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Abstract
The presence of nitrogenous organic compounds such as N-Chlorinated amino acids in wastewater results in the formation of organic 

chloramines, which has become a growing concern as they are considered a very weak disinfectant, and give false results in the N,N-Diethyl-
p-Phenylenediamine titration for Chlorine residual as an indicator for efficient disinfection of the treated wastewater. In this study, the oxidation 
reduction potential was used as a reliable method to measure the efficacy of disinfection, and also as a tool for the explanation of the fecal 
coliform results at Northeast Wastewater Reclamation Facility, city of Saint Petersburg, Florida.
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Introduction
The presence of nitrogenous organic compounds such as N-Chlorinated 

amino acids in wastewater results in the formation of organic 
chloramines, which become a growing concern as they are considered 
a very weak disinfectant, and give false results in the N,N-Diethyl-p-
phynelenediamines titration for chlorine residual as an indicator for 
efficient disinfection of the treated wastewater. N-Chlorinated amino 
acids were identified in wastewater by McCormick et al. [1] along with the 
studies by Wolfe and Olson [2] concluded that the conventional analytical 
methods such as N,N-Diethyl-p-phynelenediamines (DPD) gives same 
results for inorganic monochloramines and organic chloramines which 
are not as powerful as inorganic monochloramines, in addition, Conyers 
and Scully [3] confirmed organic chloramines and monochloramine 
response to residual chlorine test is the same and they are stable in the 
presence of free residual chlorine. Afterwards, Yoon and Jensen [4] 
confirmed the transfer of inorganic chloramines into organic chloramines 
in wastewater. In line with White, “Handbook of Chlorination” [5], 
secondary biological wastewater treatment can produce soluble organic 
nitrogen concentrations in the range of 3-15 mg/L (as N). White also 
states that if the mixing of chlorine (either gaseous or liquid soda bleach) 
with the wastewater is poor, the chlorinated species will tend to split 
between monochloramine and organic chloramines. Several studies have 
shown that organic chloramines have significantly less germicidal activity 
than monochloramine.

Based on these studies, the efficacy of disinfection was investigated 
using Oxidation Reduction Potential probe. Samples were collected from 
different stages of the treatment process at Northeast Water Reclamation 
Facility, City of Saint Petersburg Florida, which included: Clarifiers 4 and 
5, the effluent of the filters 722G, the east and west inlet after injecting 
the bleach, the east and west outlets of Chlorine contact chamber and 
the line for collecting the micro samples, 722F. These samples were 
collected every morning at the same time for the lab. The N,N-Diethyl-p-
phynelenediamines was taken immediately after collecting these samples; 
at that same time Chlorine residual was analyzed by the conventional 

N,N-Diethyl-p-phynelenediamines test for 722F site, plus Fecal Coli form 
using membrane filtration at Environmental Compliance Division lab for 
722F site.

Meters and Reagents
All chemicals were reagent grade or better, HACH water quality test 

strips had been used for Nitrate and Nitrite immediate measurements, 
EUTECH ORP Teste10 meter used for the Oxidation Reduction Potential 
readings at different sites along with Monochloramine and Chlorine 
residual N,N-Diethyl-p-phynelenediamines titration according to 
Standard Method 4500-Cl ,KIMAX flask, 250 ml was used for titrations.

Ferrous Ammonium Sulfate titrant (FAS)
In 2 liters volumetric flask adds the following: 3.00 ml 6N Sulfuric acid, 

2.212 grams Ferrous ammonium sulfate, dissolve then bring the volume 
to 2l with DI.

DPD indicator solution
Fill ¾ of 2L volumetric flask then add the following: 0.40 g Disodium 

ethylenediamine tetracetate dihydrate (EDTA), 2.00 g N, N-Diethyl-p-
Phenylenediamine, Oxalic acid salt and 24.0 ml 6N Sulfuric acid, dissolve 
then bring the volume to 2 liters with de ionized water.

Potassium Iodide
KI, crystals

Potassium Iodide solution
Dissolve 500 mg KI and dilute to 100 ml with de ionized water and keep 

in brown bottle.

Phosphate Buffer
Fill ¾ of 2L volumetric flask then add the following: 1.6 g Disodium 

ethylenediamine tetracetate dihydrate (EDTA), 48.0g Sodium phosphate 
and 92.0 g Potassium phosphate monobasic.
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Fecal coliform
Fecal coliform bacteria are determined by membrane filtration SM 

9222 A, D.

Total suspended solids (TSS)
Determined gravimetrically by filtering the liquid samples and drying 

the retained solids in 104 degrees Celsius oven SM2540 D/97.

Grab samples were collected from different stages of the treatment 
process in the morning. All the tests were performed immediately after 
sampling.

Interpretation of the Data
To optimize the results, Principle Component Analysis (PCA) was 

computed using XLSTAT2015.3.01.19349 software. The data in Tables 1 
and 2 were used as variables. Correlation matrix was used as the variables 
were measured in different units.

The Coliform count/100 mL is strongly correlated to Nitrates, Nitrites 
(correlation factors 0.907 and 0.785 respectively), and less correlated to 
Total Suspended Solids and Monochloramine. In contrast, it is negatively 
correlated to Oxidation Reduction Potential (-0.956), and Chlorine 
residual (-0.023), which means as they increase the Coli form count 
decreases. According to Yong and Hensley [6], the total Coli form 
count/100ml is inversely proportional to the Chlorine residual mg/l, 
and if the chlorine residual is more than 0.8 mg/l, the Coli form count is 
undetected. From Table 2 Chlorine residual ranged from 5.1 to 7.0 mg/l, 
and Monochloramines (by PDP titration) ranged from 4.6 to 5.2 mg/l 
which should take care of all the Coli forms, nonetheless still had hits 
Figure 1. As the correlation magnitude of Oxidation Reduction Potential 
gets closer to 1 and higher than Chlorine residual, it validates that the 

Fecal Count is more correlated to the Oxidation Reduction Potential 
readings which is more reliable than Chlorine residual. 

The Eigen values of the data are given by Scree plot Figure 2 and Table 3, 
which display that F1 and F2 illustrate 80% of the variation pattern. Fecal 
count/100 ml, Nitrate and Nitrite are the highest contributors for factor 
F1. On the other hand, for the factor F2, Monochloramine and Chlorine 
residual are the major contributors (values in bold). The Eigen values give 
an extent of the variance accounted by the corresponding Eigen vectors 
(Table 4) [7]. 

Table 5 and Figure 3 clarify the relationship between variables and 
factors. Fecal count, Nitrates, and Nitrites are evidently positively 
correlated compared to Chlorine residual, Total Suspended Solids, and 
Monochloramine which are orthogonal to the other variables; Meanwhile, 
Oxidation Reduction Potential is strongly negatively correlated. 

The Biplot of F1and F2 Figure 4, the course of the variable indicates 
the direction of the change, and its length is equivalent to the rate of the 
change in this direction. Nitrate, Nitrite, and fecal count change in the 
same direction and with the same rate; likewise, Chlorine residual and 
Monochloramine follow the same pattern. The variables close to zero are 
poorly related to principle component and can be eliminated without 
affecting the results, e.g. TSS. Contrariwise, ORP and fecal count change 
in the opposite direction and the same rate.

Fecal count, Nitrate, and Nitrite are influenced by the Oxidation 
Reduction Potential values under 400 mv. Oxidation Reduction Potential 
values between 400 and 500 mv result in inorganic Monochloramine being 
the predominant species which is the strongest disinfectant according to 
Vectorin et al. [8]. When the Oxidation Reduction Potential was less than 
400 mv, as presented in data Tables 1and 2, there were still hits even when 
the chlorine residual was over 0.8 mg/l Figure 5. 

Clarifier #4 Clarifier #5 722G 722F line East Gate West gate East outlet West outlet Date 
Time

NO3 0.3 0.15 0.15 0.3 0.3 0.3 0.3 0.3
10/13/14@7:44NO2 0.3 0.3 0.0 1.0 0.15 0.15 0.15 0.15

ORP 190 182 102 356 386 390 389 380
NO3 0.0 0.15 0.0 0.15 0.0 0.0 0.0 0.0

10/14/14@7:56NO2 0.0 0.3 0.15 0.3 0.15 0.15 0.15 <0.15
ORP 189 183 145 404 410 407 406 404
NO3 2.0 1.0 2.0 5.0 2.0 2.0 1.0 1.0 10/15/14@8:00
NO2 1.5 0.3 1.25 2.0 1.0 1.0 1.0 1.0
ORP 192 184 97 360 398 397 390 387
NO3 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 10/16/14@7:55
NO2 1.0 0.15 0.3 1.0 0.3 0.3 0.3 0.3
ORP 186 169 155 405 430 415 418 409
NO3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

10/17/14@7:45NO2 0.3 0.0 0.15 0.15 0.15 0.15 0.3 0.3
ORP 210 186 175 411 425 417 425 420
NO3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

10/20/14@7:40NO2 0.3 0.0 0.15 0.15 0.15 0.15 <0.15 <0.15
ORP 210 186 45 398 417 404 419 408
NO3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

10/21/2014@8:05NO2 0.3 <0.15 0.15 0.15 0.3 0.3 0.15 0.3
ORP 198 182 98 397 418 399 419 407
NO3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10/22/14@7:48
NO2 0.3 0.15 0.15 <0.15 <0.15 <0.15 0.15 0.15
ORP 196 189 129 395 399 396 399 397
NO3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10/23/14@8:00*
NO2 0.3 0.15 0.15 0.15 0.3 0.3 0.3 0.3
ORP 202 185 106 392 408 398 407 398

Table 1: The data collected at Northeast Water Reclamation facility for Oxidation Reduction Potential (ORP) in millivolts, Nitrate (NO3) and Nitrite (NO2) in 
milligram per liter
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At 722F which is the line for sampling Micro, Oxidation Reduction 
Potential millivolts was low which might have been caused by the 
formation of biofilm in the line (Figure 6).

The College of Agricultural and Environmental Sciences, Georgia 
[9] found that Oxidation reduction potential (ORP) will decrease if 
biofilm and/bacteria are present. The Oxidation Reduction Potential is a 
measure of water oxidation levels in millivolts (mV) and higher levels are 
normally associated with better bactericidal properties. From the results 
of this study, the lowest Oxidation Reduction Potential value in chlorine 
contact chamber effluent 722F was 360 millivolts when the fecal coli 

form was 2 MPN/100 ml, which leads to lower bactericidal properties. 
Oppositely, when Oxidation Reduction Potential was at its highest value, 
411 millivolts, the fecal coli form was none detected which indicates the 
formation of biofilm lowers the Oxidation Reduction Potential values.

Conclusion and Recommendations
This short term study shows that Oxidation Reduction Potential 

measures the net potential from the aqueous system composed of oxidants 
and reductants. This gives Oxidation Reduction Potential a unique ability 
to detect the chlorine present at any time is sufficient to meet the demand. 

Date Total Suspended Solids mg/l Monochlorine mg/l Chlorine residual mg/l Fecal Coli form  count/100ml
10-15-14 90 5.1 5.8 2
10-16-14 30 5.2 6.15 0
10-17-14 128 5.0 7.0 0
10-20-14 80 4.6 5.0 0
10-21-14 96 4.6 5.1 0
10-22-14 120 4.9 5.4 0.5 U
10-23-14* 180 5.0 5.5 0.5 U

Table 2: Total Suspended Solids, Monochloramine, Chlorine residual in milligram per liter and Fecal Coli form Most Probable Number

Variables TSS mg/l Monochloramine mg/l Chlorine 
residual mg/l

Fecal Coliform 
count/ 100 ml NO3 mg/l NO2 mg/l ORP

Total Suspended Solids mg/l 1 -0.082 -0.010 0.097 -0.271 -0.439 -0.041

Monochloramine mg/l -0.082 1 0.672 0.396 0.464 0.571 -0.179

Chlorine residual mg/l -0.010 0.672 1 -0.023 0.117 0.195 0.282

Fecal  Coliform count/ 100 ml 0.097 0.396 -0.023 1 0.907 0.785 -0.956

Nitrate  mg/l -0.271 0.464 0.117 0.907 1 0.963 -0.871

Nitrite mg/l -0.439 0.571 0.195 0.785 0.963 1 -0.747

Oxidation Reduction Potential -0.041 -0.179 0.282 -0.956 -0.871 -0.747 1

Values in bold are different from 0 with a significance level alpha=0.05

Table 3: The Correlation matrix (Pearson (n))

  F1 F2 F3 F4 F5 F6

Total Suspended Solids mg/l -0.107 -0.163 0.890 -0.031 0.383 0.141

Monochloramine mg/l 0.288 0.546 0.192 0.745 -0.063 -0.068

Chlorine residual mg/l 0.073 0.704 0.209 -0.612 -0.117 -0.240

Fecal coliform count/ 100 ml 0.469 -0.189 0.243 -0.052 -0.623 0.393

Nitrate  mg/l 0.501 -0.037 -0.075 -0.258 0.090 0.272

Nitrite  mg/l 0.485 0.089 -0.217 -0.033 0.663 0.183

Oxidation Reduction Potential -0.440 0.367 -0.121 0.006 0.016 0.810

Table 4: Eigen vectors

  F1 F2 F3 F4 F5 F6

Total Suspended Solids mg/l -0.211 -0.213 0.951 -0.015 0.071 0.001

Monochloramine mg/l 0.567 0.711 0.205 0.362 -0.012 -0.001

Chlorine residual mg/l 0.145 0.917 0.224 -0.297 -0.021 -0.003

Fecal coliform count/ 100 ml 0.926 -0.246 0.260 -0.025 -0.115 0.004

Nitrate mg/l 0.988 -0.049 -0.080 -0.125 0.017 0.003

Nitrite mg/l 0.958 0.115 -0.232 -0.016 0.122 0.002

Oxidation Reduction Potential -0.869 0.478 -0.129 0.003 0.003 0.009

Table 5: Correlations between variables and factors
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Also, maintaining Oxidation Reduction Potential between 400-500 mv is 
more reliable for monitoring the disinfection process than the chlorine 
residual conventional methods. Usage of the conventional method as 
DPD titration might interfere with the organic chloramines in the treated 
wastewater. The development of Biofilm in the line where 722F was 
collected caused the Oxidation Reduction Potential millivolts to drop 
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Figure 1: Inffluent Fecal Coliform MPN and Chlorine residual in mg/l at 
Northeast Water Reclamation Facility
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 Figure 2: Scree Plot for F1 and F2
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which in term leads to lower the efficacy of the disinfection. Flushing the 
line for sampling Micro and backwashing the sand filters as well should be 
done more often to prevent the formation of biofilm, which is one of the 
sources for organic chloramines.
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