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ABSTRACT

Textile effluents contain slowly biodegradable, refractory or even toxic compounds which may create difficulties at wastewater treatment plants in achieving sufficient nitrification rate. In this document, the assessment of the short-term effects of representative textile process waste streams on nitrifying biomass is presented. The results are categorised according to the degree of inhibition as EC50 (concentration producing a 50% nitrification inhibition); the textile effluents tested showed a wide range of EC50 starting from 20 ml gVSS-1 and effluents produced by rinsing phases showed a toxic effect on nitrification process lower than the others (EC50 above 100 ml gVSS-1). Taking into account biodegradability and toxicity evaluations most effluents studied have confirmed a good treatability in biological traditional wastewater treatment plant. On the other hand three process effluents have showed significant toxic effects towards nitrifying biomass.

INTRODUCTION

The textile finishing industry is a water-intensive industry, the average water consumption in textile processes is 160 l/kg of finished product [1]. Wastewater is by far the most important waste stream in the textile industry. It includes cleaning water, process water, non contact cooling water and storm water [2]. Quantity and quality of the effluent streams are subject to considerable variations, due to the diversity in the textile processes and the wide range of chemicals used within each industrial process. Scouring, dyeing and printing operations generate the majority of textile wastewater, as they require many rinsing processes (as an average 60-90% of the total water consumption is for rinsing processes).

Water using departments in the textile finishing industries contribute to the total wastewater production as follows:

General Facilities department normally accounts for a significant fraction of wastewater production but the discharged organic load is neglectable;

Preparation, dyeing and printing departments represent by far the most important wastewater producing processes and the related waste stream account for the biggest fraction of organic load discharged in the final company effluent;

Finishing department involves normally low wastewater amounts and organic load production.

The state of the art of textile wastewater disposal usually involves treatment in an aerobic biological stage, in some cases together with municipal wastewater. The reason of the joint treatment is that it may enhance the treatability of the textile effluents. The textile wastes contain poorly degradable organics and may also contain toxicants, which are also often poorly biodegradable [3].

In the frame of an efficient wastewater management in companies and in view of innovative applications of the “Waste Design” concept [4] a much more detailed characterisation of the specific process effluents has to be completed. When focusing on the biological treatability, two are the main parameters to be considered: the biodegradability of the organic matter in the effluents and the potential toxicity towards the biomass.

The activated sludge is sensitive to several toxic compounds, in particular biological nitrification process within BNR WWTP (Wastewater Treatment Plant operating for Biological Nutrient Removal) is a critical step. The main reason is the low growth rate of the autotrophic nitrifying biomass, strongly dependent on temperature, substrate concentration, dissolved oxygen concentration and pH. Due to the low growth rate of the nitrifiers, toxic compounds in the raw wastewater treated in a BNR WWTP may completely prevent nitrification for a long period. Even if the nitrification is not a main concern in the WWTP, the protection of the activated sludge is of essential importance. Therefore, measuring wastewaters inhibition on nitrifying biomass is an effective way to obtain useful indications on the potential inhibitory effect on biological activity in general and so biological treatability of the effluents.

For the final disposal of the wastewaters produced, when separation technologies are applied for reuse, evaluations of aerobic treatability were carried out on the concentrates produced by their treatment. Even if acceptable in terms of concentration of pollutants, the streams have to be assessed in terms of the potential impact on the existing WWTP because the poorly degradable organics and toxicants contained in textile effluents are concentrated in membrane retentates. 
In the present study a methodology recently developed [5] for the assessment of the inhibitory effect on nitrifying biomass was applied to several textile effluents from productive processes and the relative concentrates produced by membrane treatment. The data obtained were combined with the biodegradability values measured by conventional methods (i.e BOD5/COD), allowing for a more detailed wastewater characterisation.

MATERIALS AND METHODS

Effluents Investigated

The experimental campaign was carried out on same of the most representative textile process wastewater streams.

The effluents tested were selected among preparation, dyeing and printing operations covering various fibres (silk, viscose and cotton).

Principle Of The pH-stat Titration

Toxicity assessment of the sampled textile wastewaters was carried out using a standardized pH-stat titration procedure [5].

The pH-stat (standing for static pH) titration is a respirometric technique where the pH in a biological sample is maintained close to a set-point value selected by the operator. This is achieved by means of an automated titrator, which controls the addition of acidic or alkaline solutions to maintain a constant pH in systems where a pH affecting reaction is taking place [6].

Nitrification is a two steps biological oxidation of ammonium to nitrite and subsequently to nitrate. The first step of nitrification reaction (i) implies acidity production, so the nitrification rate is linearly proportional to the amount of alkaline solutions added by pH-stat titration.
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pH-stat titrations were carried out by using an automated titration system, MARTINA (Multiple Analyte Reprogrammable TItratioN Analyser, Spes scrl, Fabriano, Italy). The instrument scheme is represented in Figure 1. 
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Figure 1: Scheme of pH-stat.
The instrument can collect and record pH, Dissolved Oxygen (DO), temperature and Oxidation Reduction Potential (ORP) data (minimum frequency 1 record/s). Furthermore it performs set-point titrations on pH and/or DO signals. pH is controlled at the user-defined set-point value by spiking NaOH or HCl 0.05-0.25M solutions, while the DO could be maintained at its set-point value by spiking a 0.09-0.18M H2O2 solution [5,6].

The specific nitrification rate (rnit) of the nitrifying biomass can be calculated as:
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(ii)

where: mtit [ml h-1] is the alkaline solution titration rate; Malk is the alkaline solution molarity; 14 is the molecular weight of nitrogen; 2 is the stoichiometric coefficient for biological acidity production, see reaction (i); MLVSS [gVSS] is mixed liquor volatile suspended solids content in the sample.

Inhibition Tests

The nitrifying biomass used in the tests, was sampled from the return sludge flow of a traditional pre-denitrification wastewater treatment plant fed with domestic wastewater located in Sala Bolognese (Bologna Province). Domestic sludge was used, instead of textile wastewater acclimated sludge, because short-term effects associated with textile discharges were the object of the investigation.

If the test was performed immediately after sampling, activated sludge is aerated and used within the following 24 hours, otherwise it is stored in anaerobic conditions at 4°C, for a maximum of two weeks. 

The sludge was washed according to the ISO 9509 [7] procedure, then 10 mg NH4-N l-1 are added to a given volume (0.85 l) of the washed sludge (at 3.6 ( 0.3 g VSS l-1); the sample is mixed and aerated overnight to restore the nitrification activity. The sludge pH was measured continuously until stabilisation (pHe) was reached; pHe equilibrium value is fixed as set-point value during the pH-stat titrations, performed in a thermostatic chamber (21.0 ± 0.3 °C).

The pH-stat titrations are characterized by three subsequent steps, each lasting for a period of about 20 min. The addition of ammonium as substrate (above 25 mg NH4-N l-1) occurs in the first step, so the maximum alkaline flow rate, m0 (corresponding to the maximum nitrification rate) is assessed. The sludge used for the tests demonstrated a good nitrification activity whose average rate was 3.2 mg NH4-N gVSS-1 h-1. In the second step, an amount Vww of the effluent, corresponding to a concentration xww=Vww/gVSS, whose toxicity has to be measured, is dosed into the sludge sample. The effluent pH, before dosing it into the sludge, is corrected close to the sludge equilibrium pHe by NaOH 1M or HCl 1M addition. Finally, in the last step, biological nitrification is inhibited by adding 2.5 ml of allylthiourea solution (concentrated at 2 g l-1) to detect the presence of interferences (i.e. pH variations not due to biological nitrification). In figure 2 a typical output of a pH-stat titration test is reported, referred to a concentration of 33 ml gVSS-1 of Viscose Reactive Printed Washing effluent.
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Figure 2: Output of a pH-stat titration test: pH trend, and titrated volumes.

The percentage of nitrification inhibition (Iww) associated to the effluent dosage (xww), can be estimated as the ratio between the reduction of alkaline flow rate due to the effluent and the alkaline flow rate initially assessed:
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where:

m0
is the alkaline flow rate after the ammonium addition;

mww
is the alkaline flow rate corresponding to the effluent dosage;

mATU
is the flow rate corresponding to the ATU addition, considered as a positive contribution if the system adds the alkaline titrant and as negative in case of acidic titrant (as in the example reported in Fig. 2).

The model used to fit the experimental data is the “extended” non-competitive inhibition model proposed by [8], whose rearranged expression is:
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where:

k
is the model parameter;

x
is the effluent concentration [ml gVSS-1];

EC50
is the effluent concentration [ml gVSS-1] producing a 50% nitrification inhibition.

Chemical Analyses

Total Suspended Solids (TSS), Volatile Suspended Solids (VSS), total COD (CODT), filtered COD (CODf, obtained by passing through an 0.45 m filter), BOD5 and Absorbance were measured according to Standard Methods. Dissolved Organic Carbon (DOC) on filtered (0.45 m) sample, was measured using a Shimadzu TOC analyser (model VPN-cph).

RESULTS AND DISCUSSION

In Annex 1 tables with the characterisation of the effluents tested are reported; it can be noted that, as expected, the organic content of effluents from complete process operations is much higher than the rinsing wastewaters. The pH ranges from neutral to alkaline. Colour is always above the values of detectability of human eyes (typically corresponding to absorbance 0.010 on 1 cm optical path). Conductivity is extremely high (39.80 mS cm-1) only for the Silk Reactive Dyeing effluent.

Biological aerobic biodegradability, expressed as the ratio between BOD5 and CODT, is quite high for Silk HT Scouring, Viscose Reactive Printed Washing and Silk HT Scouring Rinsing effluents whose values (about 0.4) are comparable with domestic wastewaters, while particularly low value (0.10) is associated to Silk Reactive Dyeing effluent.

In the same annex 2 diagrams showing the interpolation curves of the “extended” non competitive inhibition are reported for all the effluents and the concentrates generated by membrane filtration. From the inhibition curves, the EC50 values, representing the volume of effluent per gram of biomass able to reduce by 50% the nitrifying activity, were extrapolated. The results obtained coupled with BOD5/COD ratio values (index of biodegradability) are reported in the following Table 1.

Table 1: EC50 and BOD5/COD ratio values measured in the effluents and membrane concentrates
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It can be observed that all the textile wastewater tested showed a wide range of EC50 starting from 20 ml gVSS-1 and effluents produced by rinsing phases showed a toxic effect on nitrification process lower than the others (EC50 above 100 ml gVSS-1). As for the raw effluents, particularly high inhibitory effects are associated with Silk Reactive Dyeing effluent and Viscose Reactive Printed Washing effluent, whose EC50 are both 20 ml gVSS-1. It can be observed that these two effluents exert an inhibitory effect comparable with others industrial wastewaters (e.g. photographic film production effluent) normally known to be particularly toxic [10].

Silk HT Scouring and rinsing phases wastewaters showed neglectable toxic effects.

Combining toxicity with biodegradability results, the Silk Reactive Dyeing and the Cotton Bleaching Line effluents seem scarcely biologically treatable and they would require a proper pretreatment to enhance aerobic biodegradability, like Advanced Oxidation Processes, whose efficiency in reducing toxicity in similar inhibitory effluent has been proved [11]. The Viscose Reactive Printed Washing effluent could be successfully treated if dosed in opportune quantity. As for all the other effluents tested, treatment in a traditional aerobic WWTP confirms to be an effective way of disposal.

The concentrates from UF treatment of these effluents did show better treatability of the raw effluents, while NF concentrates are normally more toxic. As for the evaluation of concentrates toxicity of the rinsing effluents, the results obtained, gave a preliminary confirmation of the feasibility of final wastewaters disposal in traditional WWTPs.

It has to be emphasized that the results of this study are likely to be effectively applicable to predict the behaviour of nitrifying sludge under shock load conditions, assessing short-term effects of toxic compounds; in fact it has to be considered that the experiments do not take into account the possible biomass adaptation to wastewaters.

CONCLUSIONS

Experimental investigations described in this study assessed the short-term effects on nitrifying biomass associated to same of the most representative textile process wastewaters covering various fibres (silk, viscose and cotton) and different operations (scouring dyeing and printing) as on complete process effluents as on rinsing phases only. These results make it possible to estimate the amount of the raw textile wastewater treatable in a WWTP, without affecting biological nitrification process.

The use of similar results could allow plant operators to prevent treatment problems due to toxic discharges. They could also be used in the definition of a wastewater fee more related to the real treatment costs. This is a way to design the correct wastewater that can be treated in a given WWTP [4].
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ANNEX 1 – Characterisation and inhibition diagrams of all the effluents tested

Silk reactive dyeing
	
	Feed
	Concentrate
UF (MW)
	Concentrate
NF (DK)

	COD tot
[g m-3]
	1650
	2410
	2200

	COD filtered
[g m-3]
	1650
	2330
	2200

	BOD5
[g m-3]
	159
	240
	229

	TOC
[g m-3]
	806
	1175
	1055

	TC
[g m-3]
	1498
	1805
	2027

	IC
[g m-3]
	692
	630
	972

	pH
	9,50
	9,50
	9,54

	Conductivity
[mS cm-1]
	39,8
	35,9
	37,4

	Turbidity
[NTU]
	0,4
	0,4
	0,3

	Absorbance [cm-1]
	1
426
nm
	2,813
	3,431
	3,860

	
	2
558
nm
	3,939
	4,034
	4,215

	
	3
660
nm
	0,022
	0,039
	0,089
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Inhibition silk reactive dyeing NF concentrate

Silk scouring

	
	Feed
	Concentrate
UF (MW)
	Concentrate
NF (DL)

	COD tot
[g m-3]
	1074
	6030
	743

	COD filtered
[g m-3]
	728
	3565
	680

	BOD5
[g m-3]
	410
	1980
	420

	TOC
[g m-3]
	840
	2424
	553

	TC
[g m-3]
	911
	2490
	766

	IC
[g m-3]
	71
	66
	213

	PH
	7,99
	8,12
	8,26

	Conductivity
[µS cm-1]
	620
	850
	1520

	Turbidity
[NTU]
	28,0
	139
	1,1

	Absorbance [cm-1]
	1
426
nm
	0,056
	0,229
	0,010

	
	2
558
nm
	0,024
	0,101
	0,005

	
	3
660
nm
	0,015
	0,062
	0,002
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Inhibition silk scouring NF concentrate

Cotton bleaching line

	
	Feed
	Concentrate
UF (MW)
	Concentrate
NF (DL)

	COD tot
[g m-3]
	3620
	3917
	890

	COD filtered
[g m-3]
	1284
	2075
	747

	BOD5
[g m-3]
	644
	820
	150

	TOC
[g m-3]
	401
	799
	522

	TC
[g m-3]
	500
	900
	691

	IC
[g m-3]
	99
	101
	169

	pH
	8.45
	8.88
	9.2

	Conductivity
[µS cm-1]
	1245
	1357
	2760

	Turbidity
[NTU]
	3.7
	21
	1.1

	Absorbance [cm-1]
	1
426
nm
	0.022
	0.104
	0.011

	
	2
558
nm
	0.010
	0.057
	0.006

	
	3
660
nm
	0.009
	0.049
	0.008
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Inhibition cotton bleaching line NF concentrate

Viscose reactive printed washing

	
	Feed
	Concentrate
UF (MW)
	Concentrate
NF (DL)

	COD tot
[g m-3]
	878
	1150
	1050

	COD filtered
[g m-3]
	862
	1150
	1040

	BOD5
[g m-3]
	345
	683
	174

	TOC
[g m-3]
	800
	977
	1019

	TC
[g m-3]
	868
	1020
	1248

	IC
[g m-3]
	68
	43
	229

	pH
	9.35
	9.17
	8.53

	Conductivity
[µS cm-1]
	1223
	1126
	3230

	Turbidity
[NTU]
	2.60
	2.50
	0.85

	Absorbance [cm-1]
	1
426
nm
	0.393
	0.779
	1.002

	
	2
558
nm
	0.330
	0.726
	0.645

	
	3
660
nm
	0.153
	0.345
	0.202
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Inhibition viscose reactive printed washing UF concentrate
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Inhibition viscose reactive printed washing NF concentrate

Silk scouring rinsing

	
	Feed
	Concentrate
NF (DL)
	Permeate
NF (DL)

	COD tot
[g m-3]
	275
	994
	38

	COD filtered
[g m-3]
	96.1
	715
	38

	BOD5
[g m-3]
	229
	787
	31.4

	TOC
[g m-3]
	24.9
	232
	7.7

	TC
[g m-3]
	47.8
	304
	14.6

	IC
[g m-3]
	23.0
	71.7
	6.9

	PH
	7.93
	7.82
	7.55

	Conductivity
[mS cm-1]
	355
	822
	100

	Turbidity
[NTU]
	28
	61
	4.1

	Absorbance [cm-1]
	1
[426
nm]
	0.013
	0.049
	0.005

	
	2
[558
nm]
	0.008
	0.022
	0.000

	
	3
[660
nm]
	0.006
	0.021
	0.002
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Inhibition silk scouring rinsing feed
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Inhibition silk scouring rinsing NF concentrate
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Inhibition silk scouring rinsing NF permeate

Viscose direct dyeing rinsing

	
	Feed
	Concentrate
NF (DL)
	Permeate
NF (DL)

	COD tot
[g m-3]
	30
	32
	25

	COD filtered
[g m-3]
	16.4
	29.7
	25

	BOD5
[g m-3]
	0
	0
	0

	TOC
[g m-3]
	2
	9.1
	0

	TC
[g m-3]
	11
	31.4
	7

	IC
[g m-3]
	9
	22.3
	7

	PH
	7.15
	7.91
	7.41

	Conductivity
[µS cm-1]
	743
	1376
	606

	Turbidity
[NTU]
	0.1
	3.2
	0.1

	Absorbance [cm-1]
	1
426
nm
	0.024
	0.126
	0.001

	
	2
558
nm
	0.028
	0.140
	0.001

	
	3
660
nm
	0.013
	0.066
	0.003
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Inhibition viscose direct dyeing rinsing feed
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Inhibition viscose direct dyeing rinsing NF concentrate
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Inhibition viscose direct dyeing rinsing NF permeate

Silk acid dyeing rinsing
	
	Feed
	Concentrate
NF (DL)
	Permeate
NF (DL)

	COD tot
[g m-3]
	78.3
	168
	21

	COD filtered
[g m-3]
	70.9
	100
	

	BOD5
[g m-3]
	32.8
	98.4
	10.9

	TOC
[g m-3]
	12.7
	26.2
	1.27

	TC
[g m-3]
	17.8
	33.5
	3.4

	IC
[g m-3]
	5.1
	7.4
	2.1

	pH
	7.26
	7.89
	7.23

	Conductivity
[µS cm-1]
	1412
	3050
	560

	Turbidity
[NTU]
	4.1
	10.1
	0.5

	Absorbance [cm-1]
	1
426
nm
	0.014
	0.024
	0.004

	
	2
558
nm
	0.010
	0.018
	0.004

	
	3
660
nm
	0.006
	0.009
	0.004


No diagram is reported for feed and permeate because no inhibition effects were detected.
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Inhibition silk acid dyeing rinsing NF concentrate
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