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CHAPTER 6

VI RUS ADSORPTI ON- ELUTI ON (VI RADEL) CARTRI DGE FI LTER PROCEDURES
FOR RECOVERI NG VI RUSES FROM SEWAGES, EFFLUENTS, AND WATERS

In principle, the Virus Adsorption-Elution (VIRADEL) Cartridge
Filter Procedures described in this chapter are the sane as
Met hod 2 described in Chapter 5. The VIRADEL cartridge filter
procedures require much greater volunmes of elutant than Method
2 in Chapter 5 requires, but the cartridge filter procedures
may be used for sanple volunmes greater than 200 liters and

per haps for volunmes greater than 2000 liters.

Waters that contain chlorine and cannot be processed

i mmedi ately nust be dechlorinated i medi ately upon coll ection.

| medi ate dechl orination may be acconplished by placing into
the collection vessel 0.8 nL of a 10 percent solution of sodium
t hi osul fate (Na2S203) for each liter of water to be coll ected.
That quantity of Na2S203 is sufficient for neutralizing 15 ny
of chlorine per liter.

Use aseptic techniques and sterile materials and apparat us
only. Sterilize all contam nated materials before discarding
them (see Chapters 2 and 3).

Provi de physical support as necessary for equi pment that is not
free-standi ng.

1. ADSORPTI ON -- METHOD ONE

This procedure may be used for all waters that do not require



prefiltration.
1.1 Preparation

1.1.1 Apparatus and Materials. Install quick-disconnect
connectors on ports of all apparatus except on additive punps.

(a) Hol der for 10-inch (size is given in inches when
commercially designated only in that unit) cartridge filter
(Fulfl o, Mbdel No. F15-10, Comercial Filter Division,

Car borundum Co., or equivalent).

(b) Cartridge filter, pleated epoxy-fiberglass -- 10-inch,
0.45-m croneter pore size (DUO-FN 10-E-0.45 A ECIS, Filterite
Corp., or equivalent).

(c) Plastic-coated druns -- 200-liter capacity, or other
containers of size suitable to hold sanple, if sanple is not
punped directly from source.

(d) Sterilizable self-primng water punp that delivers
approximately 25-50 liters per mnute. Punp is not needed if
sanpl ed water is under pressure, e.g., tap water.

(e) Carboy, autoclavable plastic with nipple on bottomfitted
with tubing clanped to a dispensing Y (clanp tubing cl osed
between nipple and Y) -- 20-liter capacity. |If the water at
the sanpling site is to be drawn directly froma pressurized
source and is to be dechlorinated, then two sinmlarly fitted
carboys are needed. O herw se, only one carboy is needed.

Twi ce the nunber of carboys is needed under these conditions if
wat er vol unes greater than 400 liters are to be processed.

(f) Fluid proportioner consisting of fluid-driven notor with
four additive punmps (Johanson and Son Machi ne Corp., Mdel ML4Q
with one P-562 and one P-750 additive punp affixed to each side
of the fluid-driven notor, or equivalents). Assenble fluid
proportioner, and connect tubing in accordance with

manuf acturer's instructions.

(g) M xing chamber (Johanson and Son Machi ne Corp., C-SS, or
equi val ent) .

(h) pH neter, nmeasuring to an accuracy of at least 0.1 pH unit,
equi pped with a conbi nation-type el ectrode (Van London Co., or
equi val ent, for electrode only).

(i) Tee, stainless steel, with three female NPT (National Pipe
Thread) ports. Center port equipped with pH electrode in-Iline
adapter (Van London Co., or equivalent, for adapter only).



(j) Autoclavable inner-braided tubing fitted with netal

qui ck-di sconnect connectors for connecting tubing to equi pnent
to be used under pressure. Quick-disconnect connectors can be
used only after equi pment has been properly adapted.

(k) Magnetic stirrer and stir bars.
(I') Water nmeter (Badger Meter Inc., or equivalent).

(m Positive pressure source equi pped with pressure gauge.
Pressure source, if laboratory air line or punp, nust be

equi pped with oil filter. |If source is capable of producing
hi gh pressure, deliver to filter holder no nore pressure than
recommended by manuf acturer.

1.1.2 Media and Reagents

(a) Hydrochloric acid (HCl) -- 0.12 and 12 M (concentr at ed)
solutions. Prepare 100 to 500 mL of 0.12 MHCI. This solution
may be stored for several nonths at room tenperature

(b) Sodiumthiosulfate (Na2S203 - 5H20) -- 40 percent (wv)
stock solution (with respect to Na2S203 - 5H20). Prepare one
liter of Na2S203 solution by dissolving 400 g of Na2S203 - 5H20
in 500 nL of deionized distilled water and bringing final

vol une of solution to one liter with deionized distilled
water. This solution may be stored in dark, rubber-stoppered
bottle for up to one nmonth at room tenperature. This solution
is to be used to dechlorinate water that cannot be
dechl ori nated except immediately prior to test procedure (e.g.,
tap water tested directly at source). For dechlorinating al

ot her waters, see beginning of chapter.

(c) Alum numchloride (AICI3 - 6H20 -- 3 M stock solution.
Prepare 100 nmL of 3 MAICI3 for each 400 liters of water to be
processed.

1.2 Procedure (see Figure 1 for flow diagram of procedure)

In this procedure an apparatus is described that can be used
with clean waters, such as tap waters, where only a 0.45

m cronmet er pleated epoxy-fiberglass cartridge filter is needed.
For waters that are sufficiently turbid so that the vol une
filtered will clog this filter, prefilters are required and

Met hod 1 cannot be used. For turbid waters, use Method 2
described in Section 2. Experience usually dictates the nethod
of choice. (CAUTION: Turbid water may clog the fluid
proportioner and, if abrasive, my danmage it).

1.2.1 Preparation and Inplenentation. It is usually convenient
to sterilize each piece of apparatus and equi pnent one or nore



days before it is used (see Chapter 3). It is convenient to
sterilize apparatus in small units when sterilization is
acconmpl i shed by steam or ethyl ene oxide. However, it is

advi sabl e to assenbl e and connect units of apparatus that are
to be sterilized by chlorination. The interconnected apparatus
can be disassenbled after the chlorination procedure is
conpleted, the ports covered with alum numfoil, and the units
stored until used.

(a) Assenbly of apparatus (see Figures 2 and 3). Use
i nner-braided tubing fitted with quick-di sconnect connectors to
make all connections for apparatus to be used under pressure.

(a.1) If sanple is under pressure, connect water source A
(e.g., tap water), to inlet port B2 of fluid proportioner B

I f sanple is not under pressure, connect water source to inlet
port AAl of self-primng water punp AA. Connect outlet port
AA2 of water punp AA to inlet port B2 of fluid proportioner B.

(a.2) Connect outlet port B4 of fluid proportioner B to inlet
port E1 of m xing chanmber E.

(a.3) Connect outlet port E2 of m xing chanmber E to one arm of
pi pe tee F.

(a.4) Lock pH electrode Gl into pH electrode in-line adapter
G&2. The sanme pH electrode (after sterilization) that is used
to adjust pHin Step (c.4) my be used.

(a.5) Connect other arm of pipe tee F to inlet port Hl of
cartridge filter hol der H.

(a.6) Connect outlet port H3 of cartridge filter holder Hto
inlet port 11 of water neter |I.

(a.7) Connect outlet port 12 of water nmeter | to discard.

(b) Preparation of salt supplenent. Preparation of sufficient
salt supplenment for 400 |liters of processed water is described
below. If nore or less water is to be processed,
proportionately nmore or |ess salt supplenent needs to be
prepared. \When nore salt supplenent is needed, prepare it in
anot her carboy.

(b.1) Renmove cover from 20-liter carboy C.
(b.2) Pour 10 liters of deionized distilled water into carboy

C, and add 67 mL of 3 MAICI3 solution to the dei oni zed
distilled water.



(b.3) Replace cover |oosely on carboy C.

(c) Preparation of acid for adjustnent of pH

(c.l) Pour 380 mL of test water into a 600-mnmL beaker.
(c.2) Place stir bar into test water.

(c.3) Place beaker on nmagnetic stirrer, and stir at speed
sufficient to develop vortex in test water

(c.4) Place pH electrode into test water. pH nmeter nust be
st andardi zed before it is used.

(c.5) Adjust pH of test water to 3.5 plus or minus 0.1 with
0.12 M HC .

(c.6) Record volunme of 0.12 M HC wused.

(c.7) Add to carboy C a volune of 12 M HCl equal to 11 tinmes
the quantity of 0.12 M HClI needed to reduce the pHin the 380
mL vol unme of test water to 3.5 plus or mnus 0.1.

(c.8) Bring the volunme of acid-salt solution to 20 liters with
dei oni zed distilled water, and m x solution well.

(d) Preparation of Na2S203 sol ution for dechlorination. Step
(d) applies only to chlorinated waters processed directly
froma source (e.g., tap water). All chlorinated test waters
obt ai ned from sources outside of the processing facility nust
be dechl ori nated i nmedi ately when the sanples are obtained (see
begi nni ng of chapter). Preparation of sufficient Na2S203 for
dechlorinating 400 liters of processed water is described
below. |[If nmore or less water is to be processed,
proportionately nmore or | ess Na2S203 needs to be prepared.

When nore Na2S203 is needed, prepare it in another carboy.

(d. 1) Renove cover from 20-liter carboy D

(d.2)Pour 10 liters of deionized distilled water into carboy D.
(d.3) Add 186 mL of 40 percent Na2S203 solution to the

dei oni zed distilled water in carboy D to give final nolarity of
0.03, and m x solution well.

(d.4) Replace cover |oosely on carboy D.

(e) Fluid proportioner

(e.1l) Connect a long length of tubing to each end of dispensing



Y on 20-liter carboy C that contains the acid-salt solution
prepared in Step (c.8) above. Tubing is already in place if
addi tive punps are sterilized with chlorine (see Section
1.2.1). In this instance, disconnect tubing from bottons of
(larger) additive punps Bla, and continue with Step (e.2).

(e.2) Renove cover fromtop of carboy C
(e.3) Place free end of each tube into nouth of carboy C.

(e.4) Release pinch clanp, and allow acid-salt solution to flow
into tubes.

(e.5) Renove tubes from nmouth of carboy C, and insert tubes
into the inlet (bottom ports of (larger) additive punps Bla.
Al l ow acid-salt solution to flow freely into tubing, but
mani pul ate tubes to prevent overfl ow.

(e.6) Replace cover |oosely on carboy C

(e.7) Adjust the calibration on the metering rod for each punp
Bla to a 3.2 setting. This calibration equals delivery rate of
1 part of acid-salt solution to each 19 parts of test water.

| f dechlorination is not necessary, |eave the ports of the two
remai ning (smaller) additive punps Blb covered (see Section
1.2.1), and go to Step (e.15).

(e.8) Connect a long length of tubing to each end of dispensing
Y on 20-liter carboy D that contains the 0.03 M Na2S203
solution prepared in Steps (d.1-d.4) above. Tubing is already
in place if punps are sterilized with chlorine (see Section
1.2.1). In this instance, disconnect tubing from bottons of
addi tive punps, and continue with Step (e.9).

(e.9) Renpbve cover fromtop of carboy D
(e.10) Place free end of each tube into nouth of carboy D.

(e.11) Rel ease pinch clanp, and all ow Na2S203 solution to fl ow
into tubes.

(e.12) Renove tubes from nmouth of carboy D, and insert tubes
into the inlet (bottom ports of (smaller) additive punps Blb.
Al l ow Na2S203 solution to flow freely into tubes, but
mani pul ate tubes to prevent overfl ow.

(e.13) Replace cover | oosely on carboy D.

(e.14) Adjust the calibration on the nmetering rod for each
additive punp Blb to a 1.3 setting. This calibration equals



delivery rate of one part of 0.03 M Na2S203 solution to each
99 parts of test water

(e.15) Disconnect tube frominlet port E1 of m xing chanber E,
and connect tube to discard.

(e.16) To renove air fromtubes, prime all additive punps by
hand- operating nmetering rods in a reciprocating notion.

(e.17) Reconnect tube fromoutlet port B4 of fluid proportioner
Btoinlet port E1 of m xing chanmber E.

1.2.2 Filtration of Sanple
(a) Unscrew base of cartridge filter hol der H.

(b) Center 0.45-mcronmeter pleated epoxy-fiberglass cartridge
filter into base of filter holder H

(c) Screw base of cartridge filter holder Hinto its top section

and wrench-tighten to seal
(d) Make initial reading on water neter |, and record reading.

(e) Open vent/relief valve H2 on top of cartridge filter hol der
H.

(f) Open source valve A or start water punp AA to provide
maxi mum fl ow t hrough system

(g) Close vent/relief valve H2 on cartridge filter holder H as
soon as water flows through val ve.

(h) Wpe up spilled water with | aboratory di sinfectant.

(i) Read pH neter G to ascertain that proper pH is achieved.
Read neter periodically to be certain that proper pHis

mai ntained. If pH readjustnment is necessary, appropriately
alter settings on netering rods for (larger) additive punps
Bla.

(j) After required volune of water has been filtered, close
source valve A or turn off water punp AA

(k) Open vent/relief valve H2 on top of cartridge filter hol der
Hto relieve pressure in system

(I') Close vent/relief valve H2. Wpe up spills with
di si nfectant, as necessary.



(m Disconnect tubing frominlet port HL of cartridge filter
hol der H Disinfect spills at disconnect.

(n) Connect free end of tubing to discard.
(o) Elevate cartridge filter holder H, and invert to drain.

(p) Make final reading on water meter |, and record reading.
Subtract initial reading fromfinal reading to determ ne total
volune filtered. Subtract volume of acid-salt solution used
and vol unme of Na2S203 solution, if used, fromtotal volune
filtered to determ ne volune of water sanple filtered.

(q) Elute viruses fromfilter as described in Sections 3
and 4.

2. ADSORPTION -- METHOD TWO

This procedure may be used for waters that require
prefiltration.

2.1 Preparation

2.1.1 Apparatus and Materials. Install quick-disconnect
connectors on ports of all apparatus except on additive punps.

(a) Cartridge filter, pleated epoxy-fiberglass -- 10-inch (size
is given in inches when comrercially designated only in that
unit), 0.45-m croneter pore size (DUO FN 10-E-0.45 N-ECI S,
Filterite Corp., or equivalent).

(b) Cartridge filter, honeyconb-wound fi berglass yarn --
10-inch, 1-mcroneter and 5-m croneter pore sizes (K 27,
1-mcronmeter and K19, 5-mcronmeter, Commercial Filter Division,
Car borundum Co., or equivalent), as needed. One or nore

fi berglass-wound filters needs to be used only when it is
anticipated that the pleated filter will clog before the
filtration procedure is conplete. In the absence of
experience, honeyconb-wound filters should be used for al

wat ers except tap waters, but may be used for tap waters, if
necessary.

(c) Holders for 10-inch cartridge filters (Fulflo, Mode

No. F15-10, Commercial Filter Division, Carborundum Co., or
equi valent). One holder is needed for pleated filter. An
addi ti onal hol der is needed for each honeyconb-wound
cartridge that is to be used.

(d) Plastic-coated druns -- 200-liter capacity, or other
containers of size suitable to hold sanple, if sanple is not



punped directly from source.

(e) Sterilizable self-primng water punp that delivers
approximately 25-50 liters per mnute. Punp is not needed if
sanple water is under pressure, e.g., tap water

(f) Carboy, autoclavable plastic with nipple on bottom
fitted with tubing clanped to a dispensing Y (clanp tubing
cl osed between nipple and Y) -- 20-liter capacity. |If the
water at the sanpling site is to be drawn directly froma
pressurized source and is to be dechlorinated, then two
simlarly fitted carboys are needed. O herw se, only one
carboy is needed. Twi ce the number of carboys is needed,
under these conditions, if water volunes greater than 400
liters are to be processed.

(g) Four stainless steel pipe plugs (Johanson and Son
Machi ne Corp., A40, or equivalent).

(h) Hose adapter for fluid proportioner equipped with four hose
fittings (quad system) (Johanson and Son Machi ne Corp., A34-Q
and A33 or equivalent).

(i) Fluid proportioner consisting of fluid-driven notor

with four additive punps (Johanson and Son Machi ne Corp., Model
M14Q with one P-562 and one P-750 additive punp affixed to
each side of the fluid-driven notor, or equivalents). Assenble
fluid proportioner in accordance with the manufacturer's
instructions except when otherwi se indicated. |f four tube
fittings with attached tubing are connected to hose adapter H3,
renove the tubing fromthe fittings, and replace the

fittings with four stainless steel pipe plugs (see Figures 4
and 5 for location of hose adapters). Then, screw the four
tube fittings into hose adapter B. Connect a 1.8 neter
(6-foot) length of tubing to the top port on each additive
punp. Connect the free end of each tube |eading fromthe
outlet (top) port of each of the four additive punps to a tube
fitting on hose adapter B.

(j) Mxing chamber (Johanson and Son Machi ne Corp., C-SS, or
equi val ent) .

(k) pH neter, neasuring to an accuracy of at least 0.1 pH unit,
equi pped with a conbination-type el ectrode (Van London Co., or
equi val ent, for electrode only).

(I') Tee, stainless steel, with three female NPT ports. Center
port equi pped with pH el ectrode in-line adapter (Van London
Co., or equivalent, for electrode and adapter only).



(m Autoclavabl e i nner-braided tubing with netal

qui ck-di sconnect connectors for connecting tubing to equi pnent
to be used under pressure. Quick-disconnect connectors can be
used only after equi pment has been properly adapted.

(n) Magnetic stirrer and stir bars.
(o) Water neter (Badger Meter Inc., or equivalent).

(p) Positive pressure source equi pped with pressure gauge.
Pressure source, if laboratory air line or punp, nust be

equi pped with oil filter. |If source is capable of producing
hi gh pressure, deliver to filter holder no nore pressure than
recommended by manufacturer.

2.1.2 Media and Reagents

(a) Hydrochloric acid (HCl) -- 0.12 and 12 M (concentr at ed)
solutions. Prepare 100-500 nmL of 0.12 MHCI. This solution
may be stored for several nonths at room tenperature.

(b) Sodiumthiosulfate ( Na2S203 - 5H20) -- 40 percent (wv)
stock solution (with respect to Na2S203 - 5H20). Prepare one
liter of Na2S203 sol ution by dissolving 400 g of Na2S203 -
5H20 in 500 nL of deionized distilled water and bringing final
vol unme of solution to one liter with deionized distilled water.
Sol ution my be stored in dark, rubber-stoppered bottle for up
to one nonth at room tenperature. Solution is to be used for
wat er that cannot be dechlorinated except immediately prior to
test procedure (e.g., water tested directly at source). For
dechl orinating all other waters, see beginning of chapter.

(c) Alum num chloride (AICI3 - 6H20 -- 3 M stock solution
Prepare 100 mL of 3M AIClI3 for each 400 liters of water to be
processed.

2.2 Procedure (see Figure 6 for flow diagram of procedure)

In this procedure, an apparatus is described that can be used
for waters so turbid that the volume filtered will clog a
0.45-m croneter pleated epoxy-fiberglass cartridge filter.

This apparatus is simlar to that described in Method One of
this chapter except that honeyconb-wound fiberglass filters are
installed in advance of the pleated filter to renove
particul ate matter in the water, and in-line placenent of the
equi pmrent is nodified to allow adjustnment of the pH and salt
concentration of the test waters before those waters are
prefiltered. Experience usually dictates whether prefiltration
is needed. In the absence of experience, use procedure in
Section 1. ADSORPTION -- METHOD ONE for tap waters and for
other waters of simlar clarity. Use a 1 mcroneter



honeyconb- wound fi berglass yarn cartridge filter preceding the
0.45-m croneter pleated filter for surface waters and for other
waters of simlar clarity, and add a 5-m croneter

honeyconb- wound fi berglass yarn cartridge filter preceding the
| -mcroneter filter for secondary and tertiary effluents and
for other waters of simlar clarity.

2.2.1 Preparation and Inplenmentation. It is usually
convenient to sterilize each piece of apparatus and equi pnent
one or nore days before it is used (see Chapter 3). It is
convenient to sterilize apparatus in small units when
sterilization is acconplished by steam or ethylene oxide. It

is convenient to assenble and connect all units of apparatus
that are to be sterilized by chlorination. The interconnected
apparatus can be disassenbled after chlorination, the ports
covered with alum numfoil and the units stored until used.

(a) Assenbly of apparatus (see Figures 4 and 5). Use
i nner-braided tubing fitted with quick-di sconnect connectors to
make all connections for equi pment under pressure.

(a.1) If sanple is under pressure, connect water source Ato
ei ther port of hose adapter B. |If sanple is not under
pressure, connect water source to inlet port AAl of self-
primng water punp AA. Connect outlet port of water punp AA2
to either port of hose adapter B.

(a.2) Connect remmining port of hose adapter B to inlet port Cl
of m xi ng chanber C.

(a.3) Connect outlet port C2 of m xing chanmber C to one arm of
pi pe tee D.

(a.4) Lock pH electrode E1 into pH electrode in-1ine adapter
E2. Sanme pH electrode (after sterilization) that is used to
adjust pHin Step (c.4) nmay be used.

(a.5) Connect other armof pipe tee Dto inlet port F1 of
cartridge hol der F.

(a.6) Connect outlet port F3 of cartridge holder F to inlet
port Gl of cartridge hol der G

(a.7) Connect outlet port G3 of cartridge holder Gto inlet
port H2 of fluid proportioner H.

(a.8) Connect outlet port H4 of fluid proportioner Hto inlet
port K1 of cartridge hol der K.

(a.9) Connect outlet port K3 of cartridge holder Kto inlet



port L1 of water neter L.

(a.10) Connect outlet port L2 of water meter L to discard.

(b) Preparation of salt supplement. Preparation of sufficient
salt supplenment for 400 liters of processed water is described
below. If nore or less water is to be processed,

proportionately nmore or |ess salt supplenent needs to be
prepared. When nore salt supplenment is needed, prepare it in
anot her carboy.

(b.1) Renove cover from 20-liter carboy I

(b.2) Pour 10 liters of deionized distilled water into carboy
|, and add 67 nL of 3 MAICI3 solution to the dei oni zed
distilled water.

(b.3) Replace cover |oosely on carboy 1I.

(c) Preparation of acid for adjustnent of pH

(c.1) Pour 380 nmL of test water into a 600-nL beaker.
(c.2) Place stir bar into test water.

(c.3) Place beaker on magnetic stirrer, and stir at speed
sufficient to develop vortex in test water

(c.4) Place pH electrode into test water. pH nmeter nust be
st andardi zed before it is used.

(c.5) Adjust pH of test water to 3.5 plus or minus 0.1 with
0.12 M HC .

(c.6) Record volunme of 0.12 M HCl used.

(c.7) Add to carboy I a volune of 12 M HCl equal to 11 tines
the quantity of 0.12 M HClI needed to produce the required pH in
t he 380-nL volune of test water.

(c.8) Bring acid-salt solution to 20-liters with deionized
distilled water, and m x solution well.

(d) Preparation of Na2S203 sol ution for dechlorination Step (d)
applies only to chlorinated waters processed directly froma
source. All chlorinated test waters obtained from sources
outside of the processing facility nust be dechl ori nated

i mmedi atel y when the sanples are obtained (see begi nning of
chapter). Preparation of sufficient Na2S203 for
dechlorinating 400 liters of processed water is described



below. |If nore or less water is to be processed,
proportionately nmore or | ess Na2S203 needs to be prepared.
When nore Na2S203 is needed, prepare it in another carboy.

(d.1) Renove cover from 20-liter carboy J.

(d.2) Pour 10 liters of deionized distilled water into carboy
J.

(d.3) Add 186 mL of 40 percent Na2S203 solution to the
dei oni zed distilled water in carboy J to give a final nmolarity
of 0.03, and m x solution well.

(d.4) Replace cover |oosely on carboy J.
(e) Fluid proportioner

(e.1l) Connect a long length of tubing to each end of dispensing
Y on 20-liter carboy | that contains the acid-salt solution
prepared in Step (c.8) above. Tubing is already in place if
additive punps are sterilized with chlorine (see Section
2.2.1). In this instance, disconnect tubing from bottom of

addi tive punps Hla, and continue with Step (e.?2).

(e.2) Renove cover fromtop of carboy I
(e.3) Place free end of each tube into nouth of carboy I.

(e.4) Release pinch clanp, and allow acid-salt solution to flow
into tubes.

(e.5) Renove tubes from nmouth of carboy I, and insert tubes
into inlet (bottom ports of (larger) additive punps Hla.

Al'l ow acid-salt solution to flow freely into tubing, but
mani pul ate tubes to prevent overfl ow.

(e.6) Replace cover | oosely on carboy I.

(e.7) Adjust the calibration on the netering rod for each punp
Hla to a 3.2 setting. This calibration equals delivery rate of
one part of acid-salt solution to each 19 parts of test water.

| f dechlorination is not necessary, |eave the ports of the two
remai ni ng additi ve punps Hlb covered (see Section 2.2.1), and
go to Step (e.15).

(e.8) Connect a long |length of tubing to each end of dispensing
Y on 20-liter carboy J that contains the 0.03 M Na2S203

solution prepared in Steps (d.1-d.4) above. Tubing is already
in place sterilized with chlorine (see Section 2.2.1). 1In this
i nstance, disconnect tubing from bottons of additive punps, and



continue with Step (e.9).
(e.9) Remove cover fromtop of carboy J.
(e.10) Place free end of each tube into nouth of carboy J.

(e.11) Rel ease pinch clanp, and all ow Na2S203 solution to fl ow
into tubes.

(e.12) Renove tubes from nmouth of carboy J, and insert tubes
into inlet (bottom ports of (smaller)additive punps Hlb.
Al l ow Na2S203 solution to flow freely into tubes, but
mani pul ate tubes to prevent overfl ow.

(e.13) Replace cover |oosely on carboy J.

(e.14) Adjust the calibration on the nmetering rod for each
additive punp Hlb to a 1.3 setting. This calibration equals
delivery rate of one part of 0.03 M Na2S203 solution to each
99 parts of test water

(e.15) Disconnect tube frominlet port Cl1L of m xing
chanmber C, and connect tube to discard.

(e.16) To renove air fromtubes, prime additive punps by
hand- operating netering rods in a reciprocating notion.

(e.17) Reconnect tube fromoutlet port of hose adapter
Btoinlet port Cl1L of m xing chanber C.

2.2.2 Filtration of Sanple
(a) Unscrew base of cartridge filter hol der F.

(b) Center 5-mcroneter honeyconmb-wound fiberglass yarn
cartridge filter into base of filter holder F.

(c) Screw base of cartridge filter holder F back into its top
section, and wench-tighten to seal.

(d) Unscrew base of cartridge filter hol der G

(e) Center 1-mcroneter honeyconmb-wound fiberglass yarn
cartridge filter into base of filter holder G

(f) Screw base of cartridge filter holder G back into its top
section, and wench-tighten to seal.

(g) Unscrew base of cartridge filter hol der K.



(h) Center 0.45-m cronmeter pleated epoxy-fiberglass cartridge
filter into base of filter holder K

(i) Screw base of cartridge filter holder K back into its top
section, and wench-tighten to seal.

(j) Make initial reading on water neter L, and record reading.

(k) Open vent/relief valves F2, &, and K2 on top of cartridge
filter holders F, G and K

(I') Open source valve A or start water punp AA to provide
maxi mum fl ow t hrough system

(m Close vent/relief valves F2, &, and K2 on top of cartridge
filter holders F, G and K as soon as water flows through
val ves.

(n) Wpe up spilled water with | aboratory disinfectant.

(o) Read pH neter E to ascertain that proper pH is achieved.
Read neter periodically to be certain that proper pHis

mai ntained. If pH readjustnment is necessary, appropriately
alter settings on netering rods for (larger) additive punps
Hla.

(p) After required volunme of water has been filtered, close
source valve A or turn off water punp AA

(g) Open vent/relief valves F2, &, and K2 on top of cartridge
filter holders F, G and Kto relieve pressure in system

(r) Close vent/relief valves F2, &, and K2. Wpe up spills
wi th disinfectant as necessary.

(s) Disconnect tubing fromsource A or from water punp outl et
AA2. Disinfect spills at disconnect.

(t) Connect free end of tubing to discard.

(u) Elevate cartridge filter holders F, G and K, and invert to
drai n.

(v) Take final reading on water nmeter, and record reading.
Subtract initial reading fromfinal reading to determ ne total
volunme filtered. Subtract volume of acid-salt solution used
and, if used, volunme of Na2S203 solution fromtotal volune
filtered to determ ne vol ume of water sanpl ed.

(w) Elute viruses fromfilters as described in Sections 3 and



4.

3. ELUTI ON AND RECONCENTRATI ON -- METHOD ONE

This method may be used for eluting viruses not significantly
inactivated at pH |l evels of about 10.5 in 15 m nutes at anbi ent
tenperatures. To elute viruses that cannot be safely recovered
by this procedure, see Section 4.

3.1 Procedure for Eluting Viruses from  Cartridge Filters (see
Figures 7.1 and 8.1 for flow diagranms of procedure)

3.1.1 Apparatus and Materials

(a) Positive pressure source equipped with a pressure gauge.
Gauge necessary only if pressure source is capable of producing

pressures exceedi ng tol erances of equi pnent. Pressure source,
if |laboratory air line or punp, nust be equi pped with an oil
filter. If source is capable of producing high pressure,

deliver to pressure vessel and filter hol der no nore pressure
t han reconmended by nmanufacturer.

(b) Di spensing pressure vessel -- 4 liters (MIIlipore Corp., or
equi val ent) .

(c) Beakers, graduated -- 2 liters. One beaker is needed for
each filter that is eluted.

(d) pH neter, nmeasuring to an accuracy of at least 0.1 pH unit,
equi pped with a conbi nation-type el ectrode.

(e) Autoclavable inner-braided tubing fitted with netal

qgui ck-di sconnect connectors on one end and gl ass el bow on the
ot her. Make glass elbow froma 13-cm | ength (approxi mte O. D.
6 mm of glass tubing by making a 40 degree bend about 5 cm
fromone end. Connect tubing onto | onger end of elbow. One
el bow i s needed for each filter that is el uted.

(f) Magnetic stirrer and stir bars.
3.1.2 Media and Reagents

a) Sodi um hydroxide (NaOH) -- 10 M Prepare 500 nL of 10 M
Na OH.

b) Basic glycine solution -- 0.05 Mglycine, adjusted to pH
10.5 plus or mnus 0.1 with 10 M NaOH.  Autocl ave gl ycine
solution before adjusting pH Prepare 3 liters of basic 0.05 M
gl yci ne sol ution.



(c) Hydrochloric acid (HCl) -- 12 M (concentrated) HC
sol uti on.

(d) Acid glycine solution -- 0.05 Mglycine, adjusted to pH 2
with 12 M HCI. Autoclave glycine solution before adjusting pH
Prepare 3 liters of acid 0.05 M glycine solution.

3.1.3 Rearrangenent of Apparatus

(a) Rearrangenent for Method One (see Figures 2 and 3).

(a.1) Disconnect at pipe tee F, the tubing leading to inlet
port HL of filter holder H

(a.2) Connect free end of tubing frominlet port HL of filter
hol der H to outlet port of pressure vessel. Pressure vessel is
not shown in Figures 2 and 3.

(a.3) Connect inlet port of pressure vessel to positive air
pressure source.

(a.4) Disconnect tubing fromoutlet port H3 of filter hol der H
(a.5) Hook glass el bow with 40 degree bend onto pouring spout
of a 2-liter glass beaker. Raise alum numfoil covering beaker

enough to expose only the pouring spout.

(a.6) Connect free end of tubing fromglass el bow to outl et
port H3 of filter holder H

(a.7) Crinmp alum num foil cover over glass el bow

(a.8) Elute viruses fromfilter as described in Section 3.1.4
bel ow.

(b) Rearrangenent for Method Two (see Figures 4 and 5).

(b.1) Disconnect at pipe tee D, the tubing Ieading to the inlet
port F1 of filter holder F.

(b.2) Connect free end of tubing frominlet port F1 of filter
hol der F to outlet port of pressure vessel. Pressure vessel is
not shown in Figures 4 and 5.

(b.3) Connect inlet port of pressure vessel to positive
pressure source.

(b.4) Disconnect tubing fromoutlet port F3 of filter hol der F.

(b.5) Hook glass el bow with 40 degree bend onto pouring spout



of a 2-liter glass beaker. Raise alum numfoil covering beaker
enough to expose only the pouring spout.

(b.6) Connect free end of tubing fromglass el bow to outl et
port F3 of filter holder F.

(b.7) Crinmp alum numfoil cover over glass el bow
(b.8) Elute viruses fromfilter as in Section 3.1.4 bel ow.
(b.9) Disconnect tubing fromoutlet port of pressure vessel.

(b.10) Connect free end of tubing frominlet port GL of filter
hol der G to outlet port of pressure vessel.

(b.11) Disconnect tubing fromoutlet port G3 of filter hol der
G

(b.12) Hook glass elbow with 40 degree bend onto pouring spout
of a 2-liter glass beaker. Raise alum numfoil covering beaker
enough to expose only the pouring spout.

(b.13) Connect free end of tubing fromglass elbow to outl et
port G3 of filter holder G

(b.24) Crinp alum num foil cover over glass el bow.

(b.15) Elute viruses fromfilter as described in Section 3.1.4
bel ow.

(b.16) Disconnect tubing fromoutlet port of pressure vessel.

(b.17) Disconnect at outlet port H4 of fluid proportioner H
the tubing leading to the inlet port K1 of filter holder K

(b.18) Connect free end of tubing frominlet port K1 of filter
hol der K to outlet port of pressure vessel.

(b.19) Disconnect tubing fromoutlet port K3 of filter hol der
K.

(b.20) Hook gl ass el bow with 40 degree bend onto pouring spout
of a 2-liter graduated gl ass beaker. Raise alum numfoil
covering beaker enough to expose only the pouring spout.

(b.21) Connect free end of tubing fromglass el bow to outl et
port K3 of filter holder K

(b.22) Crinp alum num foil cover over glass el bow.



(b.23) Elute viruses fromfilter as described in Section 3.1.4
bel ow.

3.1.4 Elution Procedure
(a) Renove top of pressure vessel.

(b) Pour into pressure vessel 1600 mL of basic glycine solution
(pH 10.5 plus or mnus 0.1).

(c) Replace top of pressure vessel
(d) Close vent/relief valve on pressure vessel
(e) Open vent/relief valve on cartridge filter hol der.

(f) Apply pressure sufficient to purge trapped air fromfilter
appar at us.

(g) Close vent/relief valve on cartridge filter hol der as soon
as basic glycine solution begins to flow from val ve.

(h) Wpe up spilled liquid with | aboratory disinfectant.

(i) Increase pressure to that sufficient to force basic glycine
solution through the filter. Do not exceed a pressure of 0.4
kg/ square cm so that basic glycine solution passes through
cartridge filter slowy thereby maxim zing elution contact

peri od.

(j) Turn off pressure at source.
(k) Open vent/relief valve on pressure vessel.

(I') Check pH of eluate. |If pH of eluate is below 9.5, repeat
elution procedure with fresh elutant, conbine eluates in
graduat ed beaker, and reconcentrate. Instructions for
reconcentrating viruses begin in Section 3.2. Reconcentration
must begin i mmedi ately, because pH of eluate nust be reduced

i medi ately to prevent inactivation of viruses.

3.2 Reconcentration -- Method AL Menbrane Di sc Procedure (see
Figure 7.2 for flow diagram of procedure). \Where it can be
used, the nmenbrane disc procedure is the preferred nethod for
reconcentrating viruses fromthe eluates resulting fromthe
procedures described in the preceding section (Section 3.1.4).
However, in sonme eluates, a precipitate is present that inpedes
filtration of the eluate through a nmenbrane filter.
Reconcentrate such eluates by the al unm num hydroxi de-

hydr oextracti on procedure described in Section 3.3. If, during



acidification in the menbrane procedure, turbidity occurs in
previously clear eluates, discontinue acidification and
reconcentrate these eluates by the al um num hydroxi de-
hydroextracti on procedure. Optionally, for any given sanple,
all clear eluates nmay be pooled and all turbid eluates may be
pool ed for reconcentration.

3.2.1 Apparatus and Materials

(a) H gh pressure disc filter holders -- 47mm di aneter
(M11lipore Corp., XX4504700, or equivalent).

(b) Virus-adsorbing disc filter, m xed esters of cellul ose --
0.45-m croneter pore size (MIlipore HA £ or equivalent).

(c) Dispensing pressure vessel -- 20-liter capacity (MIIlipore
Corp., XX6700L20, or equival ent).

(d) Positive pressure source equi pped with pressure gauge.
Gauge necessary only if pressure source is capable of producing

pressures exceedi ng tol erances of equi pnent. Pressure source,
if laboratory air line or punp, nust be equi pped with oi
filter. If source is capable of producing high pressure,

deliver to pressure vessel and filter hol der no nore pressure
t han reconmended by nmanufacturer.

(e) pH neter, nmeasuring to an accuracy of at least 0.1 pH unit,
equi pped with a conbinati on-type el ectrode.

(f) Autoclavable inner-braided tubing with netal

qui ck-di sconnect connectors or with thunb-screwdrive-clanps
for connecting tubing to equi pnent.

(g) Magnetic stirrer and stir bar.

(h) Filling bell connected to inner-braided tubing.

3.2.2 Media and Reagents

(a) Hydrochloric acid (HCl) -- 12 M (concentrated) HC
sol uti on.

(b) Acid glycine solution, 0.05 M adjusted to pH2 with 12 M

HCl . Autocl ave glycine solution before adjusting pH
(c) Sodium hydroxide (NaOH) -- 10M Prepare 500 m. of 10 M
Na OH.

(d) Basic glycine solution, 0.05 M adjusted to pH 10.5 plus or
mnus 0.1 with 10 M NaOH. Prepare 3 liters of basic glycine



solution. Autoclave glycine solution before adjusting pH.
(e) Fetal calf serum

3.2.3 Procedure

(a) Assenbly of Apparatus (See Figures 9 and 10)

(a.1) Renove top of filter holder C

(a.2) Wth forceps, lay 0.45-m croneter virus-adsorbing
filter onto support screen of hol der.

(a.3) Replace and tighten down top of filter holder C

(a.4) Connect positive pressure source A or AAto inlet port B
of pressure vessel B.

(a.5) Connect outlet port B3 of pressure vessel B to inlet port
Cl of filter holder C

(a.6) Place filling bell D, with inner-braided tubing
attached, over opening of flask E, and connect free end of the
tubing to the outlet port C2 of filter holder C.

(b) Adjustnment of pH of eluates from Section 3.1.4, Step (I).
Add with rapid, continuous stirring sufficient acid glycine
solution to bring pH of eluate to 3.5 plus or mnus 0.1. It is
inportant to m x acid glycine solution into sanple rapidly,
because slow m xing may result in pH levels sufficiently lowin
parts of the sanple to inactivate viruses. |If eluate becones
turbid during or after acidification, term nate procedure and
reconcentrate viruses by the al um num hydroxi de-
hydroextracti on procedure described in Section 3.3.
Reconcentration with the al um num hydroxi de- hydroextraction
procedure nmust begin i medi ately, because pH of eluate nust be
reduced i medi ately to prevent inactivation of viruses.

(c) Filtration of eluate.

(c.1) Renobve top of pressure vessel B

(c.2) Pour eluate into pressure vessel B.

(c.3) Replace and tighten down top of pressure vessel B

(c.4) Apply pressure fromsource A or AA sufficient to force
sanple through the filter (usually 0.4-1.5 kg/square cm.

(c.5) Turn off pressure at source A or AA.



(c.6) Open vent/relief valve B2 of pressure vessel B

(c.7) When pressure is relieved, close vent/relief valve B2.
(d) Elution of viruses fromfilter.

(d.1) Disconnect tubing fromoutlet port C2 of filter holder C.

(d.2) Place 100-nmL beaker under outlet port C2 of filter hol der
C.

(d.3) Disconnect tubing frominlet port Cl1 of filter holder C.

(d.4) Pour 5 nmL of basic glycine solution into inlet port Cl of
filter holder C

(d.5) Reconnect tubing to inlet port Cl1 of filter holder C

(d.6) Apply sufficient pressure fromsource A or AAto force
basic glycine solution through filter.

(d.7) Turn off pressure at source A or AA.

(d.8) Open vent/relief valve B2 on pressure vessel B

(d.9) When pressure is relieved, close vent/relief valve B2.
(d.10) Disconnect tubing frominlet port Cl1 of filter hol der C.

(d.11) Pour another 5 mL of basic glycine solution into inlet
port ClL of filter holder C

(d.12) Repeat steps (d.5-d.8), collecting total 10 nL of
eluates in the sane beaker. Check pH of conbined eluates. |If
pH is below 9.5, repeat steps (d.9-d.12) with fresh basic

gl ycine sol ution.

(d.13) Adjust pH of conbined eluates to 7.0-7.5 with acid
gl yci ne sol ution.

(d.14) Measure total volume of neutralized el uate.

(d.15) Add sufficient fetal calf serumto neutralized eluate to
yield a final serum concentration of 2 percent.

(d. 16) Refrigerate neutralized eluate at 4 degrees C i medi ately,
and maintain at that tenperature wuntil eluate is assayed for
viruses. |If assay for viruses cannot be undertaken within

ei ght hours, store eluate immediately at -70 degrees C.



3.3 Reconcentration -- Method B. Al um num

Hydr oxi de- Hydroextracti on Procedure (see Figure 8.2 for flow
di agram of procedure). Use the alum num

hydr oxi de- hydroextracti on procedure to reconcentrate viruses
fromturbid eluates that result fromthe procedures described
in Section 3.1.4 and from eluates that becone turbid upon
acidification during the nmenbrane disc procedure described in
Section 3.2.3, Step (b).

3.3.1 Apparatus and Materials
(a) Magnetic stirrer and stir bars.

(b) pH neter, neasuring to an accuracy of at least 0.1
pH unit, equi pped with conbination-type el ectrode.

(c) Instrunment tray, stainless steel -- overall dinensions 43
cmx 10 cmx 5 cm (Vollrath Co., No. 83170, or equivalent).

(d) Dialyzer tubing, nolecular weight cutoff 12,000, 3-cm
di ameter (Arthur H Thomas Co., No. 3787-D42, or equival ent).

(e) Clanps, dialyzer tubing (Arthur H Thomas Co., No.
3787- N30, or equivalent).

(f) Centrifuge tubes, screw capped, round-bottom-- 50-100 nL.

3.3.2 Media and Reagents

(a) Hydrochloric acid (HCl) -- 12 M (concentrated) HC

sol uti on.

(b) Sodi um hydroxide (NaOH) -- 10 M Prepare 500 nL of 10 M
Na OH.

(c) Alum num chloride (AICI3) -- 0.3 M Prepare 500 M of 0.3
M Al Cl 3.

(d) Sodium carbonate (Na2CO3) -- 1 M Prepare 100 nL of 1 M
Na2CQO3.

(e) dycine.

(f) Acid glycine solution -- 1 Mglycine adjusted to pH
2 with 12 MHCI. Prepare 2 liters of acid glycine solution

(g) Basic fetal calf serum (BFCS) with glycine -- 1 Mglycine
in fetal calf serum (FCS) adjusted to pH 11.5 plus or m nus
0.1 with 10 M NaOH. Prepare 100 nmL of BFCS with glycine. To
prepare BFCS with glycine, autoclave glycine powder in a



covered vessel, add FCS, and adjust pH.

(h) Phosphate-buffered saline -- Solution A: Sodium

chloride (NaCl), 40 g; potassiumchloride (KCl), | g; calcium
chloride (CaCl2), 0.5 g; magnesium chloride (MgCl 2 - 6H20),
0.5 g; deionized distilled water to 4 liters. Solution B:

Sodi um phosphate, dibasic (Na2HPO4), 1 g; potassium phosphate,
nmonobasi ¢, (KH2PO4), 1 g; deionized distilled water to 1 liter.
Prepare solutions A and B separately, then nmix themtogether in
aratio of 1:1.

(i) Polyethylene glycol -- 20,000 W Three kg of polyethyl ene
gl ycol are required.

(j) Antibiotics. Prepare as indicated for nediumin Chapter 9,
Section 7.18.

3.3.3 Procedure
(a) Preparation of dialysis bag.

(a.1) Soak a 40-cm |l ength of dialyzer tubing in deionized
distilled water for five m nutes.

(a.2) Fold one end of the tubing over itself to forma 2-cm
overl ap.

(a.3) Center dialyzer tubing clanmp over overlap, and |ock clanp
in place to formdial ysis bag.

(a.4) Grasp uncl anped end of dialysis bag between thunb and
forefinger, and rub the facing surfaces agai nst each other.
This procedure separates the facing surfaces and opens the
di al ysi s bag.

(a.5) Fill dialysis bag two-thirds full with deionized
distilled water.

(a.6) Fold free end of dialysis bag over itself to forma 2-cm
overl ap.

(a.7) Center dialyzer tubing clanp over overlap, and |ock clanp
in place.

(a.8) Squeeze dialysis bag gently to force water against
clanped ends. |If water |eaks through either clanped end,
remove clanp fromfaulty seal and repeat Steps (a.6-a.8).

(a.9) Squeeze dialysis bag near clanps, exerting sufficient
pressure to test the integrity of the tubing. |If water |eaks



t hrough tubing, discard tubing and repeat Steps (a.1l-a.9).

(a.10) Sterilize dialysis bag by the procedure described in
Chapter 3.

(a.11) After sterilization, recheck dialysis bag for |eaks by
repeating Steps (a.8-a.9).

(a.12) Store dialysis bag in deionized distilled water at 4
degrees C.

(b) Floccul ation and hydroextracti on.

(b.1) Measure volune of eluate against graduations on beaker
(from Section 3.1.4, Step [I]).

(b.2) Place stir bar into eluate.

(b.3) Place beaker on magnetic stirrer, and stir at speed
sufficient to devel op vortex in eluate.

(b.4) Add sufficient volune of 0.3 MAICI3 to eluate to obtain
a final AICI 3 concentration of 0.003 M

(b.5) Place pH electrode into el uate.

(b.6) Adjust pH of eluate to 7 plus or minus 0.1 with 1 M
Na2C03. An Al (OH)3 floc forns as Na2CO3 i s added.

(b.7) After pH 7 plus or mnus 0.1 is obtained, stir for five
m nut es.

(b.8) Renmove pH el ectrode.

(b.9) Turn off magnetic stirrer

(b.10) Allow floc to settle for 30 m nutes.

(b.11) Aspirate liquid to 2-3 cm above |l evel of floc.

(b.12) Discard aspirated |iquid.

(b.13) Resuspend settled floc in remaining liquid. Resuspend
floc by swirling beaker or by placing beaker on nmagnetic
stirrer and activating stirrer.

(b.14) Pour suspended floc into round bottom centrifuge
tube(s). Screw capped centrifuge tubes with a capacity of

50-100 nL are usually adequate. To prevent transfer of stir
bar into centrifuge tube, hold another stir bar or magnet



under neat h beaker when decanting contents.

(b.15) Centrifuge tube(s) at 1000 x g for three m nutes.

(b.16) Decant or aspirate supernate.

(b.17) Discard supernate.

(b.18) Measure approximate volume of A (OH)3 residue. To a
centrifuge tube simlar to that containing the Al (OH) 3 residue,
add water to a level equal to the height of the residue, and
estimte vol une of residue by neasuring the volume of water in

a graduated cylinder or pipette.

(b.19) Add to each volume of Al (OH)3 residue, three vol umes of
BFCS-gl ycine, pH 11.5 plus or m nus 0. 1.

(b.20) Shake centrifuge tube(s) for five seconds to m x contents.

(b.21) Centrifuge each Al (OH)3 -- BFCS-gl yci ne suspension for
three m nutes at 1000 x g.

(b.22) Pour BFCS-glycine supernate(s) into beaker.
(b.23) Place stir bar into beaker.

(b.24) Place beaker on magnetic stirrer, and stir contents of
beaker at a speed sufficient to devel op vortex.

(b.25) Place pH electrode into BFCS-gl yci ne.

(b.26) Adjust pH of BFCS-glycine to 7 plus or mnus 0.1 with
1 Macid glycine solution.

(b.27) Turn off magnetic stirrer.
(b.28) Renove pH el ectrode.
(b.29) Discard residue from Step (b.21).

(b.30) Renopve dialysis bag from storage, and w pe exterior of
bag with towel .

(b.31) Renopve clanp fromone end of dialysis bag.

(b.32) Wth sterile scissors, renove end of dialysis bag by
cutting across the bag through center of clanp inpression.

This procedure renoves inside edge of bag that had been exposed
to contani nati on.



(b.33) Discard water from dial ysis bag.
(b.34) Pour neutralized BFCS-glycine eluate into dialysis bag.

(b.35) Fold open end of the bag over itself to forma 2-cm
overl ap.

(b.36) Center dialyzer tubing clanp over overlap, and | ock
clanmp in place.

(b.37) Place a 1-cm |l ayer of polyethylene glycol into
instrunent tray.

(b.38) Place dialysis bag on polyethylene glycol.

(b.39) Add sufficient polyethylene glycol to cover dialysis
bag.

(b.40) Pl ace cover on instrunent tray.

(b.41) Maintain instrunent tray overnight at 4 degrees C.
Hydroextract until approximately 10 to 20 nmL of concentrated
neutralized BFCS-glycine remain in bag.

(b.42) Rinse polyethylene glycol from outside surface of
dialysis bag with deionized distilled water.

(b.43) Pour 900 nmL of chilled (4-10 degrees C) phosphate-
buffered saline into a 1-liter beaker. Maintain
phosphat e- buffered saline at 4-10 degrees C;, carry out Steps
(b.44-b.47) in cold roomor in cold by other neans avail abl e.

(b.44) Pl ace beaker of phosphate-buffered saline on magnetic
stirrer.

(b.45) Place stir bar into phosphate-buffered saline, and stir
at a speed sufficient to devel op vort ex.

(b.46) Imerse dialysis bag into phosphate-buffered saline.
Care nmust be taken not to puncture bag with stir bar.

(b.47) Stir for one hour.

(b.48) Renove dialysis bag from phosphate-buffered saline and
wi pe exterior of bag with towel.

(b.49) Rempve clanp fromone end of dialysis bag.

(b.50) Wth sterile scissors, remove end of dialysis bag by
cutting across the bag through center of clanp inpression.



This procedure renoves inside edge of bag that had been exposed
to contam nati on.

(b.51) Pour concentrate into 100-nL graduated beaker.

(b.52) Hold dialysis bag in fully inverted position over
beaker .

(b.53) Place upper end of bag between forefinger and m ddl e
finger in a scissors grip.

(b.54) Squeeze bag between fingers in scissors grip.

(b.55) Pull fingers down over |length of bag to renpve remaining
concentrate. Take care that fingers do not contam nate
concentrate.

(b.56) Determ ne volune of concentrate in beaker

(b.57) Add antibiotics to concentrate in accordance with
instructions given for nediumin Chapter 9, Section 7.18.

(b.58) Refrigerate concentrate imedi ately at 4 degrees C, and
mai ntain at that tenperature until concentrate is assayed for
viruses. |If assay for viruses cannot be undertaken within

ei ght hours, store concentrate immediately at -70 degrees C.

4. ELUTI ON AND RECONCENTRATI ON -- METHOD TWO

This method may be used for eluting viruses fromfilters that
cannot be safely eluted with Method One (this method shoul d be
as effective as Method One for eluting viruses sensitive to pH
10. 5).

4.1 Procedure for Eluting Viruses fromFilters (see Figure 11.1
for flow di agram of procedure)

4.1.1 Apparatus and Materials

(a) Positive pressure source equi pped with a pressure gauge.
Gauge necessary only if pressure source is capable of producing

pressures exceedi ng tol erances of equipnent. Pressure source,
if laboratory air line or punp, nust be equipped with an oil
filter. If source is capable of producing high pressure,

deliver to pressure vessel and filter hol der no nore pressure
t han recommended by manufacturer.

(b) Di spensing pressure vessel -- 4 liters (MIlipore
Corp., or equivalent).



(c) Beaker, graduated -- 2 liters.

(d) pH neter, nmeasuring to an accuracy of at least 0.1 pH unit,
equi pped with a conbinati on-type el ectrode.

(e) Autoclavable inner-braided tubing fitted with netal

qui ck-di sconnect connectors on one end and gl ass el bow on the
ot her. Make glass elbow froma 13-cm |l ength (approximte O D.,
6 mm of glass tubing by making a 40 degree bend about 5 cm
fromone end. Connect tubing onto | onger end of el bow.

(f) Magnetic stirrer and stir bars.
4.1.2 Media and Reagents

(a) Sodi um hydroxide (NaOH) -- 1 M Prepare 500 nL of 1 M
NaOH. This solution nmay be stored for several nonths at room
t enper at ur e.

(b) dycine.

(c) Beef extract powder (Grand |sland Biol ogical Co., or

equi valent). Prepare buffered 3 percent beef extract by

di ssolving 60 g of beef extract powder and 7.5 g of glycine
(final concentration = 0.05 M in 2 liters of distilled water.
Aut ocl ave beef extract solution, and adjust pHto 9 plus or
mnus 0.1 with 1 M NaCH

4.1.3 Rearrangenent of Apparatus
(a) Rearrangenent for Method One (see Figures 2 and 3).

(a.1) Disconnect at pipe tee F, the tubing leading to inlet
port H1 of filter hol der H

(a.2) Connect free end of tubing frominlet port HL of filter
hol der H to outlet port of pressure vessel. Pressure vessel is
not shown in Figures 2 and 3.

(a.3) Connect inlet port of pressure vessel to positive air
pressure source.

(a.4) Disconnect tubing fromoutlet port H3 of filter hol der H.
(a.5) Hook glass el bow with 40 degree bend onto pouring spout
of a 2-liter glass beaker. Raise alum numfoil covering beaker
enough to expose only the pouring spout.

(a.6) Connect free end of tubing fromglass el bow to outl et
port H3 of filter hol der H



(a.7) Crinmp alum num foil cover over glass el bow.

(a.8) Elute viruses fromfilter as described in Section 4.1.4
bel ow.

(b) Rearrangenment for Method Two (see Figures 4 and 5).

(b.1) Disconnect at pipe tee D, the tubing leading to the inlet
port F1 of filter holder F.

(b.2) Connect free end of tubing frominlet port F1 of filter
hol der F to outlet port of pressure vessel. Pressure vessel is
not shown in Figures 4 and 5.

(b.3) Connect inlet port of pressure vessel to positive
pressure source.

(b.4) Disconnect tubing fromoutlet port G3 of filter holder G

(b.5) Disconnect at outlet port H4 of fluid proportioner H, the
tubing leading to the inlet port K1 of filter holder K

(b.6) Connect free end of tubing frominlet port K1 of filter
hol der K to outlet port G3 of filter holder G

(b.7) Disconnect tubing fromoutlet port K3 of filter holder K
(b.8) Hook glass el bow with 40 degree bend onto pouring spout
of a 2-liter graduated gl ass beaker. Raise alum num foil

covering beaker enough to expose only the pouring spout.

(b.9) Connect free end of tubing fromglass el bow to outl et
port K3 of filter holder K

(b.10) Crinp alum numfoil cover over gl ass el bow.

(b.11) Elute viruses fromfilter as described in Section 4.1.4
bel ow.

4.1.4 Elution Procedure
(a) Renove top of pressure vessel.

(b) Pour into pressure vessel 1600 m_ of buffered 3 percent
beef extract (pH 9).

(c) Replace top of pressure vessel

(d) Close vent/relief valve on pressure vessel



(e) Open vent/relief valve on cartridge filter holder. |If nore
than one cartridge filter is used, open valves on all hol ders.

(f) Apply pressure sufficient to purge trapped air fromfilter
appar at us.

(g) Close vent/relief valve on (each) cartridge filter hol der
as soon as buffered 3 percent beef extract solution begins to
flow from val ve.

(h) Wpe up spilled liquid with | aboratory disinfectant.

(i) Increase pressure to that sufficient to force buffered 3
percent beef extract solution through the filter(s). Do not
exceed a pressure of 0.4 kg/square cm so that buffered 3
percent beef extract solution passes through cartridge
filter(s) slowy thereby maxim zing elution contact period.
When air enters line from pressure vessel, elevate and invert
filter holder(s) to permt conplete evacuation of buffered

3 percent beef extract fromfilters.

(j) Turn off pressure at source.
(k) Open vent/relief valve on pressure vessel.

(I') Proceed to Section 4.2 immediately. |If concentration of
viruses cannot be undertaken imediately, eluate may be stored
for up to eight hours at 4 degrees C before reconcentrati on.

| f reconcentration cannot be undertaken within eight hours,
store eluate immediately at -70 degrees C. Instructions for
reconcentrating viruses begin in Section 4.2.

4.2 Organic Floccul ation Concentration Procedure of Katzenel son
(see Figure 11.2 for flow diagram of procedure). It is
preferable to assay eluted viruses in the beef extract eluate
wi t hout further concentrating them because sonme | oss of viruses
may occur in concentration. However, the nunbers of cel
cultures needed for assays nmay be reduced by further
concentrating the viruses.

4.2.1 Apparatus and Materials
(a) Magnetic stirrer and stir bars.

(b) pH neter, nmeasuring to an accuracy of at least 0.1 pH unit,
equi pped with a conbi nation-type el ectrode.

(c) Refrigerated centrifuge capable of obtaining 2500 x g. Each
sanple centrifuged at 2500 x g will consist of about 1600 ni.



4.2.2 Media and Reagents

(a) Di sodium hydrogen phosphate (Na2HPO4 - 7H20) -- 0.15 M
(b) Hydrochloric acid (HCl) -- 1 M
(c) Sodium hydroxide (NaOH) -- 1 M

4.2.3 Procedure

(a) Place stir bar into graduated beaker containing buffered 3
percent beef extract eluate from4.1.4 (I).

(b) Pl ace beaker that contains the beef extract on magnetic
stirrer, and stir at a speed sufficient to devel op vortex. To
m nimze foam ng (which may inactivate viruses), do not m X
faster than necessary to devel op vort ex.

(c) Insert pH electrode into beef extract eluate.

(d) Add 1 MHCl to flask slowly until pH of beef extract
reaches 3.5 plus or mnus 0.1. A precipitate will form If pH
is accidentally reduced below 3.4, add 1 M NaOH until pHis 3.5
plus or mnus 0.1. Avoid reducing pH bel ow 3.4 because sone

i nactivation of viruses nmay occur.

(e) Renove pH el ectrode from beaker, and continue to stir for
30 m nutes nore.

(f) Renove caps from screw-capped centrifuge bottles. d ass
centrifuge bottles may not be able to withstand g force that
will be applied.

(g) Pour contents of beaker into centrifuge bottles. To

prevent transfer of stir bar into centrifuge bottle, hold
anot her stir bar or magnet agai nst bottom of beaker when

decanting contents.

(h) Replace and tighten down caps on centrifuge bottles.

(i) Centrifuge precipitated beef extract suspension in
refrigerated centrifuge (4 degrees C) for 15 m nutes at 2500 x

g.
(j) Renpve caps from screw capped centrifuge bottles.

(k) Pour supernates into graduate cylinder, and record
vol unes.

(I') Discard supernates.



(m Place a stir bar into each centrifuge bottle that contains
precipitate.

(n) To each precipitate, add 5 m. of 0.15 M Na2HPO4 - 7H20 for
each 100 mL of supernate decanted.

(o) Replace and tighten down caps on centrifuge bottles.

(p) Place each centrifuge bottle on a magnetic stirrer, and
stir each precipitate slowly until it has dissolved conpletely.
Support bottles as necessary to prevent toppling. Avoid foam ng
whi ch may inactivate or aerosolize viruses. Precipitate may be
partially dissipated with spatula before or during stirring
procedure.

(gq) Renopve caps from screw- capped centrifuge bottles.
(r) Renove foil cover from 250-m beaker.

(s) Conbine the dissolved precipitates in beaker. To prevent
transfer of stir bar into beaker, hold another stir bar or
magnet agai nst the bottom of the centrifuge bottle when
decanting concentrate.

(t) Measure pH of concentrate (dissolved precipitate). |If pH
is above or below 7.0-7.5, adjust to that range with either 1 M
HCl or 1 M NaCH.

(u) Replace foil cover securely on beaker.

(v) Refrigerate concentrate imedi ately at 4 degrees C, and
mai ntain at that tenperature until assay for viruses is
undertaken. |If assay for viruses cannot be undertaken within
ei ght hours, store concentrate immediately at -70 degrees C.

(w) Assay for viruses in accordance with instructions given in
Chapter 9.
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FI GURES

Figure 1. Flow Di agram of Method One for Concentrating Viruses
from Large Vol unes (More than 200 Liters) of Clean Waters.

WATER
Dechlorinate water, if necessary. By continuous flow, add to water
To dechlorinate, flow 0.03 M sufficient acidified {(with 12 M
NaESED3 to final concentra- HC1) 0.01 M AICT, to bring pH of
tion of 0.0003 M continuously water to 3.5 + 0.1 and concentration
into water. of ﬁ]C]a to 0,0005 M,
"

SALTED, pH-ADJUSTED WATER
Filter water through virus-adsorbing

0.45 pum pleated epoxy-fiberglass
cartridge filter. Maintain pH 3.5 +
0.1 by readjusting additive feed
pumps appropriately. ‘

W
VIRUS=BEARING PLEATED FILTER

A4
Go to elution and concentration procedure, Sections 3 and 4.



Recoveri ng

Schemati ¢ Representation of Apparatus for

Fi gure 2.
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Large Volune Filtrations of Clean
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Figure 3. Photographic Representation of Apparatus for
Recovering Viruses by the Virus Adsorption-Elution (VI RADEL)
Cartridge Filter Procedure for Large Volune Filtrations of
Cl ean (Non-turbid) Waters.




Recoveri ng

Figure 4. Schematic Representation of Apparatus for

Viruses by the Virus Adsorption-Elution (VIRADEL) Cartridge

Filter

Large Volune Filtrations of Turbid Waters.
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Figure 5. Photographic Representation of Apparatus for
Recovering Viruses by the Virus Adsorption-Elution (VI RADEL)
Cartridge Filter Procedure for Large Volume Filtrations of
Turbid Waters.




Figure 6. Flow Diagram of Method Two for Concentrating Viruses
from Large Vol unes (More than 200 Liters) of Turbid Waters.

TUREID WATER
(Water or effluent)

Dechlorinate sample, if necessary. By continuous flow, add to sample
To dechlorinate, flow 0.03 M sufficient acidified (with 12 M HC1)
ﬂ325203 to final concentra- 0.01 M AIC13 to bring pH of sample
tion of 0.0003 M continuously to 3.5 + 0.1 and concentration of
into sample. AICT, to 0.0005 M.

3
L

SALTED, pH-ADJUSTED SAMPLE

Filter water through cartridge pre-
filters (Use l-pm honeycomb-wound
fiberglass yarn filter for river
waters and waters of similar turbid-
ity, and use 5-pm honeycomb-wound
fiberglass yarn filter preceding
l=pm filter for secondary and
tertiary effluents) and then through
virus-adsorbing 0.45-um pleated
cartridge filter.

Maintain pH 3.5 + 0.1 by readjusting
additive feed pumps appropriately.

Viruses adsorb to virus-adsorbing

filter. Viruses adsorbed to

particulates trapped on prefilters.

: 4
VIRUS-BEARING PLEATED FILTER--PARTICULATE-BEARING PREFILTER(S)

Go to elution and concentration procedure, Sections 3 and 4,



Figure 7. Flow Di agram of H gh pH Procedure (Basic d ycine, pH
10.5) for Eluting Viruses from Cartridge Filters and for
Reconcentrating Viruses from Cl ear Eluates by the Menbrane Filter
Procedure.

Figure b-7.1  Virus Elution VIRUS-BEARING CARTAIDGE FILTER
Procedure Farce 1600 mL of basic glycing solution (0.05 M glycine,

pE 10.5 + 0.1] through cartridge filter slomly (Apply
pressure no greater than 0.4 kgfca™).

Viruzses elute from Filter.

Check pH of eluata, [f pH 5 Tess than 9.5, repeat
elution procedure with fresh basic glycine solution,

and combine eluates.

If precipitate forms in eluate, reconcenirate wiruses

by AT{(H} -hydroestraction procedure.
CAUTION: Reconcentration bf_iligi!-hrdrneut'racliml
procedure wust begin imediately, because gH of

eluate must be reduced immediately to prevent

imactivation of wiruies,

~

Figure B-7.2 Nirus R_et:uncentraﬂnn BASIC ELUATE
Frocedure Mix rapidly into aluste sufficient acid glycine solution
(0.05 ¥ glycing, pd 2] to bring pH of eluate to 3.5 + 0.1,
If eluete becomes turbid during or after acigification,
terminate procedurs and rectncentrate viruses by
BI[0OH) L~hedrogatraction procedure,
tnuTTnH:'Eeg1n R1{0W) ., procedure immeciately, beciause pH
of eluate must be recucad immediately Lo prewvent

1ﬂ§:tivat1un of viTuzes,

A
ACIOIFTEC ELJATE
Filter acidified eluate through U.d5-sm virus-adsorging
dise filter.
Viruses adsort bo filter.

VIRUS-BEAR TMG DISC FILTER

Flute viruses by forcing successively bwo S-ml wolumes
of basic glycine salution (0,05 M glycine, pH 10.5 = &.1)
through disc filter.

Check pH of eluate. If pH is less tnan 9.5, repeat
elution procedure with Fresh basic glycine solution, and
combine eluates,

k4
ZASIC ELUATE
adjust pH of combined eluates ta 7.0-7.%5 with acld glycine
solution (C.05 M glycine, pH Z).

NEUTRALTZED ELUATE
Ade sufficient fetal calf serum to neutralizec eluate to
yield final serum concentration of Z%.

b
STA3TLTZED NZUTRALLLED ELUATE

|

assay tar viruses [See Chapter 9).



Figure 8. Flow Diagram of Hi gh pH Procedure (Basic d ycine,
pH 10.5) for Eluting Viruses from Cartridge Filters and for
Reconcentrating Viruses from Turbid Eluates by the

Al (OH) 3- Hydr oextracti on Procedure.

Figure 6-8.1 Virus Flution YIRUS-BEARTMG CARTRINGF FILTER
Procedurs Farce 1600 mL of basic glycine seluticn (0.058 M glycine,

p 10.8 + 0.7) through cartridge filter slowly (Apply
pressure no grester than 0.4 kg-f:mzil.

Viruses elute from f1lter.

Check pH of eluate. If pH 15 less than 9.5, repeat
elutfon procedure with fresh basic glycine solution,
and conbine eluates.

w
Figure £-B.2 VYirus Reconcentration AASIC ELLUATE
Procedure Stir sufficient 0,3 N Ml:13 into eluate to obtain fimal
A‘Icla concentration of 0,003 M.
e
SALTED ELUATE
Adjust pH of salted eluate to 7.0 + 0.1 with 1 H Ha Loy
An RT(OH) an_c forns as na.Cn, is added.
Stir for five minutes oore, Allow floc to settle for 30 minutes.
L

SETTLED YIRIS-BEARTHG .I-'vll'l:lH:l‘a FLOC

Aspirate all but several oL of Tiguid above settled flac,
discard aspirated fluid, and centrifuge floc at 1,000 x q
for 30 minutes. Save flae, discard supernate,
Al

CENTRIFUGED VIRUS-REARING AT{OW), FLOC

leasure flec voluoe, and mix three volumes of buffered fetal
calf serun (BFCS]-glycine, pH 11.5 + 0.1 fnto Alfnuﬁ_] floc,

Viruses elute from floc,

iy
FLOC-BFCS ELWATE MIXTURE

Centrifuge floc-eluate mixture at 1,000 x g for three oinutes.
niscard floc,

R
BFCS ELIIATE
Adjust pH of BFCS eluate to 7.0 + 0.1 with acid glycime
solution (1 M glycine, pH 2). -
ke

MEUTRALITER BFCS ELUATE

Paur neutralized BFCS #luate inta 4 dialysis bag, and dialyze
BFCS against polyethylene glycal at 4° ¢ until 10-20 oL of
fluid remains in bag.

-
DIALYSATE
Suspend bag containfng dialysate fn chilled phosphate-buffered
saline. Paintain at 4°-10° ¢ for ome hour.
(N

ISOTONIC DNIALYSATE
Add antibiotics.

S

Bssay for viruses [See Chapter 9).



a Menbrane Di sc Procedure for

Met hod A,
Reconcentrating Viruses from d yci ne El uates.

Figure 9. Schematic Representation of Apparatus for

Reconcentrati on
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Fi gure 10. Photographic Representation of Apparatus for
Reconcentration -- Method A, a Menbrane Di sc Procedure for
Reconcentrating Viruses from d yci ne El uates.




Figure 11. Flow Di agram of Beef Extract Method for Eluting Viruses
fromCartridge Filters with Buffered 3% Beef Extract and for
Concentrating Eluted Viruses by the Katzenel son Organic

Fl occul ati on Procedure.

Figure 6-11.1 V¥irus Flution YIRIWE-BEARING CARTRINGE FILTER
Procedure Force 1600 ol of buffered
3% beef extract (BE), pH 9
through cartridge f11teris)
slowly (Apply pressure no
greater than 0.4 kg.-fcnz!l.
v If concentration of
FILTEPER FLUATE (3% BE) viruses 15 not necessary  Astay eluete (32 BE) for
“ viruses {4ee Chapter %).
[F zoncentration of viruses
is necessary proceed bolow.
Figure €-11,2  V¥irus Concentratisn FILTERED FLUATE |3% BE)
procedurs (Katzenelson on nagnetic grirrer, adjust pH
prganic Flocculation of filtered eluate (3% BE)
Procedure ) to 3.5 + 0.1 with 1 11 HCY.

Floc begine to farm.

pix filtered eluate (3% BE]
and forming Floc on maghetic
stirrer for 30 oinutes.

NE

FLNCCED ELUATE

Centrifuge flocced eluate at
2,500 & g for 15 minutes
at 4% . Discard supernate,
retain fioc.
e
FLOC
Add 0,15 M Ny, {1/20th
¥alume ©f 3% DE) to Flog,
and mix.
Floc dissclves on miaing.
g Adjust pH to 7.0-7.5 with
NTSS0LYEN FLOC _ inwl or 1 K HatH y Assay disselved flec Far

= yiruses {5es Chapter 9).
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