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 The goal of this project was to test two sensors, a refractometer and a 

spectrophotometer, to enable the segregation of industrial wastewaters with variable 

contamination, at a pharmaceutical company. Through this, part of the wastewater could by-

pass the industrial wastewater treatment due to its low level of organic carbon. 

 The sensors were tested in three different contexts, namely the laboratory bench, 

mounted on a support structure (named skid) and used in a controlled environment, and with 

the skid at different production areas of the plant. In the latter, effluents from several sources 

were tested, from the general factory effluent to effluents from specific operations, e.g., 

equipment washings, regenerations, among others. Chemical oxygen demand (COD) was 

internally analyzed on samples collected during the tests. 

 From the bench tests, it was clear that the spectrophotometer did not fulfill the goal, 

since it could not detect most of the solvents used in process, whereas the refractometer 

detected all. The skid tests in a controlled environment indicated that the refractometer can 

detect changes of effluent status from non-contaminated to contaminated, and vice-versa. 

However, it was only possible to correlate COD with refractive index (RI) for well-defined 

matrices, which is impracticable with the highly variable real effluents. Regarding the tests at the 

production areas, not all washing effluents resulted relevant and the decision of segregation 

based on the RI showed uncertainty, particularly for diluted wastewaters. 

 It could be concluded that the implementation of the refractometer for effluent 

classification for segregation is feasible, but still requires optimization. 

Keywords: Refractometer; UV-VIS Spectrophotometer; Chemical Oxygen Demand; 

Pharmaceutical wastewater; Segregation. 

1. Background and objectives 

One of the major challenges facing 

chemical industry is to develop productive 

activities without inducing damage to the 

environment. 

The studied pharmaceutical company is 

a multi-purpose/multi-product site with non-

-stop and diversified production throughout 

the year and consequently the industrial 

aqueous effluent generated has a large 

variability making it practically impossible to 

characterize. Therefore, a multi-purpose 

and multi-stage industrial WWTP should be 

provided, to cover the widest range of 

contamination scenarios. However, there is 

an insufficiency in the present WWT line, as 

it only removes contaminants (solvents) 

with a normal boiling point lower than that 

of water (steam stripping unit). For these 

reasons, efforts were undertaken to find a 



treatment unit to replace or complement the 

stripping unit. 

Previous studies on this facility led to 

the conclusion that the answer is maybe not 

to treat all the effluent in the same way, but 

to segregate different wastewater streams 

and direct them to adequate treatment 

units, according to their level of 

contamination (Marques, 2014). Actually, 

given the present knowledge of wastewater 

origins in the industrial site, such a system 

could mean that 40-50 % of the present 

wastewater volume could by-pass any kind 

of treatment because of its low TOC level. 

This was the context within which the 

main goal of this work was established. 

Namely, the aim was to test two 

commercial online sensors, a refractometer 

and a spectrophotometer, that could 

provide real time data on the industrial 

wastewater streams for segregation, 

matching that provided by offline Chemical 

Oxygen Demand (COD) measurements. 

2. Introduction 

2.1. Refractometry 

Refractometry is the technique of 

testing the physicochemical properties of a 

substance by measuring its refractive index 

(RI) through a device named refractometer 

(Refractometer.pl, 2016).  

The RI of a substance is a measure of 

how much the speed of light is reduced 

inside the substance or medium in relation 

to the speed of light in a vacuum: 

𝑛𝐷 =
𝑐0

𝑐
, 

where 𝑐0 is the speed of light in a vacuum 

(𝑐0 = 2.998 × 10
8 𝑚/𝑠) and c is the speed 

of light in the medium (Sartorius, 2016). 

The RI of a sample depends on its 

temperature and on the wavelength of the 

incident light beam and its values are 

typically reported at a reference 

temperature of 20 ºC and at a reference 

wavelength of 589.3 nm, corresponding to 

the (yellow) sodium D line 

(Refractometer.pl, 2016) (SCHMIDT + 

HAENSCH GmbH & Co., 2016). 

This analysis method is used to quickly, 

reliably and accurately identify a sample 

and determine the concentration of the 

target substance and its purity level in a 

sample. It can also be used to determine 

the density of samples. Refractometry is 

mostly used to characterize liquids, but it 

can also be used for measurements on 

gases and solids (Sartorius, 2016) 

(SCHMIDT + HAENSCH GmbH & Co., 

2016). 

2.2. Spectrophotometry 

Spectrophotometry is an analytical 

method based on the interaction of light 

with matter. Spectrophotometry focuses on 

absorption and transmission and uses 

specific regions of the electromagnetic 

spectrum: ultraviolet (UV), visible (VIS) and 

infrared (IR) (GE Healthcare Life Sciences, 

2012) (Atkins & Paula, 2011). 

The first principle of spectrophotometry 

is that the intensity of the radiation-matter 

interaction effect is a measure of the 

amount of absorbent molecules involved. 

The second principle is that each individual 

substance absorbs or transmits lights at 

specific wavelengths of radiant energy 

(Chemistry Lab, 2016). 

In spectrophotometry, absorbance (A) 

is defined as the negative of the decimal 

logarithm of transmittance (T), which is the 

ratio between the intensity of light 



transmitted through the sample (𝐼) and the 

intensity of the incident light (𝐼0) (Chemistry 

Lab, 2016) (Atkins & Paula, 2011). 

𝐴 = − log 𝑇 = − log
𝐼

𝐼0
= log

𝐼0
𝐼

 

Within certain ranges, the intensity of 

absorption of radiation of a given 

wavelength passing through a uniform 

sample is directly proportional to both the 

concentration of the absorbing substance in 

the medium (𝐶, 𝑚𝑜𝑙. 𝐿−1) and the thickness 

of this medium (optical path length, 𝑙, 𝑐𝑚). 

This is expressed by the empirical Beer-

-Lambert law: 

𝐴 = 𝜀. 𝑙. 𝐶 

where 𝜀 is the molar absorption coefficient 

(𝐿.𝑚𝑜𝑙−1. 𝑐𝑚−1), also called molar extinction 

coefficient, constant for a given substance, 

for a given temperature and a given 

wavelength of the incident radiation. 

The Beer-Lambert law is empirical, 

valid under given conditions. Above a 

concentration point called the linearity limit 

there is no longer a linear proportionality 

between absorbance and concentration 

values, thus the Beer-Lambert law is no 

longer valid (Atkins & Paula, 2011) (Skoog, 

Holler, & Crouch, Principles of Instrumental 

Analysis, 2007). 

Spectrophotometric analysis can be 

qualitative to identify unknown substances, 

through their characteristic spectra in the 

UV, VIS or IR ranges, or quantitative to 

quantify the concentration of chemical 

substances, through the measurement of 

absorption and transmission of light across 

the sample containing them (GE Healthcare 

Life Sciences, 2012). 

 

2.3. Water Quality Parameters: 

BOD, COD, TOC 

In wastewater characterization the 

contamination is mostly of organic origin, 

therefore, Biochemical Oxygen Demand 

(BOD), Chemical Oxygen Demand (COD) 

and Total Organic Carbon (TOC) are 

typically used to measure the polluting 

organic load. 

BOD determines the quantity of oxygen 

consumed by a mixed culture of 

microorganisms to aerobically oxidize the 

biodegradable organic compounds in the 

effluent to CO2, H2O and other minerals. It 

is also an indicator of the biodegradability of 

the organic load. The most used BOD test 

is the BOD5, in which the incubation time is 

5 days, at 20 ºC (Metcalf & Eddy, Inc, 1991) 

(Novais, 2012). 

COD is used to measure, in oxygen 

equivalents, the organic matter in a sample 

that is susceptible to be oxidized to CO2 

and other minerals, by the action of a 

strong chemical oxidant (the most 

employed is potassium dichromate) in an 

acidic medium. The test must be performed 

at an elevated temperature. A catalyst is 

required (silver sulfate) to drive the 

oxidation process as close as possible to 

completion. In a general way, the reaction 

may be represented by the following 

unbalanced equation, for a simplified 

organic substance: 

𝑂𝑟𝑔𝑎𝑛𝑖𝑐 𝑚𝑎𝑡𝑡𝑒𝑟(𝐶𝑎𝐻𝑏𝑂𝑐) + 𝐶𝑟2𝑂7
2− + 𝐻+

𝑐𝑎𝑡𝑎𝑙𝑦𝑠𝑡+ℎ𝑒𝑎𝑡
→           𝐶𝑟3+ + 𝐶𝑂2 + 𝐻2𝑂 

However, there are several 

interferences in these tests, namely: some 

organic compounds are not totally oxidized; 

some inorganic compounds are also 

oxidized, leading to organic content 



overestimation (Novais, 2012) (Metcalf & 

Eddy, Inc, 1991). 

TOC measures the amount of carbon 

present in the wastewater sample in the 

form of organic compounds and is 

especially applicable to the small 

concentration range, due to its high 

sensitivity. The TOC result does not detect 

other organic compound elements that may 

interfere in BOD and COD measurements 

(Metcalf & Eddy, Inc, 1991). 

3. Materials and Methods 

3.1. Materials 

For the tests carried out in the 

laboratory and in the skid, in a controlled 

environment, some of the solvents most 

used in the manufacturing operations were 

employed. The miscible solvents were 

methanol, ethanol, isopropanol, acetone, 

acetonitrile, trimethylamine (TEA) and 

dimethylformamide (DMF), whereas the 

partially miscible/immiscible solvents were 

isopropyl ether, dichloromethane (DCM), 

hexane and heptane. Other compounds 

were also used in the tests, namely, cooling 

fluid and cleaning agents. For dilution, 

distilled and industrial water were used in 

the bench and skid tests, respectively. 

In the field tests, different types of 

industrial water (purified, industrial, from 

cooling circuits) and effluent streams (from 

the washing of equipment, from the 

regeneration of adsorption columns, mixed 

industrial effluents from the drainage 

network collecting boxes and tanks) were 

analyzed. 

Samples collected during the tests were 

analyzed in the laboratory to measure their 

COD level using Spectroquant
®
 COD Cell 

Test Kits from Merck (Germany), with a 

measuring range of 300 – 3500 mgO2/L. 

For this purpose, it was necessary to dilute 

some of the samples with distilled water. 

3.2. Instrumentation 

The two main instruments used were 

the spectrophotometer (collected online 

absorbance measurements in the UV-

-visible range, and measured the 

temperature) and the refractometer (was 

adapted for continuous, online monitoring 

and measured refractive index (RI, nD) and 

temperature (ºC) at the following standard 

conditions: wavelength λ=589 nm (sodium 

D-line) and temperature T=20 ºC). 

In addition, a flowmeter (with an 

electromagnetic flow measuring system) 

and a datalogger (displayed in graphs the 

data collected) were also used. 

For the COD analysis to the samples 

collected during the tests, a thermal reactor 

and a photometer were used. 

3.3. Experimental setups 

For the bench tests, the sensors were 

placed on the laboratory bench and 

connected to a power line. The samples 

were contained in a beaker (500 mL) and in 

a plastic cup (20 mL) for spectrophotometer 

and refractometer readings, respectively. 

Dilutions were directly prepared in both 

containers, with the tested chemicals and 

distilled water. 

For the skid tests, it was necessary to 

develop a structure (named skid) to support 

the sensors and the flowmeter, inserted in a 

fluid line that could be connected to the 

source of wastewater to be analyzed in flow 

mode (see figure 3.1). 



 
Figure 3.1 – Scheme of the skid layout. 

The skid tests were carried out with the 

aid of two different industrial containers, 

namely an intermediate bulk container 

(IBC) (1 m
3
) or a drum (50 L). A pneumatic 

pump was required to drive the liquid and 

the set up was similar for both (see figure 

3.2).For some of the performed tests the 

liquid was recirculated between the skid 

and the container, whereas in others the 

liquid exiting the skid was directly 

discharged to the industrial sewage drain. 

 
Figure 3.2 – Set up for the skid tests with the aid of a 
drum. 

For the skid field tests, the setup was 

arranged as allowed by the production 

procedures and wastewater discharge 

conditions at the different areas of the 

industrial facility. The wastewater was 

directly retrieved from the sources and 

directly discharged from the skid to the 

industrial sewage drain. 

3.4. Experimental methods 

For the bench tests, several 

measurements were made on pure 

solvents, on mixtures of solvents with 

distilled water at different dilution factors, on 

water solutions of cooling fluid and of 

cleaning agents with the same dilution 

factors used in the plant operations, and on 

mixtures of partially miscible/immiscible 

solvents with distilled water and cleaning 

agents. Between each measurement, the 

sensors were thoroughly washed with 

distilled water (and detergents, as required). 

The tests performed with the skid were 

divided in three main stages: detection of 

the presence of contamination in a 

controlled environment (to detect a change 

in the wastewater from “non-contaminated” 

to “contaminated” status); detection of the 

absence of contamination in a controlled 

environment (to detect a change from 

“contaminated” to “non-contaminated” 

status); and field tests carried out at the 

manufacturing areas (to assess changes in 

quality of wastewaters generated during 

transient procedures). 

The tests to detect the presence of 

contamination were performed with miscible 

solvents, using the skid-IBC arrangement 

and always in total recirculation mode, to 

promote good mixing. Several dilution ratios 

were produced using a single solvent per 

test.  

The tests to detect the absence of 

contamination were performed in the skid-

-drum arrangement, using all solvents 

mentioned in section 3.1. For the miscible 

solvents, the method comprised a first 

stage in recirculation mode with solvent 

addition followed by dilution with water in 

open circuit; and a second stage in which 



the washing of the drum was simulated. For 

the partially miscible/immiscible solvents, 

the method comprised the drum washing 

simulation. 

For the skid tests in the field, the 

procedures were adapted to the conditions 

available in the different areas, without 

interfering with the normal operating 

procedures which were going on. 

After every test was completed, the skid 

and accessories were thoroughly washed 

with water (and detergents, as required). 

The samples collected during the tests 

were used for COD analysis and the 

method followed the kit manufacturer’s 

instructions, analogous to Standard Test 

Methods for Chemical Oxygen Demand 

(Dichromate Oxygen Demand) of Water 

ASTM D1252-06 B. 

4. Results and Discussion 

4.1. Bench Tests 

The bench tests carried out had as goal 

the assessment of which compounds or 

mixtures the sensors could detect, among 

those most likely to be present in the 

industrial wastewater. Based on the results 

(see table 4.1), it was decided with which 

probe move on to the next phases of tests. 

The spectrophotometer does not detect the 

presence in water of most of the solvents 

used in the plant. Among the non--detected 

is DCM, which is of major importance due 

to the low emission value limit imposed for 

its level in the wastewater to be discharged 

into the municipal wastewater network. On 

the contrary, the refractometer detects the 

presence of all tested compounds, including 

DCM. Therefore, it was clear that the tests 

should proceed to the next phases 

employing only the refractometer. 

Table 4.1 – Summary of the bench test 
measurements results, achieved with the 
spectrophotometer and the refractometer on 
different compounds and mixtures, classified as 
allowing the detection of the test compounds (green 
right symbol) or not allowing it (red cross symbol). 

Category 
Compound 
/Mixture 

Results 

Spectrophoto-
meter 

Refractometer 

Miscible 
Solvent 

Methanol 
 

 

Ethanol 
 

 

Isopropanol 
 

 

Acetone 
  

Acetonitrile 
 

 

TEA 
  

DMF 
 

 

Immiscible 
Solvent 

DCM 
 

 

Isopropyl 
Ether  

 

Hexane 
 

 

Heptane 
 

 

Coolant 
Agent 

Brine 
 

 

Cleaning 
Agent 

KOH 
 

 

Chematic 7 
 

 

Chematic 82 
  

Cleaning 
Agent 

 
+ 
 

Immiscible 
Solvent 

Chematic 7 
+ DCM  

 

Chematic 7 
+ Isopropyl 

Ether 
 

 

Chematic 7 
+ Hexane  

 

Chematic 7 
+ Heptane  

 

Chematic 82 
+ DCM   

Chematic 82 
+ Isopropyl 

Ether 
  

Chematic 82 
+ Hexane   

Chematic 82 
+ Heptane   

4.2. Skid Tests 

In all tests to detect the presence of 

contamination, the refractometer fullfilled 

the goal. However, the sensor absolute 

readings cannot be predicted, due to a high 

variability in the results obtained. In the 

tests with methanol (figure 4.1) and ethanol 

the refractometer detected the change from 

no contamination (just industrial water) to 

contamination (addition of solvent) and the 



RI readings responded in steps, i.e., after 

each solvent and industrial water addition 

the RI value increased and decreased, 

respectively, and minutes later it stabilized. 

The COD measurements followed this trend 

closely. In relation to the graphs of the tests 

with the other solvents (see figure 4.2 to 

exemplify) the RI values never stabilized 

after the additions of both solvent and 

diluting industrial water and the reason is 

possibly related to persistant cross-

contamination of the system, despite the 

thorough washing with industrial water that 

was performed before and after each test. 

In addition, it was noted that this status 

change had an effect on the last two 

decimal places of the sensor scale. 

 

Figure 4.1 – Evolution of RI and COD during a test 
with methanol diluted in industrial water. The test 
started with 200 L of industrial water in recirculation 
between the skid and the TAM; after a few minutes, 
1 L of methanol was added to the TAM; minutes 
later, a second addition of 1 L of methanol was 
performed; later, a third addition of 1 L of the same 
solvent was performed; finally, 200 L of industrial 
water were added to the TAM. Recirculation was 
always in operation. 

 

Figure 4.2– Evolution of RI during a test with DMF 
diluted in industrial water. The test started with 
200 L of industrial water in recirculation between the 
skid and the TAM; minutes later there was a first 
addition of 0.25 L of DMF to the TAM; later, 100 L of 
industrial water were added to the TAM; after a 
while another 100 L of industrial water were added 
to the TAM. Recirculation was always in operation. 

 

Figure 4.3 – Evolution of RI and COD during a test 
with methanol. The test began by passing industrial 
water directly and then in recirculation between the 
skid and the drum (50 L); then, 0.4 L of methanol 
were added to the drum; a few minutes later 
recirculation was interrupted and the mixture was 
drained through the skid while industrial water was 
being added to promote dilution, until the drum was 
completely empty; after that, 0.4 L of methanol was 
splashed onto the drum’s inner wall, followed by the 
washing of the inner drum with industrial water, 
with drain through the skid. 

 

Figure 4.4 – Evolution of RI and COD during a test 
with isopropyl ether. The test began by passing 
industrial water directly from the drum to the skid; 
then, 0.5 L of isopropyl ether was splashed onto the 
drum’s inner wall, followed by draining of the liquid 
through the skid, with simultaneous adding of 
industrial water to the drum’s bottom; after a while, 
the industrial water flow was shifted to the drum’s 
inner wall and, minutes later, again to the drum’s 
bottom, always draining through the skid. Finally, 
another 0.5 L of isopropyl ether was splashed onto 
the drum’s inner wall and the procedure was 
repeated. 

In the tests to detect the absence of 

contamination the sensor had a consistent 

response within each group of solvents 

(miscible and partially miscible), in contrast 

to the previous results. All graphs of the 

tests with miscible solvents (see figure 4.3) 

show a similar behaviour in the first part of 

the procedure, when contamination and 

then dilution are promoted, and also during 

the second part, in which washing without 

dilution is simulated. Concerning the graphs 

from the partially miscible solvent runs (see 



figure 4.4), they also show a similar 

behaviour. The highlight is that, for both 

miscible and partially miscible solvents, the 

RI readings answer immediately to the 

undiluted solvent front. 

In what regards the miscible solvents, 

a correlation between RI and COD was only 

established for the solvents that showed a 

step response in the detection of 

contamination, namely methanol (figure 

4.1) and ethanol. For the partially miscible 

solvents, isopropyl ether and DCM, the 

correlation was established using the data 

from the tests to detect absence of 

contamination. As these tests were 

performed in an industrial environment and 

precision was not the main focus, so a R
2
 

value above 0,8 was considered 

satisfactory for a correlation between RI 

and COD. Following this, all graphs (see 

figure 4.5) showed R
2
 values above this 

criterion, meaning that it is possible to 

correlate RI with COD for each of those 

binary mixtures.  

 

Figure 4.5 – Correlation between RI and COD values 
resulting from a test performed with methanol in the 
skid-TAM setup; see figure 4.1. 

The sensor thus fulfilled the goal of 

predicting COD values but only for very well 

defined matrices. However, during the 

course of the skid tests in an uncontrolled 

environment this goal was no longer 

achievable, because the aqueous effluent 

in question is very variable and its detailed 

characterization is impossible, in practical 

terms. 

4.3. Skid Tests 

In the field tests, different types of 

effluent streams were analyzed, namely, 

waters from cooling circuits, liquid effluents 

from vacuum pumps, aqueous effluents 

from the regeneration of solvents, effluents 

from the regeneration of adsorption 

columns, effluents from the washing of 

process equipment, effluents from 

equipment washing prior to the change of 

line (COL) and mixed industrial effluents 

from collecting boxes and tanks integrated 

the industrial wastewater drainage network. 

The test performed with effluent from 

the washing of a reactor (figure 4.6), is an 

example of a washing where the whole 

effluent, generated in a small-volume and 

fast operation (it took about 7 minutes), 

would be classified as contaminated (all 

COD measurements were above the non-

-contaminated limit, 1500 ppm) and 

directed to industrial wastewater treatment. 

It would not be possible to apply the effluent 

segregation. 

 

Figure 4.6 – Evolution of RI and COD along a test to 
monitor the effluent produced during the washing of 
a reactor (R6303). The test started by the pumping of 
industrial water through the skid to establish the 
baseline, followed minutes later by the equipment 
washing with KOH (5 %) and then with industrial 
water to reduce the pH value. Finally, industrial 
water was again pumped through the skid to make 
sure the pH value of the water inside it was in the 
neutral range. The blue rectangle at the time origin 
indicates the RI directly read from industrial water. 



The test carried out with effluent from 

the regeneration of an adsorption column 

(figure 4.7), as it was being regenerated 

with methanol, is a good example of 

operations for which the decision on the 

switch from contaminated to non-

-contaminated status would have a marked 

impact on the burden laid on industrial 

wastewater treatment. If the effluent 

segregation was applied, about 8 m
3
 could 

by-pass the treatment since it could be 

classified as non-contaminated, which 

corresponds to at least 65 % of the total 

volume of effluent produced by the column 

regeneration process. 

 

Figure 4.7 – Evolution of RI and COD of the effluent 
produced during a regeneration of a purifying 
column (C405A, with 2 m

3
) with methanol. The test 

started by the pumping of purified water through 
the skid to establish the baseline, followed minutes 
later by the regeneration procedure which 
comprised the following steps: 1

st
 counter-current 

washing with purified water during 1 h (2,4 m
3
/h), 1

st
 

draining of the column (2 m
3
); 2

nd
 counter-current 

washing with purified water during 1 h (2 m
3
/h); 2

nd
 

draining of the column (2 m
3
); 3

rd
 counter-current 

washing with purified water during 1 h (2 m
3
/h); 3

rd
 

and final draining of the column (2 m
3
). The blue 

rectangle at the time origin indicates the RI directly 
read from purified water. 

5. Conclusion and Future Prospects 

5.1. Conclusions 

The results of the set of experiences 

clearly indicate that the spectrophotometer 

did not fulfill the desired goal, since the 

sensor could not detect most of the 

solvents used in the process operations. On 

the contrary, the refractometer fulfilled this 

same goal, as it could detect all of them at 

different concentrations in water mixtures. 

In addition, the refractometer was 

shown to satisfactorily detect changes from 

the non-contaminated to the contaminated 

status, which was predefined on the basis 

of the COD level. In this instance, it was 

noted that the last two decimal places of the 

refractometer scale were determinant for 

this detection capacity. In the tests to 

assess the capacity to detect the change 

from contaminated to non-contaminated 

status, the refractometer also showed 

satisfactory results. In this case, it was 

observed that the RI readings answered 

promptly to the switch to non-contaminated 

status in the tests for which a solvent front 

was deliberately pumped through the 

refractometer. Moreover, an additional 

objective of these experiments, which was 

to establish a correlation between COD and 

RI values, was found to be possible only for 

some of the defined mixtures. Therefore, 

this aspect ceased to be a goal from the 

company’s perspective, since the aqueous 

effluents produced in process conditions 

are mostly undefined and very variable. 

The field tests carried out on different 

aqueous wastewaters produced in some 

typical process operations carried out in the 

industrial facility allowed a few significant 

conclusions. It could be concluded that the 

washing of equipment items could be 

optimized, avoiding excessive dilution. Not 

all washing operations were worth the 

monitoring effort, since only a small volume 

of effluent was generated. RI readings 

responded well to the different stages of 

equipment washing protocols. The 

transition from contaminated to non-

contaminated status was in many cases 

difficult to precise, since the corresponding 



RI readings were only slightly above the 

baseline established with industrial water. 

Given the latter circumstance, particular 

attention had to be paid to the cleaning of 

the monitoring system (refractometer and 

associated tubing), so as to avoid baseline 

deviations between operations. 

5.2. Future Prospects 

Overall this work shows that the 

refractometer is a promising sensor for the 

monitoring of the industrial facility’s 

wastewater streams in view of their 

segregation. To further develop the study, 

the proposed steps are: 1) to further identify 

the sources of aqueous effluent 

contamination and their variability, i.e., filed 

tests; 2) to put more emphasis on the 

monitoring of streams containing DCM, due 

to its low emission value limit in the 

discharge to the municipal wastewater 

network (1 ppm); 3) to better define the 

range for RI readings that could be used as 

reference for the non-contaminated status; 

4) to test the placing of the monitoring 

equipment at drainage network collecting 

tanks, where the segregation decision could 

be made; and 5) carry out an economic 

assessment of benefits and costs, in 

comparison with the present system. 

If it could be further developed and 

implemented, this project could have a 

significant impact at industrial scale, not 

only in the facility studied, but also in others 

comparable facilities, providing cost 

reductions in wastewater treatment. Finally, 

with the possible implementation of 

segregation based on the RI sensor, the 

volume of wastewater to treat would be 

much lower. Therefore, it might be feasible 

for the company to implement a treatment 

solution complementary to that presently 

installed, for example the photo-Fenton 

oxidation system previously studied 

(Marques, 2014). 
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