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Introduction
The Earth Sustaining Sciences Group (ESS) has created the world’s first all-natural, highly-economic,
environmentally and societally sustainable biodesalination process. The ESS Symbiotic Aquatic BioReactor
BioDesalination (SABRBODS) process, is developed from the proven SABR Acid Mine Drainage, Caustic
Industrial waste and effluents management processes. The process, which relies on a managed microecology
of locally occurring natural and non-modified bacteria, has been highly successful in managing pH and
stripping metals and metalloid contaminants from mining and industrial water in conditions of 0.5 pH to 14
pH. The ESS Group has built upon this foundation to develop stable systems to biologically remove salinity
(bio-desalination). The system is functional in two complimentary modes of implementation; one allows
sustainable low-cost delivery of fresh water from seawater or brackish sources, whilst the second can
desalinate soil to enhance fertility and arability. The SABRBODS process was perfected following more than
25 years of development. The result being an effective, affordable complete set of all-natural solutions in
water treatment and desalination, agricultural soil desalination, bioorganic nutrification, wetting, binding
and surface stabilization in a single SABR-Lifecycle process.
The process is a unique combination of widely occurring, natural, bio-organisms formed into micro-ecological
manifolds or SABR Symbiotic Colonies (SABR-SC) to cooperatively achieve targeted results. Thus far, 360
different SABR-SCs have been developed and proven under a diverse range of conditions. The SABRBODS
process, passive, local taxon structured water and soil treatment systems have thus far successfully
remediated all globally presented soil and water challenges with the demonstrated ability to raise the pH
from 0.5 pH to 9.0 pH or reduce it from 14 pH to 6.1 pH; balancing the effluent yield to neutral, stripping up
to 99% of bioavailable metals and metalliferous contaminants, and reducing salinity by 95%. The ESS Group
has reduced seawater salinity from 35000 ppm to below 2000 ppm, and salt lake and saline agricultural soils
and water, from 27000 ppm to less than 50 ppm. This is a world first. ESS Group are aware that numerous
University and Industry research groups have been working on this general type of process for some years
without success. Building on our existing successful bio-tech approach, and with our decades long head start,
ESS Group has the world’s first successful implementation of bio-desalination technology and the first
implementation that is stable and applicable to both soil and water application. SABRBODS, is an all-natural
desalination process that has delivered, minimal risk water and soils desalination in Mine Pit Lakes, Wetlands,
Agricultural lands and Natural lands. It has delivered 94% desalination in raw seawater, with development
continuing. The SABR BioCell approach to mineral and process affected waters has been applied and
demonstrated the following in separate applications in:
Mine pit lake salinity 25 ppt reduced by to 8.9 ppt (2014) in 168 hrs (laboratory trials delivering 90%).
Gold mine poisoned wetland systems remediated to comprehensive growth in 700 hrs.
Gold mine contaminated soils remediated from zero to comprehensive growth in 2,000 hrs.
Seawater salinity 35,000 ppm reduced by 71% in 72hrs., (2015),
Sustainable vegetation growth in highly contaminated tailings materials in 130 hrs.
Crop biostimulation increasing growth by up to 300% and advancing germination by up to 30%.
Acidic metaliferrous, saline tailings drainage-degraded old growth vegetation rehabilitated in 400 hrs.
Desalination of up to 99% in agricultural water and soils.; 27,000 ppm to < 50 ppm (2017).
SABRBODS process laboratory project delivered >95% desalination in raw seawater (2017).
The SABR water treatment application assessments are conducted over 14-days, incorporating:
Site and regional and potentials investigation,
Design of substrates and minimal risk microbiological manifolds, and development of plans,
Design of tailored SABR bio-reactor application pilot and system.
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Thirty-Six Cell Complex High Flow SABR System with polishing Wetland Design Example

The ESS Shared Success Model
The Earth Sustaining Sciences Group continually seeks improved sustainable methods to mediate between
environment, traditional culture and growing globalisation. ESS was founded to develop, combine and
manage privately developed sustainable all-natural process, environmental and agricultural solutions in a
synergistic societal/industrial model. We endeavour to foster multiculturalism in such a way that the pace
and choice is always at the agreed discretion of the people with whom we are in contact, and the ultimate
oversight is always in the hands of the primary stakeholders. Through the ESS Institute ESS provides
education, training and sociocultural support programs. Born of the mining, resources and agricultural
industries, ESS understands the requisites and needs of commercial, cultural and societal enterprises, and
the environmental and ecological management and methodologies for their advancement. The Earth
Sustaining Sciences Group’s primary approach to a wide range of solutions is founded in the Symbiotic
Aquatic BioReactor process (SABR).

To date the SABR process has delivered all-natural, minimal risk solutions in water and soils treatment for the
pH and contaminates management of effluent streams in the form of SABRSimplex, SABRComplex,
SABRBODS and SABRBioSolve Systems. The SABRBioStim and SABRBioGrow Systems provide multiple level
remediation of disturbed ecology, reinvigoration of riverine, riparian, wetland, and water and soil systems
enhancing growing processes for environmental rehabilitation, environmental agriculture, progressive
agriculture and organic polyculture permaculture applications.
Table 1. Salt concentration of water contained in the soil

Salt concentration of the soil water (saturation extract) ppt
More than 50
More than 12
6 - 12
3-6
0-3

Salinity
Hyper saline
Highly saline
Medium saline
Slightly saline
Non-saline
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Table 2. Australian Drinking Water Guidelines
For water supplies, water resources are classified in the Australian Drinking Water Guidelines (1996)
Fresh Water Acceptable Dissolved Salts

Water with Salinity

Good quality drinking water-less than 0.5 ppt

Brackish 15-0.5 ppt

Marginal quality drinking water 0.5-15 ppt

Saline more than 0.5 ppt

Over 1ppt may have undue scaling, corrosion and taste

Hypersaline more than 50 ppt

Table 3. Globally Accepted Salinity Comparisons
Salinity Comparisons
Dead sea: 330 ppt

Brackish, mildly: 1 ppt-5 ppt

Brine: > 50 ppt

Typical agriculture irrigation: 2 ppt

Sea water: 30 ppt-35 ppt

Fresh water-drinking in US: 1 ppt

Brackish, heavy: 15 ppt-35 ppt

Fresh water (av. city in US): <0.1 ppt

Brackish, moderately: 5 ppt-15 ppt

Water supply typically US: 0.5 ppt

Table 4. Livestock Water Quality Comparisons
A: No adverse effects on
animals expected (mS/m).

B: Livestock may have
Initial reluctance to drink
or may scour, but should
adapt without production
loss (mS/m).

C: Loss of production and
decline
in
animal
health/condition
expected. Livestock may
tolerate these levels for
short periods if introduced
gradually (mS/m).

Beef cattle

0–730

730–900

900–1800

Beef cattle

0–730

730–900

900–1800

Sheep

0–730

730–1800

1800–2360

Sheep

weaners

lactating and pregnant

1100

Horses

0–730

730–1100

1100–1270

Pigs

0–360

550

730

Poultry

0–360

360–550

550–730
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Table 4. SABRBODS Desalination Process Control Reactor
The control for the SABR desalination process was conducted in parallel to the benchtop solutions delivery.

Salinity with Progression Through Cells by Time Increments

Four Stage Control Reactor 17 (Perth Tap Water)

100.00

Time 0.0 hrs

Sea
Water

Time 3.0 hrs
Time 5.0 hrs

Salinity (ppt)

10.00

Time 8.0 hrs
Time 11.0 hrs
Time 23.0 hrs

1.00

Time 29.0 hrs
Time 35.0 hrs
Time 80.0 hrs

0.10
Control
Seawater Input
Salinity

Control Cell 1
Salinity

Control Cell 2
Salinity

Control Cell 3
Salinity

Control Cell 4
Salinity

Reactor Stage

The seawater feed in to Perth tap water demonstrated the complete salinisation of the Perth tap water in
80.0 hrs.
Table 5. SABRBODS Seawater Desalination

SABRBODS Seawater Desalination Process
100

Resulting Salinity (ppt)

Seawater

10.1

10

4.57
2.75
1

0.682
0.442
0.421
0.1
0

1

2

3

4

5

6

7

13.7

7.7

Reactor Stage
0.25

21

4/10/2017 9:30

8
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Table 6. SABRSOIL Process Desalination

Parts Per Thousand

EARTH SUSTAINING SCIENCES AGRICULTURAL SOIL BIODESALINATION
34
32
30
28
26
24
22
20
18
16
14
12
10
8
6
4
2
0

13:30
HRS

14:00
HRS

17:00
HRS

19:00
HRS

01:00
HRS

03:00
HRS

SOIL

05:00
HRS

16:30
HRS

LIQUOR

17:00
HRS

18:00
HRS

20:00
HRS

07:30
HRS

09:30 11:30 hrs
HRS

EFFLUENT

The salts available in the agricultural waters and soils are mainly sodium chloride, calcium bicarbonates,
magnesium bicarbonates, chlorides and sulfate. The fact that at a basic level, the difference between sites
experiencing a salinity problem are largely a matter of concentration, allowed a new approach to desalination.
In most areas of Western Australia, for example, about three-quarters of the total soluble salt is sodium
chloride, though this may vary between coastal and inland areas. An example published by the Western
Australia Department of Primary Industries and Regional Development, states that in irrigation water at
Carnarvon, a coastal centre, only about half the total soluble salt is sodium chloride.
The Government of Western Australia Department of Water Proposed Guidelines for Treating Acidic Drain
Water in the Avon catchment, Western Australia: Adapting Acid Mine Drainage Treatment Systems for Saline
Acidic Drains, States that,
acidic drain waters in the WA Wheatbelt are saline, commonly ranging from 30 000 mg total dissolved
salts (TDS)/L to 80 000 mg TDS/L (Degens et al. 2008b; Fig. 1). During summer the salinity can exceed
100 000 mg TDS /L, particularly in trickle flows. The pH in flowing water can be as low as 1.8 in summer–
autumn and up to 4 in winter–spring. After rain, the pH of some drain water can increase to more than
5. Few drain waters are consistently pH 4–6). Surveys have found that more than half of the acidic drains
contain flowing water with high concentrations of soluble iron (Fe, at >25 mg/L) and aluminium (Al,
commonly at >80 mg/L) (Degens et al. 2008b). Aluminium is frequently the dominant dissolved metal:
more than 70% of acidic drain samples contained aluminium in higher concentrations than iron –
generally more than double. Manganese (Mn) can also be present, but generally does not exceed
concentrations of 6 mg/L in flowing water. Dissolved minor elements such as lead (Pb), copper (Cu), zinc
(Zn), nickel (Ni), uranium (U) and rare earth elements (lanthanum, cerium) can also occur in high
concentrations (>0.5 mg/L) in some, but not all, acidic drain waters (Degens et al. 2008b). Dissolved
cadmium (Cd), arsenic (As) and selenium (Se) can also occur, though are less common.
The concentrations of nutrients in drain water are often very low, with nitrate and ammonia generally less
than 2 mg/L and 3 mg/L respectively. Soluble phosphate is generally less than 0.2 mg/L and frequently
cannot be detected (Shand & Degens 2008). These nutrients can be significantly concentrated, along with
salts, in trickle flows occurring during summer. In contrast to nutrients, concentrations of dissolved organic
carbon can be quite high, with many acidic drains containing water with more than 15 mg dissolved organic
carbon/L (Shand & Degens 2008). Despite being open to the atmosphere, drain waters are often poorly
oxygenated.

Earth Sustaining Sciences-Symbiotic Aquatic BioReactor Process-SABR
Shand & Degens (2008), propose solutions supported by Department which are considered by ESS and others
to be extremely pedestrian and at best only partially effective. The approaches suggested are commonly
considered commercially and eco-societally inadequate as real and sustainable solutions.
Table 7. SABRBODS Seawater Biodesalination Results

SABRBODS SEAWATER BIOLOGICAL DESALINATION SERIES RESULTS
35

10.1

10
SALINITY PPT

4.57
2.75

1

0.682
0.421
0.355

0.329

0.1
TIME 00:00

TIME 12:00

TIME 00::00

TIME 12:00

TIME 00:00

The ESS SABR process is the only current globally proven economic, low-risk multifunctional solution to Acid Mine
Drainage, Caustic Industrial Effluent and Mining, Industrial and Agricultural Salinity. The advancements from the
SABR process now delivers Seawater and tidally disturbed lands desalination. The all-natural salinity reductions
achieved by the ESS Team are currently the most advanced available, and are far beyond the achievements of
governments, bureaucracies, and institutions claiming that agricultural Australia needs to continue to apply the
time worn failed solutions that do little more than increase commercial perils, and perpetuate the ever downward
economic, environmental, and societal spiral. We should be ever conscious of those whose arrogance exacerbates
their own incompetence. One must be cautious of the claims and agendas of bodies that propose that a given
eco-societally prosperous activity may be synonymous with sustainability, always remembering that sustainability
may not necessarily be synonymous with eco-societal prosperity. The ESS SABR solution is easily tailored to
individual sites and can be delivered through group management and multiple site management groups, in a cost
sharing model. The ESS Institute is also able to teach and train in solutions that can be delivered on farm by
farmers at affordable costs, with ESS Team support and technical management. The biological techniques have
been developed and proven; farmers need only apply and manage their own site implementation.
Figure 8. Open Symbiotic Aquatic BioReactor (SABR) System Blended with Natural Environment
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Figure 9. Tiered symbiotic aquatic bioreactor (SABR) system

Figure 10. Tiered symbiotic aquatic bioreactor (SABR) bioactivated polishing wetland system
Figure 11. Open symbiotic aquatic bioreactor (SABR) soil treatment and salinity reduction system

Project commencement salinity denuded soil

2000 hrs SABR treatment program

Figure 12. Engineered layouts for scalable open 10 million litre/day SABR treatment system

Figure 13. SABR system solutions can fit with environments and be absorbed into natural system with
minimal disturbance.

Earth Sustaining Sciences-Symbiotic Aquatic BioReactor Process-SABR
Figure 14: The Common Reality

Figure 15: The Potential of ESS SABR Bioorganically Improved Practice
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