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ABSTRACT 

The disposal of waste water (red water) that produced during the 

production of TNT in an environmental acceptable manner posses serious 

difficulties. For many years this red water were disposed of by the method 

open burning but the method is not acceptable today owing to the effect of 

particulates, nitrogen oxide and other harmful products which pollute the air. 

Some other methods of incineration are available which overcome part of 

these difficulties, but they are very costly. Preliminary experiments using the 

method of adsorption on the locally produced activated carbon have 

demonstrated that adsorption alone is not enough to fulfill the lowest possible 

levels of total organic carbon (TOC) and chemical oxygen demand (COD) for 

red water treatment. In the experimental work the measure of extent of 

treatment, is the percentage removal at wavelength 200nm, also TOC and 

COD before and after treatment were measured. Pre-treatment by adsorption 

demonstrated that, the percentage removal at wavelength 200nm is 76%, 70% 

TOC and 78% COD. The aim of this work is the usage of advanced oxidation 

process (AOP) by UV/H2O2 to fulfill the lowest possible levels of TOC and 

COD. The treated water after manipulation of the proposed technique of 

advanced oxidation process (AOP) was 95.7% TOC and 97% COD.  

The preceding results reflect that the used technique is promising and the 

red water after treatment can be discharged safety. 

Keywords: Red water; Adsorption; Advanced oxidation process (UV/H2O2). 
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INTRODUCTION 

The symmetrical 2,4,6-trinitrotoluene (α-TNT) is one of the most 

important and widely used explosives. The manufacture of TNT consists of 

two main processes: nitration of toluene to crude TNT and TNT purification 

to remove any unsymmetric TNT isomers (for example, 2,3,5-TNT, 2,4,5-

TNT). During the purification stage, sodium sulfite is added to react with the 

unsymmetric TNTs, resulting in the formation of dinitrotoluene (DNT) 

sulfonated compounds (for example 2,4-DNT-5-SO3Na). These sulfonates 

are water soluble and are easily separated from α-TNT. The wastewater 

resulting from the purification process exhibits an intense "red" color and is 

commonly referred to as TNT red water. In addition to the DNT sulfonated 

compounds, red water also contains products of complete nitration (for 

example, priority pollutants 2,4-DNT and 2,6-DNT) and complex byproducts 

formed during the nitration and purification stages. Currently, red water is 

classified by US Environmental protection Agency (EPA) as a Resource 

Conservation and Recovery Act (RCRA)-regulated hazardous waste (K047) 

based on its reactivity. Furthermore, TNT and red water are toxic to aquatic 

life. (Burrows et al., 1989) 

Consequently, the treatment and disposal of red water presents a 

significant environmental problem for the public and private sectors involved 

in the manufacturing of TNT. 
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Because of the complicated nature of red water, conventional biological 

treatment, carbon adsorption, chemical precipitation, fractional distillation, 

and ozonation are ineffective for red water-treatment.  

The treatment of wastewater or ground water from military ammunition 

plants or other such facilities contaminated with various nitro- compounds 

such as trinitrotoluene dinitrotoluene, RDX, HMX and tetryl etc. has been 

well studied using different types of activated carbons (Bauman et al., 1990).  

As a whole, adsorption is a simple-to-operate process and relatively cost-

effective, due to (or no) energy requirements. Adsorption parameters can by 

simply established by using an appropriate isotherm equation.  

The last decade has witnessed advanced oxidation processes (AOPs) 

emerging as promising alternatives to tertiary treatment, owing to their high 

potency to render partial and ultimate destruction of many refractory 

compounds including dyestuff-halogenated and aromatic organics (Ince and 

Tezcanli (1999); Tomaszewski et al., (2003). These processes involve the 

formation of highly reactive free radical species, which are far more powerful 

as oxidizing agents than commonly known strong oxidants like molecular 

oxygen and ozone. The chemistry, kinetics and quantum yields in free radical 

reactions have been widely investigated and reviewed in the paste (Glaze et 

al., 1987). 

These processes have two unique advantages over other advanced 

treatment processes; (i) they are non-selective to a very broad range of 

chemicals, and (ii) they involve no sludge production due to the character of 
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their removal mechanism, which is based on the oxidative destruction of 

organic carbon by conversion to higher oxidation states. 

It is our interest to make use of the coupling techniques (Adsorption and 

AOPs) in treatment of TNT manufacturing red water. In this concern, two 

types of carbons were tested simultaneously. The optimal conditions were 

obtained and the non-adsorbed pollutants remaining in bulk after filtration 

was further treated using UV/H2O2.  

 

EXPERIMENTAL 

Instrumentation: A Hewlett Packard Diode array spectrophotometer (Model 

8451A) was used to measure the UV-Vis absorbance for raw and treated 

water samples. A microprocessor pH meter HANNA model HI-9321 was 

used for pH measurement. A water bath shaker of American optical 

corporation (Buffalo, New York) was used for all the adsorption experiments. 

Dohraman, model DC-190 was used for TOC measurement. COD was 

determined according to standard methods (APHA1985) Standards methods 

for the examination of water and wastewater, 16th edition, American Public 

Health Association, Washington, DC. Inductively coupled plasma-Emission 

Spectrometry (ICP-ES) Perkin Elmer optima 3000 was used to detect the 

trace metals and cations. The IR spectra of synthesized activated carbon were 

recorded using FTIR 1725X (Perkin Elmer) spectrophotomers. Elemental 

analyses were carried out on a Perkin-Elmer 2400 CHN elemental analyzer. 
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The laboratory-scale thermostated pyrex glass-column photoxidation 

reactor is used [Fig. 1]. The procedure was carried out batchwise under 

illumination of a single 400 WHQL high pressure mercury vapor lamp 

(Phillips) whose protective cover was removed. The reactor was water-

jacketed to keep solution temperature at 25C for all runs.  

 

Fig. (1): Photo oxidation reactor: a: cooling water inlet, b: cooling water 

outlet, c: gas inlet (nitrogen), d: gas outlet (nitrogen), e: UV lamp, 

f: sample solution and g: sampling stopcock. 
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MATERIALS 

Pre-treatment by adsorbents: two types of adsorbents were used:  

 Discard bone charcoal (BC) residue from Pakin Co., Egypt, was tested. 

This local biomass derived material is of animal origin. The (BC) residue 

is the resultant of pyrolysis process occurred according to the following 

conditions:  

Animal bones                             (BC) residue + steams + oil + ammonia liquor 

The residue content was varies according to the type of animal (e.g. 

camel, buffalo or cattle) and its food. The BC residue is left in an inert 

atmosphere to avoid any oxidation. Then, it is crushed and sieved to give 

constant particle sizes used for different purposes. The remaining size from 

sieving (30 mesh) is considered as carbidge i.e. waste of no use. This waste is 

used as an adsorbent in our study. A characterization of BC is presented 

elsewhere (Daifullah et al., 1997). 

 The activated carbon (AC) prepared from rice husk (RH), according to the 

method presented elsewhere (Shokry et al., 2004). 

Adsorbate: The red water was obtained from a TNT manufacturing plant, 

from Abu-Zaabal company for Specialty Chemicals. The red water was 

filtered through cotton, placed in dark bottle and stored in a refrigerator at 

4C. The prolonged refrigeration, however, produced crystalline flakes. The 

samples was kept at room temperature and thoroughly mixed using a 

magnetic stirrer to redissolve the crystals before each experiment.  

800℃-5hrs 

Inert atmosphere 
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A typical red water composition is shown in Table 1.  

Only diluted raw red water (1:100) was used in all of the adsorption 

experiments, and (AOPs), primarily for safety reasons. 

Table (1): Red water composition (Hao et al., 1992)  

Parameter Working Value Reference Value 

pH units 7.3 7.6 

COD 535.4 685 

TOC 355.4 544 

All concentration results in mg/L based on diluted red water (1:100), 

unless otherwise noted. 

Method: Photo oxidation using UV/H2O2: In general, the procedures were 

performed by mixing BC and AC simultaneously in a ratio of 4:1 with 50 ml 

of red water and shaken for 12hrs at pH 2. Then, the filtrate was used to study 

the parameters affecting the photo oxidation (e.g. exposure time and 

hydrogen peroxide amount). All samples before and after photo oxidation 

were analyzed for TOC, COD and the absorbance at max 200, 346, 362, 432 

and 488 nm was determined spectrophotometrically.    

Analytical methods: This work concerned with compound specific test using 

UV spectrophotometer and non-specific tests using total organic carbon 

(TOC), chemical oxygen demand (COD). 

Total organic carbon (TOC): TOC was measured using total organic 

analyzer (Dohrman, model DC-190) with a non-dispersive infrared detector 

(NDIR). The sample is homogenized, acidified with 5% H3PO4 and diluted as 

necessary and a microportion is injected into a heated reaction chamber 
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backed with an oxidative catalyst such as cobalt oxide. The water is vaporized 

and the carbon is oxidized to CO2 and H2O. The CO2 from oxidation of 

organic and inorganic carbon is transported in the carrier gas streams and is 

measured by means of a non-dispersive infrared analyzer. Potassium 

hydrogen phthalate standards (0.2-10 mg/L) were used for sample calibration.  

Chemical oxygen demand (COD): A sample of 2 ml was heated at 150ºC 

for two hours with strong oxidizing agent K2Cr2O7. Oxidizable organic 

compounds react, reducing the dichromate ion (Cr2O7)
2– to green chromic ion 

(Cr3+). The amount of chromic ion produced is measured colorimetrically to 

determine the chemical oxygen demand. 

Trace metals and cations: Trace elements such as Co, Ni, Zn, Cd, Pb, Fe, 

Mn, Al, Cu, and Cr, were analyzed using the inductively coupled plasma-

emission spectrometry (ICP-ES) is Perkin Elmer optima 3000 with ultrasonic 

nebulizer (USN). This nebulizer increases the sensitivity of the instrument. 

Also, soluble cation such as Ca2+, Mg2+, Na+, P3+, B3+ and K+, were analyzed, 

using ICP-ES by direct aspiration using pneumatic nebulization using cross 

flow nebulizer (Charles et al., 1997). 

UV-Vis absorbance: The UV-vis spectrophotometric data were used to 

notice trends on organics removal or accumulation, based on the comparison 

of absorption intensities for raw and treated water samples at different 

wavelengths (200 nm, 362 nm (representing an abundance of aromatic 

compounds content of the TNT red water), the unknown byproducts where 
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the raw red water exhibits absorbance at (432, 346 and 488 nm.)   (Hao  et al., 

1992). 

RESULTS AND DISCUSSION 

Pre–treatment by adsorption technique: Factors affecting adsorption 

process of nitro organic compounds (red water) using mixed carbon 

(AC+BC)) were determined. Also the minimum contact time, the minimum 

adsorbent dose and the exact pH of the solution were determined (Shokry et 

al., 2004). The percent removal (% R) of nitro-organics compound assigned 

in the TNT red water before and after the treatment using mixed carbon is 

determined and listed in Table (2).  

Table (2): Concentrations of nitro-organics compound in raw red water (1:100) 

before and after treatment using adsorption technique at optimum 

conditions (pH: 2; contact time: 12 hrs; 1g AC+0.25g BC) 

Parameter 
Concentration (mg l-1) 

Removal (%) 
Before treatment After treatment 

TOC 355.42 106.6 70 

COD 535.4 117.78 78 

Wavelength(nm)    

200 1.7 0.4 76 

346 3.2 .0.96 70 

362 2.7 0.75 72 

432 2.9 0.81 72 

488 1.2 0.26 78 

As shown from Table (2), the concentration of total nitro-organics in the 

effluent waste waters needs to be brought down so as to meet a low interim 

discharge limit of 1ppm of total nitro bodies (Effluent standards for 

environmental pollutants, US chemical industry digest consultancy, special issue 
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II 1991).This means that, the pre-treatment by adsorption using mixed carbon 

(AC+BC) is insufficient for treatment red water, so that the per oxidation 

systems (UV / H2O2) is used to fulfill the lowest level of TOC and COD.  

Effect of mixed carbon (BC + AC) on the removal of metal ions: It is 

worth to mention that the adsorption process using mixed carbon (BC + AC) 

will affect the removal of metal ions as well as organic content. In this 

concern, the percent removal (% R) of the metal ions assigned in the TNT red 

water before and after the treatment using mixed carbon is determined using 

ICP and listed in Table (3).  

Table (3): Concentrations of metals in raw red water (1:100) before and after 

treatment using adsorption technique (pH: 2; contact time: 12 hrs; 

1g BC + 0.25 g AC) 

Metal 
Concentration (mg l-1) 

Removal (%) 
Before treatment After treatment 

Cd++ 0.001 0.0001 90% 

Ba++ ND ND  

Co++ ND ND  

Cr+++ 0.041 0.006 85% 

Cu++ 0.043 0.002 95% 

Fe+++ 0.059 0.059  

Mn++ ND ND  

Ni++ ND ND  

Pb++ 0.05 0.014 72% 

Sb+++ 0.03 0.03  

Se++++ ND ND  

Ti++++ ND ND  

V+++++ ND ND  

Zn++ 0.049 0.016 67% 

Hg++ ND ND  

As+++ ND ND  
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ND: Non-detected  

Advanced oxidation process (AOP): The degradation of the dissolved 

organic compounds which are not adsorbed on either (BC) or (AC), was 

further treated using AOP. In this concern, factors affecting the oxidation 

(e.g. the amount of oxidant H2O2; the exposure time) are assessed.  

Effect of H2O2 amounts: The presence of H2O2 has a great influence for the 

reduction of organic concentration in water.  Moreover, it was the necessary 

to decide the amount of H2O2 to fulfill the lowest possible value of total 

organic carbon (TOC) and chemical oxygen demand (COD). This is due to 

the much higher H2O2 concentration will be (1) economically undesirable 

(Jerome et al.,1994).and (2) scavengers for hydroxyl radicals (Shen et al., 

1996) The residual H2O2 in solution was determined by potassium iodide (KI) 

titration method (Snell and Ettre et al., 1987)  As expected, the COD, TOC 

and UV absorbance at 200, 346, 362, 432, and 488 nm results are a function 

of H2O2 dosages were shown in figure (2), whereby efficiency increases with 

increasing H2O2 dosage until the ratio between the amount of oxidant to the 

amount of the filtrate after adsorption, H2O2: contaminant, was  1:8 to 

achieve the 84-85% TOC, 85-86 COD and 80% as a percent removal 

calculated by UV absorbance. The COD, TOC (Fig.3) and UV-absorbance 

results (Fig.2) indicate essentially the same phenomena.  
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H2O2 volume, mls 

Fig. (2): Effect of H2O2 dosage on the percent removal of TNT red water 

from UV measurements.   

 

H2O2 volume, mls 
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H2O2 volume, mls 

Fig. (3): Effect of H2O2 dosage on the percent removal of TNT red water 

from TOC and COD measurements. 

Effect of UV-exposure time: Photolysis of H2O2 is the most direct method 

for the generation of hydroxyl radicals, which may be described by the 

following equation: 

H2O2 + h                       2 OH 

The excited hydrogen peroxide molecule is cleaved into two hydroxyl 

radicals, then, these radicals initiate the chain decomposition (Scheck C. K. 

and Frimmel F. H. (1995).  

OH  + H2O2                        OOH   + H2O 

OOH  + H2O2                      OH  + H2O + O2 

2OOH                       H2O + O2  
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The destruction of red water was rapid (Figs. 4 & 5). After two hours 

of exposure time there was a 81.4% reduction in TOC, 83.8% reduction in 

COD and 88.1% reduction UV-absorbance at 200 nm. The solution pH 

decreased from 2.15 to 1.2. The red water has little buffer capacity and the 

reduction in pH indirectly infers that SO3 groups were rapidly detached from 

the DNTs, resulting in the formation of H2SO4. (i.e. acidity increases). Also, 

the formation of new components due to AOP may also cause the reduction in 

pH from 2.15 to 1.2. 
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Fig. (4): Effect of exposure time on percent removal of TNT red water from 

UV measurements (25 ml Filtrate + 3 ml H2O2 exposed to UV 

irradiation for 2 hrs). 
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Fig. (5): Effect of exposure time on percent removal of TNT red water from 

TOC and COD measurements (3 ml H2O2 exposed to UV 

irradiation for 2 hrs, 200 nm) 
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CONCLUSION 

After the treatment of the waste water by adsorption on mixing carbons 

(BC + AC), the removal by total organic carbon TOC is 71% and chemical 

oxygen demand COD is 78%, but to achieve the lowest permissible level of 

nitrobody concentration in a treated effluent, the advanced oxidation process 

UV/H2O2 was used as a most promising system for a more complete 

mineralization of organic carbon. It was found that the total removal by 

combination of adsorption and advanced oxidation (UV/H2O2) was TOC 

95.7%; COD 97%. 

The system described herein provides apparent advantages over single 

operated adsorption systems. These processes have two unique advantages 

over other advanced treatment processes: (i) they are non-selective to a very 

broad range of chemicals, and (ii) they involve no sludge production due to 

character of their removal mechanism, which is based on the oxidative 

destruction of organic carbon by conversion of the higher oxidation states. 

Treatment of red water from TNT manufacture using adsorption / AOP 

proves its efficiency in removal of organic as well as heavy metals and the 

treated water can pass into river without any risk health effects. 
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 التكسير المتقدم المحفز ضوئياَ للمياه الحمراء الناتجة  
 نتاج التراى نيتروتلوينإمن  

 
 (3)نهى سمير دنيا -(2)لعيسى السيد هيك -(1)بون محمد علاميثروت ش

 (4)أشرف عبده اسماعيل سليمان
  جامعة عين شمس، كلية العلوم( 2 جامعة عين شمس، يةالدراسات والبحوث البيئعهد باحث بم( 1
وزارة ، مركز التميز العلمى والتكنولوجى( 4 جامعة عين شمس، معهد الدراسات والبحوث البيئية( 3

 الانتاج الحربى
 المستخلص

لمياه الحمراء( الناتجة من انتاج التراى نيتروتلوين ان التخلص من مياه الصرف الصناعى )ا
ولسنوات عديدة كان يتم التخلص من المياه الحمراء  ريقة مقبولة بيئياَ له صعوبات كثيرة.ت( بط)ت.ن.

عن طريق الحرق فى الهواء الجوى ولكن هذه الطريقة غير مقبوله هذه الايام لانها تتسبب فى تلوث 
وتهدف هذه الدراسة الى استخدام الأكسدة  .نيتروجين والمواد الخطيرة الاخرىالهواء بالعوالق واكاسيد ال

المتقدمة بفعل الأشعة فوق البنفسجية فى وجود فوق أكسيد الهيدروجين لتكسير المركبات العضوية 
الذائبة التى لم تمتز على سطح الكربون للوصول الى اقل محتوى ممكن من الكربون العضوى 

دام الكربون المنشط ان الادمصاص باستخ ةوتوضح التجارب الاولي. والاكسجين الكيماوى المطلوب
للمياه الحمراء غير كافى للوصول الى اقل محتوى ممكن من الكربون العضوى والاكسجين الكيماوى 

وفى الجزء العملى تم قياس معدلات الكربون العضوى والاكسجين الكيماوى المطلوب عند . المطلوب
 %76الادمصاص وكانت نسبة المعالجة بنسبة قبل وبعد المعالجة ب نانومتر 200الطول الموجى 

 للاكسجين الكيماوى المطلوب. %78للكربون العضوى ، 70%،
% بالنسبة للكربون العضوى ونسبة  95،7حيث اظهرت النتائج ان نسبة المعالجة وصلت الى 

ية سجبالنسبة للاكسجين الكيماوى المطلوب باستخدام الأكسدة المتقدمة بفعل الأشعة فوق البنف 97%
وتعكس النتائج ان هذه  .على الرشيح الناتج من عملية الادمصاص فى وجود فوق أكسيد الهيدروجين

 الطريقة واعدة والمياه الحمراء التى تم  بهذه الطريقة يمكن صرفها بامان.
عملية الاكسدة المتقدمة بفعل الأشعة فوق البنفسجية فى  ،الادمصاص : المياه الحمراء،كلمات دالة

 .فوق أكسيد الهيدروجين وجود
 


