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Abstract: 

The purpose of this paper is to decorative a model of investigating the impact of waste water from railway industry, to 

recommend a treatment method of those and to study the effect of the treatment of the industrial waste waters. For this, the waste 
waters from the locomotives repair industry and the method of treatment named dissolved air flocculation (DAF) are two of 

object of study. The paper starts with a short investigation of the locomotives preservations industry and the first objective is to 

illustrate the affiliation between pollutants and industrial commotion. The second stride of this study was to product altered 

histograms to exhibit the influence of handling of the waste waters on changed sticks, such: total solids adjourned, chemical 

demand in oxygen, pH, heavy metals, minerals, grease and diluents. The tools used in this investigate are those specific: 

Conservational Systems Analysis (ESA) tools, critical amalgamation of the processes and theirs modeling, observation and the 

experiment and statist tic calculus.  The research and  its  enactment  is  the work of the coauthor as a team manager. The form 

demonstration is completely original. So the paper is original and actual. 
 
   INTRODUCTION 

This paper recommends an investigation on the happenings 
of the trains repair diligence with enunciation on its environ- 

mental impression. It is well-known that, the notable   

ecofriendly improvement of the healing trains industry 

integrates the saving of energy and properties. The energy and 

re- sources necessary to rebuild the different components are 

considerably less than those required to interchange the perfect 

unit. So this business might be painstaking a approach to save 

dynamism and possessions and is essential to upgrading and 

progress it. An important way to upgrade this industry is to 

configure it according with the environment policy. An aspect 

of this problem is shown in this paper: solution for treat the 
waste water. 

A short review of the literature  shows that the re- pairing   

locomotives   operations   produce   wastewater, which 

contains organic substance contaminating in soluble 

(degreasers, engine cleaners, cleaning fluids,  solvents, 

enamels, lacquers, epoxies, acids or alkalis), colloidal and 

particulate form. 

To eliminate the environmental risks, the rail operator must 

realize an analysis related to the repairs process of 

locomotives, and search out actions to increase the 

environmental management of their motion. There are two 

conducts to do this. First of all, it’s known that the best 
method to diminish pollution is to stop it in the initial place. 

To do this, it could be implemented, in an innovatively 

way, techniques to prevent pollution, and minimize 

environmental impacts, such: retaining changeover of 

destructive chemicals, reducing material inputs, reengineering 

processes to recycle by-products, cultivating management 

practices, etc.. Other way is to choose an suitable method to 

treat the waste water before evacuate them in effluent. 

This paper recommends a case schoolwork for the second 

method. The behavior method chooses was dissolved air 

flocculation (DAF). So, the specific objectives proposed, are: 
-     characterization locomotives repair activity; 

-     identification of the pollutants; 

- illustration of the applied solution to handling the 
water dominance. 

Trains overhaul and upkeep action 

To examine and suggest a technique to decrease the 

ecological impact of the leftover waters from industry, we 

choose the locomotives overhaul industry. The reasons of 

this choice were the complexity of this activity and also, the 

possibility to evaluate the experimental implementation of the 

project. 

The analysis of this process was made using Environ- 

mental Systems Analysis (ESA) method.   ESA is frequently 

used to aid decision making in finding solutions to difficult 
environmental problems. In an ESA there are six steps 

procedure: problem definition, system definition; identification 

of pollutants, model building, model appli- cation and 

evaluation of the methodological approach. 

 

1) Problem definition: ‘Identify the processes from lo- 

comotives repair activity and their impact on water qual- ity!’ 

 

2) System definition: The environmental system in 

discussion has two classes of components in permanent 

relationship: industrial activities and water system. The 

elements of these two components are shown in figure 2. As 
mechanical area, we define all activities related to maintenance 

or storage of locomotive, track repair equipment and cars. 

As engineering area, the literature [1], defines all the work 

done to maintain fully operational facilities and rail road track. 

The transportation area means any activity associated with the 

movement of the locomotive. 

 

Because the mechanical activities have the most important 

influence on the quality of waste water, those are ex- emplified 

in system schema  
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Indicators name Description 

TSS (Total Solids Sus- 
pended) 

Particles / finely divided plant material 
suspended in water; 

Dissolved solids (DS) Salts and minerals dissolved in water. 

Heavy metals (HM) Metals  such  as  copper,  lead,  mercury, 
and zinc. 

Minerals Chloride, sodium, sulfate, etc. 

Ammonia Toxic to fish and aquatic organisms; 

Nitrate Health hazard. 

Phosphorus Accelerates lake eutrophication. 

 
Pesticides 

Household,  agricultural,  and  industrial 
pesticide  applications;  and   spills   and 
equipment clean-up 

 
pH 

Indicates the acidity or the alkalinity of 
water 

Temperature Affects aquatic life, 

 
Turbidity 

Measure of water clarity related to sus- 
pended solids concentration. 

 
CBO/BOD 

Amount  of   oxygen  consumed  during 
degradation of organic materials. 

 

 
CCO/COD 

Is a measure of the capacity of water to 
consume oxygen during the decomposi- 

tion of organic matter and the oxidation 

of  inorganic  chemicals  (such  ammonia 
and nitrite). 

 

Mainte- 
nance 
opera- 

tion 

Waste water components Waste class/ 
How we treat it? 

Cleaning 
Opera- 

tions 

oil, 
grease, 

suspended solids 
pH  (acidity or  alkalinity 

of water). 

Hazardous/ 
Hazardous   waste   regula- 

tions   must   be   complied 
with prior to disposal 

Hydrau- 
lic   Sys- 

tem 
Repair 

oil Regulated wastes. 
Attention in  handling and 

disposing    the    hydraulic 
fluid,   spill   containment, 

and storage. 

Metal 
Machin- 
ing 

suspended solids Regulated wastes that may 
contaminate  the   environ- 
ment  from  direct  release 

into  water  or  from  storm 

water runoff. 

Oil Filter 
Re- 

placeme 

nt and 
Used Oil 

Disposal 

oil, 
grease, 

suspended solids 

Regulated wastes. 
Some solutions (handling 

activities    such    as    oil 

changes or oil filter re- 
placement to locomotives) 

could impose the oil-water 
separation systems. 

 

 
3) Documentation of pollutants: Each of the 
locomotive conservation maneuvers could be a 
prospective source of contamination, reported to 
its outputs, as we can see in table I. 

Painting chemicals   
contained   in the 
pain (paint or 
solvent- based 
paint) 

 
TABLE II. 

Hazardous.    
Sources    of 
environmental 
harm.

The name and a short description of pollutants 
is making in table II. To identify the water 
pollutants in each activ ity, we must analyze a 
great number of input factors.  

 
TABLE I 

Relationship between Operation and Waste 

Water Components 
 

SHORT DESCRIPTION OF 

POLLUTANTS

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4) Model building: After this investigation of 
the associations between activities and 
pollutants, arise that we need an engineering 
waste water conduct plant which could re-
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Stimulated: postponed objects, heavy metals and minerals, 

elimination oils and greases, chemical oxygen 

request(COD) and biological oxygen demand (BOD), pH 

and diluters. 

The most delicate handling to all this restriction is DAF 

or softened air initiation (fig. 2) which proposals, in 
most suitcases, rewards over settling, percolation, rainfall, 

or adsorption against ordinary and copied adsorbents 

[4],[5]. 

 

 

 

 

 

 

 

 

 
Fig. 2.Typical DAF process 

diagram 

 

5) Model application: Typical DAF process diagram 

could be implemented as a waste water treatment plant in 

a repair locomotives industry with a schema as in fig. 3. 

 

 
 

 

Fig. 3. DAF treatment plant for repair locomotives 

industry waste water 

 

II. E XPE RIME NT AL 

CONCLUSIONS 

The purpose of this section is to compare the analysis of 

industrial waste water from repair locomotives industry 

before and after DAF treatment. 

The implementation of the considered project, proposed 

as object of the case study, was made in September 2008. 
To illustrate the technological activity effect over the 

components of the waste water was used the data base of 

physic-chemical analysis of the water in different period 

before the implementation of the project and after that. 

For a global analysis it was choose the year 2008 be- 

cause the number of locomotives was equal distributed in 

each month and the water volume could be considered 

approximate the same. To realize this analysis we used 

histograms in Excel. 

Following the evolution of principal indicators in au- 

gust 2006 could be observed an overcome of the admissi- 
ble values for suspended solids (measured value 341mg/l 

and 449 mg/l and maximum admitted value according 

NTPA 002/2005 - 350mg/l) (fig. 4), oil (measured value 

60mg/l and maximum admitted value according NTPA 

002/2005 - 30 mg/l) (fig. 5) and solvents (measured 

value 

31mg/l and maximum admitted value according NTPA 

002/2005 - 25 mg/l). 

 
 

 

Fig. 4. TSS/CCO august 

2006 

 

This data, sustained by a powerful alkaline pH (fig. 6), 

confirm the preponderance of cleaning operation in this 
periods (16.08.06 and 31.08.06). 

Could be observed that the heavy metals and minerals 

(fig. 6) are under the admitted limits, but the great values 

for zinc indicated that in the observed period the number 

of galvanizations was also great. 

These values could also indicate that in these days 

taken place partial discharge of neutralized waste water in 

inter- nal sewerage. 

 

 
 

 

Fig.5. pH, Oil and solvents - august 2006 
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Fig. 6. Heavy metals and minerals - august 2006 

 

The same conclusions could be obtained for a similar 

month (September) in 2007 (fig. 7 – 9). In fig. 7 could be 
observed that the marker ‘total solid suspended’ is greater 

in the period of primary cleaner of the locomotives when 

the mechanical cleaning operations are important.  So, the 

final conclusion could be that, in a month, the indicators 

for treated waste water were in admitted limits, but in the 

peaks of production, when the number of cleanings and 

galvanizations is great, this limits could be overcame and 

the  impact  on  environment  could  be  strong.  Figure  8 

shows that a maximum values for pH and solvents con- 

firm the preponderance of cleaning operations.   Figure 9 

show that, the maximum values for Zn involve a great 
number of metallic coverings (Zn covering). 

 
 

Fig. 8. pH, Oil and solvents in 

September 2007 

 
Fig.9. Heavy metals and minerals in 

September 2007 
 

This situation imposed a solution for the treatment of 

the waste water. So, in September 2008 was realized a 

waste water plant with DAF (Dissolved Air Flotation) 

technologies which proved immediately its efficiency. 

The figures 10 – 12 show this idea: the parameters of 

interest are under limits imposed by NTPA 002/2005, 

starting with the moment of putting in operation of the 

plant (September 2008). 

Te efficiency of waste water treatment plant could be 

calculated with formula: 
 

β    = 
 M NTPA − M av ⋅100 , (1) 

M           
M

 NTPA

 
Fig. 7. TSS/CCO - September 
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where: β M  

is the efficiency reported to the indicators M

(TSS, CCO, pH, Oil, etc.), M NTPA  is the admitted values

for M indicator in NTPA 002/2005, and M av 

age value of the indicators in a period. 

is the aver-

So, for example, the efficiency of total suspended solids 

TSS, in October 2008, is: 

 

β      = 
 TSS NTPA − TSSav  ⋅100 = 

 300 − 140 
⋅100 = 53%  (2)

TSS               
TSS 

NTPA 
300

 
 

 
 

 

Fig. 10. TSS/CCO - 

October 2008 
 

 
 

 

Fig. 11. pH, Oil and solvents - 

October 2008 
 

For a global image, the histograms 13, 14, 15 show the 

variation of the maximum values of the indicators for each 

month of the 2008. Based on these histograms we can 

appreciate the preponderant activities of the society. 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig.12. Heavy metals and minerals - October 2008 

 
 
Fig. 13. TSS/CCO in 2008 

 

 
 

Fig.14. pH, oil and solvents in 2008 
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1    2    3    4    5    6    7    8    9   10  11  12 

 

Indicators name UM Alert 
threshold 

Max.        admitted 
values 

NTPA 002/2005 

TSS mg/l 245 350 

Oil mg/l 21 30 

pH  - 6.5-8.5 

Solvents mg/l 17.5 25 

CCO mg/l 350 500 

 

 
Fig.15. Heavy metals and minerals in 2008 
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Fig. 16. Efficiency of waste waters in an year (2008) 

 

Fig. 16 shows the TSS efficiency of the treatment of waste 

water in year 2008, before and after wastewater treatment 

plant use. 

Could be observed the uniformity of the values in Sep- 
tember, October, November and December because of the 

automate regulation process of the treatment plant. 

 

As a result of this study we can elaborate the hypothe- ses 

that the relationships between the production volume and 

pollutants volume are reflected into the consumption by 

reactive. 

 

TABLE III. 

ALERT THRESHOLD VALUES ACCORDING WITH 

NTPA 002/2005 

So, for the efficiency of the wastewater treatment plant it 
can be imposed an alert threshold (table III) and used the 

quantity of reactive sufficient to obtain the wanted values 

of indicators at minimum price. 

In this stage, the study regards the relationship between 

the productive activity and the quality of waste waters. 

An important aspect of this study could be extended to 

the relationships between the productive activity and the 

ma- terials consumptions for treating the wastewater. 

This as- pect will be done in a future paper. 

 

III. CONCLUSIONS 
The paper illustrates the stages of ESA method 

(Environmental Systems Analysis method) applied in 

industrial activity of locomotives repairs to establish its 

impact on environment / water. 

The results of this analysis show that the use of a DAF 

wastewater treatment plant is appropriate. 

The evaluation of this solution is realized using the his- 

tangrams  of  most  important  indicators:  TSS,  CCO,  

pH, HM, Oil, Minerals, and Solvents in different periods 

of time: before and after implementation of treatment 

plant. 
The  analysis  of  monthly  histograms  in  2006,  2007 

shows the necessity of this objective implementation, and 

also the strong relationships between industrial activity 

and waste water quality. 

Annual histograms of 2008 (year of wastewater treat- 

ment plant implementation), confirm that the purpose of 

the proposed technical solution was reached and also that 

the using of ESA method to find the technical solution 

was appropriate. 

The efficiency of the plant could be measured also in an 

optimal consumption of reactive used in process, illus- 

trated in a balance quality-price. 
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