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Phenal c-Cresal m-Cresol

CeHis

OH

oH oK on aH
. CHy O
CHg
CHy

p-Cresol

¢l cl cl ct
Ok \ /
<:/ > < \>
CH
P
Cl QH QH <l

Hexylresorcinod Hexachlorophene

ﬂ"l"ﬁ"h)"ll 22=1 Microbicidal
Action ol Phenol Duriva-
tives {(Phenol Coelficients at

On

o - Phenylphenot

jﬂ#l 22<1 Phenol and
some phenolic compounds
which are used as disinfec-
tants.

J7U0)t

Saimonella Staphylococcus Mycobaclerium Candida
Name lyphi aureus tabereulosis alhicans
Pl Bl LA 1.0 1.0
o-Crusul 28 2.4 2.0 )
m-Crogol 2.3 2.9 2 2.0
p-Crosol 2.3 2.3 2.0 2.0
1-Ethylphenol 6.3 6.3 6.7 7.8
2,4-Dimecthy!phenol 5.0 4.4 4.0 5.0
2,5 Dunethytplicnat 5.0 4.4 4.0 4.0
3,4-Dimethyiphenol 5.0 3.4 4.0) 4.0
2,6-Dimethyiphenol 3.8 4.4 4.0 3.5
4-n-Propylphenol 18.3 16.3 17.8 17.8
4-n-Butylphenol 46.7 43.7 44.4 M
4-n-Amylphenod 53.3 125.0 143.0 156.0
a-tert-Amy | phenod 30.0 WL 1111 100.0
4~n—!'{m\y|mu:nul 333 J313.0 JBy.0 343.0
4-u-Hepty lphenol 16.7t 625.0 667.0 L 556.0

* The higher the vidue the greater the microbicidal activity,

t Approximate.

sourer: From HF Prindle and B, S, Wright, *Phenolic Compounds,” in C. A. Lawrence and
5. S. Bluck, Disinfection; Sterilization, ond Preservation, Les & Febiger, Philadelphia, 1968.
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ﬂ‘l‘!"l\!ﬂ 222 Phennl Coeflicients of Alcohols

Phenal Coelficient

Alcohol Anpinst Salmanella tvphi Against Staphviococeus auregs

Melthyl, CH,OH 0.026 0.03

Ethyl, CHLCH,OH i 0.04 0.039

n-Peapyl, CH,CH,CH,OH 0.102 0.082

Isoprapy!, (CH,),CHOH 0.964 0.054

n-Butyl, CH,(CH,1,CHLOM 0.273 0.22

n-Amyh, CHL(CHL)LGHLOF 0.78 0.63

n-exyl, CHL(CHLLOCHOH 2.3

neteptyl, CHACH),GHLON 6.0

n-0gtvl, CHL{CH)CILOH 21.0 ) 0.63 )

sourek: G Sykes, Disinfection and Slevilization, 2d ed., Lippincotl, Philadelphia, 1965,
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g8 22-2 Comparative f-
fectiveness of washing with
various antissptic solutions.
‘This chat summarizes a
large number of tests In
each test. the calculated
bacterial flora immediatdy
hefore the antiseptic was
applied was conddered as
100 percent; the residual
flora immediotely after use
of the antiseptic is shown as
a proportion of the origind
one. The steeper the curve
the greater the effect. (Note:
1:1000 means1 partin
1000.) |Courtesy of P. B,
Price, “*Skin Anlisepsis,” in
J. Il Brewer {ed.), Lectures
on Sterilization, Duke, Dur-
ham, N.C., 1957}

Percent reduction of bacteriol flora

10

todine 1% in 70% alcohol

£

Soap and water
Aqueous merihlslute 1:1000-

Tincture of merthiclate 1:1000
Aqueous Zephiran
{a commercial qualermnary

uiMmonium compound)

1:1000

Mixture ol alechiol 50% (by
volume) ond acetone 10%

Tincture ol Zephican

0 20 40 40

Time, seconds

80

Erhyl alcohal 70% (by weight}
0

o g A L4 <l A =) r-%
nalnlumInTsyn : usanesefiliud @l lUsdwURauRn WS eRas TINTG

(denature)  quswURilananelddurEdgluians Tudaduiunidveweanazed

= QO an a 3 o e~ Qut 4 Qs
uasnagefiiiudrrinaiede  datu  Feerarilvadedudoulwbauasdlaiuany

L4 o o St 2: o ) J
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PN PTRAUAI
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H 4 . . . X a 1 ©
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4.3 alay
(Halogen)
431 elofiu (lodine)
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laldnsa’lsd) arsvsznaumafilunifisuiuataunivae
e py -
ﬂﬂaiwmﬂunqwmmaamsﬂs:namma%‘wm’lﬁﬁu disinfectant, sanitizing
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nItYaun luqmﬂ'mnﬁumm's luhuwidon uaslumansunnd

w‘ﬁﬂﬁ’mﬁﬁﬂumu‘ﬁ'w‘lﬂﬂﬂaa‘l‘sﬁﬂ‘s:nauaglignlﬂum: sanitizing A38948
A Qo ‘u‘ . []
igatuvinsauaznausluuewns  ssecanelmdonlaluesaled 19 gn‘lﬁﬁa
qmmwdauqﬂﬂaua:'lﬁﬂu disinfectant W% ®1T8RILIDNTU 5-10% ﬁgn'l-ﬁ'
Tumagmmanbuhusslsiiu disinfectant ustlfiilu sanitizing agent ugasmnisu
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Cl, + H,O0 —=aHCI + HCIO (hypochlorous acid)
e - [ v] [ 3 | (-1 @ O v oa Q'
musadutuwlalysduasara liniuandarlwinansalalunsasas nva
. o ol a A‘ s G |‘ " - A. -

lalupsasafifetudaanszuanditienefondiaw@en  (nascent oxygen) @anan

HCIO —» HCI + 0

Formed from
chlorine,

hypochlorites,
chloramines
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Qs - Qs 1 ) [l |
q‘a‘m‘f‘ﬂﬂmwmnu{ﬂiﬁmaovnaéua:ﬂqﬂnanﬁwﬂﬂﬂsﬁu dathagulunidl
-3 G :: 1 Ad 1 A ! -3 [ ¥
maamm‘ﬂ‘snnaa‘heﬁ:nummu‘lmﬁmaqnuayﬁa‘lwma (sulfhydryl) esusanilu

& :
sunmTeiiaaluil

SH S
v Ve L
) Enzyine + Hd’l;, — enzyme £+ Z2HCI
. \s M RN

Active enzymo Mercuric chloride Inaclive enzyme

a - P o P
wprslavewiimnnsen veass  uwaelu  iemudirienmsnlvlusaulu
lalawewd  (cytoplasm) duduluraulinarinlWiassifenienTaay  inRevaslans

a1 A H. K3 W . s ¥ o v v (3
wing1s 9 Fudusrsldanazneu  (precipitant) unzmlaandntugannizi
higadane

3
4.5 a#en (Dye)

- v o aa e a de A = A

m‘sﬂ::naqunwuauaaanquuq_mauum’lummamuqaumu Failufsuls
urtngadB3ngufiudiee Aa triphenylmethane dye uas acridine dye

4.5 Triphenylmethane dye
- P2 1 1 :d . oyye :
auawaﬂuagluna‘uuna malachite green, brilliant green U&: crystal

. - ol & 3 ~ 1 - ] A ] = - 5 1
violet Jaunifunsuiniausenlmdafinaritnnnigiunidunauey WU crystal
. v ¥ o : ' \
violet Sudsdanlounssuinfionui@esw 1: 200000 B9 1:300,000 udaeslanw

] o . . 4 &
VINTUgI 10 i \wmItudy  Escherichia coli TUTWNINNY  Staphylococcus
’ o ¥ . | ) )
aureus WnsuuIngndutales malachite green finaulduT% 1: 1,000,000 UAAD
e LA - o ¥ . a -7 ar o & o W
ldnnududugeta 1:30,000 Tumaduds Ecoi  Rawsilfeaanaduiusiialy
} o Qg 3 1 - & A
-1:'vmulgn‘smmammunuﬂfmaau‘lwmﬂ triphenymethane dye eidiRnmaenad
! w ¢ a4 X o ae ° 4 Ve
anumnzaulumslauszlomt : swmsnzitsaragiunideragnvialiiiiu
A o A A a - ¥ R eyqe
mmnwammmaanmaqaumﬁ‘lmauwﬁumﬂa crystal violet, brilliant green
‘w38 malachite green adluUdaudntuias 9 (Uszanm 1:100,000) uuafiSy
! L4 8 -4 A’ o 3 ] ] = -3 A
unaInegniugs e nwsRontardatgnldeduninawluivgetinen
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2
ATN9INN 22-3 Some Com-
pounds of Heavy Metals That
Have Anlimicrobial Aclivily .

Heavy
Melal Examples.oi Compoonds Applications
Murcury Inorganic compounds: Bactericidalin dilutions of 1:5,000; Himited use

Mercuric chloride
(hichloride of mercury)
Murcurous ehloride
Mercoric oxide
Amrmoniated merciny

Orpanic compounds:

Mercurochnrome
Melaphen
Merthiolate
Mercresin

Silver
Silver nitiate
Silver laclate
Silver picrale

Copper Copper sulfate

Cofloidal silver compounds:

lecanse of corrosive antion, high toxicity (o
avimatls, and reduction of ellecliveness in
praseace of organi¢ material; insoluble
compounds, aged in oinhinenls s antiseptics

Lees ivritating and less foxic than the inorpanic
merenry compotnds; emploved as antiseptics
on culaneous and mucosal surfaces; may he
bactericidal m bacleriostatic

Consisl of protein in combination with metallic
silver o silver oxide (colloidal salution);
bacteriostalic or bactericidal effoct is a function
of the {ree silver jous released from the
tombiinatior; used as antiseplivs, silver nitmate
is the most widely used of these compounds
all of which are germicidal and employed as
amliseptics in specific conditions; silver nilrate
is bactericidal for most organisms al a dilution
al 1:,000: many stales require that the eyes of
newhorns ho treated with a few drops of 19
silver nitrate solution 1o prevent ophithalmia
neongtorum, a gonococeal infection of eves

Much more effective against algae and molds
than bacteria; 2 ppim in waler sulficient lo
prevent algal growtds used in swimming pools
and open waler reservoirs; used in the form of
Bordeaux mixture as a fungicide lor prevention
of corlain plant diseases

WenfuspsuguiianTiamey  Ecoii  1iusney anudaulwisiaieng 9 fseragn

1ﬂums°ﬁ'u§mmuaﬁt%‘u Brucella mu'a*ﬂ-'fr'awQnﬁmun‘[ﬂuﬁuuuaﬁ'ummmmu

#ofea 9 uanenami Crystal violet dagnldiflu fungicide Fnonandiiu 1 : 1,000,000

zfufsmInspivlavesiale

524

MI 211



aalnlumsnszyn: nalnlunisnszhinues  triphenylmethane dye 83
L 3 £ o “ QI‘ 1
nwuia wedhlehnisfudaunSiinananmssumuawmaSandiatiudns o
Y ITAR
4.5.2 Acridine Dye
ar 1 <l . ge [y . . .
Megnsuasiwon  acridine f@ acriflavine uwae tryptoflavine &1vuvznay
g = | -3 g: 1 = o . .
waHugasnsdandudidaarwiunfiiolaoanis staphylococci Waz gonococci
Tnludanlagndudalas  tryptoflavine pmMABaTe 1 110,000,000 f9 1 150,000,000
- . I3 1) v X . y o O ] L2 o ¥
Acridine dye ffiansvudasnwiaaalatradnday  Jaquulalagndranleiduwen
$nwlsenntdn  lesmmwimwihasssujiususzeninealiesiiedu  wign
° (YY) & W @
innlrinaRanuma i lng ueassTae) uazaenIswzdaee
4.6 msvnendaniy
(Synthetic Detergent)

R1TAALIIAIAT (Surface-tension) wiassgwminilun (wetting agent)

o P e . o . XA a ] [
figaulnginanlatumstindwszeiaiuia  gniSondiasdnwen (deter agent)

o [] 1 L & U R | '3 [ s d' ?; L a A:
Mothatu &y 1uau azm"[*mmuagmumwnwaﬂmmlumm:ma sumeil
o ' o ) & . P X
WlelimIuivyeasdnany (cleaning agent) Fwnnlwilvilidaz@nEawannau
Jonin surfactant Wiea1ITNWansaAINER  (synthetic detergent) 813TnWan
™ - o sl a oA ' Y oA e A e ' A
Fansinaurlaliguamwinisy aoldanaznauluiimiunTanIaitiudie wia
'l&iﬁwlﬁiﬁmm:nauﬁuus’mqluﬁnm:é’w mssﬁ’nwanﬁ’amswﬁgn'lfmhaum"ﬂmy
a ag L% o h a s % dll [ o et ca
Tumsdnvanimedn Fidwisset umun uasReindedu g uedwilomsani@
) ¥ oA A .
lumidadmuuafiSegs
G 1 e, r-§ War | g A
mwnwanmmg}nLtmmuqmanmmataﬂmmma"lﬂu fo
A LA ar . . v 4 -Ada wn & o A
1. wandvifleuanédd (ionize) udsniNfigumuiiduarsdnwanan uouloaou

(anion) 3:gniFunit anionic detergent datnaTu

1GyH,,CO01~ Nat- 120 bsOSO, = Na *

A soaq Sl kvl suliate
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-‘ 4 A ¥ -ld [T ] Qe - .
2, mn'uomauﬂnmummunuqmauumﬂummnﬂanna uemlasan (cation)

wxgni3unda cationic detergent daotnalTH

[@ N_CmH:njr'Cl

Catyipyridinivm chloride (Conpryn)

& a . . «t 1 o & . 1 =
3. mgnienlunsdifisu A nonionic T¢luuandniulessu athelsfiow
] ; 1A & i [ % “y - ¢ [] ar L3
sramiilailifans sudedruqiunidathidaud
<o - J - 1 - Q' J “d -
lumsssdmugunideunuiogu  fawl  usaied qmﬁuummﬁ’fasa
vaamsyswanihidimaindagiunddlanmeng fie  myseussfefauasdnamlvify
WRIUTE NaIUT ﬁna:mumd'ﬁm'mmu’lmﬁﬂ'a'ﬁ'lw’a (emulsify) usznIzIwUn
Juuazguns qaunIdaswgasananfusyuazgnitdaeenlaningts sraaildne 9 la
gniwneraiusfafufanssulunsdedugdunid
mssﬁ’nﬂanmnunn'laaaﬁﬂgnﬁa'jwﬁqmﬁuu“mﬂu germicide W nnIWIN
~ é i - | d' .
woulasafia Feaznsnfladelulwias quaternary ammonium compound
4.7 Quaternary Ammonium Compounds

=

i 1 A 1
s13dsznausmlngvassgnnanwanuanlassfieilguaud@lunssi

o l:du

Yswgiunid fie quaternary ammonium salt infamsniilsnwmslasensrafioy
[ A . - e ' | € o o '
lafuinaeafiuniduesenladly ou usaluiflauaasnlse aauraslugun 22-3 wy
~ 1 « al d' | Qs [ d‘
R, R, R, uar R, fawylslavaniusuiisuderiululasiauezasndusaslugy
1 E L] A A _~ i L.
22-3¢ ¥y R anuduatnanilsuey alkyl group delinnnuiawaioriaianaani
Qoo . hd = d
dshudsil  quaternary ammonium compounds MnnnewaeTiiangn
. oX

aamﬁmmwngnﬁﬂmmﬁauﬁimﬁmiaﬁ'mgﬁun?ﬁ ﬁmumﬁﬂﬁtﬂumseia@“ﬁugﬁuﬂ%‘ﬁ
i - ) - X o G A
ﬁﬁﬂf:wwﬁmw‘iqgnwamutﬂumimmmadwa‘lugﬂﬂn 22-4
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11}5:' 22-3 Chemical struc-

ture of quaternary anmo-

nium compounds shown in

reletion to the structure of

ammonium chloride.  [A)

Ammonium chloride. (B) c
The generd sructure of g o —*
quaternary anmonium com- CiHag. CHg

pound. Ry, R,, R,, and R, are \ /
carbon-containing  groups,

and the X~ is a negaivdy
charged jon such as Br~ or / \
Cl =, (C) The quaternary am- CHg CHy

monium compound CTAB, _ -
or cetrimide.

l— &~

. o
Chy * " JuUn 22-4 Some exam-

| ples of quaternary disin-
CH,, ~~N—CH ol e a7 o |
T 3 ! MGt fectants,

CHy

Zephinan, bhunzalkomum chloride: Ceuepryn hloride

+

Clig
!
GgH ,,@ O—C;H*—-O——Céh——lil——vCH‘Q a~

1 CHg 3

Diaparene chloride
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wilumasiasuuafiissasmameimtane g ldiRoudesgedmiy

1] e 1 s ) ¥ .y =3 =4 W L

RS uunTLINInTY umu:nm'l’alun'lmaﬁ"m?aumﬁunmauaﬂmﬂ AT
v A L Ve a4 s ¥ oo, - A R Py
dudalgnslumasiinmouuafismIuasudanumianmisdiululiAduduauis
A Lo t Qe H X A Qe
Wi URRLAUEIN  dauradlua TN 224 uanmnﬁmnmﬂ’uﬁwmmmqmauuw
o 2‘; o =l . . Q- L i W ‘i ] o - N-
gudaunfi3y  (bacteriostatic)  HINMINMINNINANUENTUASINNaBLLRTiS Y
. . Ot ] 1 L2 s 4' 1 ° . = oA |Al
(bactericidal) @azaTu VOULVANNVVNUVUNT N TONIMRBULANL I T8N
= | v v o4 oo ¥ al - oA A
ANUTDY 1:80,000  UAAMWINTUT LT IMUATLI DENANAINTRINGID
1:200,000  MINTSYNUSIFITUTENALWEIHABINI TN IO TIIFOLLNDTURAIN UGN
eiﬁﬁmdwﬁanﬁulum‘siTuﬂ’aua:ﬁaﬂﬁulummhlﬁmmﬁaﬂinﬁuqmmwmm

disinfectant

PREERY 2p-4 Some Dacteri-
cidal Concentrations* of
Three Qualernary Ammo-
nium Compounds

Lethal Conceairations i

Organism Cetrimide Ceepryg Zephiraol
Staphylococcus 20,000% 83,000 18,000
35,000 218,000 20,000
218,000 38,000
50,000
200,000
Streptococeus pyogenes 20,000 42,000 40,000
127,000
tischerichia coli 3,004 66,000 12,000
27,500 67,000 27,000
30,000
Salmonella typhi 14,000 15,000 10,000
18,000 20,000
64,000
Pseudomonas aeruginosa 3,500 2,500
5,000
Proteus vulgaris 7,500 34,000 1,300

* These figures have been collected from various published sources; they were therefore ob-
tained with dilferent testing techniques,

t lixpressed as 1 part quaternary ammonium compound in stated volume of diluent; C.g., see
foolnote %,

+ 1 part cetrimide in 20,000 parts of diluent. .

soures: G. Sykes, Disinfection und Serilization, 24 ed., Lippincott, Philadelphia, 1963.
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g13UTznaumamaIunIas 9 muﬂmﬂmauumaﬁnumaﬁ (fungicidal)
) L7 A [ - o = [ 1 ; ]
wazane s lagandulyaunsaiie "In5ﬁgmuammmmmmumamsumnnm

uuaIouasWele
aumuzsulunmslguszTond qmﬁuﬁﬁﬂwmﬁasha'uamwﬂ‘s:nau
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mamainide TuNs germicide uar sITnwen TassnsaaiuRetaLazae
il I o LY 1 e 1 W w € & ° ] . .
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I pe cquipmend at 55 1o KorQ))
Glutaraldebydn, an, %

Formalilehvde 1 aleohinl
Formaldehvyde, g,

lodine + aeohol

Alealials

Chivrine conmponnds

Phenolis compounds

lodophows

Qualernney sndimonia compounads
Maotcurial compounds

450 B nagpl

2%

8% F 60270,
3--0%,
0.5--70%
TO-05%,

4-5%

0.5-0%
70160 ppm
11700
1:H00-1:1000

Higph

[{iph

[iph

Ligh to intermadiate
Inlermediate
bvtermediate
Intermediale
Ltermediale 1o low
Intermedinte to low
Low

Low

Ioterprrelation of Achivity Level

Trest Oreanicm

Wit feria

"Faneut

Virtnes

Lipid and © Nonlipid
Tuberele Medin- and,
Veselativet tacillus Spares Sizel Small
High 1 + + -+ + +
Interinediate + + - + + +
Low + ‘ — + T _

* + means. that cidal elfect can be expecled,

t Commaon [orms ol bacterial colls, e.g.. Staphvlocacecus.

* hncludes usual asexual spores but not necessarily dried chlamydospores and sexual spores.
sotkci: Courtesy of I H. Spaulding, Temple University,
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]ﬂ"l'\ 22-6 Effect of B-propiolactone concentration on death rate of spores of
Baciflus sublilis var. niger. Rdative humidity, B0 % 5 percent; temperature, 27 +
2°C. Concentrations: [A) 0.1, {B) 0.2, (C) 0.4, (D) 1.4 mgliter. {Courtesy of 1. K.
Hoffrnan ond B. Worshowsky, Appl Microbiol, 6:358, 1958.)
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jﬂﬁ 22«7 Laboratory
ovaluntion of chemical anti-
microbial agents: (A) No
growth or growth fn broth;
(B) increased growth in
broth as concentration of I
chemical agent is decreasec; ”

{C} increascd growth in nu-
trienl.agar plates as concen-
tration of chemicol agent is
decreased; (D) inhilition of
growth by chemica! agent
applicd o center of inoon-
lated wedium in Perri dish,
zone of inhibition develops
if compound s active.
(Gourlesy of Procter and
Lumble Company,)
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A1s9f 22-6 An Example of
the Type of Result Obtained
in the Phenol-Coellicient
Method for Tesling Disin-
fnctants; Test Organism =
Salimonella typhi

SuboMuyre Tohes®
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f125 -+ ¢} 0
P00 + 1 0
1:17% N 1 n
{1200 3 + 4
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L:ton + + +

Phenol cocllicient of (X)) = vy = 16
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#1919t z2-v Application of
Chemical Agents for Gon-

trolling Micronsganisms

Chemical Agent

Recommended Use

Linvitalions

Phenal and phenaolic
compounds

Adcobols: ethyl aod

isopropy!
lodines

Chiorine

Sidver nilrale

Mercurials

Quaternaries

Formaldehyde
Glutaraldehyde

Lithylene oxide

B-propiociaclone

Goeneral disinfoctan!

Skin and thopmometer
anl isn-pli\(;

Disindect skin

Water disinfeclion

Trealing buens
Skin disinfection
Skin disinfection

Sterilizing instruments;
fumigation
Sterilizing instruments:
fumigalion

Sterilizing heat-sensitive
malerials, instruments,

~and large equipment

Sterilizing instruments

and heal-sensilive materials

Misrobial effectiveness limiind;
ireitaling mul corrosive

Anliseplic

tiritating {0 mucous membranes

Inactivated by organic malerial;
pli depemddent for effectivencss;
objectionable taste and ador
mnless strictly controbled

Possible irritation
Slow-acling; loxic
Nul sporicidal

Permealion poor: corrosive
Stability limited

Flammable; potentially
explosive in pure form

Lacks penetrating power

Fl’l‘i"l\ﬁl‘ 22-8 Sites of Action of Antimicrobial Chenical

Agents Other ‘Thau Anlibiotics

Chiemnid

vl Asents

= pét
= . . =
k=] ] . =~ N =
$ puil > 2 5 s 2 g
P E = -~ :‘_‘\ = 3 o a0
a = £ = S W = P
o v o B w "3 i . z o2
= = = o = - . . = 2 ooz
= N = z 3 z g z : g a
" L =3 £ £ E 3 E 2 o E
Sites of Action” - S [+ o] st U = = . A orJ
Cell wall +
Cytopliasmic mem- + 3 +
hrittia
Proteins (denaturation) + + + +
Nugleic acids + +
Enzymes with sulf-
hydryl (St} groups + + + + + +
»
Amino acids + + + + +
* In some instances the site of action is dependent upon the concentration of the chemical.
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