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The free available chlorine (FAC) amperometric titra- 
tion measurement is subject to interference errors from 
chloramines. Current measurements from chloramines 
were as much as 17% of the total chlorine in the presence 
of a 2:l molar excess of free amine at  0 V vs SCE. In- 
terferences with this method increased as the positive 
applied voltage on the platinum electrode decreased. This 
trend was observed with both model compounds and 
chlorinated process waters. The interference from com- 
bined chlorine in one chlorinated and settled drinking 
water was up to 50% of the FAC response. Current in- 
creases after each addition of phenylarsine oxide (PAO) 
were observed with N-chlorosuccinimide, but not with the 
other chloramines tested. 

Introduction 
Chlorine is commonly used in the United States for the 

disinfection of drinking water, wastewater, and swimming 
pools. The presence of a free chlorine residual ([HOCl] 
+ [OCl-1) is often regarded as a sign of adequate disin- 
fection. US. Environmental Protection Agency regulations 
(1) allow for the replacement of microbiological assays with 
free available chlorine (FAC) residual measurements in 
some finished drinking waters. For this reason, accurate 
free chlorine residual measurements are imperative. In- 
terference in the measurement of free chlorine by poorer 
disinfectants could result in a false assessment of the 
microbiological status of treated water. 

Monochloramine and organic chloramines are formed 
by the reaction of chlorine and ammonia or chlorine and 
nitrogenous organics (2, 3). These compounds are poor 
disinfectants (4 ) .  Thus, it is important to investigate the 
ability of these substances to interfere with the analysis 
of free chlorine. 

Two of the most commonly used methods for the 
analysis of free chlorine are the amperometric titration and 
N,N-diethyl-p-phenylenediamine (DPD) procedures. The 
amperometric titration method is discussed here and the 
DPD procedure is examined in the companion paper, 
which follows. Amperometric titration involves titration 
of active halogen with a reducing agent of known normality 
[usually 0.005 64 N phenylarsine oxide (PAO)] at constant 
applied voltage (5). The standard method (6) recommends 
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an applied voltage of +200 mV. Interferences in the am- 
perometric titration FAC measurement have been observed 
with several organic chloramines, including the N-chloro 
derivatives of cyanuric acid (7) and piperidine (8) and the 
disinfectant halazone [4-(N,N-dichlorosulfamy1) benzoic 
acid] (9). 

This study reports the response of the amperometric 
titration method to monochloramine and organic chlor- 
amines relative to the response to free chlorine. Relative 
response factors are examined as a function of applied 
voltage. Perturbation of the chlorine-free chlorine equi- 
librium by the titrant is investigated. Model compound 
results are compared to the analysis of chlorinated field 
samples. 

Experimental Section 
Nitrogenous organics and N,N-diethyl-p-phenylenedi- 

amine oxalate (Eastman Kodak Co., Rochester, NY) were 
used as received. Substrates were buffered at pH 7 with 
0.005 M KHzP04 neutralized with NaOH and chlorinated 
at  a 2:l molar substrate to chlorine ratio. The total 
chlorine concentration was 5.72 X M. Ammonia 
(NH4C1) was chlorinated at  a 3:l molar ammonia to 
chlorine ratio. Chlorinated mixtures were stored in the 
dark at 25 "C for approximately 30 min prior to analysis. 

Amperometric titrations were performed with a hook- 
type rotating platinum electrode (rotator S-76485, Pt 
electrode S-30421; Sargent-Welch Scientific Co., Skokie, 
IL), saturated calomel reference electrode (SCE), and 
MP-1000 series voltage source and signal conditioning 
components (McKee-Pedersen Instruments, Dandle, CA). 
The applied voltage was +200 mV (vs SCE), unless oth- 
erwise stated. Current measurements for the current- 
voltage studies were made with a handheld digital mul- 
timeter (Micronta, Tandy Corp., Fort Worth, TX). The 
phenylarsine oxide titrant (Fisher Scientific Co., Pitts- 
burgh, PA; nominally 0.005 64 N) was standardized against 
potassium biiodate. Otherwise the standard methods free 
available chlorine procedure was used (6). 

All pH measurements were performed with an Orion 
Research Model 601A pH meter and a combination elec- 
trode (Model 13-639-252, Fisher Scientific Co., Pittsburgh, 
PA). Ammonia was measured by the indophenol method 
(IO). Nitrate was measured as nitrite (11) after reduction 
on cadmium (12). 

Unchlorinated secondary effluent samples from two 
secondary wastewater treatment plants (designated WW1 
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