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ABSTRACT

Disinfection is a necessary and obligatory procedure in the framework of
good professional practice. In practical terms, it means eliminating micro-
organisms capable of producing disease through the use of a physical or
chemical agent.

The chlorine in the form of hypochlorite or bleach, is a powerful oxidant
being disinfectant more important there because combines all the advan-
tagesrequired, including easy and cost convenient dosage. Available chlo-
rine responsible for the bleaching and disinfecting functions, is defined as
the oxidizing power of the chlorine content and is expressed in grams of
available chlorine per liter (gCl./L). Chlorine concentration tends to de-
crease over time, resulting determination important because it relates to
the minimum dose recommended use to fulfill their function a parameter
being evaluated in the accreditation and certification standards institu-
tions. The recommended method isthe iodometric titration whichislabori-
ous and tedious. In this method the assay is performed for colorimetric
automated by adaptation reagents routinely used in any clinical labora
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INTRODUCTION

Disinfectionisanecessary and obligatory proce-
dureintheframework of good professional practice.
It aimsto ensurethe quality of the provision and se-
curity of the playersinvolved. In practical terms, dis-
infection means eliminating the microorganisms ca-
pable of producing disease. In disinfection using a
physica or chemica agent to destroy pathogens. Chlo-
rine, intheform of hypochloriteor bleach, apowerful
oxidant is, without doubt, the most important thing
there disinfectant, because it bringstogether all the
required benefits, including easy convenient dosing and

costltl, Someof its saltsare al so disinfecting power.
Themost used are cal cium hypochloriteand sodium
hypochl orite disinfectant whoseefficiency isidentical
tothat of chlorineand similar reactionsinthewater?.
The hypochlorous acid (HCIO) dissociatesinto hy-
drogenionsand hypochlorite (CIO)34:
HC10O - H* +C10~
The hypochlorousacid (HCIO) and hypochloriteion
(OCl") arethe so-called “free chlorine”. By their na-
ture, HClO istheultimatedisinfectant and itspower is
much greater than the hypochloriteion (OCI") (100
times)@.

Avalilablechlorineisdefined astheoxidizing power
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of chlorineinthewater bleaches (HCIO + OCI") and
expressedingramsper liter of availablechlorine (gCl,/
L.), beingrespong blefor thefunctionsof whitening and
disnfecting.

Hypochlorite solutions provide the same balance
of ionization. For exampl €34

NaClO+H,0 - Na" +ClO™ + OH~ @

H*+CIO™ - HCIO )
The reactions (1) and (2) depend on the pH of the
medium. Thus, thefirst predominantly with low pH va-
ues andthesecondwithhighvaues . Thequantities
of hypochlorousacid and hypochloriteionsformedin
theabovereactionsisequivdent inoxidizing ability, the
amount of chlorineorigina. Whenthe pH islessthan
4.0thechlorineisintheformof molecular chloring(CL).
At pH 5.0to 6.0; existing chlorineisin the form of
hypochlorous acid. Above pH 6.0 there hypochlorite
ions, which predominate when the pH exceeds 7.551.

Thebleach stability ispoor (3 months), whereby
the concentration tendsto decrease over time, decom-
posing slowly on contact with air. Therate of decom-
position increaseswithincreas ng concentration of so-
dium hypochloritein the solution and asthetempera-
tureincreased®.

Exposureto sunlight a so accel erates decomposi-
tion>8, When heated to decomposition, sodium hy-
pochloritereleaseschlorine(Cl,), whichisatoxic sub-
stance’>7”. The concentration of available chlorineis
important asit isrel ated to the minimum dose recom-
mended usetofulfill thefunctionsof bleach or disinfec-
tant and isaparameter evaluated inthe accreditation
standardsand certificationinstitutionsrequiringdisin-
fection processes (food industries, dairy, poultry and
pigfarms, laboratoriesand medical ingtitutions), plus
excess chlorinein solution, corrosive effects exerted
even stainless stegl 23619,

The sodium hypochl oritesol ution are decomposed
intwoways.

e tosodium chloride (NaCl) and molecular oxygen

(O,) (reaction 1)

e by disproportionation to chlorideand sodium chlo-

rate (NaClO,) (reaction 2)

2NaClo—=24¥_, oNaCl +0, ©)
3NaClO — 2NaCl + NaClO, @)

Hnalytical CHEMISTRY o

Thelast of thesereactionsoccursintwo steps: aninitia
sow step that formsthe sodium chlorite (NaClO,) (re-
action 3), and afast paced disproportionation between
hypochloriteand chlorite (reaction 4):

2NaClO—2%_; NaCl + NaClO, ®)
NaClO + NaClO, - NaCl + NaClO4 (6)

Sodium hypochlorite can a so react with hypochlorous
acid (reaction5), thus:
2NaClO+HCIO - 2NaCl+ HCIO;, (7

Thislast equationisoften used to emphasize thefact
that inacid, hypochloritedecomposes moreeasily than
in abasic medium, which iswhy the solutions of so-
dium hypochloriteat pH was maintained greater than
11[5—7,9].

According to astudy on themechanism of action
of sodium hypochlorite on microorganisms, thiscom-
pound actsasasolvent of organic matter, specificaly
fatty acids, who transformed into fatty acid salts (soap)
and glycerol (C,H,O,), reducing thesurfacetension of
theremaining sol ution. Furthermore, amino acids neu-
tralized, forming water and salts. With the decrease of
hydroxyl ions(OH") through theformation of weter, the
pH isreduced by stimul ating the presence of hypochlo-
rousacid within contact organic componentsactsasa
solvent, liberateschlorinecombineswith theamino group
of the protein, forming chloramines. The hypochlorous
acid and hypochloriteions and lead to degradation of
amino acid hydrolysig238.

Therecommended method for determining the con-
centration of activechlorineisiodometric titration*+2
which islaborious and time consuming. In this new
method is performed by adapting automated determi-
nation reagentsroutinegly usedinany clinica laboratory.

MATERIALSAND METHODS

| odometric method!*?

Thedetermination of availablechlorineisaredox
titration, hypochlorous acid and sodium hypochlorite
present in aknown volume of solution becomeCl, in
anacidic medium, whichoxidizesiodideiontol,. The
iodideionisadded to the solutionin theform of potas-
sumiodide(Kl), iodine(l,) produced wastitrated with
asol ution of known concentration of sodium thiosulfate
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(Na,S,0,) inthe presence of starch asanindicator.

ClO"+21"+2H" -5 Cl” +1,+H,0
25,0, =41, >S,05=+21"

|, —starch(blue) > | ~ —starch(colorless)
Reagentsand materials*?

e Burettefor titration, lodine bottlesand magnetic
dirrer

e Glacia AcgticAcid

e Potassium lodide(KI) solid

e Standardized Solution Sodium thiosulfate
(Na2S203) 0.1 N.

e Starch Solution 1%

Assay!*?

Placethebottlefor iodinewith adiver onthemag-
netic firrer. Dilute bleach previoudy shown 1:25, teke
5.0mL.Add 20 mL. distilled water, 1 mL. of glacial
aceticacid, 0.5g. of potassumiodideand 1 ml. of the
starch solution. Titratewith the standardized sodium
thiosulphateto turnto colorless.

Automated colorimetric method

Thedetermination of availablechlorineisacolori-
metric endpoint automated method in which the hy-
pochlorousacid and sodium hypochlorite presentina
known volume of solution, produce oxidative coupling
reagent (4-aminophenazone and phenol) to giveacom-
pound addition of different color (quinonimine) whose
intensity isproportiond to the concentration of avail-
ablechlorine. Asan additiond advantage of themethod,
part of thereagent used in the Trinder reaction used to
quantify glucose, cholesterol, uric acid and
triacylglycerol§13. Theandytical senstivity of thepro-
posed reaction can be adjusted to the needs of the sys-
tem and can be determined concentrationsof theorder
of mg/L. increasingthesample/ reagent and setting the
parametersto that rel ationship (calibration curve, lin-
earity, limit of quantification).

Reagentsand materials

e Autoanalyzer or spectrophotometer

e Working Reagent: 4-aminophenazone25mM, 55
mM phenoal. diluted 1:20 with distilled water pH
6.0. Stablefor 2 monthsat 4 °C.

e Standard chlorine. Concentration determined by

—— Fyll Peper

Reference Method (3500-CI APHA-AWWA -
WPCEF. - 1992)11, Stable at 96 hours dark seal-
ingjarat 4°C.

Assay
Theassay was performed inaclinical chemistry

andyzer ROCHE COBA S6000 ™ with the following
parameters:

TABLE1
Primary 505 nm.
Temperature  37°C. Wavelength
Secondary Cancdl
Assay lendpoint  Calibracion  2linear points Sense growing

Reaction Time 10minutes  Abs. Limit 32000 Units g CI2/L.
SampleVolume(uL.)  Volume(uL.) and Reagent Type Calibration
Normal 16 0 O Rl 275 0 0 Cdil cCdz2

Decreased 8 0 0 R2 0 0 0 16uL. 16pL.
Increased 20 0 0 R3 0 0 0

Satistical analysis

The dataanalysiswas performed using the com-
puter program InfoStat v3.35; MultiQC and
Westgard.cominternet Site.

RESULTS

To evauate the method developed were deter-

mined 6 (SX) parameters.
Limit of Detection
\  Limitof Quantitation
V' Accuracy (bias)
\  Precision(intra-and Intermediate)
\  Linearityrange
v Method Comparison
Limit of detection (L ,)!*4
TABLE?2
0,0067 0,0074 0,0069 0,0066 0,0078
0,0074 0,0053* 0,0072 0,0073 0,0078
Abs. 00070 0,0069 0,0075 0,0077 0,0067
Baseline 0,0068 0,0075 0,0077 0,0078 0,0069
0,0077 0,0066 0,0088* 0,0070 0,0074
0,0072 0,0069 0,0078 0,0072 0,0073
Statistics He o8 Lo= Abs
0,0072  0,00040  0,0079 0,0079
Limit of Detection 0,50g Cl,/L.

*Qutliers
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Limit of quantitation (L )
Calculated asthreetimesthedetectionlimit (LQ =
3xLD) 0.50x 3=1.50gCl /L. Asthemethod allows
automated retest the sampletest using higher fraction,
our work parameters set in theanayzer contemplated
increased fraction of assay of 1.25 times (20 uL./16
uL.) whichimprovessensitivity at low concentrations.
Thequantificationlimit wasreducedto 1.20g CL/L.

Accuracy™

Veracity determined asexpressed intermsof bias
(s=x-p).

TABLE3
Concentrations (ASSIGNED = 55 g Cl,/L .)!*"
57 57 57 5 59 55 56 53
Determined 53 54 54 57 52 58 54 55
) 53 57 55 56 57 57 55 55
55 58 56 56 57 57 58 57
A - ias (9
Statigtics verage (x) c (x-p) Bias (%)
55,93 1,59 +0,93  +1,69
*Qutliers

Precision (intra-and | nter mediate)i*®

Determined asrepeatability (intra-assay CV) and
intermediate precision (interday and interassay).

TABLE4
Concentrations 65 66 68 69 66
g Cla/L. 68 70 66 68 68
Repeatability Average (X) c CV%
High Level (Figure 1) 67,38 158 234
Concentrations 12 13 14 13 13
g Clo/L. 13 13 12 13 11
Repeatability Average (x) c CV%
Low Level (Figure2) 12,68 0,823 6,49

To determinetheintermediate precision were pur-
chased four (4) individua sachet 250 mL commercia
bleach. belonging to the same batch. Each samplewas
stored refrigerated at 4°C. protected from light to en-
surethat thereisno changein concentration. Sequen-
tially, every three days we proceeded to open a sa-
chet, which was used to determine the content of ac-
tivechlorine 3timeson successivedays. Tota deter-
minationswere 12 (twelve) a ong the same number of

days.
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Figurel: Repeatability high level.

L 1 1 L

L
cli 201 10,284 §1.684 14377 4.7 10.B2% H.3Md 1F. 189 >1E.05
fissas Yalue

Figure?2: Repeatability low level.

1 L I
ohr. TS 49.T1% F1.757 S3.755 55.833 57.871 F3.50% &1.547 »81.947
Assay Yalue

Figure3: Intermediateprecision.
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Figure6: Comparison of methods(SimpleLinear Regression).
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Figure7: Difference (30% Tolerance).

5) Linearity range”

From ableach whose concentration wasdetermined
by the reference method (APHA-AWWA-WPCF.
3500-Cl - 1992), were performed 4 (four) equidis-
tant dilutions.

M ethod comparisont*®

Comparing the processing method was devel oped
40 (fourty) different samplesversusthe same determi-
nation by the reference method (APHA-AWWA -
WPCF. 3500-Cl - 1992)" covering awide range of
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concentrations.

TABLES
Concentrations 55 58 55 57 57 59
g Clo/L. 56 55 54 58 54 52
Intermediate Precision Average (X) P CV%
(interday and interassay)
(Figure 3) 55,80 2,04 3,65

TABLEG6

Concentration (g Cl2/L.) Linearity
Error

Deter minated Error
Value 77 T AVEIA08 oimated  Difference (%) <5%
mw 1 2 3 *)

68,8 67 66 67 66,67 68,01 -0,79 -1,14 Accepted
344 34 35 35 34,67 34,03 -0,37 -1,08 Accepted
172 18 18 17 17,67 17,03 -0,17 -0,97 Accepted
86 8 8 9 833 8,54 -0,06 -0,73 Accepted
43 4 5 4 433 4,29 -0,01 -0,23 Accepted
00 0 O O 0,0 0,04 +0,04 +4,0 Accepted

Deming linear equation y =0,988x _
(Figure 4 and 5) +0,040 r=0.9997

) . 0,930 t0 1,034 1,4t068,8
Confidenceinterval (95%) -0.340 to 1,000 gCly/L.
TABLE7

Concentration (g Cl,/L.)
Method (A) Method (B) Method (A) Method (B) Method (A) Method (B)

0,0 0,0 12,3 11,0 16,5 175
4,5 4,2 74,6 76,0 22,5 24,2
8,0 7,6 51,5 49,2 47,1 484
12,5 13,2 27,5 26,2 56,0 57,5
25,2 26,4 6,8 58 251 24,5
55,0 56,4 9,0 8,0 34,4 33,2
68,0 66,0 35,2 37,0 425 44,1
6,5 58 72,2 75,5 66,0 68,1
34,6 36,0 62,5 66,0 16,5 17,4
36,2 38,0 74,0 76,0 44,6 42,8
73,6 72,0 56,5 55,2 16,2 15,8
35,6 371 64,6 63,5 46,6 46,9
255 27,0 55,0 56,2 76,0 74,5
44,1 45,6
Line equation Confidenceinterval (95%)
Simplelinear regression  y=1,011x — 0,991 t0 1,032
(Figure 6 and Figure 7) 0,07 -1,01t00,87
Deming linear y=1,013x - 0,991 to 1,036
equation 0,15 -0,85t0 0,55
Line equation y=1,018x + 0,994 t0 1,042
Passing - Bablok 0,13 -0,85t00,89

—— Fuyl] Paper
CONCLUSIONS

The method devel oped meets standards required
sengitivity and linearity for quantification of the concen-
tration of availablechlorinein disnfecting solutions. It
hasthe advantage of using areagent commonly usedin
clinica laboratories, thusavoiding, privateinvestment
in aspecific methodical aswould betheiodometric
method, whichinturn, isamanua method that requires
time and iscumbersomefor non-technica acquainted
personnd withit aso requirestheuse of asodium thio-
sulfate solution normality exactly known, whichisnot
stableand must be renewed frequently. The coefficient
of variation of themethod devel oped, itisjust greater
than thereferencemethod (datanot shown), which rep-
resents another advantagewhen reporting resultswith
thesameandytica grade.
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