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Process Related Environmental Features (Existing plants)

	
	CHAPTER – II

	
	PROCESS RELATED ENVIRONMENTAL FEATURES (EXISTING PLANTS)

	
	

	2.1
	Background :



	
	Syngenta is a world leader in agribusiness. It is a leader in Crop Protection & committed to sustainable agriculture, through innovative research & technology. Its Crop Protection product range comprises of insecticides for control of pests affecting food & cash crops, Fungicides against pest diseases & Herbicides for weed control, particularly cash crop. The products  manufactured by Syngenta (I) Ltd. at Santa Monica Works (SMW) Goa were initially organo-chlorines/ organo-phosphorous compounds but has now shifted to new generation molecules, considering the long-term hazards, high eco-toxicity and persistence of organo-chlorines/ organo-phosphorous compounds. Even for the expansion, it is proposed to take up manufacture of new generation molecules having high potency for pests but lower eco-toxicity/persistence. Brief manufacturing processes of various products manufactured at Syngenta India Ltd, Santa Monica Works, air/liquid effluent/waste generation from each of these as also Air Pollution Control Effluent treatment, Hazardous waste treatment and disposal practices adopted & evaluation of their treatment efficiencies are as given below :



	2.2
	Existing Manufacturing Processes adopted and Environmental Aspects :

	
	

	2.2.1
	Profenofos (Capacity 1600 TPA) :


	
	· Orthochlorophenol is brominated in presence of Monochlorobenzene. Hydrogen bromide released during this stage is used for manufacture of propyl bromide.

· The intermediate formed in the first stage is reacted with para ester in presence of Trimethyl amine. 
· The intermediate formed in the second stage is reacted with Isopropyl bromide in the presence of Trimethyl amine to give final product. The by product, brominated compound is sold for  recovery.

Fig 2.1 indicates the block flow diagram of the process of manufacture of Profenofos.



















	
	Fig 2.1 Process Flow Diagram-Profenofos



	2.2.1.1
	Air Pollution Sources:


· HBr  released during Bromination is reused for Propyl bromide manufacture & vent is scrubbed in two stage scrubbers 



	2.2.1.2
	Effluent Generation/In-plant Treatment :

· Mother liquor in 3rd stage is stored in hold-up tank. If solvent layer is seen then effluent is heated to try & recover the solvent by condensation. When there is no solvent layer then it is cooked (hydrolysed) with caustic for 3-4 hours at 60-80oC, so as to detoxify the same and make it amenable for biological treatment. 


	2.2.1.3
	Hazardous Waste :

· Organic layer from 1st stage is Incinerated.
· Trimethyl ammonium bromide mass left over after Profenofos separation is sent for Bromine recovery.


	2.2.2
	Thiamethoxam – TMX – 1 (Process using CCT) (Capacity 300 TPA) :

	
	· Oxadiaizinamine is reacted with CCT in presence of Dimethyl carbonate and catalyst. The DMC is recovered by distillation. 

· The pH is maintained by addition of acid/alkali.

· Organic phase containing product is separated and aqueous phase sent for disposal. 
Fig 2.2 presents the block flow diagram for TMX-I manufacture.



	
	Fig 2.2 Process Flow Diagram-Thiamethoxam (TMX-I)




	2.2.2.1
	Air Pollution :

· No Process vents


	2.2.2.2
	Effluent Generation / In-plant Treatment :
· Aqueous layer during Neutralisation/phase separation is taken for biological treatment detoxification (cooking) 
· Mother Liquor during filtration/ drying is taken to incinerator 

· Wash water with DMC from 4th stage – filtration/drying is recycled back to process


	2.2.2.3
	Hazardous Waste:

· Filter cloth is incinerated in Solid Waste Incinerator
· DMC distillation column residues to Incinerator (Category 20.3)



	2.2.3
	Thiamethoxam – II – (using Trichloropropane) (Capacity 2500 TPA) : 
In this plant, the CCT required for reaction with Oxadiaziamine (TMX-I) is produced in-house starting with Trichloropropane. The manufacturing process takes place in four steps.



	
	Step I  – Intermediate :

Technical - RM1 (Trichloropropane) is charged to reactor in an aqueous medium. Mixture is heated & Caustic lye is added. Product of this step (intermediate 1) is separated out. 

Step II -  Intermediate II :

Technical RM2 (Sodium thiocyanate solution) is charged into the reactor in aqueous medium. Mixture is heated & Intermediate is charged. Product (Intermediate II) separated out. 

Step III – Intermediate III :

Intermediate II is chlorinated & HCl gas formed is scrubbed. Reaction mass subjected to series of extractions. Finally product of the step (Intermediate III) is separated by distillation.

Step IV :

Manufactured by reaction of Technical RM3 (Oxadiazinamine) with intermediate III using solvent DMC as a reaction medium in presence of K2CO3. The mass is neutralised, the organic phase containing product separated.

Organic phase is concentrated & filtered. Wet cake after filtration is given a wash & then dried to get final product. DMC recovered during the process is recycled.

Simplified block diagram is presented in Fig 2.3


Step I :

Step – II


Step III :












Step IV :


	2.2.3.1
	Air Pollution :

· Hydrogen chloride emitted & small quantity of un-reacted chlorine during Step II & Step III scrubbed with NaOH



	2.2.3.2
	Effluent Generation / In-plant Treatment :

Step 1

· Aqueous phase after separation is extracted with Dichlorobenzene & aqueous phase sent for Biological treatment. 

Step 2

· Aqueous phase after separation is extracted with Dicholorobenzene.

· Aqueous phase is neutralized by NaOH, deodorized using Chlorine & taken for biological treatment

Step 3

· Aqueous phase after MCB extraction – is again extracted with n-Butanol & Caustic & taken to biological treatment 

Step 4

· Aqueous effluent during neutralization/separation is extracted with DMC & aqueous phase sent to biological treatment

· Mother liquor after filtration/washing is taken to incinerator 



	2.2.3.3
	Hazardous Waste :

· Step III & step IV – Distillation residue to Incinerator (Category 20.3)

· Contaminated Filter cloth (Category 35.1) is incinerated in Solid Waste Incinerator
· Organic phase after extraction of residues / effluents with Dichlorobenzene (Stage 1/2) n-Butanol (Step 3) & DMC (Step 4) (Category 29.1 – Hazardous Waste) to Incinerator.


	2.2.4
	Pretilachlor (Capacity 1400 TPA) :

	
	· Propoxyethylchloride is reacted with diethylaniline in presence of toluene solvent.

· Intermediate from stage 1 is reacted with Chloroacetylchloride in toluene to give the final product. The organic layer is taken for distillation and toluene recovery, while the aqueous layer is taken for bio-treatment. 

· Simplified block flow diagram is presented in Fig 2.4.





















Pretilachlor


	2.2.4.1
	Air Pollution :

	
	There is no source of air pollution from this process.



	2.2.4.2
	Effluent Generation / In-plant Treatment :

	
	· Aqueous effluent from step 1 & step 2 is detoxified by cooking with NaOH for 3-6 hours @ 80 – 85 oC in 3 kettles.

· The detoxified effluent is taken to ISBL pit, checked for level of PTC & then sent for biological treatment.



	2.2.4.3
	Hazardous Waste :

	
	Distillation residue from DEPA recovery & Toluene recovery is taken for Incineration. This is covered under Hazardous Waste Rules under Category 20.3. 



	2.2.5
	Monochrotophos (Capacity 1500 TPA) : 



	
	Monocrotophos is manufactured by chlorinating MMA (Mono methyl aceto acetamide) in the presence of Urea. The chlorinated mixture is neutralized with Sodium hydroxide (Caustic Soda). The chlorinated slurry is then dissolved in DCE (Di chloro ethane). This material is then reacted with TMP (Tri methyl phosphate) to get monocrotophos.
Simplified block diagram is presented in Fig. 2.5.





	2.2.5.1
	Air Pollution source :



	
	HCl gas liberated & small quantities of unreacted chlorine is scrubbed in two stage scrubber.



	2.2.5.2
	Effluent Generation / In-plant treatment : 



	
	Effluent from phase separation / Mother liquor from filtration is detoxified, checked for refractory constituents & then taken for biological treatment.



	2.2.5.3
	Hazardous Waste Generation :

	
	· Contaminated Filters / centrifuge bags for disposal in Solid Waste Incinerator (Category 35.1)

· Small quantity of distillation residue from DCE purification for Incineration in Chemical Waste Incinerator / Thermal Oxidizer (Category 20.3).


	2.2.6
	Cuman/Ziram (Capacity 1400 TPA) :



	
	Manufactured by a single-step process

Perstop 40% solution is diluted with water & mixed with Zinc sulfate 25% solution to form Ziram. Sodium sulfate is formed during reaction, product separated by filtration through filter press & cake washed with water to eliminate Sodium Sulfate.

Simplified block diagram is presented in Fig 2.6















	
	Fig 2.6 Process Flow Diagram - Cuman

	2.2.6.1
	Air Pollution :

· There is no source of air pollution from the process



	2.2.6.2
	Effluent Generation/In-Plant Treatment:

· 80% of ML/washing is recycled for Cuman reaction batch and 20% drained to an in-plant settling tank/hold-up tank (to remove Cuman particles)

· After settling, the effluent is cooked (hydrolysed) with Sulfuric acid for 3-4 hours so as to reduce concentration of refractory compounds to predetermined levels – acceptable for biological treatment.

· Effluent meeting set norms is taken for biological treatment.


	2.2.6.3
	Hazardous Waste :

· Settled sludge in the settler is covered under category 29.1 but is recycled back to process



	2.2.7
	Formulations :

	
	Both liquid and powder formulations are produced at Santa Monica Works. The liquid formulations are made from Ziram, Pretilachlor & Profenofos, whereas Powder formulations include Topik, Polo, Actara, Cruiser, Icon etc. 

The basic process in formulations plant is similar and comprises of mixing / blending (for liquid formulations) & followed by milling, granulation, drying & packing. Various binding agents, wetting/dispersing agents are added to aid in dispersal of the pesticide. 



	2.2.7.1
	Air Pollution :

	
	No air pollution during manufacture of liquid formulations.  During production of powder formulation, utmost care has been taken – by providing completely closed operations (controlled from control rooms) & vents from milling section connected to bag filters followed by cartridge filters.



	2.2.7.2
	Effluent Generation / In-plant Control : 



	
	There is no liquid effluent generation from the production processes for formulations.



	2.2.7.3
	Hazardous Waste Generation :

	
	There is no Hazardous Waste generation from the production processes of formulation.



	2.2.8
	Other Ancillary Facilities at Site :

	
	Since onset, Syngenta has placed great emphasis on in-house improvement of process technology in order to reduce wastage and enhanced safety in manufacturing with better yields of products. Santa Monica Works houses Process Technology Laboratory and Research & Development facility for this purpose staffed with highly trained and qualified chemists and engineers.



	2.3 
	Water Requirement for the Existing Manufacturing Activities:

	
	Scrutiny of water consumption data during Summer season indicates that  the total water requirement for the site is around 2475 m3/d. The Table 2.1 below presents water balance for the site indicating major consumption sources & sources of effluents.


Table 2.1
Water Balance (Existing)
	Sr. No.
	Head
	Water Requirement (cmd)
	Effluent Generation (cmd)
	Remarks

	1.
	Process
	450
	450
	In various manufacturing plants MCP / Cuman / TMX –I & II

	2.
	Ecology
	1060
	985
	For lime preparation, incinerator scrubber & quench (75 cmd lost as steam in quench)

	3.
	Miscellenous Utilities
	350
	300
	For ejectors, water ring vacuum pumps / scrubbers / fire fighting / safety showers / workshops etc. (50 cmd lost)

	4.
	Boiler / cooling Tower
	400
	200
	200 cmd lost as windage evaporation losses

	5.
	Colony / staff quarters
	100
	80
	Domestic use

	6.
	Canteen
	50
	40
	Domestic Use

	7.
	Gardening 
	65
	--
	

	8.
	
	--
	100
	Effluent from neighbouring CIBA specialties Pvt. Ltd. 

	
	
	2475
	2155
	

	Note : Effluent from neighboring unit of CIBA specialties Pvt. Ltd. is discharged through Syngenta diffuser.


	
	As per Consent application submitted to GSPCB, the maximum water consumption is 2800cmd. The maximum trade effluent discharge permitted is 2500cmd.




	2.4
	Effluent Treatment /Disposal Facilities (Existing) :

	
	The Company has a very comprehensive approach to effluent treatment – with stringent in-plant control (to detoxify the effluents before taking for biological treatment), above ground effluent conveyance / transfer (to prevent ground water pollution) & full – fledged biological ETP & incineration of non-degradable aqueous effluent and organic wastes. Details are presented below : 



	2.4.1
	In-plant Treatment :
The effluents from the plants are segregated into process effluents and non-process effluents. Generally, these are collected in separate underground tanks. Process effluents generated in the plant are segregated into organic streams and aqueous streams. The organic streams (those streams having high concentration of organics & / or having biodegradability < 70 %) are taken for Incineration. Aqueous effluent streams are first detoxified (using techniques such as cooking (hydrolysis) / solvent extraction etc) within the plant to make them acceptable for biological treatment. The concentration limits for refractory organics are fixed for each plant and have a 30% margin over the levels which will cause harm to bacteria or cause fish toxicity. Thus, a margin of safety is inherently kept in the effluent treatment plant. 



	2.4.2
	Effluent Conveyance / Transfer System :



	
	Samples of the process effluent are collected by a composite sampler on a 24 hourly basis and analysed for prescribed parameters. Waste cards have been developed for each plant and in case of concentration exceeding set limits; the EHS Manager is put on high alert for taking care of the toxics at ETP end.

The underground pipelines / collection pit have double barrier systems & are checked visually for leaks. The pump from the plant transfers the effluents to the ETP by means of overhead pipe racks.  In addition, monitoring wells have been provided around each plant which are monitored at set frequency. The above care has been taken to ensure prevention of ground / surface water contamination. The company’s Toxics Management Strategy is depicted pictorially in Fig. 2.7.



	2.4.3


	Effluent Treatment  Methodology :



	
	The scheme for biological treatment has been developed by M/s Environmental Engineering Consultants, Bombay. Following treatment units are seen in the effluent treatment plant :


	
	 Neutralisation :

Three tanks each of 240-m3 capacity are provided for this purpose. The effluents coming from various manufacturing units are equalized and neutralized in either of the side tanks by addition of Hydrochloric acid or Lime. Second stage neutralization, if needed, is carried out in middle tanks by using Caustic or Hydrochloric acid. Tanks are equipped with Aeration Grid at the bottom to achieve thorough mixing. Continuous pH sensing, controlling and recording facility is available. Necessary storage and dosing facilities for Lime, HCl and Caustic are provided. Effluent from Profenofos plant is collected in separate tank and lime/carbon added to it.



	
	Clariflocculation :

Neutralised effluent is pumped to 240-m3 capacity Clariflocculator via small pump, which achieves the addition of coagulant. Two coagulant solution preparation tanks have been provided to ensure continuous supply of coagulant. The sludge settled at the bottom is continuously scraped and discharged to sludge drying beds. This sludge is listed as Hazardous Waste as per Schedule I under Cat. 29.2 of the Hazardous Waste (Management & Handling) Rules, 1989, as amended in 2003.


	
	Equalisation :

Clarified effluent is taken to 4000m3 capacity Buffer tanks. This tank is provided with Aeration grid to ensure mixing and to avoid anaerobic conditions. From buffer tank, effluent is pumped to aeration tanks for biodegradation.



	
	Biological Oxidation :

At present two stage biodegradation is carried out. The waste from buffer tank is led to aeration tanks provided with diffused aeration system. An intermediate clarifier receives the overflow from the aerator. The sludge is re-circulated and the overflow is taken to second stage bio-degradation and disposed off in Cumbarzua Canal after settling in final clarifier. On line, continuous 8 hrs. bioassay monitors toxicity of treated waste water. In case of failure of bioassay the effluent discharge to Cumbarzua canal is stopped and effluent returned to the buffer tank in the ETP for further treatment.


	2.4.4
	Shock Load Management Strategy :

As mentioned in item 2.4.1 above, the acceptable limit for the refractory compounds fixed for each plant is 30% below the threshold for harm to biological treatment. In case of emergency, the ETP has sufficient buffer capacity (buffer tanks having more than 24 hours detention) so as not to cause shock load to the aerobic bacteria. The concentrations of refractories are once again tested in buffer tank before permitting the effluent for bio-degradation.

The block flow diagram of the ETP is presented in Fig. 2.8. 



[image: image1]
FIG. 2.8 BLOCK FLOW DIAGRAM OF THE ETP 
	2.4.5
	Effluent Monitoring :



	
	The company has well equipped laboratory to analyze the effluents for pollutional parameters & refractory constituents. 

Various tests to determine biodegradability of effluent streams & to find out operational performance of ETP are done at own laboratory of the Company. Concentrations of identified refractory constituents are monitored at each plant and waste-cards are prepared for each plant. The laboratory is accredited by Ministry of Environment & Forests, Govt. of India as a “Recognised Laboratory” under Section 5 of the Environment Protection Act.  
As part of Baseline environmental monitoring studies, samples were collected at inlet & outlet of ETP – twice during Summer 2005. Confirmatory sampling was carried out in April / May 2007. Data for analysis is presented in Table 2.2 (Summer 2005) & Enclosure – I (Summer 2007).   From the data presented, effluent treatment system seems to be working satisfactorily.




Table 2.2
Evaluation of ETP Performance
Summer 2005
	Parameter
	Round I
	Round II
	Average
	Limiting Standards 



	
	Untreated Effluent
	Treated Effluent
	Untreated Effluent
	Treated Effluent
	Untreated Effluent
	Treated Effluent
	

	Physico chemical
	
	
	
	
	
	
	

	PH
	8.05
	7.23
	7.49
	7.41
	7.49-8.05
	7.23-7.41
	6.5- 8.5

	TSS
	231.00
	35.00
	186.00
	19.00
	208.5
	27
	100

	B.O.D.(3 days at 270C)
	694.83
	16.20
	844.80
	24.30
	769.82
	19.75
	30

	C.O.D.
	1021.60
	126.0
	1360.0
	210.8
	1190.80
	168.4
	250

	Oil & Grease
	4.92
	2.20
	6.6
	2.40
	5.76
	2.3
	10

	TKN
	12
	8.1
	15
	6.9
	13.5
	7.5
	--

	NO3- N
	11.2
	4.7
	7.6
	5.2
	9.4
	4.95
	(50)

	NH3 – N
	27
	5.7
	32
	7.2
	29.5
	6.45
	--

	Phosphate as PO4
	61
	10
	39
	15
	50
	12.5
	(15)

	Phenolic Compounds
	5.1
	0.9
	4.9
	0.7
	5
	0.8
	(1)

	Heavy Metals
	
	
	
	
	
	
	

	Zinc as Zn
	1.2
	0.3
	2.0
	0.3
	1.6
	0.3
	(1)

	Nickel as Ni
	0.04
	BDL
	0.02
	BDL
	0.03
	BDL
	(5)

	Cadmium as Cd
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	(5)

	Total Chromium as Cr
	0.04
	BDL
	0.02
	BDL
	0.03
	BDL
	(5)

	Lead as Pb
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	(5)

	Pesticides
	
	
	
	
	
	
	

	Pretilachlor
	0.27
	BDL
	0.56
	BDL
	0.42
	BDL
	-

	Thiomethoxam
	4.3
	BDL
	6.84
	BDL
	5.57
	BDL
	-

	Monochrotophos
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	-

	Profenophos
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	-

	Cuman
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	(1)

	Bioassay
	-
	100% survival
	-
	100% survival
	-
	100% survival
	


	
	Note : - 

· All values in ppm except where otherwise specified

· Limiting standard as specified for in GSPCB consent

· Limiting standard in brackets () are as specified for Pesticide Manufacturing & Formulation Industry in the Environment (Protection) First Amendment Rule , 2006.



	
	From the data presented, it can be seen that :

· All parameters meet the norms prescribed under E.P. Act. 

· The company’s efforts at in-plant reduction of toxics through cooking & its excellent strategies for waste segregation seem to be paying good results.  Thus, there are no pesticides detected at the outlet of ETP as also concentrations at the inlet are very low & make bio-degradation feasible as a treatment methodology. 

· The heavy metals detected have values much less than prescribed limits.

· The company’s excellent Environmental Management System which keeps close control on the effluents by keeping waste cards & prescribing plant level (ISBL) limits for pesticides much lower than E.P.Act Standards & continued vigil on environmental matters is ensuring this scenario.



	2.5 
	Air Emission Sources :

	2.5.1
	Fuel Combustion Sources :

	
	Air emissions are generated due to fuel burning and due to various process vents. The fuel combustion sources (boiler & thermopac) were monitored for standard parameters & the results obtained are presented below :




Table 2.3
Atmospheric Emissions from Fuel Combustion Sources

	STACK DETAILS :

	Stack No.
	1
	2
	3
	4
	5
	6

	Stack attached to
	Boilers (G134 & G41)
	Boiler (G68)
	Thermopac
	DG-1(+)
	DG-2(+)
	DG-4(+)

	Rating
	16 TPH / 10 TPH  
	5 TPH
	(2+4) Lakhs/
Kcal/hr
	320 KVA
	2 x 500KVA
	563 Kva

	Fuel Used
	Furnace oil
	Furnace oil
	HSD
	High Speed Diesel
	High Speed Diesel
	High Speed Diesel

	Fuel consumption (Lit/Hr)
	995 & 550 (*) (#)
	300
(*) (#)
	80 & 120
(*) (##)
	50 (+)
	70 (+)
	70 (+)

	Stack Diameter (mtrs) at top
	1
	0.915
	0.6
	0.3024
	0.2
	0.2

	Stack height(mtrs)
	59
	30
	31
	12
	12
	12

	FLUE GAS DETAILS :

	Temperature (oC)
	167.00
	(+)
	175.00
	(+)
	(+)
	(+)

	Velocity of flue gas (m/sec)
	4.05
	(+)
	1.93
	(+)
	(+)
	(+)

	Gas flow rate at NTP (Nm3/hour)
	7,755.45
	(+)
	1144.07
	(+)
	(+)
	(+)

	Particulate matter (mg/Nm3)
	139.2
	(+)
	108.40
	(+)
	(+)
	(+)

	SO2 (Kg/Hr)
	24.96 
	(+)
	0.67
	(+)
	(+)
	(+)

	NOx (Kg/Hr)
	0.48
	(+)
	0.09
	(+)
	(+)
	(+)

	LIMITING STANDARDS: 

	SO2 (Kg/Hr)
	111.24
	21.6
	21.6
	2.16
	2.88
	3.24

	SPM (mg/Nm3)
	150
	150
	150
	75
	75
	75

	NOx (mg/Nm3)
	-
	
	-
	1100ppmv
	1100ppmv
	1100ppmv


       (*)  At Maximum Rating

       (#)  Present steam consumption is about 6TPH. Only one boiler operated at a time 
       (# #) Only one working at a time. Maximum requirement is 2 lakh kcal/hr.
       (+)  Used as stand-by.

	
	From the data presented, it is seen that due to low steam requirement brought about by process energy optimization, emissions of various pollutants meet the standards prescribed in the consent issued by GSPCB.


	2.5.2
	Process Vents :

	
	Various process vents from the manufacturing plants were identified as under :


Table 2.4
Process Vents

	Plants 
	Vent Connected to
	Sources within the plant

	PFF
	2-stage scrubber 
	Bromination reactor vent 

	TMX 
	NaOH Scrubber 
	Chlorination reactor vent

	Formulation Plant (WDG)
	Bag Filter / Cartridge Filter

	Product separator / milling 


	
	The product separator / milling section involves mixing of powders. To control the particulates from this source, the area has been completely enclosed & operation is carried out from control rooms (no manual handling). The vent is connected to bag filters followed by cartridge filters & then discharged to atmosphere.
Process vents from PFF / TMX plants were monitored & data presented in Table 2.5 (A) & Table 2.5 (B). 




Table 2.5 (A)

PROCESS VENT ANALYSIS – PFF Plant

	Sr.

No.
	Parameter
	Analysis Result

	
	
	Before Scrubber
	After Scrubber
	Limits (*)

	1.
	Temperature (oC)
	Amb
	Amb
	--

	2.
	Flow Rate (m3 /hr)
	6796.8
	6796.8
	--

	3.
	Hydrogen Bromide(mg/Nm3)
	24.6
	Traces
	(5)

	Note : Limits prescribed under E.P. Act. No limits prescribed in GSPCB consent 




Table 2.5 (B)

PROCESS VENT ANALYSIS – TMX Plant

	Sr.

No.
	Parameter
	Analysis Result (ppm)

	
	
	Before Scrubber
	After  Scrubber
	Limits (*)

	1.
	Temperature (oC)
	Amb
	Amb
	--

	2.
	Flow Rate (m3 /hr)
	6796.8
	6796.8
	--

	3.
	Hydrogen Chloride (mg/Nm3)
	31.5
	2.3
	(20)

	4.
	Chlorine (mg/Nm3)
	0.3
	0.1
	(5)

	Note : Limits prescribed under E.P. Act. No limits prescribed in GSPCB consent 




	
	From the data presented it is seen that the concentration of various pollutants is within the limits presented under E.P. Act. 




	2.6
	Hazardous Wastes Management :



	2.6.1
	Sources of Hazardous Waste :



	
	The hazardous waste is generated at various stages of the manufacturing activity.  Table 2.6 presents the HW Generated & disposal methodology as per the Authorisation granted by GSPCB & Actual Disposal Methodology adopted. 


Table 2.6
H W Generation & Mode of Disposal

	Sr. No.
	HW
Cat.
	Type of Waste
	Qty
(TPA)
	Mode of Disposal

	
	
	
	
	As granted in authorisation
	HW Generation (TPA)
	Disposal Methodology Adopted

	
	
	
	
	
	2006
	2005
	

	1.
	5.1
	Used/Spent Oil
	20 
	To be given to authorised recycling unit registered with GSPCB and having registration with CPCB as registered recycler 
	0.99
	5.0
	To GSPCB / CPCB Registered Recycler

	2.
	5.2
	Waste Oil
	5
	To be given to authorized recycling unit registered with GSPCB and having registration with CPCB as registered recycler.
	2.64
	2.8
	To GSPCB /CPCB Registered Recycler

	3.
	19.1
	Phenolic Waste Water
	50 
	To HW Incinerator
	0.0
	7.0
	On-site Incineration

	4.
	20.3
	Distillation Residue
	10 
	To HW Incinerator
	4.05
	3.04
	On-site Incineration

	5.
	29.1
	Pesticide waste/ residue
	7500 
	To HW Incinerator
	3630
	1749
	On-site Incineration

	6.
	29.2
	Chemical Sludge from ETP (Inorganic sludge)
	500 
	 Any use only after testing and proving that same is not hazardous waste. If proved hazardous than for secured land filling 
	139
	184
	Stored at site. 

	7.
	29.3
	Date expired / Off specification products
	200 
	Incineration at MWML, Taloja
	43.25
	21.28
	Disposed off at MWML as & when generated.

	8.
	33.1
	Chemical sludge from decontamination
	20 
	To HW Incinerator
	3.85
	18.3
	On-site Incineration

	9.
	33.3
	Discarded drums/ liner
	30000 Nos.
	Wash water treatment in ETP and decontaminated drums for recycling. 
	4198 Nos.
	7482 Nos.
	Wash water treatment in ETP and decontaminated drums for recycling. 

	10.
	35.1
	Contaminated filters/liners
	5 
	To HW Incinerator
	0.197
	0.2
	On-site Incineration

	11.
	35.3
	Spent Carbon
	2 
	To HW Incinerator
	0.01
	0.1
	On-site Incineration

	12.
	36.2
	Sludge from wet scrubber
	1 
	Incineration / Effluent Treatment Plant after treatment
	0.0
	0.04
	On-site Incineration

	13.
	36.2
	Incinerator Ash/ Lava
	3000 
	Any use only after testing and proving that same is not hazardous waste. If proved hazardous than for secured land filling
	18.45
	18.45
	Stored at site. 


	
	As can be seen, the quantity of waste generated is much lower than the Authorisation quantity & the disposal methodology adopted is as granted in the authorization.


	2.6.2
	Sludge from Effluent Treatment Facilities :

	
	Wastes from primary treatment are classified as hazardous waste under category 29.2 of Schedule 1 of the Hazardous Waste Rules, 2003.  As seen in Table 2.6, the quantity of Primary sludge from Neutralization facilities was 183.58 TPA & 138.68 TPA in the years 2005 & 2006 respectively, whereas Authorisation quantity is 500 TPA. Analysis of Neutralisation sludge was carried out & results are presented in Table 2.7 below : 




Table 2.7
Analysis of Sludge from - Effluent Treatment Facilities 

	Sr. No.
	Parameter
	Analysis Results
	Limits 

	PHYSICAL
	
	

	1)
	Physical State
	Solid
	-

	2)
	Colour
	Grey
	-

	3)
	Texture
	Dry
	-

	4)
	Specific Gravity (gm/cc) 
	1.03
	<3200 (+)

	5)
	Calorific Value (cal/gm)
	ND
	-

	6)
	LOD@ 105oC (%)
	1.76
	-

	7)
	LOI @ 550oC (%)
	10.5
	20 (+)

	CHEMICAL
	
	

	8) 
	pH
	12.5
	--

	9)
	Hexane Extractable Organics (%)
	0.1
	--

	10)
	Sulfate as SO4 (mg/kg)
	1062
	--

	11)
	Chloride as Cl (mg/kg)
	8568
	--

	SPECIFIED SCHEDULE II CONSTITUENTS 
	

	
	Class A Compounds
	
	

	12)
	Benzene 
	ND
	

	13)
	Organo chlorine pesticides (ppm) 
	BDL
	50 (#)

	
	Class B Compound
	
	

	14)
	Total Phenol (mg/kg) 
	0.96
	5000 (#)

	15)
	Organo Phosphorus pesticide (ppm) 
	BDL
	

	
	Class C Compounds
	
	

	16)
	Toluene (ppm)
	ND
	20000 (#)

	17)
	Ethyl Benzene (ppm)
	BDL
	

	18)
	Xylene (ppm)
	BDL
	

	19)
	Ammonia as NH3 –N (mg/kg)
	180
	

	20)
	Phosphate as P  (mg/kg)
	76.2
	

	21)
	Zinc as Zn (mg/kg) (acid digestion)
	504.5
	

	24-hour leaching procedure (TCLP)

	22)
	Zinc as Zn (mg/kg) (TCLP) 
	0.36
	15 (+)

	(+) Limits as per Waste Acceptance Criteria of CPCB (for Landfill)

	(#) Limits as per Sch. II of Hazardous Waste Rules, 2003.

	Analysis Methods : SW 846 / APHA


	
	From the result, it can be seen that the concentration of schedule II constituents are much below the concentration limits set as per HW Rules. 
Comparison of analysis values with waste acceptance criteria specified by CPCB indicates that waste does not require any physicochemical treatment before Disposal and can be disposed off by Direct Landfill.

As per the previous practice, the primary sludge was tested to confirm its non-hazardous nature & then disposed off in abandoned quarry under intimation to GSPCB. Presently, the waste is being stored on-site in concrete – lined pits. 



	2.6.3
	HW Incinerators & their Evaluation :

	
	As seen in Table 2.6, two types of incinerable wastes are generated viz. liquid & solid. Further, the Liquid wastes are of two types viz organic ex. those containing raw materials / intermediates, distillation residue etc & aqueous wastes (non-biodegradable effluents). 
Company has provided two Incinerators to treat liquid wastes viz Chemical Waste Incinerator & Thermal Oxidizer. All process liquid waste streams (to be incinerated) are collected in separate hold-up tanks at source and conveyed by overhead pipelines to the Incinerators. Here the wastes are mixed in two day tanks. The compatibility of the wastes are tested before mixing the contents. 

Solid Waste Incinerator is provided to treat contaminated Filter Cloth, Aprons, Product Bags etc. Details of each of these is presented below : 



	2.6.3.1
	Chemical Waste Incinerator :

	
	The Chemical Waste Incinerator has a capacity of 1255 kg/hr for incineration of liquid waste (900 kg/hr of Aqueous effluents & 355 kg/hr of organic wastes). This is a multiple feed, vertically fired incinerator having a primary & secondary chamber operated at 1200oC with residence time of 2.5 seconds. 



	
	a) Emission Control System :  Incinerator off-gases are cooled in Waste Heat Recovery Boiler (WHRB) & then Quenched rapidly with water. This removes HCl & Phosphoric acid present in the off-gases.  The off gases are then scrubbed using caustic soda. The off-gases are then passed through jet scrubber which acts as a demister before discharge to atmosphere.  The emission control system is shown pictorially in Fig. 2.9.



	
	b)  Wastes / Ash from Incinerator : 

b-1)  Ash/Lava : Generally, there is no ash formation in Incinerator except small quantities generated when burning Profenofos waste. This is being stored in a concrete pit in the ETP premises. Monitoring wells have been provided all around it and the pit is kept covered. Results of analysis are presented in Table 2.8. This shows that the concentrations of various hazardous constituents are within the Schedule 2 criteria under Hazardous Waste Rules, 2003. Comparison of analysis results with CPCB criteria for HW Disposal indicates that the ash is suitable for direct landfill (i.e. without physico-chemical treatment).


	
	b-2)  Calcium Phosphate Sludge : Effluent from Scrubbers containing phosphoric acid is taken to a neutralization plant and treated with lime to neutralize acidity. The neutralized effluent is then thickened in two nos. thickeners of 300-m3 capacity each and then centrifuged for separating the Calcium Phosphate. The clear effluent is mixed with the treated effluent from ETP in the final sump. 

Results of analysis of Calcium Phosphate Sludge are presented in Table 2.8. This indicates that the Calcium Phosphate sludge does not contain any organics or other hazardous constituents exceeding Schedule 2 criteria under Hazardous Waste Rules, 2003. Comparison with CPCB criteria for hazardous waste disposal indicates that it can be disposed of by direct landfill. The Calcium Phosphate recovery plant is depicted pictorially in Fig. 2.10.






Table 2.8
Result of HW Analysis –from Chemical Waste Incinerator

	Sr. No.
	Parameter
	Waste type
	Limits 

	
	
	Calcium phosphate sludge
	Ash from Incinerator
	

	
	PHYSICAL
	
	
	

	1)
	Physical State
	Solid
	Solid
	-

	2)
	Colour
	Grey
	Light Green
	-

	3)
	Texture
	Dry powder
	Lumps
	-

	4)
	Specific Gravity (gm/cc) 
	0.76
	1.99
	-

	5)
	Calorific Value (cal/gm)
	ND
	ND
	< 3200 (+)

	6)
	LOD@ 105oC (%)
	7.5
	0.43
	-

	7)
	LOI @ 550oC (%)
	9.7
	0.21
	20 (+)

	
	CHEMICAL
	
	
	

	8) 
	pH
	6.1
	9.6
	-

	9)
	Hexane Extractable Organics (%)
	0.31
	ND
	-

	10)
	Chloride as Cl (mg/kg) 
	276
	11425
	

	11)
	Sulfate as SO4 (mg/kg)
	85564
	73984
	-

	
	SPECIFIED SCHEDULE II CONSTITUENTS
	
	

	
	Class A Compounds
	
	
	

	12)
	Benzene (ppm) 
	ND
	ND
	50 (#)

	13)
	Organo chlorine pesticides (ppm) 
	ND
	ND
	

	
	Class B Compounds
	
	
	

	14)
	Total Phenol (mg/kg) 
	0.33
	ND 
	5000 (#)

	15)
	Organo Phosphorus pesticide (ppm)
	ND
	ND
	

	
	Class C Compounds
	
	
	

	16)
	Ammonia as NH3 –N (mg/kg)
	196
	149
	20000 (#)

	17)
	Phosphate as P  (mg/kg)
	3115
	798
	

	18)
	Zinc as Zn (mg/kg) (acid digestion)
	ND
	ND
	

	19)
	Toluene (ppm) 
	ND
	ND
	

	20)
	Ethyl Benzene (ppm) 
	ND
	ND
	

	21)
	Xylene (ppm) 
	ND
	ND
	

	ND : Not Detected 

(+) Limits as per Waste Acceptance Criteria of CPCB (for landfill)

(#) Limits as per Sch. II of Hazardous Waste Rules, 2003.

Analysis Method : SW 846/APHA


	2.6.3.2
	Thermal Oxidizer : 

	
	The Thermal Oxidizer has been supplied by M/s Thermax Ltd. at a cost of Rs. 32 crores.


	a)
	Furnace

	
	The Thermal oxidizer has a design capacity of 5 TPH for incineration of aqueous waste & 1 TPH for incineration of organic wastes. This is a vertical, cylindrical down fired furnace lined with refractory and insulating material.  The chamber is initially heated up to the operating temperature using furnace oil, fired through a forced draft, high intensity steam atomized multi-fuel burner. The ignition is automatic through sequence controller (burner programmer). Three burners are installed on the incinerator top.



	
	Once the operating temperature (1100 Deg. C.) is achieved and the refractory reaches a steady state condition, the organic waste is introduced into the furnace through the burner & the aqueous waste through separate injectors concentrically mounted on the top head of the furnace. Combustion air is provided, for oxidation of the fuel and the waste, by a combustion air fan. The combustion air fan also provides continuous cooling air for furnace mountings. 



	
	The construction of the furnace is such that it provides intense mixing of the hydrocarbons and the air. The system will provide 2 secs residence time in the furnace so as to achieve DRE of 99.9999. Under controlled conditions of temperature, time and turbulence the waste gets completely oxidized to harmless products.



	b)
	Waste Heat Recovery Boiler :

	
	The incinerator flue gases are sent either to boiler or directly to quencher downstream of the furnace. 

At design capacity WHRB will generate 15 to 16 T/Hr of saturated steam at 15 barg pressure. This will reduce corresponding quantity of steam generation in existing package boilers. During boiler bypass condition the flue gases are cooled quickly in the quencher located below the incinerator. The final bleed is taken out from the quencher from the bottom. The quencher bleed is then sent to a bleed tank.



	c)
	Flue gas scrubbing unit :

	
	The system comprises following main sections

1. Venturi Scrubber Section 

2. Wet Scrubbing Section

3. Sub-Cooling Section

4. Wet Electrostatic Precipitator 



	c-1)
	Venturi Scrubber section :

	
	The gases from the Quencher enter the Venturi from the top. Scrubbing Liquor is introduced co-currently from the top and at the throat of the Venturi Scrubber. Gases free of dust are led to Caustic based scrubbing tower. A continuous bleed is taken out of the system and sent to the quencher section.



	c-2)
	Wet Scrubber section : 


	
	The Wet Scrubber is of packed tower type. The dust free gas enters the vessel at the bottom and continues vertically upward and passes through ‘packed bed’ section. 

The SO2, HCl and HBr from the gas are scrubbed by using Caustic. The packing provides sufficient surface area for effective contact between gases and scrubbing liquor. 

In the bottom of the Scrubber is a liquid reservoir, from which, a recycle pump provides liquid to the Quench spray nozzles, Venturi Header and scrubber spray header. Caustic is added to the Integral recycle tank. The amount added is controlled by a pH-Controller, sensing the alkalinity in the recycle loop.

A bleed line is connected to the discharge side of the absorber recycle pump. The bleed is sent to the quencher circuit.



	c-3)
	Sub-cooling section :

	
	Above the packed section a sub-cooling arrangement is provided to collect the remaining particulates and the Dioxin / Furan from the gases. The sub-cooling section is separated from the packed bed section with the help of a Chimney Tray. In this section cold water is introduced in a countercurrent manner. The gas liquid contact is assured by means of tower packings. The water for this section is circulated independently from the cooling tower dedicated for the scrubber system. A separate cooling tower with Cooling water pumps is provided for the purpose.



	c-4)
	Wet ESP Section :

	
	The purpose of the Wet Electrostatic Precipitator (WESP) System is to remove particulate matter, condensed (absorbed) dioxins / furans, from the exhaust gas coming out of the wet scrubber.  The unit consists of properly designed Wet Electrostatic Precipitator with automated controls.  The WESP is the ultimate sub-micron removal equipment and is used as a polishing device.  This unit contains down-flow, tubular components that use the scrubber mists and condensed water vapor droplets as irrigation medium.  As the gases enter the vertical collecting tubes, supplied high intensity corona charges the water droplets (with absorbed dioxins and furans)   and condensed elements.  The charged elements and water mist migrate to the collecting tube walls to form the irrigation film.



	
	The corona-producing discharge electrodes are a multi-point, rigid tube type design; thereby eliminating the high maintenance steadying devices.  Each collecting tube has one discharge electrode, which is centered and plumbed during initial commissioning.

Each high voltage transformer-rectifier package includes a multi-tap current limiting reactor and an automatic voltage control system. This system will seek the highest secondary power levels while maintaining the lowest spark rate.  The control logic, in combination with the self-irrigation characteristic, achieves longer time periods of high corona intensity; hence, higher removal efficiencies.  



	d)
	Emergency System :

	
	It is important that the flue gas does not heat up the downstream equipment in case of an emergency (e.g. power failure or operation of safety interlock). 



	
	1. Emergency Stack

The emergency stack is located on flue gas duct. It is pneumatically operated. In case of system stoppage, the heat from the furnace is diverted to the atmosphere via this emergency stack. This protects the downstream equipment.

2. Emergency Overhead Tank 

Though emergency stack vents the gas to atmosphere during power failure, additional safety system consisting of overhead tank is provided to quench the residual flue gas present in the quencher.


	e)
	Stack Monitoring System : 


	
	For effective stack emission monitoring , continuous monitoring analyzers for O2, CO, SO2, NOx, and Opacity ( for SPM)  are provided on the stack.



	f)
	Liquid Effluent Handling :


	
	Liquid effluents from the system consists of mainly bleed from the scrubbers, WESP, Boiler Blow down and  Cooling tower blow down. This will be sent to existing primary treatment plant. Here  pH is adjusted to approximately 7 with an automatic system. Suspended solids concentration will be less than 100 mg/Ltr. This stream will then be sent to Effluent Treatment plant 



	g)
	Emission Control :

	
	

	
	The simplified block diagram showing Thermal Oxidizer & emission control system is presented in Fig. 2.11. The incinerator is designed to meet CREP/CPCB Guidelines for HW Incinerators. The stack analysis reports are presented in item 2.6.4.1.





	2.6.3.3
	Solid Waste Incinerator :

	
	Contaminated drums & packaging material are incinerated in a 200 kg/hr Solid Waste Incinerator. The incinerator has a twin chamber design with capability to handle contaminated drums. The twin chambers of incinerator have chamber temperatures of 900oC & 1200oC respectively & the off-gases are scrubbed & taken to ETP for treatment.

Ash is generated from the Solid Waste Incinerator (@ 1 Kg/Ton) & being Incinerator Ash, this is covered under Category 36.2 of Schedule I of HW Rules, 2003. Analysis of the ash was carried out and shows that the same does not contain any constituents exceeding Schedule 2 limits. As per previous practice, the ash from incinerator was tested to confirm its non-hazardous nature & disposed off in abandoned quarry under intimation to GSPCB. Presently, the waste is being stored on-site in concrete lined pits.
Analysis result for Solid Waste Incinerator Ash is presented in Table 2.9. 


Table 2.9
Results of H W Analysis – Ash from SW Incinerator


	Sr.

No.
	Parameter
	Analysis Result
	Limit 

	PHYSICAL
	
	

	1.
	Physical State
	Solid
	--

	2.
	Colours
	Grey
	--

	3.
	Texture
	Dry
	--

	4.
	Specific Gravity (gm/cc)
	1.18
	--

	5.
	Calorific Value (cal/gm)
	657
	< 3200 (+)

	6.
	LOD @ 105oC(%)
	2.30
	--

	7.
	LOI @ 550oC (%)
	1.20
	< 20 (+)

	CHEMICAL
	
	

	8.
	PH
	6.90
	

	9.
	Hexane Extractable Organic (%) 
	0.12
	

	SPECIFIED SCHEDULE II COMPOUNDS 
	

	10.
	Class A Compounds
	
	50

	 
	10.1
	Cadmium (mg/kg as Cd)
	0.55
	

	11.
	Class B Compounds
	
	

	
	11.1
	Phenolic Compounds (mg/kg as Phenol)
	0.7
	5000 (#)

	
	11.2
	Total Halogens (mg/kg)
	1020
	

	
	11.3
	Cobalt (mg/kg as Co)
	0.09
	

	
	11.4
	Nickel (mg/kg as Ni)
	6.14
	

	12.
	Class C Compounds
	
	20000 (#)

	
	12.1
	Barium (mg/kg as Ba)
	178.1
	

	
	12.2
	Zinc (mg/kg as Zn)
	234.5
	

	
	12.3
	Ammonia (mg/kg as NH3)
	1862
	

	13.
	Class D Compounds
	
	

	
	13.1
	Total Sulfur (mg/kg as S)
	26.66
	50000

	24 – Hour Leaching Procedure (TCLP)

	14.
	Zinc (mg/kg) as Zn
	5.24
	15 (+)

	(+) Limits as per Waste Acceptance Criteria of CPCB (for landfill)

(#) Limits as per Sch. II of Hazardous Waste Rules, 2003.

Note : Analysis Method SW 846/APHA


	2.6.4
	Efficiency Evaluation of Incinerators  :

	2.6.4.1
	Monitoring of Incinerator Emission :

	
	Data for air emission monitoring for Incinerator emissions is presented in Table 2.10. 


Table 2.10 

Flue Gas - Emissions from Incinerator

	STACK DETAILS

	Stack No.
	1
	2
	3

	Stack attached to
	Solid Waste Incinerator 
	Chemical Waste Incinerator 
	Thermal Oxidizer

	Rated Capacity
	200 kg/hr 
	1255 kg/hr
	5 TPH Aq. + 1 TPH Org.

	Fuel Used
	Furnace Oil 
	Organic Waste (Mixed  residue from plant , Calorific Value  4000 Kcal) +F.O.
	Organic Waste (Mixed  residue from plant , Calorific Value  4000 Kcal) +F.O.

	Fuel consumption (Lit/Hr)
	135 
	300 
	972

	Stack Diameter (m)
	0.5
	0.51
	0.85

	Stack height(m)
	30
	30
	35

	FLUE GAS DETAILS :

	Temperature (oC)
	115.00
	84.00
	45

	Velocity of flue gas (m/sec)
	16.83
	14.16
	15.6

	Gas flow rate at stack condition (m3/hour)
	11895.04
	10416.97
	31868

	Gas flow rate at NTP (Nm3/hour)
	4632.98
	5973.66
	29863.72

	Particulate matter (mg/Nm3)
	74.36
	51.19
	35.83

	SO2                    (mg/Nm3)
	336.0
	491.03
	97.66

	                           (Kg/hr)
	1.56
	2.93
	2.91

	NOx                   (mg/Nm3)
	298.57
	346.83
	287.61

	                           (Kg/hr)
	1.4
	2.07
	8.5

	CO2  (%)
	11.3
	9.80
	10.5

	CO (ppm)
	41
	46
	34

	Hydrogen Chloride (mg/Nm3)
	2.81
	4.31
	30.4

	Hydrogen Fluoride (mg/Nm3)
	N.D.
	N.D.
	N.D

	Hydrogen Bromide (mg/Nm3)
	N.D.
	0.33
	N.D

	Metals ( Cd /As/Pb/Ni/Hg/ Cr ETC)
	N.D.
	N.D.
	N.D

	Combustion Efficiency 
	--
	99.9
	99.9

	Total Organic Carbon (TOC)
	20
	15.5
	1.5


Limiting Standards:

	Parameter
	Consented

	SPM
	150

	HCl    (mg/Nm3)
	100

	SO2 (mg/Nm3)
	500

	NOx  (mg/N m3 )
	400 

	Total Organic Carbon (TOC) (mg/Nm3)
	20

	CO (ppm)
	100


	2.6.4.2
	Destruction Efficiency of Incinerators :

	
	At the time of sample collection, waste feed to Chemical Waste Incinerator comprised of 160 kg/hr Profenophos & 200 kg/hr Thiomethoxam. Furnace oil was the fuel used with firing rate of 190 kg/hr.



	
	It is reported that there is no ash from Incinerator except the small quantity generated during burning of Profenofos waste. Analysis of lava (Table 2.8) does not show any organic constituents & LOI of 0.21%.  This meets CPCB norms for Common Hazardous Waste Incinerators which permit the bottom ash to have organics upto 3% & LOI upto 5%.



	
	Exhaust gases leaving the Incinerator after scrubbing (Table 2.9) indicates TOC content of 15.5 mg/Nm3, which is less than the Central Pollution Control Board prescribed limit of 20 mg/Nm3.




Fig 2.7 Toxic Control Strategy





Sample for Analysis (*) (pre-set concentration limits for toxics from each plant)





Aq.layer for Disposal (biological treatment)





DMC recovery





Residue to Incinerator





Only IF Biodegradability > 70%  





Double lined Pits / Overhead Lines / Ground Water Monitoring Wells  





HCl / Cl2 Vent





Dimethyl carbonate (DMC)


Oxadiazinamine


K2CO3


Catalyst 


CCT








Reaction


&


Phase Separation





Concentration


 & Cooling








Reaction 


& 


Distillation





Water


HCl


NaOH








Filtration & Drying





Water





Initial concentrated ML to INC





Washes for Recycle (with DMC)





Thiamethoxam





DMC recovery





Residue to Incinerator
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 Fig 2.3 Process Flow Diagram-Thiamethoxam-II
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Fig. 2.10  Calcium Phosphate Recovery from Incinerator Bleed
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