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CHAPTER 7

METHOD FOR RECOVERI NG VI RUSES FROM SLUDGES, SO LS,
SEDI MENTS AND OTHER SOLI DS

1. | NTRODUCTI ON

This chapter describes a procedure that may be used to nonitor
for the presence of solids-associated viruses. |Its design
requires that the virus be eluted directly from solids.
Sanpl es which may have a portion of the virus content suspended
unattached in a liquid matrix, such as in sludges and

sedi nents, nust first be treated to bind the free viruses to
the solids. Thus, initial steps in this procedure will differ
based on whether or not the solids are suspended in |iquid.
Because of the naturally high association of viruses with
solids, the virus content of the liquid matrix is likely to
represent only a small fraction of the viruses present in a
sanpl e.

Processed sl udges, soils, and sedi mnent sanples are assayed in
cell culture for plaque-formng viruses. |If the inocula is
observed to be or suspected of being toxic to the cell culture,
or is so darkly colored as to result in inaccurate plaque
counts, use the nmethod described in Chapter 8 (April 1986
revision) to reduce interference.

The procedures in this chapter require dispensing the entire
sanple volume into a centrifuge bottle. If bottles of
sufficient capacity are unavail able, the sanple should be

di vi ded and then reconbi ned after centrifugation.



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

2. CONDI TI ONI NG OF SUSPENDED SOLI DS

The procedure in this Section is used only for processing of
suspended solids. Conditioning of such sanples (e.g. sludges)
is required as a neans of adsorbing to the solids those viruses
that are present in the liquid matrix. Non-suspended soli ds,
such as soil, are not to be conditioned. Begin processing

t hese sanples by followi ng the procedures given in Section 3.

2.1 Preparation

2.1.1 Apparatus and Materials

(a) Refrigerated centrifuge capable of attaining 2,500 x g and
screw- capped centrifuge bottles. Each sanple centrifuged at

2,500 x g will consist of about 100 m..

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

(c) Magnetic stirrer and stir bars.
2.1.2 Media and Reagents
(a) Hydrochloric acid (HCl)--5 M

(b) Alum num chloride (AICI3 - 6H20 --0.05 M  Autoclave A C 3
solution at 121 degrees C for 15 m nutes.

(c) Sodium hydroxide (NaOH)--5 M

2.2 Procedure. Flow diagram of procedure to condition
suspended solids is given in Figure 1. 1In the absence of
experience that dictates otherw se, use 100-nL vol unes per
sanpl e.

2.2.1 Measure 100 nL of well-nm xed sanple in a graduated 100-nL
cylinder. Sanmple nust be m xed vigorously i mediately before
it is poured into graduated cylinder because solids, which
contain nost of the viruses, begin to settle out imrediately
after m xing stops.

2.2.2 Place stir bar into a 250-nL beaker.

2.2.3 Pour the 100 nL of neasured sanple fromthe graduated
cylinder into the 250-nL beaker. It may be necessary to pour



sanpl e several times back and forth from beaker to graduated
cylinder to obtain all solids in the beaker. CAUTION. Avoid
formati on of aerosols. Slowy pour sanple down the inner wall
of vessel to avoid splatter

2.2.4 Pl ace beaker on magnetic stirrer, cover |oosely with
alumnumfoil, and stir at speed sufficient to devel op vortex.

2.2.5 Add 1 ml of 0.05 MAICI3 to mxing sanple. Final
concentration of AICI3 in sanple is approximtely 0.0005 M

2.2.6 Place conbination-type pH electrode into m xi ng sanpl e.
pH meter nust be standardi zed at pH 4.

2.2.7 Adjust pH of sanple to 3.5 plus or mnus 0.1 with 5 M
HCl. If pHfalls below 3.4, readjust it with 5 M NaOH.  \When
sol i ds adhere to el ectrodes, clean el ectrodes by noving them up
and down gently in m xing sanpl e.

2.2.8 Continue mxing for 30 m nutes. The pH of the sanple
shoul d be checked at frequent intervals. |[If the pHdrifts up,
readjust it to 3.5 plus or mnus 0.1 with 5 MHCI. |If the pH
drifts down, readjust it with 5 M NaOH

2.2.9 Pour conditioned sanple into centrifuge bottle.

To prevent transfer of stir bar into centrifuge bottle when
decanting sanple, hold another stir bar or magnet agai nst
bott om of beaker. Solids that adhere to stir bar in the beaker
may be renoved by manipulation with a pipette. |t nmay be
necessary to pour sanple several tinmes back and forth from
centrifuge bottle to beaker to obtain all solids in the bottle.
CAUTI ON: Take care to avoid formati on of aerosols. Slowy
pour sanple down the inner wall of vessel to avoid splatter.

2.2.10 Centrifuge conditioned sanple at 2,500 x g for 15
m nutes at 4 degrees C.

2.2.11 Decant supernatant into beaker and discard.
2.2.12 Replace cap on centrifuge bottle.

2.2.13 Elute viruses fromsolids by follow ng the procedure
descri bed in Section 4.

3. PREPARATI ON OF NON- SUSPENDED SOLI DS

In the absence of experience that dictates otherw se, use 100 g
of sanple (e.g. soil).

3.1 Weigh two 100-g portions for each test sanple. Test sanple



is transferred to a large bottle and is thoroughly m xed by
manual | y shaki ng and tunbling before it is weighed.

3.2 Place one of the 100-g portions in a 250-nL beaker and
cover loosely with alum num foil

3.3 Elute viruses fromthe above 100-g sanple by follow ng the
procedure described in Section 4.

3.4 Place other 100-g portion in a tared wei ghing pan.

3.5 Place pan and its contents in an oven maintained at 103-105
degrees C.

3.6 Heat sanple to dryness.

3.7 Cool sanple to roomtenperature in a desiccator.
3.8 Weigh sanple.

3.9 Record dry wei ght of sanple.

3.10 Repeat Sections 3.5 through 3.9 until loss in weight is no
nore than 4 percent of the previous weight. Re-dry the sanple
for 1 hour before repeating the cooling and wei ghing cycle.
These data will be used in Chapter 10 (Decenber 1987 revision)
to calculate viral content of non-suspended solids in plaque
form ng units per gramof dry weight.

4. ELUTION OF VI RUSES FROM SOLI DS
4.1 Preparation
4.1.1 Apparatus and Materials

(a) Refrigerated centrifuge capable of attaining 10,000 x g and
screw- capped centrifuge bottles that can w thstand 10,000 x g.
A refrigerated centrifuge capable of attaining 2,500 x g and
screw-cap centrifuge bottles that can withstand 2,500 x g nay
be used for sanples such as soils, which settle readily at

| ower centrifugation speeds. |If the eluates resulting from
such centrifugation are not easily forced through the nmenbrane
filters used for sterilization (see Step (e) in Section 4.1.1),
then centrifuge at 10,000 x g.

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

(c) Magnetic stirrer and stir bars.



(d) Menbrane filter apparatus for sterilization--47-mm di aneter
filter holder and 50-nmL slip-tip syringe (MIlipore Corp.,
Swi nnex filter, No. SX0047000, or equivalent for filter hol der

only).

(e) Disc filters, 47-mm di aneter--3.0-, 0.45-, and

0.25-m croneter pore size filters (Filterite Corp., Duo-Fine
series, or equivalent). Filters may be cut to the proper

di ameter fromsheet filters. Disassenble Swinnex filter

hol der. Place filter with 0.25-m cronmeter pore sSize on support
screen of filter holder and stack the remaining filters on top
in order of increasing pore size. Reassenble and tighten
filter holder. Filters stacked in tandem as described tend to
clog nore slowy when turbid material is filtered through them
Prepare several filter stacks.

4.1.2 Media and Reagents
(a) Sodi um phosphate, dibasic (Na2HPO4 - 7H20) .
(b) Citric acid.

(c) Beef extract powder (BBL M crobiol ogy Systens, or

equi valent). Prepare buffered 10 percent beef extract by

di ssolving 10 g beef extract powder, 1.34 g Na2HPO4 - 7H20 and
0.12 g citric acid in 100 m. of deionized distilled water.

Di ssolve by stirring on a magnetic stirrer. Autoclave beef
extract solution for 15 minutes at 121 degrees C.

(d) Hydrochloric acid (HCl)--5 M

(e) Alum num chloride (AICI3 - 6H20 --0.05 M
Aut ocl ave Al Cl 3 solution at 121 degrees C for 15 nmi nutes.

(f) Sodi um hydroxide (NaOH)--5 M

4.1.3 Procedure. Flow diagram of the virus elution procedure
is given in Figure 2.

(a) Place stir bar into vessel containing the solids (from
either Section 2.2.13 or Section 3.3.) Vessel may be a
centrifuge bottle (Section 2.2.13) or a 250-nL beaker (Section
3.3).

(b) Add 100 nL of buffered 10 percent beef extract to the
vessel containing the solids.

(c) Place vessel on magnetic stirrer, and stir at speed
sufficient to develop vortex. To mnimze foanm ng (which nay
i nactivate viruses), do not m x faster than necessary to



devel op vortex.
(d) Continue mxing for 30 m nutes.

(e) If solids were processed in beaker, pour contents into
centrifuge bottle. To prevent transfer of stir bar into
centrifuge bottle when decanting sanple, hold another stir bar
or magnet agai nst bottom of beaker. Solids that adhere to stir
bar in the beaker may be renmpbved by mani pulation with a

pi pette. It may be necessary to pour sanple several times back
and forth fromcentrifuge bottle to beaker to obtain all solids
in the bottle. Use appropriate centrifuge bottles for the
centrifugal force that will be applied. CAUTION: Take care to
avoid formation of aerosols. Slowy pour sanple down the inner
wal | of vessel to avoid splatter.

(f) I'f solids were processed in centrifuge bottle, renove stir
bar frombottle with Iong forceps or a nagnet retriever.
Determne if centrifuge bottle is appropriate for the
centrifugal force that will be applied.

(g) Centrifuge solids-eluate m xture at either 10,000 x g or
2,500 x g for 30 mnutes at 4 degrees C. Use a centrifugal
force of 2,500 x g for m xtures such as soil-eluate m xtures,
which settle readily at |ower centrifugation speeds. |If the
eluates resulting from such centrifugation are not easily
forced through the nenbrane filters used for sterilization,
then centrifuge at 10,000 x g. Sludge-eluate m xtures
generally require centrifugation at 10,000 x g for 30 m nutes.

(h) Decant supernatant fluid (eluate) into beaker and discard
sol i ds.

(i) Place a filter holder that contains a filter stack on a
250-nL Erl ennmeyer receiving flask.

(j) Load 50-nL syringe with eluate from Section 4.1.3, Step
(h).

(k) Place tip of syringe into filter hol der.
(I') Force eluate through filter stack into 250-nm_L receiving

flask. Take care not to break off tip of syringe and to
m nimze pressure on receiving flask because such pressure may

crack or topple the flask. |If filter stack begins to clog
badly, enpty | oaded syringe into beaker containing unfiltered
eluate, fill syringe with air, and inject air into filter stack

to force residual eluate fromfilters. Continue filtration
procedure with another filter holder and filter stack.
Di scard contam nated filter holders and filter stacks. Steps



(i) thru (1) my be repeated as often as necessary to filter
entire volunme of eluate. Disassenble each filter hol der and
exam ne bottomfilters to be certain they have not ruptured.
If a bottomfilter has ruptured, repeat Steps (i) through (I)
with new filter holders and filter stacks.

The nunmber of cell cultures necessary for the viral assay nmay
be reduced by concentrating the viruses in the beef extract by
the organic floccul ation procedure of Katzenel son (reference
cited in Section 5.1). Sone |oss of viruses may occur with
this procedure. If viruses in eluates are to be concentrated,
proceed i mredi ately to Section 5. |If concentration is not
required, proceed to Step (m.

(m Refrigerate eluate i mediately at 4 degrees C, and maintain
it at that tenperature until it is assayed for viruses.

| f assay for viruses cannot be undertaken w thin eight hours,
store eluate immedi ately at -70 degrees C.

5. CONCENTRATI ON OF VI RUSES FROM ELUATES

5.1 Organic Floccul ation Concentration Procedure (Katzenel son
et al., 1976) It is preferable to assay eluted viruses in the
beef extract eluate wi thout concentrating them because sonme

| oss of viruses may occur in concentration. However, the
nunber of cell cultures needed for assays nay be reduced by
concentrating the viruses in the eluate. Floc formation
capacity of the powdered beef extract reagent nust be
pretested. Some powdered beef extracts nmay not produce
sufficient floc resulting in significantly reduced virus
recoveries. Where it has been predeterm ned that insufficient
floc is formed, the reagent is fortified with floc from paste
beef extract. Procedure for preparing the additional floc is
descri bed in Section 5.1.3.

5.1.1 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 conbinati on-type el ectrode.

(c) Refrigerated centrifuge capable of attaining 2,500 x g and
screw- capped centrifuge bottles.

Each sample centrifuged at 2,500 x g will consist of about 330
m_.

5.1.2 Media and Reagents

(a) Sodi um phosphate, dibasic (Na2HPO4 - 7H20 --0.15 M



(b) Hydrochloric acid (HCl)--1 M
(c) Sodium hydroxide (NaOH)--1 M

(d) Paste beef extract (Difco Laboratory, Bacto beef extract or
equi valent)--3 percent. Paste beef extract is not needed if
the 10 percent powdered beef extract reagent used for the
elution process in Section 4.1.2, Step (c) produces sufficient
fl oc when processed by the organic floccul ation concentration
procedure of Katzenelson. Prepare the 3 percent paste beef
extract stock solution by dissolving 30 g of paste beef extract
in 1,000 nmL deionized distilled water. Autoclave the stock
solution at 121 degrees C for 15 m nutes and use at room
tenperature. Fromthis stock solution, one 330-nL aliquot is
renoved for each sanple requiring supplenentation with paste
beef floc. Although the paste beef extract stock solution may
be stored at 4 degrees C for an extended tinme period, it is
advi sable to prepare solutions on a weekly basis, thereby

| essening the possibility of m crobial contam nation.

5.1.3 Preparation of Floc from Paste Beef Extract Reagent
Prepare required paste beef floc before proceeding to Section
5.1.4 for those sanples in which the powdered beef extract
reagents had been determ ned to produce insufficient floc when
processed by the organic flocculation concentration procedure.
FI ow di agram of procedure to prepare reagent floc is given in
Fi gure 3.

(a) Place stir bar in 600-nmL beaker.

(b) Pour 330 nL of a 3 percent paste beef extract stock
solution into beaker and cover |oosely with alum numfoil.

(c) Place beaker on magnetic stirrer, and stir at a speed
sufficient to devel op vortex.

(d) Insert conbination-type pH electrode into paste beef
extract stock solution. pH nmeter nust be standardized at pH 4.

(e) Add 1 MHCl to flask slowly until pH of beef extract
reaches 3.5 plus or mnus 0.1. A precipitate will form

(f) Rempve el ectrode from beaker, and pour contents of beaker
into a 1,000-nL centrifuge bottle. To prevent transfer of stir
bar into a centrifuge bottle, hold another stir bar or magnet
agai nst bottom of beaker when decanting contents.

(g) Centrifuge precipitated beef extract suspensions at 2,500 x
g for 15 m nutes at 4 degrees C.



(h) Pour off and discard supernatant.

(i) Retain floc in centrifuge bottle at 4 degrees C for
subsequent m xing with the non-floccul ati ng buffered beef
extract.

5.1.4 Procedure. Flow diagramof the virus concentration
procedure is given in Figure 4.

(a) Pour filtered eluate from Section 4.1.3, Step (l) into
graduated cylinder, and record vol une.

(b) Pour filtered eluate into 600-nL beaker and cover | oosely
with alum num foil.

(c) For every 3 nL of beef extract eluate, add 7 nL of

dei oni zed distilled water to the 600-nL beaker. The
concentration of beef extract is now 3 percent. This dilution
i S necessary because 10 percent beef extract often does not
process well by the organic floccul ation concentration

pr ocedur e.

(d) Record the total volume of the diluted, filtered beef
extract. Proceed to Step (h) only if the powdered beef extract
reagent used for the virus elution process is known to form
sufficient floc to undertake eluate processing by the organic
floccul ati on concentrati on procedure w thout addition of paste
floc. Where the addition of paste floc is required, add the

di l uted beef extract to the floc as described in Steps (e)

t hrough (g) before proceeding to Step (h).

(e) Pour extract from beaker into centrifuge bottle containing
floc from Section 5.1.3, Step (i).

(f) Disperse floc manually using a pipette until it is
di ssolved in the extract.

(g) Pour contents into a 600-m. beaker

(h) Place stir bar in beaker that contains diluted, filtered
beef extract fromeither Step (d) or Step (9).

(i) Place beaker on magnetic stirrer, cover |oosely with
alumnumfoil, and stir at a speed sufficient to devel op
vortex. To mnimze foanm ng (which may inactivate viruses), do
not m x faster than necessary to devel op vortex.

(j) I'nsert conmbination-type pH electrode into diluted, filtered
beef extract. pH neter nust be standardi zed at pH 4.



(k) 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 may occur.

(I') Continue to stir for 30 m nutes.

(m Renove el ectrode from beaker, and pour contents of beaker
into a 1,000-nL centrifuge bottle. To prevent transfer of stir
bar into a centrifuge bottle, hold another stir bar or magnet
agai nst bottom of beaker when decanting contents.

(n) Centrifuge precipitated beef extract suspensions at 2,500 x
g for 15 mnutes at 4 degrees C.

(o) Pour off and discard supernatant.

(p) Place a stir bar into centrifuge bottle that contains
precipitate.

(g) Add to centrifuge bottle a volunme of 0.15 M Na2HPO4 - 7H20
equal to 1/20 of the volunme recorded in Step (d). The volune
of 0.15 M Na2HPO4 - 7H20 in which the precipitate will be

di ssolved is equal to 5 nL for each 100 nL of diluted beef
extract.

(r) Place centrifuge bottle on a nmagnet stirrer, and stir
precipitate slowmy until precipitate has dissolved conpletely.
Support bottle 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
procedur e.

(s) Measure pH of dissolved precipitates. |If pHis above or
bel ow 7.0-7.5, adjust to that range with either 1 MHC or 1 M
Na OH.

(t) Refrigerate dissolved precipitates immedi ately at 4 degrees
C and nmaintain at that tenperature until assay for viruses is
undertaken. |If assay for viruses cannot be undertaken within
ei ght hours, store dissolved precipitates imediately at -70
degrees C.

u) Assay for viruses in accordance with instructions given in
Chapter 10 (Decenber 1987 revision).
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Figure 3. Flow Di agram of Method for
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Figure 4. Flow Di agram of Method for Concentration of Viruses
from Beef Extract Eluate.
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