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Evaluation of Survivor-06 Water
- Purification Device

K.W., James, G.F. Thomson

and A.T. Hancock

MRL Technical Note
MRL-TN-625

Abstract

The Survivor 06 water purification device was evaluated for the efficacy of the biocide
cleaning protocol and the effictency of the device in Australian Defence applications. A
field method of assuring the integrity of the membrane was developed. It was concluded
that the biocide cleaning protocol is effective, the device is suitable for supplying
emergency drinking water for relatively inactive groups of up to three persons, and that
the integrity of the membrane should be tested during routine maintenance using a

protocol based on the SeaMark sea marker dye.
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Evaluation af Survivor-06 Water
 Purification Device

1. Introduction

The Royal Australian Air Force Institute of Aviation Medicine (AVMED)
requested an evaluation of a small, hand-operated reverse osmosis unit with the
brand name SURVIVOR-06 (Boothby, 1991). Two of the units were supplied, one
packaged in original packaging. Literature detalling previous evaluations
available to AVMED was provided.

The Survivor 06 reverse osmosis water purification device is based on revesse
osmosis membrane technology with a specially designed plumbing system to
recover energy and minimise effort by the operator (FHembres, 1988). Operation
and care of the device are fully described in the technical manual (Recovery
Engineering, 1989) and a condensed version is supplied with the device
(Lifestream, 1989).

The intended use of the device would be to supply water for drinking in an
emezrgency. The device would be included as part of the survival equipment of
the life raft used in small aircraft with only a few crew or passengers. Life rafts
of large aircraft would be supplied with a larger device. It may also have
applications for small Army units operating in inland Australin wishing to use
highly saline bore water, or highly contaminated river or swamp water.

There is extensive literature documenting the efficacy of reverse osmosis for
sterilising and desalinating water (Scott, 1981; Wellon and Soucey, 1987; Wellon,
Kouwrnikakis, Fulton, Bhatti, Fildes, Knodel and Spence, 1987; Aircraft Support
Executive, 1989; Hembree, 1988; Dickinson, Burrows and Nelson, 1988).
Provided the membrane is intact and the effluent tube has not becorme
contaminated, then this technology is capable of providing potable water from
sea water or swamp water. The manufacturer describes the membrane as a thin
film polyamide composite (Recovery Engineering, undated), which has good
resistance to hydrolysis and may be stored dry (Scott, 1981, p. 68). Thii:
membrane material is sensitive to chlorinated feed waters (Ko arid Guy, 1988,

p. 199), hence the membrane s sterilised with sulphite before drying and storage.
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After reviewing the literature, it was decided that there were gaps in
knowledge regarding the Survivor 06 in the areas of:

1. efficacy of the biocide for cleaning the effluent tube for the likely period of
usagein an emergency;

2. afield method of ensuring the integrity of the membrane during
inspections of safety equipment;

3. efficlency of the device in Australian Defence survival applications.

2. Methods
2,1 Chemical Methods

~ Untreated waters were examined for pH and conductivity according to the

Standard Methods For The Examination of Water and Wastewater (Franson,
Greenberg, Trussell and Clesceri, 1985, p.431 and p.76).

.A solution of sea marker dye was prepared and passed through the Survivor 06
device. The spactrum of the dye solution and the permeate solution was scanned
from 450 to 550 nm with a Shimadzu 240C Graficord UV-visible
spectrophotomaeter.

2.2 Microbiological Methods

The efficacy of the biocide protocol provided by the manufacturer (Lifestream,
1989) was evaluated after treuting naturally contaminated water from three
sources that had various degrees of salinity. Total viable counts of micro-
organisms were determined by the Pour Plate Method (SAA, 1975) for:

untreated water;

permeaate from passage of untreated water (i) through Survivor 06 device;
permeate, from passage of sterile deionised water through the

Survivor 06, 24 h after biocide treatment,

fv, permeate, from passage of sterile deionised water through the

Survivor 06, 5 d after biocide treatment.

B

3. Results and Discussion

Local natural watars were tested for use as feedstock for the Sursivor 06 with the
results obtained in Table 1. Pond water was chosen as an example of biologically
contaminated water with a low dissolved ion content. Great Forester River
estuary water was chosen a3 a moderately brackish water wath biclogical
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contamination. The beach effluent water was chosen as a salty water with
biclogical contamination.

Table 1: pH, Conductivity and Total Viable Count of Initial Untreated Water

Water Source pH Cond:scﬂvity Total Viable Count/mL
Pond water 89  12x10 6.2x108 -
Graat Forester River estuary 8.1 14%108 40x108

‘Beach effluent (town drainage) 74 5.0x10° 3.2 106

Treatment of further samples with the device virtually sliminated the biological
contamination from each of the permeate waters (Table 2). The biocide protocol
for the device was found to be effective over a five day period (Table 2). The two
units tested gave similar results. Therefore, the device is effective, provided the
membrane remaint intact.

Table 2: Microbiological Resuits of Test Waters

Source Water Treatment Total Viable
Count/mL
Pond water Untreated 57x102
Permeate <]
Sterile delonised water 2. h post biocide permeate <l
Great Forester River estuary Untreated 3.8x104
Permaate <10
Sterile delonised water 24 h post blocide permeate <1
Sterile deionised water 5 d post biocide permaeate <l
Beach effluent (Town Drainage) Untreated 2.8%108
Permeate <1
Sterlle deionised water 24 h post blocide permeate <1
Sterile delorised water § d post biocide permaeate <1

The dye marker solution (strongly coloured red/green) was found to have an
absorbance maxima of 2 absorbance units at 490 nm. The clear permeate from
the dye marker solution was found to have zero absorbance at 490 nm. This
demonstrates that the dye marker will not permeate through an intact membrane
and can be used for field testing of the integrity of the membrane. A suggested
fleld testing protocol is included at Appendix A.
Throughput of the parmeate is of the order of 1 L/h (2 US pinvs/h, Hembree,
1988) using 2.8 k] ensrgy (Pers. comm., D. Watson, AVMED, 1991). The typical
adult (70 kg male) requires a minimum of 2 L water per day and up to 20 L per
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day under extreme conditions of climate and exercise. This throughput would
be adequate for a group of up to three persons in a life raft when water
production is the major exercise activity. It would be too slow and inadequate
for an active small Army unit in inland Australia. There may be some
applications when this device would be adequate for small Army units, but they
would require conditions where the device could be used for a sufficient period.

4. Conclusions

The Survivor 06 hand operated reversu osmosis water purification device is
effective in producing potable water for an individual and groups of up to three
persons, depending on the conditions of use. It is suitable for uscin an
emergency to supply water for crashed aircrew at'sea. It may have limited
applications for Army to desalinate bore water for small groups. However, a
larger unit would be more effective.

The biocide treatment used for storage of the device is effective in preventing
biological contamination of the permeate stream, pro~ided the manufacturer's
instructions are followed.

If the membrane is damaged, the permelte water will be brackish from a ulty
water source and the device will be eesier to operate. It will also pass sea marxer
dye through the membrana. The sea 1aarker dye should be used for routine
testing of the device during nornial maintenance as described in Appendix A.
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Appendix A

Test for Membrane Integrity of Reverse Osmosis
Water Pyrification Device

1.  Add cnesmal pellet (0.3 g) of sea marker dye (SeaMark) to 1 L water.

2. Allow at least 10 minutes with stirring for dye to disperse. The water
becomes reddish green,

3. Pump through the Survivor 06 sufficient dye solution to collect 50 - 100 mL
of clear permeate solution.

4, If there is any evidence of green colour in the permeate water the
membrane of the Survivor 06 should be replaced.

5. Reverse osmosis water treatment devices that pass this test should be
repacked using the biocide according to the manufacturer's instructions.

10

[

;
:'g
i

- R L. LS P s 1

b W e

et ek

U R R L

P i




SECURITY CLASSIFICATION OF THIS PAGE UNCLASSIFIED
REPORT NO. AR NO. REPORT SECURITY CLASSIFICATION
MRL-TN-625 AR-008-227 Unclassified
TITLE & £
Evaluation of Survivor 06 Water Purification Device ! i
AUTHOR(S) CORPORATE AUTHOR ! v
K.W. James, G.F. Thomson and DSTO Materials Research Laboratory i $.
A.T. Hancock ’ PO Box 50 - i '
Ascot Vale Victoria 3032 f
REPORT DATE TASKNO. SPONSOR v ;
March, 1993 . 90/073 DGFD(L) i -
4 !
FILENO. REFERENCES PAGES :
C6/4/8-4218 13 11 . i
CLASSIFICATION/LIMITATION REVIEW DATE CLASSIFICATION/RELEASE AUTHORITY
Chief, Protective Chemistry Division ) |
| SECONDARY DISTRIBUTION e z
: Approved for public release i
| _k
' ANNOUNCEMENT 1
\
'i Announcement of this report is unlimited
KEYWORDS . ]
Reverse Osmosis Biocide Protocols Potable Water :
Microbiology Membrane Integrity Drinking Water
ABSTRACT |
The Survivor 06 water purification device was evaluated for the efficacy of the biocide cleaning protocol and the
efficiency of the device in Australian Defence applications. A field method of assuring the integrity of the 3
E membrane was developed. It was concluded that the biocide cleaning protocol is effective, the device is suitable ?
E for supplying emergency drinking water for relatively inactive groups of up to three persons, and that the A .
; integrity of the membrane should be testad during routine maintenance using a protocol based on the SeaMark 3 !
? sea marker dye. A ;
?l | ,
‘ i
\
} SECURITY CLASSIFICATION OF THIB PAGE ;
i UNCLASSIFIED g
I ;!

i
i

el e e s wr AR At YRS
L




Evaluation of Survivor 06 Water Purification Device
K.W. James, G.E. Thomson and A.T. Hancock
(MRL-TN-625)

DISTRIBUTION LIST

L1 gctor, MRL

(i 4et, Protective Chemistry Division
U R Richards

k W, Tames

¢. * Thomson

« T, Hancock

MR Info: mation Service

" &t Defence Scientist (for CDS, FASSP, ASSCM)

i -.-ector, Surveillance Research Laboratory

[ :vecter (fou Library), Aeronautical Research Laboratory

- scter, Electronics Research Laboratory

! ad, Information Centre, Defence Intelligence Orgardsation

1< Technical Reports Centre, Defence Central Library

Ot ficer in Charge, Document Exchange Centre

A my Scientific Adviser, Russell Offices

v - Forze Scientific Adviser, Russell Offices

~ vy Scientific Auviser, Russell Otfices

' .entific Adviser, Defence Central

+ irector-General Force Development (Land)

“w njor Librarian, Main Library DSTOS

Ihrarian, MRL Sydney

Librarfan, H Bleck

t K/USA/CAN ABCA Armies Standardisation Rep. ¢/- DGAT
!iorarian, Australian Defence Iurce Academy

¢ cunsellor, Defence Science, Embassy of Australia - data sheet only
C--unsellor, Defence Science, Australian High Comumisaion - data sheet only
< entific Adviser to DSTC, C/- Defence Adviser - data sheet only

- .ontific Adviser to MRDC, C/- Defence Attache - data sheet only

i+ d of Staff, British Defence Research and Supply Staff (Australia)

. .SA Senior Scientific Representative in Australia

I~ SPEC: Acquisitions Section Institution of Elcctrical Engineers

11-ad Librarian, Australian Nuclear Science and Technology Organisation
'« ajor Librarian, Hargrave Library, Monash University

| :orary - Exchange Desk, National Institute of Standards and Technology, US
i change Section, British Library Document Supply Centre

I"-riodicals Recording S=ction, Science Reference and Information Service, UK
L.orary, Chemical Abstracts Reference Service

b1 gineering Societies Library, US

D cuments Librarian, The Center for Research Libraries, US

| » Dougal Watson, Research Officer, Institute of Aviation Medicine, RAAF Bage Williams,

Point Cook, VIC. 3027
« ' Science, HQ 1st Division, Gallipoli Barracks, Enoggera, Qld 4052
2 LE, DEGP-A, Materiel Division (Army), Russell Offices, Canberra ACT 2600
+ FIXL) (B-3-8), Russell Offices, Canberra ACT 2600
L TIC, Department of Defence, Anzac Park West Offices, Canberra ACT 2600
iv1 1L Queensland, 456 Palmerston Highway, Innisfail, QLD 4860
L' INHS, Department of Defence, Campbell Park Offices, Canberra ACT 2600

(1 copy)

(8 copies)

(8 copies)

(18 copies)

e~ e

a0 s Rt b s L I PG

o s e aaor e FAY




(MRL-TN-625)
DISTRIBUTION LIST (Continued)

Naval Support Coninand, PO Box 706, Durlinghum NSW 2670 '

Directorate of Fleet Supply Services, Dept. of Defence (Navy), Campbell Park 3-1-5, Canberra ACT 2600
Assistant Chief Ma‘erial - A (ACMAT-A), Russell Offices, Canberra ACT 2600

Assistant Chief Logistics - A (ACLOG-A), Russell Offices, Canberra ACT 2600

Director of Ordnance, MILPO, Bandiana VIC 3694

Director Army Training and Doctrine, N. ntioml Standardisation Office, Russell Offices, 7

Canberra ACT 2600

Director General of Army Health Services; Campboll Park Offices, Canberra ACT 2600
Land Force Headquarters, Victoria Barracks, Paddington NSW 2021

Director of Infantry, HQ Infantry Centre, MILPO, Singleton NSW 2331

Director of Catering, HQ Catering Centre, MILPO, Puckapunyal VIC 3001

Senior Inspector Foodstuffs, Headquarters Logistic Command, GPO Box 1932R,

Melbourne VIC 3001

Headgquarters Logistic Command, St James Plaza, GPO Box 1932R, Melbourne VIC 3001 (3 copies)
Headquarters Training Command, Naval PO, Balmoral NSW 2051
Headquarters Land Warfare Centre, Kokoda Barracks, Canungra QLD 4275
Head, Defence Centre - Brisbane, Locked Bag 4, Roma Street PO, Brisbane QLD 4003
Head, Defence Centre - Sydney, PO Box 706, Darlinghurst NSW 2010 (2 copies)
Head, Defence Centre - Melbourne, GPO Box 1932R, Melbourne VIC 3007 (2 copies)
Librarian, H Block, Victoria Barracks, Melbourne VIC 3000
Head, Defence Centre - Adelaide, Keswick Barracks, Keswick SA 5035
Head, Defence Centre - Perth, Locked Bag 5001, Fremantle WA 61°60 (2 copies)
Head, Defence Centre - Hobart, Anglesea Barracks, Davey St, Hobart TAS 7001
Head, Defence Centre - Darwin, GPO Box 4746, Darwin NT 0801
Librarian, Bridges Memorial College, Duntroon ACT 2600
Commanding Officer/Chief Instructor, RAAOC Centre, MILPO, Bandiana VIC 3662 (3 copies)
Director of Logistics Policy (LPOL2), Dept. of Defence (Air Force), Russell Offices,

Canberra ACT 2600

Director General Air Force Health Services, Dept. of Defence, Campbell Park Offices,
Canberra ACT 2600

Headquarters Operational Command (Staff Office Catering), RAAF, Glenbrook NSW 2773

Headquarters Support Command (CEO4/E41), RAAF, Defence Centre, 366 St Kilda Rd,
Melbourne VIC 3000

Commanding Officer, Institute of Aviation Medicine, Point Cook VIC 3029

Associate Professor C.W. Binns, Head, School of Community Health, Curtin University of
Technology, GPO Box U1987, Perth WA 6001

Librarian, CSIRO Division of Food Processing, PO Box 52, North Ryde NSW 2113

Australian Govt Analyst, PO Box 65, Belconnen ACT 2616

The Director, Australian Governunent Analytical Laboratories, PO Box 385, Pymble NSW 2073

The Director, Australian Government Analytical Laboratories, 51-65 Clarke St,
South Melbourne VIC 3205

The Director, Australian Government Analytical Laboratories, 338 Tapleys Hill Rd, Seaton SA 5023

The Director, Australian Government Analytical Laboratories, PO Box 83, Cottesloe WA 6011

The Director, Australian Governument Analytical Laboratories, PO Box 84, Kingston TAS 7050

Librarian, Antarctic Division, Channel Highway, Kingston TAS 7050

(6 copies)

Librarian, Dept. Community Services & Health, GPO Box 9848, Canberra City ACT 2601 (2 ropies)
Dr R.C. Hutchinson 1.5.0., Derwentlaken Road, Otago, TAS 7017
Serials Section, State Library of Tasmania, Hobart TAS 7000 (2 copies)

Serials Unit, State Library of Queensland, PO Box 488, South Brisbane QLD 4101

Head, School of Food Technology, University of NSW, Kensington NSW 2033

Serials, Biomedical Library, University of NSW, Kensington NSW 2033

The Medical Library, Flinders University of South Australia, Bedford Park SA 5042

Australian Archives, Tasmanian Regional Office, 4 Roany Hill Road, Rosny Park TAS 7018 (2 coples)

e wZTi Y

e

8 e ot om B N0

PR SN0 VLV L SR S CHVAL T T T s N

e b S e S OIS

e e R \-WI*N' Ry

[y SR

s T -




(MRL-TN-625)
DISTRIBUTION LIST (Continued)

Austriliin Aring Representative, ‘Atitealin Hotise; SRk, Lordom WEZ BALA, UK

DGST(N) 82B, Room 91, D Block, MOD Ensleigh, Bath BA1 8AB, UK

Sendor Food Chemist, Room 88, D Block, MOD Ensleigh, Bath BA1 5AB, UK '

MOD, Defence Medical Services Directorate (EMR2), First Avenue House, High Holborn,

London WC1V 6HE, UK

Library, APRE, Building F138, C/- RAE, Farnborough GU14 6TD, UK

Librarian, Leatherhead Food R.A. Randalls Road, Leatherhead KT22 7RY, UK

Dr D.AT. Southgate, Nutrition & Food Quality Dept. Institute-of Food Research, Colney Lane,

Norwich NR4 7UA, UK
Principal Food Chemist, Laboratory of the Government Chemist, Armed Services Food

Laboratory, Royal Clarence Yard, Gosport PO12 1AY, UK
Librarian, AFRC Institute of Food Research, Bristol Laboratory, Llngford, Bristol BS18 7DY, UK
Food Science Laboratory - MAFF, 65 Romney St, London SW1, UK
D Food S, National Defence Headquarters, 101 Colonel By Drive, Ottawa,

Ontario K1A OK2, Canada
NDHQ Main Library (Att. Land Technical Library), National Defence Hndquamn,

101 Colonel By Drive, Ottawa, Ontario K1A OK2, Canada
Librarian, Research Branch, Food Research and Development Centre, 3600 Casavant Blvd West,

Saint-Hyacinthe, Quebec 23 8E3, Canada
Director, Food Research & Nutrition Council, C/- Food Commissioner, Union Place,

Colombo, Sri Lanka
Armed Services Food Chemist, 89 Supply Depot RAOC (BFPO 40), Viersen, Germany
Defence Adviser, Ghana High Commission, 13 Belgrave Square, London SW1X 8PR, UK (5 copies)
Director General, Research & Development Organisation, Ministry of Defence, New Delhi 11,

India (2 copies)
Director, Food Research Laboratory, Jyothinagar, Mysore 570 010, India (2 copies)
Director, Ministry of Defence, Jalan Padang Tembak, Kuala Lumpur 40634, Malaysia (3 copies)
The Director, Defence Scientific Establishment, Ministry of Defence, Auckland Naval Base

Post Office, Auckland, NZ
DTMC, RNZCT Directorate, Army General Staff, Private Bag, Wellington, NZ
503 Poodstuffs/ POL Section, Directorate of Supply, HQ PNGDF, Free Mail Bag, Boroka NCD,

Papua New Guinea

Science Research Supervisor, Food Research Division, Food & Nutrition Research Institute,
Manila, Philippines

Mr Philip Brandler, Food Engineering Laboratory, US Army Natick RDT & E Center,
Attn: STRNC-Y, Natick MA 01760-5020, USA

Dr Elizabeth Sutphen, Department of the Army, US Army Foreign Science & Technology Center,
220 Seventh Street, NE, Charlotteville, Virginia 22901, USA

STRNC-W, US Army Natick R & D Center, Natick MA 01760-5020, USA

(3 coples)

-

b iestons
ot

T

b et G e R e

akte nlidbdre S

T " Www:m-ﬁ—/-n.wwthw-mw

¢
Py Y —a—wnmr\ﬁ




