
4.5.01
AOAC Of fi cial Method 920.39

Fat (Crude) or Ether Ex tract in An i mal Feed

First Ac tion 1920

Fi nal Ac tion

Use method A or C for feed in gre di ents and mixed feeds other than
(1) baked and/or ex panded, (2) dried milk prod ucts, (3) con tain ing
urea, or (4) mixed feeds that have at least 20% of crude fat de rived
from baked and/or ex panded, or dried milk prod ucts.

A. In di rect Method

De ter mine mois ture as in 934.01 (see 4.1.03) or 920.36 (see
4.1.05); then ex tract dried sub stance as in C, and dry again. Re port
loss in weight as ether ex tract.

Di rect Method

B. Re agent

An hy drous ether.—Wash com mer cial ether with 2 or 3 por tions
H2O, add solid NaOH or KOH, and let stand un til most of H2O is
ab stracted from the ether. De cant into dry bot tle, add small pieces of
care fully cleaned me tal lic Na, and let stand un til H2 evo lu tion
ceases. Keep ether, thus de hy drated, over me tal lic Na in loosely
stoppered bot tles. (Cau tion: See Appendix B, safety notes on
so dium metal and di ethyl ether.)

C. De ter mi na tion

(Large amounts H2O-soluble com po nents such as car bo hy drates,
urea, lac tic acid, glyc erol, and oth ers may in ter fere with ex trac tion
of fat; if pres ent, ex tract 2 g test por tion on small pa per in fun nel with 
five 20 mL por tions H2O prior to dry ing for ether ex trac tion.)

Ex tract ca 2 g test por tion, dried as in 934.01 (see 4.1.03) or
920.36 (see 4.1.05), with an hy drous ether. Use thim ble with
po ros ity per mit ting rapid pas sage of ether. Ex trac tion pe riod may
vary from 4 h at con den sa tion rate of 5–6 drops/s to 16 h at
2–3 drops/s. Dry ex tract 30 min at 100°C, cool, and weigh.

Ref er ences: JAOAC 64, 351(1981); 65, 289(1982).
ISO 6492:1999(E).
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4.1.03
AOAC Of fi cial Method 934.01

Loss on Drying (Mois ture) at 95°–100°C for Feeds
Dry Matter on Oven Drying at 95°–100°C for Feeds

First Ac tion 1934

Fi nal Ac tion

Co dex-Adopted–AOAC Method*

(This method is not ap pli ca ble to feeds con tain ing >5% urea.)
Dry test portion con tain ing ca 2 g dry ma te rial to con stant weight

at 95°–100°C un der pres sure £100 mm Hg (ca 5 h). For feeds with

high mo las ses con tent, use tem per a ture £70°C and pres sure £50 mm 

Hg. Use cov ered Al dish ³50 mm di am e ter and 40 mm deep.
Re port loss on dry ing (LOD) as es ti mate of mois ture content.

Cal cu la tions

% (w/w) LOD = % (w/w) mois ture = 100 ´ 
wt loss on drying, g

wt test portion, g

% Dry mat ter = 100 – % LOD

Ref er ences: JAOAC 17, 68(1934); 51, 467(1968);
60, 322(1977).

Re vised: March 1998

* Adopted as Co dex De fined Method (Type I) for gravimetry in the loss
of dry ing in spe cial foods.
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31.4.02
AOAC Of fi cial Method 963.15

Fat in Ca cao Prod ucts

Soxh let Ex trac tion Method

First Ac tion 1963
Fi nal Ac tion 1973

Of fice In ter na tional du Ca cao
et du Chocolat–AOAC Method

(Ap pli ca ble to ca cao prod ucts with or with out milk in gre di ents or
to prod ucts pre pared by cook ing with sugar and H2O, and dry ing.)

A. Ap pa ra tus and Re agents

(a) Soxh let ap pa ra tus.—With stan dard taper joints, si phon
ca pac ity ca 100 mL (33 ́  80 mm thim ble), 250 mL Erlenmeyer, and
reg u lated heat ing man tle.

(b) Pe tro leum ether.—Dis tilled in glass, bp 30°–60°C.

B. De ter mi na tion

Pre pare test sam ple as in 970.20(b)(1) (see 31.1.01). Ac cu rately
weigh 3–4 g choc o late li quor, 4–5 g co coa, 4–5 g sweet choc o late, or 
9–10 g milk choc o late into 300–500 mL beaker. Add slowly, while
stir ring, 45 mL boil ing water to give ho mo ge neous sus pen sion. Add
55 mL ca 8M HCl (2 + 1) and few defatted SiC chips or other
antibumping agent, and stir. Cover with watch glass, bring slowly to
boil, and boil gently 15 min. Rinse watch glass with 100 mL H2O.
Fil ter di gest through 15 cm S&S 589 me dium fluted pa per, or

equiv a lent, rins ing beaker 3 times with H2O. Con tinue wash ing un til 
last por tion of fil trate is Cl-free as de ter mined by ad di tion of 0.1M
AgNO3. Trans fer wet pa per and residue to defatted ex trac tion
thim ble and dry 6–18 h in small beaker at 100°C. Place glass wool
plug over pa per.

Add few defatted antibumping chips to 250 mL Erlenmeyer and
dry 1 h at 100°C. Cool to room tem per a ture in des ic ca tor and weigh.
Place thim ble con tain ing dried residue in Soxh let, sup port ing it with
spi ral or glass beads. Rinse di ges tion beaker, dry ing beaker, and
watch glass with three 50 mL por tions pe tro leum ether, and add
washings to thim ble. Re flux di gested residue 4 h ad just ing heat so

that ex trac tor si phons ³30 times/h or condensation rate of
5–6 drops/s.

Re move flask, and evap o rate sol vent on steam bath. Dry flask at

100°–101°C to con stant weight (1.5–2 h). Cool in des ic ca tor to
room tem per a ture and weigh. Con stant weight is at tained when
suc ces sive 1 h dry ing pe ri ods show ad di tional loss of <0.05% fat.
Fat, % = g fat  ́100/g test sam ple. Du pli cate de ter mi na tions should
agree within 0.1% fat.

Ref er ences: JAOAC 28, 482(1945); 33, 342(1950);
34, 442(1951); 53, 490(1970).
An a lyt i cal Methods of the OICC (1963) Ref. 2,
p. 8a-E.
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31.1.01
AOAC Of fi cial Method 970.20

Ca cao Prod ucts

Prep a ra tion of Lab o ra tory Sam ple

Pro ce dure
First Action 1970

(a) Pow dered prod ucts.—Mix thor oughly and pre serve in tightly 
stoppered bot tles.

(b) Choc o late prod ucts.—(1) Chill ca 200 g sweet or bit ter
choc o late un til hard, and grate or shave to fine gran u lar con di tion.
Mix thor oughly and pre serve in tightly stoppered bot tle in cool
place. Al ter na tively,

(2)  Melt ca 200 g bit ter, sweet, or milk choc o late by plac ing in
suit able con tainer and partly im mers ing con tainer in bath at ca 50°C. 
Stir fre quently un til test por tion melts and reaches tem per a ture of

45°–50°C. Re move from bath, stir thor oughly, and while still liq uid,
re move test por tion for anal y sis, us ing glass or metal tube, 4–10 mm
di am e ter, pro vided with close-fitting plunger to ex pel test por tion
from tube, or dis pos able plas tic sy ringe.

Ref er ence: JAOAC 53, 388(1970).
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Ap pen dix B: Lab o ra tory Safety

Ar gen tina G. Vindiola, Chap ter Ed i tor
Of fice of the Texas State Chem ist

In tro duc tion
AOAC OFFICIAL METHODS OF ANALYSIS (1995)

This chap ter is not in tended to be an ex haus tive trea tise on
lab o ra tory safety. These pre cau tion ary notes serve only as a
re minder of pos si ble haz ards in volved in the use of par tic u lar
op er a tions or sub stances. Re fer to rec om mended texts at end of
chap ter for fuller treat ment of sub ject. Fol low safety re quire ments
of those in the coun try, re gion, or ju ris dic tion within which your
or ga ni za tion is sit u ated. Con sult guide lines is sued by pro fes sional
as so ci a tions and gov ern ment agen cies.

Cau tion ary State ments

Na ture and amount of each chem i cal and its pre scribed use were
cri te ria used in de ter min ing if cau tion ary state ment for method was
in di cated. Safety haz ard was con sid ered to ex ist when na ture,
amount, and use of chem i cal or equip ment spec i fied in method
ap peared likely to pro duce any of the fol low ing:

(a) Con cen tra tion of va pors from flam ma ble liq uid ex ceed ing
25% of lower flammability limit of that liq uid de scribed by Na tional 
Fire Pro tec tion As so ci a tion, Boston, MA, USA.

(b) Con tact be tween an a lyst and amounts of ma te rial highly
ac tive phys i o log i cally or toxic to hu mans in ex cess of Thresh old
Limit Values pub lished by Amer i can Con fer ence of Gov ern men tal
In dus trial Hy gien ists, PO Box 1937, Cincinnati, OH 45201, USA.

(c) Con tact be tween an a lyst and amounts of highly cor ro sive
ma te rial suf fi cient to pro duce se ri ous in jury.

(d) Con tact be tween an a lyst and ra di a tions which could be harm ful.

(e) Ex plo sion or vi o lent re ac tion.

(f) In jury to an a lyst by haz ards in equip ment or pro cesses which
are not readily de tect able by an a lyst.

When in doubt about pos si ble haz ards not cov ered in this
chap ter, con sult ref er ences at end of chap ter or other sources of
in  for  ma  t ion  such  as  haz  a rd  warn  ings  on  la  be l s  and
man u fac tur ers’ data sheets.

Po ten tial Haz ards of Equip ment

Re frig er a tors

Re frig er a tors should be ex plo sion-proof or ex plo sion-re sis tant
when used for stor age of ether and other highly vol a tile, flam ma ble
liq uids. Or di nary re frig er a tors can be made ex plo sion re sis tant by
re moval of light switch, re cep ta cle, and as so ci ated wir ing, and by
plac ing thermoregulation con trols out side of re frig er a tor.

Glass

Dis pose of chipped or bro ken glass ware in spe cial con tain ers;
mi nor chips may be fire-polished and glass ware re tained. If
glass ware is to be re paired, mark de fec tive area plainly and store in
spe cial lo ca tion un til re pairs are com pleted.

Use heat-resistant glass ware for prep a ra tion of so lu tions that
gen er ate heat (e.g., not bot tles or grad u ated cyl in ders).

Fire Ex tin guishers

Class B and C dry chem i cal fire extinguishers (for flam ma ble
liq uid and elec tric fires) should be con ve niently avail able to each
lab o ra tory room. Car bon di ox ide fire extinguishers should be used
on fires in elec tronic equip ment.

Be come fa mil iar with the lo ca tion of all fire extinguishers and the
ap pro pri ate meth ods for their ef fec tive use.

Blenders

Mo tor on high-speed blend ers used to mix flam ma ble sol vent
with other ma te ri als should be ex plo sion-proof. Blend toxic or
flam ma ble liq uids in ef fec tive fume-re moval de vice.

Cen tri fuges

Ad just all tubes to equal weight be fore load ing them into
cen tri fuge. Make cer tain that stop pers of tubes placed in
pivot-type head will clear cen ter when tubes swing to hor i zon tal.
Do not open cen tri fuge cover un til ma chine stops com pletely.
Be fore re mov ing tubes, turn elec tric switch to “off.’’ Do not rely
on zero-set rheo stat. Use only tubes spe cially de signed for
cen tri fug ing. Do not ex ceed safe speed for var i ous tube ma te ri als
(glass, cel lu lose ni trate, poly eth yl ene, etc.) rec om mended by
tube man u fac turer. Cel lu lose ni trate tubes may ex plode if
autoclaved. Heating cel lu lose ni trate tubes to 60°C may cause
them to pro duce harm ful ni tro gen ox ide fumes.

Atomic Ab sorp tion Spectrophotometer

Fol low all man u fac turer’s in struc tions for in stal la tion,
op er a tion, safety, and main te nance. Use only hose/tub ing to
con duct gases that are ap proved by man u fac turer and sup plier.
Use ef fec tive fume re moval de vice to re move gas eous effluents
from burner. Use only C2H2 which is dis solved in sol vent
rec om mended by man u fac turer. Open C2H2 tank stem valve only
a quar ter turn. Change tank when C2H2 pres sure shows 75–100 lb. 
If in stru ment has a drain trap, en sure that it is filled with H2O
be fore ig nit ing burner. Fol low ing re pair to C2H2 sup ply line,
check for gas tight ness at all con nec tions with soap so lu tion or
com bus ti ble gas de tec tion sys tem. When aspirating so lu tions
con tain ing high con cen tra tions of Cu, Ag, or Hg, spray
cham ber should be rinsed with 50–100 mL H2O be fore
shut ting down to c l ean  these met als from cham ber. See safety
notes on com pressed gas cyl in ders.

Flame Pho tom e ter

Use ef fec tive fume re moval de vice to re move gas eous burner
effluents.

Photofluorometer

Con sid er able amounts of O3 are formed by UV light ra di ated by
quartz lamp. Ozone is toxic even in low con cen tra tions; re move
through ef fec tive fume re moval de vice placed near quartz lamp.

Mon i toring Equip ment

Mon i tor un at tended op er a tions with equip ment that will
au to mati cally shut down pro cess if un safe con di tion de vel ops.
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Ref er ence: Furr, A.K. (1995) “CRC Hand book of Lab o ra tory
Safety,” CRC Press LLC Head quar ters, 2000 NW
Cor po rate Blvd, Boca Raton, FL 33431, USA.

Com pressed Gas Cyl in ders

Iden tify by name(s) con tents of com pressed gas cyl in ders on
at tached de cal, sten cil, or tag, in stead of by color codes. Move
cyl in ders (with pro tec tive cap) up right, se cured to cart. Se cure
cyl in ders in up right po si tion by means of strap, chain, or nontip
base. Let con tents of C2H2 cyl in ders set tle and let all cyl in ders come
to room tem per a ture prior to open ing. Use only cor rect pres sure
gages, pres sure reg u la tor, flow reg u la tor, and hose/tub ing for each
size of gas cyl in der and type of gas as spec i fied by sup plier. Use soap 
so lu tion or com bus ti ble gas de tec tion sys tem to check all
con nec tions, es pe cially when sys tem is pres sur ized and gas is not
flow ing, to check for slow leak. Use spe cial heater on N2O gas line.
Close gas tank valve and di a phragm on reg u la tor when gas is not in
use. Ser vice reg u la tor at least yearly. Use toxic gases only in ef fec tive
fume re moval de vice. When burn ing gas, use flash back pre ven tion
de vice in gas line on out put side of reg u la tor to pre vent flame be ing
sucked into cyl in der.

Ref er ence: “Hand book of Com pressed Gases” (1981)
Com pressed Gas As so ci a tion, Van Nostrand
Reinhold Co., New York, NY, USA.

Dis til la tion, Ex trac tion, and Evap o ra tions

(a) Flam ma ble liq uids.—Per form op er a tions be hind safety bar rier
with hot H2O, steam, or elec tric man tle heat ing. Use ef fec tive fume
re moval de vice to re move flam ma ble va pors as pro duced. Set up
ap pa ra tus on firm sup ports and se cure all con nec tions. Leave am ple
head room in flask and add boil ing chips be fore heat ing is be gun. All
con trols, un less va por sealed, should be lo cated out side va por area.

(b) Toxic liq uids.—Use ef fec tive fume re moval de vice to re move 
toxic va pors as pro duced. Avoid con tact with skin. Set up ap pa ra tus
on firm sup ports and se cure all con nec tions.

Elec tri cal Equip ment

Ac ci dents in volv ing elec tric equip ment may re sult in me chan i cal
in jury, e.g., fin gers be ing caught in chop ping mill knives; elec tric
shock, which may be due to lack of or im proper ground ing, de fec tive 
equip ment, ex posed wir ing, or in ad e quate main te nance; and fire
through ig ni tion of flam ma ble va pors by elec tri cally pro duced
spark. Ground all elec tric equip ment to avoid ac ci den tal shock.
In stal la tion, main te nance, and re pair op er a tions should be
per formed by qual i fied elec tri cians.

Parr Bomb

Fol low man u fac turer’s di rec tions closely to avoid ex plo sion.

Pres sure

Do not con duct pres sure op er a tions with stan dard glass ware. In
cer tain cir cum stances, glass ware spe cif i cally de signed to with stand
pres sure may be used. Ob serve man u fac turer’s rec om mended
safeguards when us ing pres sure ap pa ra tus such as cal o rim e ter
bomb, hydrogenator, etc.

Vac uum

Tape or shield with safety bar rier con tain ers and ap pa ra tus to be
used un der vac uum to min i mize ef fects of pos si ble im plo sion.
Vac uum pump drive belts must have ef fec tive guards. 

Haz ard ous Ra di a tions

UV ra di a tion is en coun tered in AA spectrophotometry, fluorometry,
UV spectrophotometry, ger mi cidal lamps, and both long- and shortwave
UV lamps used to mon i tor chro mato graphic sep a ra tions. Never ex pose
un pro tected eyes to UV light from any source ei ther di rect or re flected
(e.g., flames in flame pho tom e ter, lamps, elec tric arcs, etc.). Al ways wear 
ap pro pri ate eye pro tec tion such as gog gles with ura nium ox ide lenses,
welder’s gog gles, etc., when such ra di a tions are pres ent and un shielded.
Keep skin ex po sure to UV ra di a tions to min i mum. 

Safety Tech niques and Prac tices

Spraying Chromatograms

When strong cor ro sive and toxic re agents are sprayed on
chromatograms, use gloves, face shield, re spi ra tory pro tec tion, and
ap pro pri ate fume re moval de vice to pro tect skin, eyes, and
re spi ra tory tract against mists or fumes gen er ated by spray ing
de vice.

Pipets

Do not pipet any liq uids by mouth. Use pipet fill ers or rub ber
tub ing con nected through trap to vac uum line for this pur pose.

Wet Ox i da tion

This tech nique is among the most haz ard ous uses of ac ids but can
be per formed safely. Ob serve pre cau tions in this chap ter for
par tic ular ac ids used and rig or ously fol low di rec tions given in
spe cific method.

Haz ard ous or Af ter Hours Work

Any one work ing alone af ter hours or on haz ard ous pro ce dures
should ar range to be con tacted pe ri od i cally as a safety mea sure.

Glass Tubing

Pro tect hands with heavy towel or gloves such as those made of

Kevlar when in sert ing glass tub ing into cork or rub ber stop per.
Fire pol ish all raw glass cuts.

Open am pules in fume re moval de vice over tray large enough to
hold con tents if am pule should break. If con tents are vol a tile, cool
be fore open ing.

Safe Han dling of Con cen trated Cor ro sive Acids

Use ef fec tive acid-resistant fume re moval de vice when ever
heat ing ac ids or per form ing re ac tions which lib er ate acid fumes. In
di lut ing, al ways add acid to H2O un less oth er wise di rected in
method. Keep ac ids off skin and pro tect eyes from spat ter ing. If
ac ids are spilled on skin, wash im me di ately with large amounts of
H2O.

Ace tic Acid and Ace tic An hy dride

Re acts vig or ously or ex plo sively with strong ox i diz ers. Wear face 
shield and heavy rub ber gloves when us ing.

CAS-108-24-7 (ace tic an hy dride)

CAS-64-19-7 (ace tic acid)

Chro mic and Per chrom ic Acids

Can re act ex plo sively with ace tic an hy dride, ace tic acid, ethyl
ac e tate, isoamyl al co hol, and benzaldehyde. Less haz ard ous with
eth yl ene gly col, furfural, glyc erol, and meth a nol. Con duct re ac tions 
be hind safety bar rier. Wear face shield and heavy rub ber gloves.
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CAS-1333-82-0 (chro mic acid)

For mic and Performic Acids

Strong re duc ing agents; re act vig or ously or ex plo sively with
ox i diz ing agents. Ir ri tating to skin, form ing blis ters. Performic acid
(formyl hydroperoxide) has det o nated for no ap par ent rea son while
be ing poured. Wear face shield and heavy rub ber gloves when us ing.

CAS-64-18-6 (for mic acid)

Fuming Acids

Pre pare and use with ef fec tive fume re moval de vice. Wear
acid-resistant gloves and eye pro tec tion.

Hy dro flu oric Acid

Very haz ard ous with NH3. Ex tremely cor ro sive to all tis sues. It
can cause pain ful sores on skin and can cause decalcification of
bone. Use any com mer cial hy dro flu oric acid spill con trol kit. Wear
gog gles and acid-resistant gloves. Keep a kit con tain ing cal cium
gluconate cream for use in case of skin con tact and seek med i cal
at ten tion im me di ately.

CAS-7664-39-3 (hy dro flu oric acid)

Ni tric Acid

Re acts vig or ously or ex plo sively with an i line, H2S, flam ma ble
sol vents, hydrazine, and metal pow ders (es pe cially Zn, Al, and Mg). 
Gas eous ni tro gen ox ides from HNO3 can cause se vere lung dam age.
Co pi ous fumes are evolved when con cen trated HNO3 and
con centrated HCl are mixed. Avoid pre mix ing. Use ef fec tive fume
re moval de vice when fumes are gen er ated. Han dle with dis pos able
poly vi nyl chlo ride, not rub ber, gloves.

CAS-7697-37-2 (ni tric acid)

Ox alic Acid

Forms ex plo sive com pound with Ag and Hg. Oxa lates are toxic.
Avoid skin con tact and in ges tion.

CAS-144-62-7 (ox alic acid)

Perchloric Acid

Con tact with ox i diz able or com bus ti ble ma te ri als or with
de hydrat ing or re duc ing agents may re sult in fire or ex plo sion.
Per sons us ing this acid should be thor oughly fa mil iar with its
haz ards. Safety prac tices should in clude the fol low ing:

(a) Re move spilled HClO4 by im me di ate and thor ough wash ing
with large amounts of H2O.

(b) Hoods, ducts, and other de vices for re mov ing HClO4 va por
should be made of chem i cally in ert ma te ri als and so de signed that
they can be thor oughly washed with H2O. Ex haust sys tems should
dis charge in safe lo ca tion and fan should be ac ces si ble for clean ing.

(c) Avoid use of or ganic chem i cals in hoods or other fume
re moval de vices used for HClO4 di ges tions.

(d) Use gog gles, bar rier shields, and other de vices as nec es sary
for per sonal pro tec tion; use poly vi nyl chlo ride, not rub ber, gloves.

(e) In wet com bus tions with HClO4, treat test por tion first with
HNO3 to de stroy eas ily ox i diz able or ganic mat ter un less oth er wise
spec i fied. Do not evap o rate to dry ness. 

(f) Con tact of HClO4 so lu tion with strong de hy drat ing agents,
such as P2O5 or con cen trated H2SO4, may re sult in for ma tion of
an hy drous HClO4 which re acts ex plo sively with or ganic mat ter and
with re duc ing agents. Ex er cise spe cial care in per form ing anal y ses
re quir ing use of HClO4 with such agents. Ex tremely sen si tive to
shock and heat when con cen tra tion is 72%.

(g) Also ob serve pre cau tions out lined in:

Ref er ences: (1) “Perchloric Acid So lu tion,” Chem i cal Safety
Data Sheet SD-11 (1999) Man u fac turing Chem ists
As so ci a tion of the United States, 1825 Con nect i cut
Ave, NW, Wash ing ton, DC 20009, USA.
(2) “Ap plied In or ganic Anal y sis,” Hillebrand, W.F.,
Lundell, G.E.F., Bright, H.A., & Hoffman, J.I. (1953) 
2nd Ed., John Wiley & Sons, Inc., New York, NY
10158-0012, USA, pp 39–40.
(3) “Notes on Perchloric Acid and Its Han dling in
An a lyt i cal Work” (1959) An a lyst 84, 214–216.
(4) “Per chlor ates” (1960) ACS Mono graph No. 146,
J.C. Schumacher (Ed.), Reinhold, Amer i can
Chem i cal So ci ety, 1155 16th St, NW, Wash ing ton,
DC 20036, USA.

See also ref er ences at end of this chap ter.

CAS-7601-90-3 (perchloric acid)

Pic ric Acid

Highly sen si tive to shock when in dry state. In con tact with met als 
and NH3, it pro duces pic rates which are more sen si tive to shock than
pic ric acid. Readily ab sorbed through skin and ir ri tat ing to eyes.
Wear heavy rub ber gloves and eye pro tec tion.

CAS-88-89-1 (pic ric acid)

Sul fu ric Acid

Al ways add H2SO4 to H2O. Wear face shield and heavy rub ber
gloves to pro tect against splashes. Do not mix with HCl.

CAS-7664-93-9 (sul fu ric acid)

Safe Han dling of Al ka lies

Al ka lies can burn skin, eyes, and re spi ra tory tract se verely. Wear
heavy rub ber gloves and face shield to pro tect against con cen trated
al kali liq uids. Use ef fec tive fume re moval de vice or gas mask to
pro tect re spi ra tory tract against al kali dusts or va pors.

Am mo nia

Ex tremely caus tic liq uid and gas. Wear skin, eye, and re spi ra tory
pro tec tion when han dling in an hy drous liq uid or gas eous state. NH3

va pors are flam ma ble. Re acts vi o lently with strong ox i diz ing
agents, halo gens, and strong ac ids.

CAS-7664-41-7 (am mo nia)

Am mo nium Hy drox ide

Caus tic liq uid. Forms ex plo sive com pounds with many heavy
met als such as Ag, Pb, Zn, and their salts, es pe cially ha lide salts.

CAS-1336-21-6 (am mo nium hy drox ide)

Cal cium Ox ide (Bur nt Lime)

Strongly caus tic! Re acts vi o lently with H2O. Pro tect skin, eyes,
and re spi ra tory tract against con tact with dust.

CAS-1305-78-8 (cal cium ox ide)

So dium Biphenyl, So dium Methylate, and So dium Ethylate

Less caus tic than NaOH, but can be in ju ri ous. Re acts vig or ously
with H2O. Pro tect skin and eyes when han dling.
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CAS-132-27-4 (so dium biphenyl)
CAS-124-41-4 (so dium methylate)
CAS-141-52-6 (so dium ethylate)

So dium Per ox ide

Less caus tic than so dium and po tas sium hy drox ides but re acts
vi o lently with H2O, or ganic mat ter, char coal, glyc erol, di ethyl ether, or P.
Wear skin, eye, and re spi ra tory pro tec tion when han dling multigram
amounts.

CAS-1313-60-6 (so dium per ox ide)

So dium and Po tas sium Hy drox ides

Ex tremely caus tic. Can cause se vere burns. Pro tect skin and eyes
when work ing with these al ka lies as sol ids or con cen trated
so lu tions. Add pel lets to H2O, not vice versa.

CAS-1310-58-3 (po tas sium hy drox ide)
CAS-1310-73-2 (so dium hy drox ide)

So dium, Po tas sium, Lith ium, and Cal cium Metals

Vi o lently re ac tive with H2O or mois ture, CO2, halo gens, strong
ac ids, and chlo ri nated hy dro car bons. Emits cor ro sive fumes when
burned. Can cause se vere burns. Wear skin and eye pro tec tion when
han dling. Use only dry al co hol when pre par ing so dium alcoholate
and add metal di rectly to al co hol, one small piece at a time. Avoid
add ing me tal lic Na to re ac tion through con denser.

CAS-7440-23-5 (so dium)

Safe Han dling of Mi cro or gan isms

The fol low ing pre cau tions should be taken when work ing with
mi cro or gan isms:

(a) Never pipet any liq uid by mouth.

(b) Wear lab coats or other ap pro pri ate pro tec tive clothing when
work ing with live mi cro or gan isms or me dia con tain ing haz ard ous
in gre di ents such as dyes.

(c) Preg nant women should know and un der stand the risk
in volved when work ing with mi cro or gan isms that are po ten tially
abortogenic, such as Lis te ria.

(d) It is crit i cal to thor oughly wash your hands with a dis in fec tant
hand-washing liq uid soap af ter per form ing mi cro bi o log i cal work.

(e) Con tam i nated liq uid or solid wastes should be ster il ized,
pref er a bly by au to clave. 

(f) It is also im por tant that stan dard lab o ra tory tech nique be used
when work ing with these haz ards.

Ref er ences: (1) “Lab o ra tory Biosafety Man ual” (1983) World
Health Or ga ni za tion, WHO Pub li ca tions Cen ter
USA, 49 Sheridan Ave, Al bany, NY 12210, USA.
(2) “Biohazards Ref er ence Man ual” (1985) AIHA
Biohazards Com mit tee, Amer i can In dus trial Hy giene 
As so ci a tion, 2700 Pros per ity Ave, Suite 250, Fairfax, 
VA 22031, USA.
(3) “Biosafety in Mi cro bi o log i cal and Bio med i cal
Lab o ra tories” (1988) 2nd Ed., Cen ters for Dis ease
Con trol and Na tional In sti tutes of Health, HHS No.
(NIH) 88-8395, Su per in ten dent of Doc u ments, U.S.
Gov ern ment Print ing Of fice, Wash ing ton, DC 20402,
USA.
(4) “EPA Guide for In fec tious Waste Man age ment”
(1986) Stock No. PB86-199130, Na tional Tech ni cal
In for ma tion Ser vice, Spring field, VA 22161, USA.

Safe Han dling of Or ganic Sol vents

(Do not mix waste sol vents.)

Flam ma ble Sol vents

Do not let va pors con cen trate to flam ma ble level in work area. It is 
nearly im pos si ble to elim i nate all chance of sparks from static
elec tric ity even if elec tric equip ment is grounded. Use ef fec tive
fume re moval de vice to re move these va pors when re leased. Metal
con tain ers should be grounded us ing a ground ing wire or strap when
flam ma ble liq uids are poured from them.

Toxic Sol vents

Va pors from some vol a tile sol vents are highly toxic. Sev eral of these
sol vents are readily ab sorbed through skin. Use ef fec tive fume re moval
de vice to re move va pors of these sol vents as they are lib er ated.

See ref er ences at end of this chap ter.

Safe Han dling of Spe cial Chem i cal Haz ards

(a) Do all lab o ra tory sam pling, mix ing, weigh ing, etc., un der
ef fec tive fume re moval de vice in area hav ing good forced
ven ti la tion of nonrecirculated air, or wear gas mask of proper type. If 
mask is used, re place car tridges as rec om mended, since us ing
con tam i nated mask may be worse than no mask. 

(b) Keep off skin. Wear clean pro tec tive cloth ing and nonpermeable
gloves (such as poly eth yl ene gloves) as nec es sary. Wash hands
thor oughly with soap and wa ter to avoid con tam i nat ing food and
smok ing ma te ri als.

(c) La bel all con tain ers with name and ap prox i mate con tent of all 
pes ti cides. 

(d) Have readily avail able and study in for ma tion on symp toms of
poi son ing and first aid treat ment for each type of pes ti cide be ing han dled.

(e) Con sult “Rec og ni tion and Man age ment of Pes ti cide
Poi son ings” (see ref er ence 19.)

(f) Fol low your or ga ni za tion’s pro ce dures when dis pos ing of
waste pes ti cides. The man u fac turer can be con tacted for ad vice on
dis posal prob lems.

(g) Do not en ter pes ti cide res i due or other lab o ra to ries af ter
han dling pes ti cide for mu la tions un til pro tec tive cloth ing and gloves
have been re moved and face and hands have been thor oughly
washed with soap and wa ter.

The U.S. En vi ron men tal Pro tec tion Agency op er ates a
“hot line,”called Na tional Pes ti cide Tele com mu ni ca tions Net work
(NPTN), staffed to han dle pes ti cide ques tions. To reach this hot line,
dial +1-800-858-7378.

The AOAC Safety Com mit tee rec om mends the use of
nonchlorinated sol vents in all meth ods. Where pos si ble, a study
should be con ducted to find a sub sti tute sol vent for the method.

Ac e tone

Highly flam ma ble. Forms ex plo sive per ox ides with ox i diz ing
agents. Use ef fec tive fume re moval de vice. 

CAS-67-64-1 (ac e tone)

Acetonitrile

Toxic. Avoid con tact with skin and eyes. Use ef fec tive fume
re moval de vice.

CAS-75-05-8 (acetonitrile)
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Ammoniacal Sil ver Ni trate

Use soon af ter prep a ra tion and do not al low to stand for long
pe ri ods of time.

CAS-1136-21-6 (am mo nium hy drox ide)
CAS-7761-88-8 (sil ver ni trate)

An i line

Toxic. Avoid con tact with skin and eyes. Use ef fec tive fume
re moval de vice. Highly toxic when heated to de com po si tion.
Flamma ble. May re act vig or ously with ox i diz ing agents. Ig nites in
pres ence of fum ing HNO3. May re act vi o lently with O3.

CAS-62-53-3 (an i line)

Ar senic Tri ox ide

Toxic. Forms toxic vol a tile halides in con tact with ha lide ac ids.
Forms vol a tile, highly toxic arsine when re duced in acid so lu tion.
Pro tect skin and re spi ra tory tract when han dling. Use ef fec tive fume
re moval de vice when arsine or ar senic trihalide is formed.

CAS-1327-53-3 (ar senic tri ox ide)

As bes tos

Dry as bes tos fi bers are haz ard ous when in haled. Wet fi bers form a 
mat which does not con sti tute a haz ard. Trans fer dry fi bers in hood
to con tainer of dis tilled H2O and store un der H2O un til needed, e.g.,
for prep a ra tion of mats in Gooch cru ci bles. Do not dry as bes tos in
forced draft oven, only in con vec tion oven. Open oven doors slowly
to avoid de vel op ing con vec tion cur rents that will make fi bers
air borne. Re use of fil ter ing mats is of ten pos si ble by wash ing,
dry ing, and ig ni tion, as ap pro pri ate. Use al ter na tive if avail able.

CAS-8012-01-9 (as bes tos)

Ben zene

Toxic. Highly flam ma ble. Avoid con tact with skin. Do not breathe 
va pors. Use ef fec tive fume re moval de vice. De com poses vi o lently
in pres ence of strong ox i diz ing agents. Re acts vi o lently with Cl2.
Con sidered to be car ci no genic. Use al ter na tive if avail able.

CAS-71-43-0 (ben zene)

Bro mine and Chlo rine

Haz ard ous with NH3, H, pe tro leum gases, tur pen tine, ben zene,
and metal pow ders. Ex tremely cor ro sive. Use ef fec tive fume
removal de vice. Pro tect skin against ex po sure.

CAS-7726-96-6 (bro mine)
CAS-7782-50-5 (chlo rine)

Car bon Disulfide

Ex tremely flam ma ble with low ig ni tion tem per a ture. Toxic. Use
ef fec tive fume re moval de vice. Can re act vig or ously to vi o lently
with strong ox i diz ing agents, azides, and Zn. Avoid static elec tric ity.

CAS-75-15-0 (car bon disulfide)

Car bon Tet ra chlo ride

Re acts vi o lently with al kali met als. Toxic. Fumes may
de com pose to phos gene when heated strongly. Use ef fec tive fume
re moval de vice.

CAS-56-23-5 (car bon tet ra chlo ride)

Car cin o gens

Reg u la tions of U.S. De part ment of La bor re quire spe cial
pre cau tions to avoid ex po sure of per sons to car ci no genic chem i cals.

Con sult 29CFR1910.93c (U.S. Gov ern ment Print ing Of fice,
Wash ing ton, DC 20402, USA) and “Guide lines for the Lab o ra tory
Use of Chem i cal Sub stances Posing a Po ten tial Oc cu pa tional
Car ci no genic Risk,” USDHEW (1978).

Chlo ro form

Can be harm ful if in haled. Forms phos gene when heated to
de com po si tion. Use ef fec tive fume re moval de vice. Can re act
ex plo sively with Al, Li, Mg, Na, K, disilane, N2O4, and NaOH plus
meth a nol. Con sidered to be tu mor pro duc ing agent.

CAS-67-66-3 (chlo ro form)

Cy a nides

Re acts with ac ids to form highly toxic and rapid act ing HCN gas.
Use only in ef fec tive fume re moval de vice. De stroy res i dues with
al ka line NaOCl so lu tion.

CAS-57-12-5 (cy a nide gas)

CAS-143-33-9 (NaCN)

Cyc lo hex ane

Highly flam ma ble. Use ef fec tive fume re moval de vice. Can re act
vig or ously with strong ox i diz ing agents.

CAS-110-82-7 (cyc lo hex ane)

Di- and Trichloroacetic and Trifluoroacetic Acids

Can cause se vere burns to skin and re spi ra tory tract. Use rub ber
gloves, eye pro tec tion, and ef fec tive fume re moval de vice to re move 
va pors gen er ated.

CAS-79-43-6 (dichloroacetic acid)
CAS-76-03-9 (trichloroacetic acid)
CAS-76-05-1 (trifluoroacetic acid)

Di- and Triethylamine

Flam ma ble. Toxic. Cor ro sive to skin and eyes. Use ef fec tive fume 
re moval de vice. Can re act vig or ously with ox i diz ing ma te ri als.

CAS-109-89-7 (diethylamine)
CAS-121-44-8 (triethylamine)

Di chloro methane

Use ef fec tive fume re moval de vice. Fumes may de com pose to
phos gene when heated strongly. Can re act vig or ously with
ox i diz ing ma te ri als and al kali met als. Con sidered to be
car ci no genic.

CAS-75-09-2 (di chloro methane)

Di ethyl Ether

Store pro tected from light. Ex tremely flam ma ble. Un sta ble
per ox ides can form upon long stand ing or ex po sure to sun light in
bot tles. Can re act ex plo sively when in con tact with Cl2, O3, LiAlH4,
or strong ox i diz ing agents. Use ef fec tive fume re moval de vice.
Avoid static elec tric ity. See also safety notes on per ox ides.

CAS-60-29-7 (ether)

Dimethylformamide

Toxic. Flam ma ble. Avoid con tact with skin and eyes. Use
ef fec tive fume re moval de vice. Can re act vig or ously with ox i diz ing
agents, halogenated hy dro car bons, and in or ganic ni trates.

CAS-68-12-2 (dimethylformamide)
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En zyme Prep a ra tions

Highly con cen trated en zyme prep a ra tions can cause al ler gic
re ac tions af ter con tact with en zyme dust or aero sol. Take the
fol low ing min i mum pre cau tions at all times:

(a) Do all lab o ra tory sam pling, mix ing, weigh ing, etc. un der
ef fec tive fume re moval in an area hav ing good forced ven ti la tion of
nonrecirculated air.

(b) Avoid con tact with skin. Wear clean pro tec tive cloth ing and
nonpermeable gloves as nec es sary.

(c) La bel all sam ple con tain ers with the warn ing: Cau tion, highly 
con cen trated en zyme prep a ra tion. Avoid in ha la tion of dust and
pro longed con tact with un pro tected skin.

Eth a nol

Flam ma ble. Use ef fec tive fume re moval de vice when heat ing or
evap o rat ing.

CAS-64-17-5 (eth a nol)

Ethyl Ac e tate

Flam ma ble, es pe cially when be ing evap o rated. Ir ri tating to eyes
and re spi ra tory tract. Use ef fec tive fume re moval de vice.

CAS-141-78-6 (ethyl ac e tate)

Form al de hyde

A sus pected hu man car cin o gen. Ex po sure to high con cen tra tions
may cause skin ir ri ta tion and in flam ma tion of mu cous mem branes,
eyes, and re spi ra tory tract. Use skin pro tec tion and ef fec tive fume
re moval de vice.

CAS-50-00-0 (form al de hyde)

Hex ane

Highly flam ma ble. Use ef fec tive fume re moval de vice.

CAS-110-54-3 (hex ane)

Hy dro gen Sul fide

Haz ard ous with ox i diz ing gases, fum ing HNO3, and Na2O2.
Forms ex plo sive mix tures with air. Toxic. Use ef fec tive fume
removal de vice.

CAS-7783-06-4 (hy dro gen sul fide)

Hypophosphorus Acid

Re acts vi o lently with ox i diz ing agents. On de com po si tion, emits
highly toxic fumes (phos phine) and may ex plode. Use ef fec tive
fume re moval de vice.

CAS-6303-21-5 (hypophosphorus acid)

Isooctane

Highly flam ma ble. Use ef fec tive fume re moval de vice.

CAS-26635-64-3 (isooctane)

Mag ne sium

When finely di vided, lib er ates H in con tact with H2O. Burns in air
when ex posed to flame. Can be ex plo sive in con tact with CHCl3 or
CH3Cl.

CAS-7439-95-4 (mag ne sium)

Mag ne sium Per chlor ate

Ex plodes on con tact with ac ids and re duc ing ma te ri als. Use as
dry ing agent on in or ganic gases and ma te ri als only.

CAS-10034-81-8 (mag ne sium per chlor ate)

Mer cury

Haz ard ous in con tact with NH3, halo gens, and al kali. Va pors are
ex tremely toxic and cu mu la tive. Re gard spills on heated sur faces as
ex tremely haz ard ous and clean up promptly. High de gree of per sonal
clean li ness is nec es sary for per sons who use Hg. Han dle only in lo ca tions 
where any spill can be readily and thor oughly cleaned up. Pow dered S
sprin kled over spilled Hg can as sist in clean ing up spills. When Hg
evap o ra tion is nec es sary, use ef fec tive fume re moval de vice.

To avoid en vi ron men tal con tam i na tion, di lute liq uid re main ing in
Kjeldahl dis til la tion flask to ca 300 mL with H2O, cool to room
tem per a ture, and add 50 mL 30% H2O2. (If Raney pow der method is used,
6 mL is enough.) Warm gently to ini ti ate re ac tion, let re ac tion go to
com ple tion in warm flask, and sep a rate pre cip i tated HgS. Re serve
pre cip i tate in closed la beled con tainer for re cov ery of Hg or dis posal
ap pro pri ate for Hg.

See also safety notes on mer cury salts.

CAS-74-39-97-6 (mer cury)

Mer cury Salts

Mer cu ric salts are highly toxic and mostly H2O-soluble. Use
skin and re spi ra tory pro tec tion when dry mer cu ric salts are to be
used. Use skin pro tec tion when con cen trated aque ous so lu tions of
mer cu ric salts are used. Mer cu rous salts are gen er ally less toxic
than mer cu ric salts. Use of per sonal pro tec tion is ad vis able when
han dling these salts and their con cen trated so lu tions. 

See also safety notes on mer cury.

Meth a nol

Flam ma ble. Toxic. Avoid con tact with eyes. Avoid breath ing
va pors. Use ef fec tive fume re moval de vice. Can re act vig or ously
with NaOH plus CHCl3, and KOH plus CHCl3 or KOH plus HClO4. 

CAS-67-56-1 (meth a nol)

Methyl Cellosolve

Va pors can be harm ful. Use ef fec tive fume re moval de vice.

CAS-109-86-4 (methyl cellosolve)

Nat u ral Toxins

Myco toxins should be han dled as very toxic sub stances. Per form
ma nip u la tions un der hood when ever pos si ble, and take par tic u lar
pre cau tions, such as use of glove box, when tox ins are in dry form
be cause of elec tro static na ture and re sult ing ten dency to dis perse in
work ing ar eas. Swab ac ci den tal spills of toxin with 1% NaOCl
bleach, leave 10 min, and then add 5% aque ous ac e tone. Rinse all
glass ware ex posed to aflatoxins with meth a nol, add 1% NaOCl
so lu tion, and af ter 2 h add ac e tone to 5% of to tal vol ume. Let re act
30 min and then wash thor oughly. See Chap ter 49, Nat u ral Toxins,
for ad di tional ref er ences and for more de tails on de con tam i na tion.

Nitrobenzene and Other Nitroaromatics

Readily ab sorbed through skin. Symp toms of in tox i ca tion can
in clude eu pho ria and blu ish tint of tongue, lips, and fin ger nails.
Wear re sis tant rub ber gloves when han dling. Heat or evap o rate in
ef fec tive fume re moval de vice.

CAS-98-95-3 (nitrobenzene)

Ox i dizers

(Per chlor ates, per ox ides, permanganates, persulfates, perborates, 
ni trates, chlo rates, chlorites, bro mates, iodates, con cen trated
H2SO4, con cen trated HNO3, CrO3.)
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Can re act vi o lently with most metal pow ders, NH3, am mo nium
salts, P, many finely di vided or ganic com pounds, flam ma ble liq uids,
ac ids, and S. Use ex actly as spec i fied in method. Han dle in ef fec tive
fume re moval de vice from be hind ex plo sion-resistant bar rier. Use
face shield.

Pentane

Ex tremely flam ma ble. Use ef fec tive fume re moval de vice. Avoid
static elec tric ity. 

CAS-109-66-0 (pentane)

Permanganates

Mod er ately toxic. Readily sol u ble in H2O. Strong ox i diz ing
agent. May form ex plo sive mix ture with H2SO4 or HClO4. When
us ing with strong ac ids to de stroy or ganic mat ter, per form re ac tion
be hind safety bar rier.

CAS-7722-64-7 (po tas sium per manga nate)

Per ox ides

(a) Hy dro gen per ox ide.—30% strength is haz ard ous; can cause
se vere burns. Drying H2O2 on or ganic ma te rial such as pa per or cloth
can lead to spon ta ne ous com bus tion. Cu, Fe, Cr, other met als, and
their salts cause rapid cat a lytic de com po si tion of H2O2. Haz ard ous
with flam ma ble liq uids, an i line, and nitrobenzene. Since it slowly
de com poses with evo lu tion of O2, pro vide stored H2O2 with vent
caps. Wear gloves and eye pro tec tion when han dling.

(b) Ether per ox ides.—These per ox ides form in di ethyl ether,
dioxane, and other ethers dur ing stor age. They are ex plo sive and
must be de stroyed chem i cally be fore dis til la tion or evap o ra tion.
Ex po sure to light in flu ences per ox ide for ma tion in ethers. Fil tra tion
through ac ti vated alu mina is re ported to be ef fec tive in re mov ing
per ox ides. Store over so dium rib bon to re tard per ox ide for ma tion.

CAS-7722-84-1 (hy dro gen per ox ide)

Pes ti cides

Many pes ti cide chem i cals are ex tremely toxic by var i ous routes
of ex po sure, es pe cially in con cen trated form. These chem i cals
in clude or ganic Cl, carbamate, and or ganic P in sec ti cides,
mer cu ri als, ar sen ic als, and nicotine. As an ex am ple, or ganic P
fam ily of pes ti cides is con sis tently highly toxic, not only by oral
in ges tion, but dermally and by in ha la tion as well. Ob serve fol low ing 
min i mum pre cau tions at all times. Con sult safety data sheets or
la bels for ad di tional in for ma tion.

Pe tro leum Ether

Ex tremely flam ma ble. Use ef fec tive fume re moval de vice. Avoid
static elec tric ity.

CAS-8030-30-6 (pe tro leum ether)

Phosphotungstic Acid

Emits highly toxic fumes when heated to de com po si tion or in
strong al kali.

CAS-12067-99-1 (phosphotungstic acid)

Pyridine

Toxic. Flam ma ble. Use ef fec tive fume re moval de vice. Re leases
toxic cyanides when heated to de com po si tion.

CAS-110-86-1 (pyridine)

Ra dio ac tive Chem i cals

Con sult NIST Hand book No. 92, “Safe Han dling of Ra dio ac tive
Ma te rials’’(avail able as NCRP Re port No. 30 from Na tional
Coun cil on Ra di a tion Pro tec tion, Pub li ca tions Department, 4201
Connecticut Ave, NW, Wash ing ton, DC 20008, USA) and NCRP
Re port No. 39, “Ba sic Ra di a tion Pro tec tion Cri te ria,’’ be fore
han dling these ma te ri als.

Sil ver Iodate

Pow er ful ox i diz ing agent. Can ini ti ate com bus tion in con tact with 
or ganic ma te rial (e.g., pa per or cloth). Can re act vig or ously with
re duc ing agents. Han dle as noted for ox i diz ers.

CAS-7783-97-3 (sil ver iodate)

Sil ver Ni trate

Pow er ful ox i diz ing agent; strongly cor ro sive. Dust or solid form
is haz ard ous to eyes. Han dle as noted for ox i diz ers.

CAS-7761-88-8 (sil ver ni trate)

Sul fur Di ox ide

Toxic gas. Forms H2SO3 in con tact with mois ture. Use ef fec tive
fume re moval de vice to re move SO2 va pors re leased by re ac tion or
from gas cyl in der. Avoid con tact with skin, eyes, and re spi ra tory tract.

CAS-7446-09-5 (sul fur di ox ide)

Toxic Dusts

Use gloves and gog gles to avoid con tact with skin and eyes. Use
ef fec tive fume re moval de vice or other re spi ra tory pro tec tion.

Ura nyl Ac e tate

Highly toxic. Avoid skin con tact and breath ing dusts.

CAS-541-09-3 (ura nyl ac e tate)

Spe cial Ref er ences

Chem i cal Safety

 (1) “Safe Stor age of Lab o ra tory Chem i cals” (1991) 2nd Ed.,
D.A. Pipitone (Ed.), John Wiley & Sons, Inc., New York,
NY 10158, USA.

 (2) “Sax’s Dan ger ous Prop erties of In dus trial Ma te rials” (1999)
John Wiley & Sons, Inc., 605 Third Ave, New York, NY
10158-0012, USA.

 (3) “Pru dent Prac tices in the Lab o ra tory: Han dling and Dis posal 
of Chem i cals” (1995) Na tional Re search Coun cil, Na tional
Acad emy Press, Wash ing ton, DC 20005, USA.

 (4) “Flam ma ble and Com bus ti ble Liq uids Code Hand book”
(1984) 2nd Ed., Na tional Fire Pro tec tion As so ci a tion,
Boston, MA 02110, USA.

 (5) “Chem i cal Pro tec tive Cloth ing, Vol umes 1 and 2” (1990)
J.S. John son & K.J. An der son (Eds.), Amer i can In dus trial
Hy gien ists As so ci a tion, Fairfax, VA 22031, USA.

 (6) “Health and Safety for Tox ic ity Testing” (1984) D.B.
Walters & C.W. Jameson, Butterworth Pub lishers,
Stoneham, MA, USA.

 (7) “Com pen dium of Safety Data Sheets for Re search and
In dus trial Chem i cals, Parts 1, 2, and 3” (1985) L.H. Keith & 
D.B. Walters, VCH Pub lishers, Inc., Deerfield Beach, FL,
USA.
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