78
	47.3
	0.18

	Ropec AD DI sol
	58.69
	171.7
	0.142

	ROPEC AD2
	67.34
	138.5
	0.17

	Scott’s fert
	51.32
	111.4
	0.134

	Soil
	44.47
	61.4
	0.134

	SSO-12day RH
	49.83
	88.2
	0.144

	Staley ATAD
	49
	39.6
	0.16

	Three Rivers ATAD
	61.56
	40.5
	0.171

	UGS fert
	60.63
	263.4
	0.146

	Yorkville ATAD
	81.56
	56
	0.198


Attention needs to be only paid to the use of the undiluted liquid phase by-product of the

ATAD process; these solutions may have a large concentrations of nitrate, ammonia and sodium; thus if undiluted they may be toxic to certain plants in the first instance or may increase the soil salinization risks. However toxicity and salinity is dependent on the crop and soil type and can be easily avoided by diluting the solution before application.

Conclusions

· Harvests obtained from the ATAD products outperformed Scott’s by an average of 59% and mineral fertilizer treatments by an average of 67% with variations among crops and treatments.

· The quality of plant biomass obtained with ATAD products was most often significantly better than the Scott’s and mineral fertilized results

· Large amounts of carbon and nutrients remained in the soil at the end of the treatments suggesting that ATAD products may have longer term benefits beyond the first cropping cycle and may be used as both a nutrient source as well as amendments for the remediation of degraded soils

· The total nutrient and nutrient availability through mineralization varied among the ATAD products that originated from different feedstock 

· Plants demonstrated low metal uptake suggesting that there is no risk of metal toxicity (data not presented)
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