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8 October 2004 
Waste Service NSW 
Level 4 
821 Pacific Highway 
CHATSWOOD   NSW    2067  
 
Attention: Mr Mohan Selvaraj 
 
Dear Sir 

ARROWBIO SOLID WASTE TREATMENT PROCESS 
RESULTS OF SOIL ANALYSIS 

 
1. INTRODUCTION 
 
This brief letter report provides the results of testing undertaken on samples of soil obtained 
from the Arrow Ecology Ltd plant in Tel Aviv, Israel.  The report is an addendum to the 
Independent Technical Review prepared for Waste Service NSW and ANZ Investment Bank.   
 
 
2. BACKGROUND 
 
Douglas Partners has been engaged by Waste Service NSW and ANZ Investment Bank as the 
Independent Technical Expert to undertake a Due Diligence Technical Evaluation of a selected 
Mechanical Biological Treatment (MBT) process to be utilised in Waste Service plant at Belrose.  
The MBT is an integrated system of waste treatment that avoids many of the limitations of other 
treatment technologies by using well established techniques for the treatment of the organic 
fraction of a municipal solid waste stream.  The objectives of the evaluation undertaken by 
Douglas Partners was to assess whether the proposed MBT facility would be technically 
feasible and sustainable for the management of MSW in New South Wales.   
 
This addendum report provides the results of testing which was not available when the 
Independent Technical Review report was prepared on 29 September 2004.  It also provides 
comments on the results of various tests undertaken by Arrow Ecology Ltd and Douglas 
Partners.  
 
In carrying out the review of the results of laboratory analyses we have used a number of 
different guidelines and standards, as follows: 

• Australian Standard AS4419-2003 “Soil for Landscaping and Garden use” 

• Australian Standard AS4454-2003 “Compost Soil Conditioner and Mulches” 

• Use and Disposal of Biosolid Products - EPA Guideline dated October, 1997 

• Guideline on Investigation Levels for Soil and Groundwater - National Environment 
Protection Council 1999 

• Solid Waste Guidelines - EPA. 
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Whilst these documents have been used as general background information in assessing the 
results of the chemical analysis no single document has been used for direct comparison 
purposes to ascertain the suitability of the fertilizer from the Tel Aviv plant for use in landscaping 
and as a soil conditioner. 
 
 
3. SAMPLING AND TESTING 
 
Whilst in Israel, Douglas Partners were provided with results of testing of the sludges from the 
acidogenic and methanogenic reactors and for the biogas produced by the treatment process.  
In addition, sample from the acidogenic and methanogenic reactors were sent by Arrow Ecology 
Ltd to Australia for verification testing by Douglas Partners.  The results of these tests are given 
in Appendix A and comments are given below. 
 

3.1 Soil Analysis 
 

Table 1 shows the results of soil analysis for samples from the acidogenic and methanogenic 
reactors tested by Arrow Ecology Ltd and those tested by Douglas Partners.  It also provides 
results of leachability testing undertaken using the Toxicity Characteristics Leaching Procedure  
(TCLP) as outlined in the solid waste guidelines.  The Table also shows a number of commonly 
used guideline values for assessing the contamination of soil for comparison purposes.  
 
The results of the analyses undertaken by Arrow Ecology Ltd and Douglas Partners indicate 
that the material taken from the acidogenic and methanogenic reactors have high calcium, 
sodium and magnesium concentrations but the TCLP testing performed by Douglas Partners 
indicates that these cations are not very mobile and have relatively low leachability.  The 
concentrations in the leachate are at least one or two orders of magnitude lower than the total 
concentrations and are within the TCLP guidelines for inert waste.  On this basis either material 
could be utilised as fertiliser on the Belrose site.   
 
The Biosolids Guidelines for Grade A material has very low allowable concentrations for copper, 
magnesium and zinc and these are well below the health investigation guideline levels for 
standard residential developments with gardens and accessible soils.  It would therefore be 
considered inappropriate to apply these guidelines particularly as the leachability of the 
materials is demonstrated to be very low.  In addition, the Biosolids Guidelines are for sewage 
sludges only and are therefore not really applicable for the materials produced by a waste 
processing plant.  Even so the output from the Tel Aviv plant meets the requirements for Class 
B, C and D material and could therefore be used as landscaping material on top of existing 
landfill.  The material is suitable because it has high nutrient value and very low leachability of 
heavy metals and could if required, be blended to meet the Biosolids Guidelines for Class A 
material. 
 
In addition to the tests for the major cations, analysis was undertaken to detect pathogenic 
organisms.  In material taken from the pilot plant at Hadera in Israel, there was no salmonella 
bacteria detected in samples from the methanogenic reactor or from the output sludge from the 
treatment process.  Testing by SGS Laboratories in Sydney however has indicated the 
presence of some salmonella in the methanogenic reactor and some listeria species in 
acidogenic reactor.  We have been informed by the laboratory that this situation is common 
when testing compost materials.  For this reason it would be prudent to undertake additional 
testing once the plant commences operations to determine whether sterilisation is necessary. 
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Table 1  
 

SUMMARY OF SOIL ANALYSIS GUIDELINE VALUES  
 Tested by DP  Biosolids Background Waste Classification 

 
Analyte 

Tested by Arrow 
(mg / kg) 

SCC 
  (mg / kg) 

TCLP 
 (mg / L) 

H.I.L. 
(mg / kg) 

Grade A 
(mg / kg) 

Range 
(mg / kg) 

Inert Waste 

 A.R.    M.R. A.R.  M.R.   A.R. M.R.    SCC 
(mg / kg) 

TCLP  
(mg / L) 

AL 4,018 9,772 5,500 5,200 0.06 I.S.  
AS <5  <3 <3 <0.05 I.S. 100 20 1 - 50 500 0.5 
Ca 37,190 118,900 36,305 95,870        
Cd 1 2 <0.5 1.0 <0.006 I.S. 20 3 1 100 0.1 
Cr 36 140 17 48 <0.005 I.S. 100 100  1,900 0.5 
Cu 57 182 50 130 0.03 I.S. 1,000 100 2 - 100   
Fe 5,389 12,380 3,000 6,100 0.37 I.S.      
Hg 2 4 0.42 0.34 <0.0005 I.S. 15   50 0.02 
K 2,742 5,119 2,100 4,900 42 I.S.      

Mg 2,808 6,950 1,700 5,800 18 I.S.  1 0.03   
Na 2,276 3,277 3,400 8,100 530 I.S.      
Ni 12 24 8 13 0.008 I.S. 600 60 5 - 500 0.2 1,050 
P 5,888 25,310          

Pb 30 58 15 34 <0.04 I.S. 300 150 2 - 200 1,500 0.5 
S 7,450 17,490 3,600 9,200        
Zn 335 1122 160 540 0.14 I.S. 7,000 200 10 - 300   

 
A.R.    = Acidogenic Reactor 
M.R.   =  Methanogenic Reactor 
I.S.     = Insufficient Sample 
SCC   = Specific contaminant concentration (Total Concentration) 
TCLP = Toxicity Characteristics Leaching Procedure (Leachate Concentration) 
H.I.L.  = Health Investigation Limited 
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3.2 Biogas 

 
Arrow Ecology provided results of analysis on the Biogas from the Tel Aviv plant to demonstrate 
the relatively low concentrations of volatile organics produced by the anaerobic digestion.  The 
results are given in Table 2. 
 
 

Table 2 - Summary of Biogas Analysis 
 

Analyte Tel Aviv Plant 
Methane  % 81 
CO2        % 17.5 
H2S        (ppm) 90 
O2 <0.5 
NH3 1.3 
Cl <1 
F <1 
Br <1 
BTEX <1 
Mercaptons 0.9 
S <1 
Methylsulphide <1 
Vinyl Chloride <1 
Chloroform <1 
CCl4 <1 
Chlorobenzene <1 
Ethane <5 
Butane <5 
Ethylene <5 
Ethanol <1 
Isopropyl  Alcohol <1 
Acetone <1 

 
 
The results indicate that approximately 99% of the gas produced by the anaerobic digestion is 
methane or carbon dioxide with very low concentrations of odourous materials such as 
hydrogen sulphide and mercaptons.  Depending upon the final use for the biogas, there may be 
a necessity to scrub the exhaust gas from either flares or a power plant but it is recommended 
that further analysis be undertaken when the Belrose plant commences production to determine 
the requirement for any treatment of exhaust gases.  On the basis of the analysis provided this 
is highly unlikely, given that the hydrogen sulphide concentrations are less than 100 parts per 
million and the volatile organics are below 5 parts per million. 
 

3.3 Odouriferous Compounds 
 
During the site visit at Tel Aviv it was noted that there was virtually no odour once the municipal 
solid waste was pushed underwater in the flotation tank.  There was a distinct odour of garbage 
as the material was deposited on the walking floor from the compactor truck but this 
disappeared immediately upon inundation.  The plant was visited on three separate occasions 
are there was virtually no smell at any time.  
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Information provided by Arrow Ecology Ltd indicates that the pilot plant at  
Hadera was subject to an assessment of odour by Dr Rifka Kolban-Shapira in May 2000.  
During two visits Dr Kolban-Shapira noted that there was no odour originating from the system 
itself.  When the doors to the facility were closed the odour problem which appeared to emanate 
from a nearby wastewater treatment plant disappeared.   This observation is similar to that 
made by the writer in August 2004 when several extended visits were made to the site to 
observe the plant treating MSW.  On no occasion was there a strong odour once the waste had 
entered the flotation tank. 
 
 
4. CONCLUSIONS 
 
Based on the results of the analysis performed by Arrow Ecology Ltd and Douglas Partners and 
observations made at the Tel Aviv plant it is considered that the process is suitable for treating 
MSW at Belrose.  The output from the plant can be used as landscaping or top-dressing on the 
adjacent landfill because there is a low potential for mobility of heavy metals.  The materials has 
a high nutrient value which can be utilised as a growing medium for the landfill cover.  The plant 
at Tel Aviv operates with an almost total absence of odour so there should be no difficulties in 
this respect from neighbours.  Douglas Partners has no hesitation in confirming that the 
ArrowBio System is an innovative integration of well proven water treatment technologies for 
processing of municipal solid waste. 
 
 
Yours faithfully 
DOUGLAS PARTNERS PTY LTD 
  Reviewed by 
 
 
 
 
 
Michael J Thom          Ronnie Tong 
Principal                   Principal 



 

 

 
 
 
 
 
 
 

 

APPENDIX A 
Results of Chemical Analyses 

 
 
 
 


























































































