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BEFORE THE NATIONAL GREEN TRIBUNAL
PRINCIPAL BENCH, NEW DELHI

M.A. No. 103/2022
In

Original Application No. 169/2021

IN THE MATTER OF:
H.C. Arora

Versus
State of Punjab & Ors.

...Applicant

...Respondent

REPLY AFFIDAVIT ON BEHALF OF MR. CHANDER

",,,,'.:,'::;~~f-·.,,,, SHEKHAR DHAWAN AND MR. SUNIL AHUJA
/r~_;':1- \·::~._c~,"",_...'..,. _1:.;. ~~~~

.i~:~":,>>-;'·~}:::~~\'.../~;'~MOST RESPECTFULLY SHOWETH:

ZS~~~~6~9 I, Chander Shekhar Dhawan, aged about 69 years, S/o

,~~~;~=~,: .' Late Shri Gian Chand Dhawan, Rlo.IOI-A, Sarabha Nagar,

Ludhiana, and the Pairokar of Sunil Ahuja, the Respondent in the

above M.A., presently at Ludhiana, do hereby most solemnly state

and affirm as under:

A. That I have perused a copy of the above-mentioned

Miscellaneous Application and have understood the contents thereof

and in reply thereto I have to state as under.

B. That I am the Respondent in the above titled case and

am fully conversant with the facts of the case and am competent and

authorized to file the present Reply Affidavit.

o5 M~R 2024
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C. That each and every contention made in the M.A as

filed by the Applicant is hereby denied most emphatically, jointly

and severely, unless specifically admitted to herein below.

D. I am filing the reply to the M.A. in terms of the main

issues involved and am not filing a detailed para-wise reply. If

deemed necessary,. by the Hon'ble Tribunal the answering

Respondents reserves the right to file a more detailed Counter

Affidavit at a later stage.

set-up a manufacturing facility for H-Acid (Sodium salt) at

Village Toori, Tehsil Bhawanigarh, District Sangrur, Punjab

on a parcel of land ad measuring approximately 8 acres.

2. The manufacturing facility was not a zero pollution project.

The manufacturing facility, it was declared, would generate

waste. The waste generation and handling was to be done as

per prescribed guidelines/ parameters applicable to the

industry. The industry for manufacturing H-Acid comes under

Dye and Dye Intermediate Industries mentioned at Serial No.

8 ofthe Schedule-I ofEnvironment (Protection) Rules, 1986.
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3. Thereafter, variousapprovalsl permissions were applied for

and a No Objection Certificate (NOC) dated 09.07.1990 was

obtained by the industry from the Punjab Pollution Control

Board before the commencement of the manufacturing

activity at the facility. The Punjab Pollution Control Board

had granted its No Objection Certificate.

4. Mis. Matharu Steel Pvt. Ltd., also applied for and obtained, as

per the applicable laws, the licenses under Water Act, 1974,

Air Act, 1991 and under the Hazardous Waste Rules, 1999.

It is submitted that on 28.03.2003, the Respondents herein

purchased the shareholding ofMis. Matharu Steel Pvt. Ltd. as

a going concern from Gurcharan Singh Matharu, and his

associates, who had been operating the said unit from 1991

till then. It is also submitted that in the agreement entered into

between the Respondents and Mr. Gurcharan Singh Matharu

for purchase of Mis. Mathura Steel Pvt. Ltd., it had been

categorically stated in Clause 11 thereof that any liability

relating to the period upto cutoff date 31.03.2003, whether

known or unknown shall be on account of Shri Gurcharan

Singh Matharu.
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6. It is submitted that entire manufacturing activity of the unit

from July 1991 and until 28.03.2003 i.e. for almost 14 years

was undertaken by the above-said Directors. The Respondent

had no role to play in that year as they were not involved in

any manner whatsoever.

7. It is thereafter,submitted that on05.04.2003, the Respondents

were appointed as Additional Directors of the M/s Matharu

Steel Pvt. Ltd. Subsequently thereto, the manufacturing unit

which was being operated in the name and style of Matharu

Chemicals was renamed by the Respondents as Mahalaxmi

Orgochem Industries.

It is submitted that the Respondents carried out the operations

of Mahalaxmi Orgochem strictly in accordance with the

applicable law and permissions after obtaining all prior

approvals/ permissions/ NOCs. No manufacturing activity

was carried out by the Respondents

9. In March 2005, the manufacturing activity was shut down by

the Respondents and thereafter on 01.05.2005, the

Respondents closed the manufacturing unit and did not carry

out any manufacturing activity thereafter.
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10. It is further submitted that on 05.05.2025, the Respondents

informed the PPCB that the unit had been closed by them

permanently.

11. It is submitted that the Respondents carried out manufacturing

activities only for a very brief period from April 2003 to

March 2005 at the unit, after purchasing the same from its

previous owners as mentioned in the above paras.

12. It is submitted that during the entire period when the unit was

being operated by the Respondents there was no complaint of

any nature whatsoever, alleging of any pollution by the

manufacturing activity undertaken by the Respondents at the

unit.

It is further· submitted that after closing the factory the

Respondents sold the land to one Shri Tara Singh.

14. It is submitted that one Mr. AshokKumar, who was the owner

and one of directors of Matharu Steel Pvt. Ltd. and also the

then owner ofa rice mill at a distance less than 100 meter from

the land of the company, raised a dispute with the

Respondents and demanded that the land ofthe manufacturing

unit should be sold to him, and no one else. In this regard Mr.

Ashok Kumar filed a suit before Additional Civil Judge,

580



Senior Division, Sangrur along with an application under

Order 39 rule 1 & 2 CPC which application was dismissed by

the Court of Additional Civil Judge on 24.02.2007.

15. That on 26.02.2007, an inspection was carried out by PPCB

at site of the manufacturing facility and in the said inspection

it was noted that no chemical raw material! product of

industry was lying within premises. The hazardous waste had

been stored in storage pit in a safe manner. The industry has

activity undertaken by the Respondents at the lIDit. However,

it is clear from the inspection report by the PPCB dated

26.02.2007, all the hazardous waste was being stored in a safe

manner and the industry had been dismantled.

17. It is submitted that subsequently on 05.03.2007, after the

rejection of the stay application filed by the said Mr. Ashok

Kumar, a Public Interest Litigation bearing Civil Writ Petition

No. 348/2007 was filed before the Hon'ble High Court of

581



Punjab and Haryana at Chandigarh, at the behest of the said

Mr. Ashok Kumar alleging, albeit wrongly and falsely that

pollution has been caused by the operation of the said unit.

18. It is submitted that the petitioners in PIL were neither residing

nor carrying out an activity near the land where the unit was

. situated. It is submitted that the PIL was filed only to harass

the Respondents to give in to the demands of the said Ashok

Kumar..

It is further submitted that the PPCB carried out another

,

b) The industry has stored the hazardous waste in hazardous

waste storage pit. No raw material/ chemical! product lying

seen in open. The hazardous. waste was stored in'

environmentally sound manner.

c) The industry has provided 4' no. borewellsat a distance of6

ft. from storage pit around t~e storage pit as per map plan

(signed), enclosed.

d) 4 no. samplesfrom borewell has been collected and 2 no. back

ground samples i.e., one from the rice mill adjoining to the

industry at an about 400 mt distance and other from the

premises ofBharat Petrolium on Nabhd road at an about 400
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mt from the storage pit. Samples collected were sealed,

marked and sent to Shri Ram institute for analysis as per

purpose explained above.

e) No old/ previous borewell exist within the premises of the

industry during visit. Representative of industry stated that

there was no borewell for sampling present in the industry

when they purchased the industry from the previous owner.

He also stated that there was one no. borewell to meet the

needs of the industry but the same was dismantled during

dismantling the industry by present owner. "

water was fit to be used for the purposes of irrigation.

University, has also given a report stating therein that the

It is submitted that the Department ·of Agriculture Punjab

A true copy of Punjab Pollution Control Board's inspection report

dated 01.06.2007 is being annexed hereto and marked as Annexure

.. ~~1\Bh"R11
O
<~ .......~ '0" .•

'/ A_l,.~· .:,:~ ~
<'.1 " ~~t:';\ \

~~~!;~;;{~~,.
..;;, ·"k.,. .,.,.. ~,._." ..

21. It is submitted that till the year 2007, there was no facility for

disposal of Hazardous waste in Punjab. The Waste

Management Facility in Punjab became operational only on

03.10.2007. Prior to that the waste had to be stored and

managed as· per the conditions of the grant of authorization

provided by the Punjab Pollution Control Board in terms of

which the entire waste product had to be stored category wise
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on site but away from the plant operational area, which was

being done by the Respondents.

22. That in August 2008, after permission and approval from

PPCB, Respondents had disposed of 101.83 MT of waste at

the disposal facility of the Punjab Government at Dera Bassi

Punjab as pursuant to the Hazardous Waste Rules, 1989, as

amended from time to time, the waste was to be disposed of

only in disposal facilities as authorized for such purposes.

23. It is submitted that in November, 2009, almost four years after

the closure and dismantling of the unit and after the waste had

I

been shifted to the disposal facility, an inspection was carried

out by Thapar Centre for Industrial Research and

Development in the absence of and without the knowledge of

the Respondents. All samples collected by TCIRD were in the

absence of the Respondents.

24. It is further submitted that in the year 2010, the company was

wound up under the Easy Exit Scheme (EES, 2010).

25. It is submitted that thereafter, in the month of January 2011,

TCIRD submitted a report, which was based purely on

conjectures and sUlmises. The Thapar Centre for Industrial

Research and Development presumed and imagined that the
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waste water was being injected in the ground water, even

though there was no evidence or material to establish the

same. In fact, when the inspection was done, the land was

being used only for cultivation. A true copy of Report dated

04.01.2011 issued by Thapar Centre for Industrial Research

and Development is being annexed hereto and marked as

Annexure Rl2.

26. It is further submitted that form the table no.3 and 4 of the

report issued by Thapar Centre for Industrial Research and

'," . ,~

Development, it has been clearly demonstrated that all

parameters were within the prescribed permissible limits as

per the Bureau of Indian Standards for drinking water. It is

pertinent to mention that the water was not being used for

drinking but only for irrigation purposes and the standards for

the two are not the same. Even if the higher standard

applicable for drinking water is taken, the parameters were

,within the permissible limits.

27. It is submitted that the report of Thapar Centre for Industrial

,Research and Development itself shows' that the phenolic

compounds were below detectable limits when checked by the

APHA, 21 Edn. Colorimetric method which is approved by
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IS-I0500 of. drinking water. However, the Thapar report

wrongly mentioned that the minimum detection limit as per

the said method was 0.02 mg/I. It is pertinent to mention

herein that the method was 0.02 mg/I. It is pertinent to

mention herein that the detectable limit of APHA method,

i

I
I
I
I
I
:l

28.

which is a quantitative method ofmeasurement, is 0.001 mg/l

and not 0.02 mg/l as has been wrongly recorded in Thapar's

report.

It is submitted that the only basis of concluding that ground

water had been contaminated was that by using the FTIR

Method, presence of phenolic compounds could be detected

which is not an approved standard of test as per IS-I0500 of

drinking water. The said finding in Thapar's report is

absolutely irrelevant inasmuch as contamination or pollution

has to be ascertained as per the limits prescribed by the Bureau

of Indian Standards and on the basis of the standard tests

prescribed by BIS. FTIR Method cannot detect quantitative

presence of phenolic compounds and can only be used for

qualitative analysis. Admittedly, the test prescribed by BIS for

phenolic compound in drinking water is 5530 D Photometric

Method, which test had been conducted by Thapar and
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presence of phenolic compounds was found to be below

detectable limits. This is itself demonstrates that the report

issued by TCIRD was based on erroneous presumption and

assumption and could not have been relied upon.

29. It is submitted that thereafter, the Respondents had filed their

objections to the report filed by Thapar Center for Industrial

Research and Development before the High Court disputing

and denying the COlTectness of the report.

30. It is submitted that on 03.12.2011, the Respondents also

submitted a report from Eco Laboratories and Consultants

I

Pvt. Ltd. which is a NABL accredited laboratory and which

showed the phenolic compounds were below detectable limits

by applying APHA, 21 stEdn, 2005-5530 testing method

which has the testing ability to check at least uptil 0.001 mg/l,

being the desirable limit in drinking water. A true copy of

Report dated 03.12.2011 issued by Eco Laboratories and

Consultants Pvt. Ltd. is being annexed hereto and marked as

Annexure R/3.

31. It is further submitted that the Respondents also filed and

relied upon a report by Professor B.K. Guha (Retired), IIT,

New Delhi to show that there was no contamination and no
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remedial issued by Professor B.K. Guha. A true copy of

Report dated September, 2012 issued by Professor B.K. Guha

(Retired), lIT, is being annexed hereto and marked as

Annexure R/4.

32. It is thereafter, submitted that the High Court by way of an

order dated 09.10.2012 culled out the issues/questions that

were required to be determined in the petition.

33. It is submitted that Hon'ble High Court vide order dated

29.01.2013 transferred the Writ Petition to National Green

Tribunal and was renumbered as Application No. 35 of2013.

It is submitted that vide order dated 04.07.2013 the Tribunal

directed the Central Pollution Control Board to depute an

expert or a team of experts to examine the location of site and

to give a report.

35. It is further submitted that CPCB filed its report on

03.09.2013, wherein it was stated that there was a need to

carry out post monsoon sampling preferably during

November to have a representative sample. However, in so far

as presence of phenolic compounds is concerned, no

comments were made in the said report.

588



-

JI-t

36. The Respondents filed their response to the report filed by

CPCB by way of a short affidavit dated 20.112013, wherein

it was specified and clarified that even as per HIS Standards

and specifications for drinking water, none of the samples

showed that the water was contaminated or hazardous for

drinking. It is. also submitted that reliance was placed on a

report prepared by the Central Ground Water Board, Ministry

ofWater Resources, Govt. of India for entire Sangrur District,

which showed clearly that the ground water in the. entire

. .
region was generally having more alkalinity beyond the

permissible limit. Thus, the same could not be attributed to the

industry.

It is submitted that on 08.05.2014, the Tribunal directed the

~ CPCB to conduct the test for identifying the presence of the

phenolic compounds in the ground water samples.

38. Subsequently, the Central Pollution Control Board filed its

report dated June, 2014 stating therein that-

"samples are found within prescribed limits of BIS Drinking

water standards IS 10500:2012 with respect to phenolic

compounds, pH, Total Dissolved Solids, Calcium, Sulphate,

Cadmium, Copper, Nickel and total Chromium"

589



15

It is therefore concluded from the study and analytical results

that the impact of erstwhile Mis Mahalakshmi Organochem

Industries unit was not found in existing 08 tube wells."

39. It is thereafter, the CPCB also filed an affidavit dated

18.07.2014 in support of its above mentioned report, wherein

it admitted that there was no impact of the erstwhile Mis.

Mahalaxmi Orgochem Industries Unit on the 8 tubewells from

which samples had been collected.

40. It is submitted that on 31.07.2014, on a mis-representation by

PPCB , the APHA method, that was applied by CPCB, was
....~

. 0 ,l; U"\ l'T. )~;:" not reliable and the FTIR method should be used for detection
~S;(~q . \

I-I< (G~\~~j~: r:!: ):\ ofsulfonated phenolic compounds, the Tribunal appointed the
~ '\ ..,0",.· ,c:-'!"f1?6. ,) ~., f

~~~~t§:i§.fj/ National Environment Engineering Research Institute

(NEERI) for analyzing the samples for ascertaining presence

of phenolic compounds by APHA as well as FTIR method.

41. It is thereafter, submitted that the Respondents filed a Review

Petition before the Tribunal for recall of order dated

. .
31.07.2014 and on 22.08.2014, the review was dismissed by

the Tribunal after giving liberty to the Respondents to agitate

all grounds taken in the said review at the time of final

arguments. However, at the time submissions made at the time
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. .
of final arguments have been totally ignored by the tribunal in

the judgement.

42. It is submitted that on 07.01.2015, three scientists from

NEERI appeared before the Tribunal and admitted that no

quantitative assessment of sulfonated phenolic compounds

could be made. It was also submitted by them the FTIR

method only shows qualitative presence. The scientists, both

of CPCB and NEERI, categorically stated that in view of the

reports and the fact that the sulfonated phenolic compounds·

were below detectable limits, nothing further was required to

be done and the water was fit for the purpose for which it was

being used i.e. irrigation purpose. However, this was clearly

disregarded and ignored by the Tribunal.

That Respondents filed their objections/submissions to

NEERI's report and clearly brought out the fact that by

applying the testing method prescribed by the Bureau of

Indi?n Standards as accepted by NABL, the quantity of

phenolic compounds in all water samples· was below

detectable limits and therefore, only on the basis of the

qualitative analysis by FTIR Method, no conclusion could be

arrived at that there was any contamination. It was also
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brought on record that three independent laboratories namely

MIs. Skylab Analytical Laboratory, M/S. ITL Labs Pvt. Ltd.

and MIs. Shriram Institute of Industrial Research, all

approved by the Ministry of Environment and Forests, have

confirmed that the test method to be used for quantitative

analysis of phenolic compounds in water sample is "IS 3025

(part 43)" and the minimum detectable limit of the said

method is 0.001 mg/I.

44. It was also stated that the FTIR method is not the method

prescribed by the Bureau of Indian Standards. Furthermore,

by applying the FTIR method the quantitative analysis cannot

be done. By applying the FTIR method only the qualitative

analysis can be done i.e. presence of various compounds/

elements in the water can be identified but their quantities

cannot be determined. For determining the quantities, the

method as prescribed in IS 3025 (part 43) is to be applied.

45. It was also brought on record that experts from NEERI had

submitted before the Tribunal that the water was fit for the

purpose for which it was being used i.e. irrigation purpose and

that there was no impact ofthe industry in the area even as per

report ofNEERI, which in fact supported the report of9pCB.
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46. That thereafter on 27.02.2015, final arguments were

concluded and judgment was reserved. It is pertinent to

mention herein that the only argument addressed by all the

parties during the course of final arguments was as to whether

or not presence of phenolic compounds by FTIR Method

(which can only be used for qualitative analysis) can be made

the basis of any finding qua contamination or pollution

especially in light ofthe fact that the water was fit for drinking

as per BIS drinking water standards IS 10500:2012 issued by

the Bureau of Indian Standards.

Furthermore, no arguments were addressed or made.in respect

of any remedial measures. in view of the statements by the

scientists from CPCB and NEERI that no remedial measure

was required and the water was fit for the purpose for which

it was being used i.e. irrigation.

48. That thereafter on 23.09.2015, almost seven months after

reserving the judgment, order dated 23.09.2015 was passed,

contrary to the material on record and by totally disregarding

and failing to even consider the. material and evidence

including the submissions on record and by basing its findings.

on pure presumptions, conjectures .and surmises and by
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ignoring the scientific methods, practices and standards

prescribed by the statutory Acts and the Authorities under the

said Acts.

49. In the said order, the Tribunal has framed and answered issues

which were neither deliberated upon or were the same ever

agitated by any of the parties. The said issues have been

framed after the judgment was reserved and have been

J,
1

50.

answered without affording the parties an opportunity of

presenting their case qua the said issues.

Moreover, not only has the Tribunal erred in holding that the

Respondents along with Mr. Gurucharan Singh Matharu,

CPCB and Mis Matharu Steel Pvt. Ltd. are responsible for

contamination and pollution, even the apportionment of the

liability is contrary to the admitt~d' position on record.

. Admittedly out of the fourteen (14) years of manufacturing

activity only two (02) years of manufacturing activity was by
. '

the Respondents (from March 2003 to March 2005) whereas

the remaining twelve (12) years (from 1991 till February

2003) was by Mr. Gurucharan Singh Matharu and his .

associates including Shri Ashok Kumar who has impleaded
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by an order dated 04.07.2013 but has not been arrayed as a

party in the Judgment.

51. It is submitted that the Tribunal has also failed to appreciate

that even otherwise, as per the Agreement dated 28.03.2003,

which was on record before the Tribunal, the entire liability

before 28.03.2003 was to be incurred by Mr. Gurucharan

Singh Matharu and his associates.

52. Aggrieved by the impugned Judgment and Order dated

23.9.2015 passed by the National Green Tribunal, Principal

Bench, New Delhi in Original Application No. 35/2013

(THC), the Respondents has preferred the appeal under

Section 22 of the National Green Tribunal Act, 2010, before

the Hon'ble Supreme Court which is still pending.

It is submitted, that the PPCB has filed a report dated

13.01.2016 before this Tribunal. It is also submitted that in the

said report, it is mentioned that:

"a) There is no physical dump of hazardous waste in and

around the industrial premises. The land of the industry has

been leveled and prepared for irrigation.

d) No colour was visible in the upstream ground water

samples i.e. in well-1 and well-2, however light reddish colour

was observed in two downstream ground water samples

collected from well-3 and well-4."

I
I
1
!,
f

I
·1

!
i
I
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A true copy of Report dated 13.01.2016 filed by the PPCB is

being annexed hereto and marked as Annexure R/5.

54. It is submitted that the Applicant herein filed the Original

Application No. 169/2021 before this Tribunal and the above

Respondents were not been made party in that O.A. No.

169/2021.

55. It is submitted that only vide order dated 05.12.2023, the

Hon'ble Tribunal issue notice to the previous owners as well

as present owners of the unit.

56. It is submitted that there are other previous owners, but the

Applicant herein had not made them party in the present

Misceallenous Application.

Mahajan, Mr. Harbhajan Singh Matharu, Mr. Gurmel Singh

Matharu, Mr. Darshan Singh Matharu, Mr. Surjit Singh

Matharu, were also Directors in different phases ofoperation

of the factory of Mis Matharu Steel Pvt. Ltd. and are the

necessary party to the present MA.

58. It is reiterated that the in March 2005, the manufacturing

activity was shut down by the above Respondents and
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thereafter on 01.05.2005, the Respondents closed the

manufacturing unit and did not carry out any manufacturing

activity thereafter and the same has been informed by the

above Respondents to the Punjab Pollution Control Board.

59. It is submitted that even when the unit was closed by the above

Respondents thereafter also the report filed by CPCB on

20.11.2013, wherein it was specified and clarified that even

as per BIS Standards and specifications for drinking water,

none of the samples showed that the water was contaminated

Respondents may be deleted from the arrays of parties.

or hazardous for drinking. Thus, the same could not be

attributed to the Respondents after so many years. Therefore,

no complaint survives against the above Respondents.

That in the above facts and circumstances the above

DEPONENT

VERIFICATION:

I, Chander Shekhar Dhawan, the Deponent mentioned

above do hereby most solemnly affirmed and verified that what is .
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stated in the above Reply Affidavit is true to my knowledge and I

believe the same to be true.

Verified at Ludhiana on this the __day of

,2024.------

~~~
DEPONENT

• t· ':."'cM1ILlj· ,
-"~"~""'-l.!'~n.1i~' \!,,\.lUU~ I-,,~'1\:', •• -. r'.; r ,. •

M! ....,... -_. q L'~'

"f V cUB ll.No ., j, '·r"\.'j) ,,""'\ i1\1 H~.'".. " " ... Lt'l" 1\ ~\\ '.~ I) \ .,,,. . .
, ~ ~~.~~ .~, ,.

o5 MAR 2024
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PUNJAB POLLUTION CONTROL BOARD

01/06/2007

standsconnectionelectric·

disconnected.

No raw materiall chemicallproduct lying

seen in open. The hazardous waste

was stored in environmentally sound

waste in hazardous waste storage pit.

MIs Mahaluxmi Orgochem Inds.

Visit report

manner.

as per proceed1ngs of personal hearing

dated 16/04/2007 received vide H.O no.

Nabha Road, Bhawanigarh.

sent for analysi!? to MIs. Shri Ram Institute

(MIs. Matharu Chemical (P) Ltd.)

5108 dated 04/05/2007

During visit, report is as under:-

Collection of samples (Ground water) and

Sh. C.S.Dhawan, Director

1) The industry stands dismantled and

2) The industry I;)as stored the hazardous..

Name of the industry .

Name of representative

Date of Visit

Remarks

.. Purpose

·3) The industry has provided 4 no. bore

wells at a distance of 6 ft. from storage

pit' around the storage pit as per map

plan (signed), enclosed.
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4) 4 no. samples from borewell has been

collected and 2 no. back ground

samples i.e., one from. the rice mill

adjoining to the industry at an about

400 mt distance and· other from the,.
premises of Bharat Petrolium on Nabha

..
Road at an about 400 mt from the

storage pit. 'Samples collected were

sealed, marked and sent to Shri Ram

institute for analysis as per purpose

explained above.

5) No old/· previous borewell exist within

the premises of the industry during visit.
I

Representative of industry stated that

there was no borewell for. sampling

present in the industry when they

purchased the industry from the

previous owner. He also stated that

there was one no. borewell to meet the

needs of the industry but the same was

dismantled I during .dismantling the

industry by p'resent owner.

1

I
1

Sdf-

. (C.S.Dhawan) ,

...• Director

sd/-

Sh. Charnajit Singh

A.S.O

sd/-

Lavneet Kumar

A.E.E.
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1. Background

Matharu Chemical Industries (now Mahal?lkshmi Organochem

Industries), Nabha Road, Shawanigarh, Sangrur Dist., was

established in 1991. I~ was manufacturing H~acid till· ~004. Its design

capacity was 580 kg H-acid per batch arid 35 batches per month.

Except selling of some of the iron oxide and gypsum sludge to outside

parties, the industrial unit was storing the wastes, generated by it,

onsite. It installed an incinerator in 1996 for the incineration of the

organic waste generated by it. The industrial unit disposed the

wastewater it generated in solar evaporation ponds within premises.

and disposed no wastewater beyond its boundaries. In the year 2005,

the industrial unit reportedly dismantled the' solid waste storage

sheds/tanks (storing gypsum sludge, iron oxide sludge and

incineration. ash) and shifted the wastes present therein to the

hazardous waste treatment, storage & disposal facility (TSDF),

Nimbua, Dera Bassi for disposal.

..
Analysis of ground water samples collected during 23~11-2006 and

06';03-2009 (consequent to a CWP, No.. 3481 of 2007, titled

. Parminder Sin'gh vis ppes pending in t~e Honorable Punjab &

HarYana High Court) revealec;i prima-facie of groundwater

contamination. In view of this, the Punjab PoJlutionControl Soard

(PPCS), Patiala wanted detailed investigation into the length, breadth

and depth of the groundwater contamination problem, an~

.~p'proaclied TCIRD/Tbapar University.
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TCIRD started work on the project in the 3rd week of November 2009

and completed the work in November 2010. Ouring the study, two

interim reports on the findings (one on 25-11-2009 and the other on

I

I
I
I

I
!

. ~ .

I
I
!

I

16-01-2010) were submitted to the. Punjab Pollution Control Board

(ppeB), Patiala. Now, on completion of the work, the results of the

study and the findings, and the conclusions drawn from the study are

presented herewith in this final report.

2. •. Industrial site

The· industrial unit is located on the Bhawanigarh-Nabha Road at 4

kM. distance from Bhawanigarh on the right side.· Except for the two

dee shellers, one pipe factory, one punsupgodown, one petrol pump
,.

, an'd' one very small human settlement, the industrial unit is

surrounded by agricultural fields. According to the records, 41 Bhigas

and,13 Biswas of land was under the industrial site.' Production of

H-aOid was commissioned at the site ,in. July 1991 and continued
... "

pr6duction till me end of i='ebruary 2005. Presently no industry exists
,

on the site. The land h~.s been cleared of the construction and leveled,
.. .... .

and,·.at least since 2009; the. land is under cultivation. Please see

figures-1 and -2 fqr details.

Groundwater table at the site is reported to be at > 130:feet depth

(pizometric well dug on-site in October 2010 indicated that the

groundwater table is at 105 feet).· The groundwater cis heavily

depended on, in the locality of the industrial site, for water supply,

specially, for the irrigation of agricultl]~al lands.
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I. PHOTOGRAPH

Figure-1: Industrial site location

.PHOTOGRAPH

Figure-2: Industrial site location when not under cultivation

3.: •. H-acid Manufacturing process

..
Process employed for the ma~ufacturing of H-acid from Naphthalene

and presented here has ,been articulated from the information

submitted to the SPCS for the purposes of obtaining of No Objection

Certificate (NOC). Consent to Operate and Authorization· to handle

hazardous wastes from the SPCS, and from the review of literature on

the manufacturing of H-acid.

H-acid is 1-amino, 8-naphthol, 3, 6 '·disulfonic acid. It is used in the

manufacturing of dyes. It is usually manufactured as a sodiom salt. Its

empirical formula. is C1QHsN07S2Na2' It is grey powder soluble in

wat\9r, alcohol and ether. Its manUfacturing involves the following

steps:

..
1. Sulfonation of naphthalene (C1QHs) with 65% oleum and suffuric

acid (H2S04), It might have emitted sulfur oxide fume·s.
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2.. : ... Nitration with 60% nitric acid (HN,03)' It might have emitted

nitrogen oxide fumes.

3 ' ,'Neutralization of the resultant mixture of acids. and the

sUlfonation and nitration product with lime slurry (10%1). It might

j
I
i
!

I
I
I
I,
i
I

4.

5.

, have consumed water for the lime slurry preparation.' :

Filtration of the neutralized mixer in nutch filters for separating

the gypsum (CaS04) sludge (neutralization product at 70%

consistency!) formed. Gypsum sludge (solid waste) is

generated.

Reduction of the filtrate by iron. Involves addition of iron powder,

hydrochloric acid (HCI), soda ash (Na2C03) and acetic acid

6. Filtration of the mixer, of the reduced product,· the residual

chemicals and the byproducts formed,' in a filter press for

separating the iron oxide (Fei03) sludge (at 30% consistency!)

Iron oxide slUdge (solid waste) is generated.

, I

7.

8.

Concentration of the filtrate. Was it.· in a, mUltiple effect

evaporator and did it generate foul condensate? If a multiple

effect evaporator was used ,then it might have demand~d

sign,ificant quantities of circulating cooling water.

Cooling the concentrate solution (circul;3ting cooling water
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system might have been used), mixing with HC1 andN.aCI and

filtering in nutch filters to obtain Koch cake. It· must be

generating wastewater (mother liquor) rich in naphthalene

based compounds, sodium and chloride.

9. Charging the Koch cake with caustic Iye/ caustic flakes (NaOH)

and then fusing (in an autoclave!).

..
10. Diluting the fused mass with water, treating with sulfuric ~cid

and boiling off to remove sulfur dioxide. Must be emitting sulfur

dioxide fumes.

11. Cooling the boiled off ma"Ss and filtering through nutch filters to

get the cake of sodium salt of H-acid.. lt 'must be generating

wastewater (discarded liquor) rich in ph~nolic compounds and

residual H-acid:

t>$i~·, 12. Washing the H-acid cake in water, centrifugal dewatering of the
~:~j~t::;

cake, drying and milling the cake to obtain powder of sodium

salt of H-acid. It must be generating the wastewater (product

washwater) containing H-acid and phenolic compounds.

, , I

H-acid was manufactured in batches (35 batches per month) from,

naphthaJene (600 kg/batch). Each batch of manufacturing produced

580 kg of sodium salt of H-acid. Raw material inputs· of the

manufacturing were as shown in table-1. The byproducts and wastes

34
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g~nerated from the manufacturing were as indi~ated by the industry

as shown in table-2.

Table-1: Material inputs of H-acid manufacturing'

, I

!

S.No. Input materiaL QuantitY Q~antity Consumptio
I

(kg/batch) (ton/year) n

@ for 1994-95

(tons/year)

1. Naphthalene 600 252 345

'2. Sulfuric acid 3039 1276 1703

3. Oleum (65%) 1790 752 1000

',,' 4. Nitric- acid 372 156 518

5. Lime stone' 1637 689 1464
, ,

I

.'6. Hydrochloric acid (100% 72 ,30.2 120

purity)

.7. Soda ash (sodium 900 ,37'8 554

carbonate)

e. Sodium hydroxide 8'60 361 ,560

9. Iron powder 650 273 291
, ,

10. Common salt 2700 1134 1'7 .
•11" Acetic ac,id 10.4 4;383 6 .

I

, .
@ ,35 batches of H-acid manufacturing per month for 12 months a

year is assumed.
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Table-2:

/'

Byproducts/wastes generated from the H-acid

manufacturing

S.No Product/by productIWaste Quantity Quantity @

(kg/batch) (ton/year)

---- Sodium salt of H-acid (product) 580(681)* . 243.6..

, (286)*
,

1· .' Gypsum on dry weight basis 30.82 1294 .

2 .. Iron oxide on dry weight basis 1109 466

3 Sodium bisulfate lost in wastewater --- ---'.

4' Sodium nitrite and nitrate lost in ... -

.. wastewater

.
5: . Common salt lost in wastewater -2750 -1155 ..

:

·6. ·G:la~ber salt losfih waste water - ---
7. Naphthalene lost in the wastewater 396 (360.5)10 166 (151)*

@ 35 batches of H-acid manufacturing per month for 12 months a

year is assumed.

Values given in the parentheses are for the 681 kg product recovery

per 'batch .
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4. .. Wastes generated from the H-acid manufacturing

The industrial unit was consuming .water for the following

purposes:

• Preparation of the lime slurry used in step -3 for

neutralization

..

• Washing of nutch filters and filter· presses used in the

filtration in st~ps -4, -6 and -11
" . .

Dilution of fused rP)ass in step -10.
• Washing of H-acid cake in step -12

In addition to this, water was also used as boiler feed water in

the 1 ton/hr capacity boiler and as makeup water in the cooling

tower and circulating cooling water system. PPCB records

indicate consumption of about 34 m3/day of water (26 m3/day in

the manufacturing process, 5 m3/day in the boiler and 3 m3/day

in the circulating cooling system).

The H-acid manufacturing process might have Qcanerated the

following wastes:

1. Gypsum (calcium sulfate) sludge: Remhved from the

reaction mixer through filtering in step-4 of I> trte

manufacturing process.

2. Iron oxide sludge: Removed from the reaction mixer

through filtering in step-6 of the manufacturing process.

3. Foul condensate: .Generated (if concentrated ·in multiple

effect evaporator) at the multiple ·effec.t· evaporator in
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...
step-? of the man.ufacturing process. It might have been

the least polluted wastewater stream.

4. Mother liquor: Discarded after the filtration removal of

Koch cake in step-B of the manufacturing process. It is

high strength waste and was apparently disposed off in

the solar evaporation ponds (and then incinerated!).

5. Discarded liquor: Discarded after the filtration removal of

the H-acid in step-11 of-the manufacturing process (high

6.

strength waste water).

Produ~t washwater: Generated from the washing of the

H-acid cake. in step-12 of the manufacturing process

!
I
I
I
i
j

(moderate strength wastewater and can be reused for

dissolving the fused mass in step-10).

Material balance calculations indicate that only <40% of the

naphthalene used became integral part of the product (H-acid) .

and the rest .>60% was lost mostl¥ in the wastewater

(generated at step-B, -step:11 and step-12) may be as

naphthalene based compounds, ·sulfonated phenolic

compounds and condensation products of fusion. Because of

limited water· solubility and higher sludge consistencie~,

gypsum .and iron oxide sludges might have very little of these

organic subst~nces. Because of the higher boiling point, very

little of the organic matter might have been actually lost into the

atmosphere as organic vapours.

The byproducts, sodium sulfate, sodium bisulfite,· sodium
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.
chloride, sodium nitrite and sodium nitrate and the added

sodium chloride, because of their high solubility, might have

been mostly. present in the wastewaters generated. Very little of

these might have' been lost in the gypsum and iron oxide

sludges (may depend on the sludge consistency). It is not clear
C!

~

1
:,
,
;

I
j
j

I l
;

i
,;

'!,

J

!

whether and how much of the sodium sulfate was actually... ~

recovered from the wastewater (mother liquor) during treatment

(neutralization, filtration, concentration and filtration) and reused

in the H-acid manufacturing process (in place of soda ash!).

.
Closer look at the inputs (give,h,' ih ' table-1) and the outputs

(given in table-2) reveals that of ,the, total inputs of 12,640

kg/batch, gypsum and iron oxide sludge amount to 4,191

kg/batch and ttie product (H-acid)' to 681 kg/batch. Rest of the

material (7,7Ei8 kg/batch) might have been mostly lost into the

wastewater generated and a small portion of it might have been

lost into the atmosphere as sulfur oxides and nitrogen oxides.

, 5. ' Waste Management Practices

5.1 Wastewater

Wastewater generation might have been around 20 m3/batch of

H-acid processed or 23 - 24 m3/day. Generation rates of

different wastewaters have been assessed as following:

M~ther liquor(assessed at about 3-4 m3/batch)

• Foul condensate (assesSed at about 5-6 m3/batch)

• Nutch filters' and filter presses' washwater (about' 1
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40
m3/batch)

• Discarded liquor (assessed at about 5 m3/batch)

• H-acid washwater (assessed at about 5 m3/batch)

In addition to these process wastewaters, the industrial unit might

also have generated the following wastewaters:

• Steam condensate that could not be recovered and allowed to

flow into the drain

• Coaling tower blow down water

.• Regeneration wastewater generated from the generation of

boiler feedwater plant (soft water plant!)·

.The industrial unit used an incinerator since late 1996 for the

•disposal of the mother liquor. Wastewater discharge by the

: industrial unit beyond its premises was zero. The industrial unit, as

~.per the reco'rds, used lined shallow solar \?vaporation ponds of 200 .

..m2 area each (20 m x 10m) for the disposal of the wa~tewater. For
· :'. I ,"

· :enhancing the evaporation rates, the industrial unit, .according to

: records, used forced spray evaporation. Aerial photograph of the
. .

• :industrial site, obtained from Google Earth (see figure-2 and
:. . . ..
fig0re-:-3), and soil:c6re testing indicates that about 4400 m2 land
. . .. . . , .

area was used as solar evaporation ponds. Filed information of

PPCB also indicates u~e eDf 4 evaporation ponds, eacH of 24 m x

24 m x 1.5 in dimensions, and one tank of 50 III x 26 m x 2. m

dimensions. Some part of the evaporation pond area was found,

during survey of the site, to have bags of organic solid waste

,/
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buried under the top soil. Crystallization and subsequent problems

associated with the pumping for the forced spray evaporation

.might have forced the industrial unit to continually expand the

.• evaporation ponds and shift to newer ponds.

•Once usage of an evaporation pond was stopped, the residual low·

. (jensity crystalline organic material (the residual organic matter)

I
i

I
i
j

1

~.. ~.
~iW

.• present in the pond contents might have formed a thick hard crust

.·'ayer on the top of the pond contents. Soil core sampling in the

:. ,evaporation pond area has shown presence of a hard but water
. I

.. ·soluble layer of 3 to 5 cm and even more thickness ,over the

.. concentrated liquid (figure-4). This crystalline/ layer might have
.

• cilmost stopped farther evaporation from the concentrated liquid of
I

the abandoned pond. As a consequence of this the industrial unit
. . .

. .

.might not have been in a position to dispose off all the Wastewater
f .

in the solar evaporation ponds.

As per the information available in the PPCB records, the industrial

unit had installed an incinerator in 1996 for the disposal of the

mother liquor generated in step-B. Further, the records say that

100 kg/day (at certain other places indicated as 50 kg/day) of ash

was generated from the incineration of the mother liquor. 100, .

kg/day ash is grossly understated. Almost all the chloride used in

the manufacturing process, both as NaCI and as HCI, is expected. .

to get into the mother liquor and then become part of the

incineration ash. Our assessment is the mother Ii,quor might have

been almost a saturated salt solution.
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DIAGRAM /

, !

"
Fig~re-3: Industrial site showing evaporation ponds and sludge

storage pits

PHOTOGRAPH

Figure-4: Hard, water solub(e crust layer material on evaporation

ponds

5.2 Solid and hazardous waste

The solid and hazardous wastes generated include

• Gypsum sludge: 3.082 kg/batch on dry weight basis.

Assuming 30% moisture a!?out 1850 tons per year gypsum

sludge was generated.

• Iron oxide sludge: 1,109 kg/batch on dry weight basis.

Assuming 70% moisture about 466 tons per year of iron

oxide sludge was generated.

• Incineration ash: 100 kg/batch or 30 ton~ per year (as

inform~d by the industrial unit). This is grossly underst~ted

and may be possible if glauber salt can be used in place of

common salt, and if the used glauber salt can be recovered-

from the wastewater and reused. Sodium chloride use might

have generated aboUt 2.7 tons/batch of incineration ash.'. ..

Three sludge tanks/pits, each of 20 m x ~ 2 m x 2 m dimensions

(480 m3 volume), were apparently used for the, storage 'of the
, " I

generated gypsum sludge, iron oxide sludge' enid incineration
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6.

ash. Please see figure -3 for the probable sludge storage tanks

location. Apparently some of the organic sludge accumulated in

the solar evaporation ponds was also collected and stored in

the tank meant for the incineration ash storage.

It appears that some but not exactly known quantity of the iron

oxide sludge and of the gypsum sludge was billed and sold out

to outside parties for reuse. Records available are not complete

for accounting the amount of sludge thus sold out. During,,

14-10-1993 and 18-03-1994,633 tons of iron oxfde sludge, and

during 03~4-1993 and 24-03-1994, 293 tons of gypsum sludge

I was sold out. Similarly, during 1995, 1Q35 tons of gypsum and

945 tons of iron sludge were sold out. After the closure of the

industrial unit, 103 tons of organic sludge (incineration ash!)
. . .

was reportedly lifted from. the incineration ash storage tank and

transported to the TSDF of Nimbua, Dera,Bassi for disposal.

No records exist indicating generation, sale and disposal of any,

other solid waste or sludge.

Groundwater analysis

For reaffirming the prima-facie of, groundwater contamination

and assessing the spread or extent of groundwater

contamination, groundwater was sampled from 9 locations from

I .

the existing tube-wells both within and around the premises of
I

the industrial unit during 22nd and 23rd November 2009. Please
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see figure-~ for the groundwater sampling locations. The '-1~
groundwater table during the sampling was reportedly at >130

feet. On the basis of the raw materials Qonsumed, the
(I

manufacturing process employed and the prOducts, byproducts
. ~

and wastes generated, the groundwater samples Were

analyzed for the following parameters 'in order to establish

whether any of the wastes of the industrial unit have reached

and present in the groundwater:

• Iron (Fe)

• Chloride (Cn

• Sulphate (50/-)

• Carbonate (COl")

• Total Kjeldhahl nitrogen (TKN)

• Total dissolved solids (TDS)

• Chemical oxygen demand (COD),

• Phenolic compounds

The results obtained from the analysis of the gro,und water

samples are shown in ta~le-3. The methods of analysis

followed for the analysis are indicated in table-4.

. .
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Table 3: Results of analysis of the ground water samples

Parameter Ground water samples

Stn: Stn: Stn:3 Stn:4 Stn:,5 Stn:6 Stn:7 Stn:8 Stn:9

1 2 I

.'
Fe (mgtl) SOL SOL SOL SOL SOL SOL SOL SOL SOL

C03~- SOL SOL 16.8 14.4 SOL 19.2 ,24.0 16.8 24.0

(mgtl) 6 5 7 9 6 9

S04'" 206 152 63 46 63 30 ' SOL 25 25

(mgtl) .
or (mgtl) 190 55 14 19 18 11 18 15 20

N03- 6.40 3.62 2.30 3.85 15.5 6.86 8.45 7.0 9.8

CmglJ)
I

2
I

CO:O(mgll) 86 50 14 16 20 2,3 13 16 14

TOS 101 647 454 429 456 310 493 388 415

(mg/l) 6

TKN 0.28 0.17 0.50 0.56 0.34 0.11 0.22 0.22 0.39

(mg/l)

Phenol @ @ SOL SOL SOL SOL SOL SOL SOL

@ilncase of the samples from Stns-1 and -2, there are indications of
, , I

pres,ence of phenolic" compounds, but, the concentrations could not
, , ,

be mE;!asured by the routine testing method (see Table~4)

SOL: Selow Detectable Limits.
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Table-4: Methods of analysis, and detection limits and measurement

I ).;
i
!

j
1

. J
j
I

uncertainties for the parameters.

Parameters Method used Minimum Uncertainty
Detection·

I

Limit,
Fe (mg/L) 21 st Edn. APHA, AAS 0.24 ± 0.05%

Method

Carbonate 21 s1 Edn. APHA, 2 ±0.5%

(COl- ) [mg/L] , Titrimetric

Sulphate 21 st Edn. APHA 10 ±5%

(SO/- ) (mg/L) Gravimetric

Choloride (C'") 21 st Edn. APHA Ion 1 ±5%

(mg/L) Selective Electrode .
I

Nitrate (N03") 21 St ,.E:dn. APHA Cd .05 ±1%

(mgIL) Reduction

COD(mg/L) 21 st Edn. APHA Open 10 ±5%

Reflux Method

TDS (mgIL) IS: 3205 Part 16, 10 ±5%

Gravimetric

TKN (mg/L) IS: 3205 Titrimetric 0.10 • ±10%

Phenol (mg/L) 21 St Edn. APHA 0.02 ±1%

Colorimetric

The grou~d water samples from at least two sampling s'tations (Stn -1
t ~

and Stn-2) have been found contaminated with the indu~trial waste.

This is evident frpm the high sulfate, chloride, COD and TDS levels·

observed and from the indication of presence of phenolic compounds.

Contamination of the ground water appeaers to be ',limited in extent
~

and apparently not spreading. Discontinuity of ground water
..

contamination '(since 2004) and continual pumping out of ground

621



-'

water for irrigation at the sampling stations 'have apparently arrested

the spread of the ground water contamination.

The phenolic compounds however could not be measured by the

routinely used standard method. The ground water samples from

these two sampling stations were reddish brown in colour and both

the s~mples were not.·having .any iron in them. (Iron can also impart
. . .

. . .

reddish-brown colour to water),. This led to the suspicion of presence

of higher order phenoliccornpounds in the water samples and. . .

imparting the colour, and to the further investigation of the samples in

the direction of extraction, isolation and characterization of the

substances imparting colour to the water.

Evaporative concentration, methanol extraction and column

chromatowaphy (of the samples);. both with 1:1 methanol and

chloroform and with methanol, resulted in the isolation of two

sulfonated phenolic compounds at the concentrations given in table-5.

Analysis of the isolated compounds on FTIR indicated presence of the

.functional groups, N-H, O-H and 8=0, in both the compounds (see
~

table-6 for details). Analysis of all the other 7 groundwater samples
..

indicated that these have the methanol extractables below detec&ble

levels «10 mg/L) and the two suifonated phe'nolic compounds were

not detected in them.

Table-5: Sulfonated phenolic cbmpoundsinthe samples fr(i)m Stns-1

and -2
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...

Compound Sample 1 Sample 2

Methanol extractables 149 173

(mg/L)

Compound A (mg/L) 60 75

Compound 8 (mg/L) 48 32

Table-6: Results of analysis of the, compounds isolated from the

groundwater samples on FTIR

IR Bands. Remarks@

observed

Compound 3430, 1635, IR bands at 3430, 1635 '~nd 1384 cm-'

1384, 1047 confirms the presence of functional
'"and 669 cm-1

. groups N-H or O-H. IR bands at 1047 ~nd

669 cm-1 confirms the. presence of

sulphonyl group.

Compound 3416, '10891R bands at '3416 cm"' confirms the

and 630 cm-1
. pre.,sence: of 'f~nctional groups N-H and

O-H. IR bands at· 1089 and 630 cm-1

confirms the presence" of' sulphonyl

group.

Identification of sulphonated phenolic compounds in the ground water

and other circumstantial evidences (like water solubility) indicate that

the ground water in question is contamina~ed with the industrial

wastes, specially those generat~d beyond the Koch cake fusion step

(step-9 of the manufacturing process).
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7. Top soil samples analysis .
/

To-the-scale layout map of the industrial unit is not available. The not

to scale hand drawn map obtained from the PPCB records (see.
'I.
(I

figure-5) is not clearly indicating location of the solid and hazardous

..
waste storage tanks, of the solar evaporation ponds, and of I>the

manufacturing sheds. The industrial unit was long been dismantled,

some of the stored solid wastes were shifted out (to the TSDF,

Nimbua, Dera Bassi), the land was leveled and the kind use has been

changed to agricultural use. 11'1 the light of these facts, for exactly

knowing the waste storage and disposalat:lCl -actual manufacturing

locations within the industrial site of 35000 m2 area, the industrial site
- -

was physically surveyed. And, for asses-sing the spread of wastes, top

soil was sampled on 20-01-2010 at eleven different locations from

within the industrial unit premises. Locations of the sampling were

chosen after proper survey of the site. Locations of the soil sample

collection are shown in figure-6. Results of the soil samples analysis

_are shown in table- 7.

DIAGRAM

Figure-5: Layollt map of the industrial unit (from PPCB records)
- - I -

DIAGRAM

(Locations--10 and - -11 represent- waste

sludge and boiler ash: dOmp~ onsite

Location -_~ can be treated ascdhtr:ol site

Locations -6 and -1 are beyQnd.Aine _site

boundaries

0" ,
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Figure-6: SUrface'soil sampling locations

, Table-7: Results soil samples analysis

/ /

Chlorid' TOC Methanol Camp
Iron Sulfate Nitrate Camp.

Location e (mgl pH (mg/kg extractable
(mg/kg) (mglkg) (mg/kg) -8

kg) ) (mg/kg) -A

Loc.-I 186000 83400 4.44 151 8.09 7700 120 NO NO

Loc.-2 14300 15400 1.06 156 8.20 2600 25 NO NO

Loc.-3 13200 3100 7.07 165 7.94 4600 24 NO NO

Loc.-4 1 ,2 1 127000 1.68 . 871 8.33 4100 35 NO NO

000

Loc.-5 170000 313000 9.35 1090 8.37. 3300 200 NO 0

Lac.-8 19300 2410 2.14 623 7.87 3900 45 NO NO

LOC.-9# 7010 142 0.69 634 8.20 3500 42 NO NO

Lo~.-6@ 6940 302 1.49 450 8.27 2400 12 NO NO

Loc.-7@ 13700 258 ,0.89 155 8.12 5800 39 NO NO

LoC.-10· 17100 398000 - 778 10.05 6400 10 NO NO

Loc.,-II·· 7720 1300 3.77 124 8.18 10400 - -

Compo -A and Compo -8, are Sulphonated phenolic compounds

id~ntified in ground water

NO referl? to not detected
, .

# sample location -9 can be tr.eated as control

@ Sampling locations -6 and -7 are beyond the boundaHes of the

industrial unit

• Sampling location -10 has solid waste in bags buried under the soil

•• Sampling location - 11 has boiler ash spread around in the soil.
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The results gave no clue about the exact locations of solid and 5 J

hazardous waste disposal and of the solar evaporation ponds. The

results clearly indicate that locations -1, -4 and -5 have very high

levels of iron, calcium and sulfate (iron. oxide and gypsum sludge

constituents) and location -5 was also found to have one of the two

sulfonated phenolic compounds. Further, the disposal locations of

individual solid/hazardous wastes (gypsum sludge, incineration ash, .

kon oxide sludge) could not be identified from the results. The results
. ",

only indicated that the gypsum sllJdge and the iron sludge were

spread all around the soil in the process of leveling of land for

faoilitating cultivation.

Physical survey of the industrial site indic·ated the following:

• . Industrial' Site was spread beyond the boundaries of the

piece of land shown as the industrial site. A shallow lined

pit filled with waste, many empty chemical botUes, and an

abandoned tube well were found at soil core sampling

location-13 (shown in figure-3) beyond the boundary

limits of the industrial unit.

• Crops. are affected in the areas with the exposed waste

(areas of visible iron oxide sludge were~pparehUyhave

• The solid and hazardous wastes are spread: all around

the site. High sulfate, iron and chloride levels in the soil

are indications of this (please see table-7).
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no 'damaging effects on crops). The areas affected can

be clearly seen in figure::1.

• Solid waste packed in bags '15' dumped buried under the

soil at least at one location. This area Is found worst

affected from the~griculture point of view.

8. Soil core sampling ar,1d .analysis studies

With the dismantling of the civil structures, with the leveling of land

and with the change of land use it has become impossible to clearly

establish where actually the solid/hazardous waste storage tanks, the

solar evaporation ponds,etc., were located and what was their extent.

Records a:,ailable with the PPCB could also not help in this regard.

The ground water. table (at -130 feet) vis-a-vis the depth of solar

evaporation ponds and solid/hazardous waste storage tanks,

indicates that the ground water contamination is very l:Intikely from the
(l

percolation/ leaching from the waste storage tanks and solar..
evaporation ponds.

For knowing whether as per the indications the. ground water

contamination is not' from the percolation/leaching' from the' waste

storage tanks and solar evaporation' ponds and for assessing both.

depth and extent of spread of solid/hazardous,( waste, soil core

sampling on the site was planned. Aireal photograph of the site

(available from the Google Earth) and physical survey ofthe industrial
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site were used as bases in deciding on the soil sampling locations.

Altogether 24 locations were chosen (figure-3 and figure-7). '

PHOTOGRAPH

Figure-7: Industrial site photograph showing the soil core sampling

iocations

e No soil core samples were collected from the following locations:

• Soil core sampling location -13: This location (fi9oures -3 and -7)

falls beyond the boundary limits of the industrial site and the..
~

I •

PPCB official advised not to collect the sample.

Soil core sampling locations -12, -17, -20 and -21: These

locations (figures -3 and -7) fall Within, the solar evaporation
~ ...

ponds area and have shown the ,profile and sample

characteristics very similar to those 'of soil core sampling

locations -2, -19 and -22. Hence these samples were discarded

and not ana,lyzed.

In all the cases the soil core samples were collected at 3 feet depth

, intervals and analyzed for

• pH

• Iron (Fe)

• Sodium (Na)

• Chloride (CI)

• Sulphate (S04-2)
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• Chemical oxygen demand (COD)

• Methanol extractable content

• SU!fonat~d phenolic compound -A

• Sulfonated phenolic compound-B

Except in case of the sampling location -1 (figures -3 cmd -7), soil core
.. ' ..

sample collection was stopped ,at a depth wher~ the soil showed no

visible signs of contamination (colour); Wherever .lined concrete

bottom was encountered, efforts were, made to break the. concrete

lining and go around 3 feet beyond 'the concrete lining, and, incases,
where the concrete iining could not be broken the ,soil 'core sampling

was stopped at the concrete lining depth.

The soil sore sampling locations can be categorized into the following

four groups:

1., . Sampling I'ocations in the suspected manufaqturing' .shed

. -' ,,'

location (soil core sampling locations -1,-8 and"1~)

. ,
. . .

Sampling locations in the suspected .solid/hai~rdC),(,Is'A.waste··

sloragelanks area (soil core sampl';g IOCall?~~~~;~~~~~'-9,
-10, -23, and-24)i'/

3 ·
" . Sampling locations in the suspected solar~vap6r.n;:,poi1ds,

. . - ~ " . '. :' . :,'-';"':";';",".- ,: '(~.. ' ... ' .

area (soil core sampling locations' ~2,-19, -22;~12}~1'1',~~Piand

'. -21)
, .

W·· .
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4. . Sampling locations beyond the suspected solar evaporation

ponds area (soil core sampling locations -14, -3, -15, -16, -18,

and -11)

. I
, j

]

I
I
i,

Sampling location -1 in the suspected manufacturing shed area (see

figures -3 and -7) .was actually dug for collecting pizometric

groundwater samples and dug upto 170 feet depth. At this location,

.the ground water was encountered at 105 feet. Visible contamination

of the soil core samples could not be' seen prominently at both the

sampling locations -1 and -8.

At the soil core sampling locations, -6, -7, -9 and -24 (see figures -3

and -7), the soil contamination was found to be superficial. At the soil

. cote sampling .Iocations, :-4, -5 and '~1 0 (see figures:-3 and -7), hard

concrete lining was encountered at about 18 feet depth and soil core

sampling was stopped at that depth.

At: fhe sampling locations, -2, -19, -22, -12, -17, -20 and -21 (see.
,figures-3 and -7), at.. ~round. 4 to ~ depth a HDPE· mem~ranelayer

and. a hard, water soluble cf'!Jst layer (of about 3 to 5 em and even

greater thickness) were encountered (please see figure '-::4). Below

this, there was thick black liquor. Pumping out of this liquid was found

resulting in the subsidence of the surrounding soH (please see

figure-8). At the soil core sampling locations -12, -17, -20 and -21,

when the thick black liquor was e'ncountered the sampling was

stopped, assuming the sample similarities tp the soil core samplings
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at locations -2, -19 and -22. At, the soil sampling location -2, weak

concrete lining was encountered at about 15 feet depth. At the soil
I ,r

, "

co~e sampling locations -19 and -22, the sampling was abandon,ed

much before reaching the concrete lined bottom becquse of the

difficulties encountered i;i the manual soil core sampling.

At'the sampling locations -14, -3, -15, -16, -1'8 and -11 (see figures -3

and-7), HOPE membrane, hard, water soluble crust layer, th,ick black

1

!,

I

liquor pond and concrete lining were notencountered. This indicates

that the area was not actually part of the designated solid/hazardous

waste :: storage tanks or, of the solar evaporation ponds. The are~
. ' '.. .' . . . .

" '

being'outside the industry sit~, excepting the sampling loCation -11,

no sOil core samples were collected on the rice sheller side. Three of

the 6 sampling locations (locations -14, -3 and 15) are on the

downstream side of the solar evaporation ponds (on the suspected

manufacturing shed side). Two sampling locations (locations -16 and

-18) are on the solid/hazardous waste storage side.

PHOTOGRAPH,

Figure-8: Photograph showing subsidence of soil at th~ sampling.
location -2

The sampling locations -3 and -11 in the area, ~urrounding the

suspected sol~r evaporation ponds (see figures ..3 and -7), we~e

'found to have no visible contamination. All the other sampling

locations (locations -14, -15, -16 and -18) were found to have visible
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contamination. But at these sampling locations the thick black liquor, :5 ::r
, ' ,

the hard water soluble crust layer and the bottom concrete lining were

not found. This indicates that these sampling locations are outside t~e

solar evaporations but' naving -the waste spread even into this area.

8.1 Suspected manufacturing shed area

Results obtained from the analysis of the soil' core samples collected

from the suspected manufacturing shed area are shown. in table-8.

The results indicate that the soil is contaminated with the industrial

waste. This is evident from the higher levels of iron, sodium, sulfate,

chloride, and also nitrate. It is also eVident from' the relatively higher

levels of methane extractables and organic matter (measured as
, ,

COD). The results however are not consistent between the 'sampling

locations -1 and -8. At the sampling location-1',' the organic

contaminants are mostly confined to the top layers, while the
, '~

inorganic species (iron, sodium, sulfate, chloride and nitrate) are. ..
~

found increasing upto certain depth and then decreasing. Relatively

lesser mobility of the organic contaminants and relatively higher

mobility of the inorganic contaminants could ,be responsibl,e for this.

At the sampling location-8, the' sunace, soli' cori(~mlpation is
. . . . .

apparently lesser and probably the top soil fromtt1i$:lo.caiiOl,might
, '

have been moved away in the process of levelingdrth~:larid"At this

'site, iron sludge contamination is apparently lower' when:C9rnpared

with the gypsum sludge and organic contamination, (specially the

methanol extractables and sulphonated phenolic compounds). The
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organic contamination in this location is rather 'Subsurface. in the top 5 C6
15 feet. Concentration of methanol extractable organic matter is found

decreasing with depth (at 15 feet it was 1060 mg/kg, while at 17 feet it

was' 932 ,mg/kg) beyond 15 feet depth. At 15 feet depth only

sulphonated phenolic compound -A was detected but not the

compound -8. Soil core sampling for some more depth' (> 17 feet)

might have revealed the mobility of organic contaminants in the soil.

Among the two sUlphonated phenolic compounds, mobility of
~

compound -8 appears to be greater than that of compound -A.

Table-8: Soil core samples from the suspected manufacturing shed

area

.. Methanol
~

Nitrat61
Depth Iron Sodium Sulfate Chlorid. '. COD Comp Comp extractabl

(mg/kg PH
(feet) (g/kg) (g/kg) (g/kg) e (g/kg) (g/kg) .. A a e

)
(mg/kg)@

Soil core Sampling location-t . I

1 120.2 0.851 64.1 29.6 0.484 7.90 16.10 NO NO 41

6 16.17 1.810 6.27 29.6 0.554 8.90 2.640 NO NO 40

9 19.96 6.850 17.2 32.5 0.531· '8.70 3.490 ND' ND <10
.. ' .

12 16.82 5.200 16.4 17.3 0.599 8.80 2.950 NO ND <10

15 6.910 3.740 6.30 24.4 0.476 ·9.00 1.980<'" ND ND <10
,.' ." .

20 . 10.90 1.030 <2.00 70.8 0.467 .8.90 , NP., ~DO: <10".

60 .. 7.300 0.482 <2.00 <1.25 0.314 7.40 1.560 ~D ND <10
"~,;:

", ','J :' ...;.:- ,;,.... "

100 : 10.70 0.382 <2.00 <1.25 0.428 8.3<Y 1.820:~;': NO .,::;.': ND. . <to
.... " ..

160 >10.00 0.511 <2.00 < 1.25 0.421 8.80 2~390·' ND<I~'~ND. <10

Soil core Sampling location.;8 .•.
. .

" .

......
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0.6 0.257 1.660 444 <1.25 0.426 6.70 1.380 NO NO 120

6 16.82 4.400 20 475 0.359 7.70 ... NO NO 131

10 33.70 6.710 11 378 0.647 8.60 ... 0 NO 659

15 24.70 6.850 39 1080 0.675 7.20 - D* ND* 1060
I.,

17 9.500 4.100 <2.00 1120 0.560 6.90 ... 10 0 932

i,
!
:
i,
I

i
j

1

1

I
I

:1

@

*

Methane extractables are believed to 'include' Naphthalene,

intermediate aromatic organic compounds,-and sulphonated

phenolic compounds.

'NO' indicates 'Not Detected' and'D' indicates 'Detected'.

l

I
]
~ ­
~

1
"

i

8.2 Suspected solid/hazardous wastes storage area
. I

Results obtained from the analysis of the soil core samples collected

from the suspected solid/hazardous waste storage tanks area (soil

core sampling locations -4, -5, -6, -7, -9, -10, -23 and -24) are given in

table-9.

Sampling locations -6, -7 and .:.24 were actually found to be visibly

cohtaminated only in the surface layers «6 fe~t).

Contamination by sulphonated phenolic compounds was detected

only at the sampling locations -6 and -7. Sampling. location -23 (all

through the depth upto 21 feet), and also the sampling location -4

(o.nly upto 9 feet depth), have. been found to have. methanol

extractable organic contaminants but not the sulphonc;lted' phenolic

compounds. Highest level of methanolextrac.table organic
". ".

.. .

634



I
l
j,

I
J

!, .
i
I

P
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compounds (4.83 g/kg) have been found at the sampling location -6.

Soil core samples-from all the sampling locations of the suspected

solid/hazardous waste storage tanks area have been found to have

higher levels of iron. oxide sludge. At all the sampling locations,
. .

excepting the locations -6, -10 and -23, the iron sludge levels are

'relatively lower (iron in the range of 0.69 to 7.85 g/kg) in the surface

layers. And, in the subsurface layers, upto 18 feet depth, the

concentrations are higher (in the range of 9.84 to 24.7 g/kg). At the.,

'sampling location -23, the iron sludge levels are almost similar and

higher upto 9 feet depth (-14 g/kg of iron), and, beyond this depth, the

iron sludge concentration was found decreasing, (to 11.7 g/kg at 21

. feet, depth). Sampling locations ':6 and -10 have. the highest

concentrations of mostly wet iron oxide sludge (208 g/kg and316 g/kg

of iron respectively) in the surface layers.

tower sulfate levels at all the sampling locations of thisarei2f«'O.002

to 0.2'28 g/kg) indicate that the suspected sblid/hazardous<waste'
. . . , . .

storage tanks area has relativ.ely lower levels of gypsum sludge. The

gypsum sludge might have been shifted out and sold :to outside

parties for reuse. ,

Moderate sodium and chloride levels (0.41 to 2.94 g/kgaridO.303 to

2.59 g/kg respectively) at all the sampling locations, excepting at the

sampling location -7, could be from the disposal ofspQium and

chloride rich incineration ash or evaporation pond sludge in this area.
,

Sodium level at the sampling location -7 is relatively highem(14.8 g/kg).
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This sampling location is adjacent to one of the suspected solar

evaporation ponds and this might have contributed higher sodium

salts.

Table-9: Soil core samples from solid waste disposal tanks area

Methanol
Depth Iro.n Sodium Sulfate Nitrate Chloride COD Comp.- Comp.-

.. pH extractable
(feet) (g/kg) (g/kg) (g/kg) . (mg/kg) (g/kg) (g/kg) A B

(mg/kg) .

.. Soil core sampling .Iocation -4
'. .

3 3.780 0.491 0.228 <1.25 0.481 7.5 - 110 NO NO
,

6 16.20. 0.408 0.09,9, ·11.0 0.303 7.5 3.870 25 NO NO

9 .16.50 0.553 0.011 7.92'. 0,520 7.8 2.300 37 NO NO

15 10.90 0.594 0.011 5.47 0.476 7.4 1.770 <10 ND NO
I

18 14.60 0.571 <0.002 6.59 0.395 8.6 2.150 <10 NO NO

Soil core sampling location -5

3 3.430 2.030 0.193 112.0 0.989 7.2 2.640 <10 NO NO
.

6 24.70 2.940 0.021 96.80 1.330 8.0 3.940 <10 NO NO

9 14.70 2.340 0.002 1.360 0.870 7.5 4.010 <10 NO NO
. .

, ,

I

12 11.30 2.020 0.012 178.0 0.707 7.4 2.720 <10 ' NO NO

18 16.40 0.852 G.002 6.780 0.515 8.4 2.240 <10 . NO NO
,

Soil core sampling location -6

5 208.0 2.090 0.079 8100 2.590 8.20 ... 4830 D 0
0

Soil core sampling location -7 ..
\>

3 6.250 14.80 0.045 1020 1.230 8.00 ... 280 0 0

. Soil core sampling location -9
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0.3 O,~699 0.456 0.534 <1.25 0.290 6.70 1.230 <10 NO NO

3 9.840 0.755 0.b04 18.7 0.590 '7~90 1.680 <10 NO NO.
9 11.90 1.840 <0.002 24.3 0.880 7.60 q.480 <10 NO . NO,

Soil core, sampling location -10.

3 316.0 2.100 0.037 <1.25 0.811 8.00 ." <10 NO NO

6 13'.30 1.130 0.004 23~3 . 1.300 7.60 3.260 <10 NO NO

18 14.80 0.555 <0.002 < 1.25 0.530 7.30 1.860 <10 NO NO

Soil core sampling location -23

3 14.50. .1.580 0.038 14.8 0.344 7.6 3.727 210 NO NO

9 14.20 6.220 0.005 147 0.905 7.4 6.695 52 NO NO

'15 12.30 6.880 0.006 216 0.779 8.4 4.323 41 NO ND
.

21 11.70 5.050 0.005 338 0.622 8.0 . 3.919 63 NO NO

Soil core sampling location -24

3 7.850 1.50 <0.002 114 0.494 7.4 4.693 <10 NO NO

8.3 Suspected solar evaporation ponds area
..

~ HOPE membrane has been encountered at flround 4 to 6 depth in

the suspected solar evaporation ponds area during the' soil core

sampling. At most of, the sampling locations, a hard, water soluble

crust layer (of about 3 to 5 em and even greater thickness) was also

found below the HOPE membrane. Below this, ~here was thick black

liquor. At the soil sampling location -2, a weak concrete lining was

encountered at about 15 feet depth;

Results obtained from the analysis of the soil core samples. from the

suspected solar evaporation ponds area are presented in table.,1O.
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Contaminant concentrations are not that high in the top 3 to 5 feet

depth at the sampling locations -2 and -19. But at the sampling

location -22, even the top layer has higher levels of specially sodium

and sulfate. These results' indicate' import of soil and use of
,j", .

solid/hazardous waste (iron oxide sludge and gypsum sludge) to form

the top 3 to 5 feet ~eep soil layer durt~g leveling of the land.

The results indicate that the suspected solar evaporation ponds area
,

actually has more than one (many) ponds. Otherwise, composition of

the liquid found in all the three locations at depths :::;-5 feet and <15.
feet might have been similar.

..
\>

. . .

At least some of the solar evaporation ponds Had also' been· used for

the disposal of specially iron oxide sludge, in addition to for the

disposal of mother liquor. Otherwise very high ~r6n level (142'.6 g/kg)

at the sampling location -22 isijl,1explicable..'

Methanol extractable organic compounds' levels at ,the sampling

location-2 have been found decreasing with increa~ing.,depth (93.,5
. . , ,. ". . .

g/kg at 10 feet depth and 33,5 g/kg at 15 feet depth). This indicates
. '.' .'

that may be due to relatively lower specific gravity the methanol

extractable organic compounds (inclUding the sulphonatedi phenolic

compounds) have the tendency to accumulate in the top liquid layer.

Relatively lower levels of specially COD and methanol'eXtractable

.organic compounds (61.29 - g/kg and 4.98 g/kg respectiv~ly)at 18

feet depth at the sampling location -2 indicate tha(;down ward,

/ i -"
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movement of the organic contaminants was lesser and solar

evaporation ponds apparently contributed relatively'. lesser to the
~

ground water contamination.

The results of analysis (increasing sodium and sulfate levels with

depth) indicate accumulation of sodium sulfate at the bottom of the

solar evaporation pond at least at the sampling: lc>cation-2., .;." . '.

Table-10: Solar evaporation pond area

Dept Iron Sodiu Sulphat Nitrate Chloride PH COD Methonal Co nip Cdmp

h ,(ft) (g/kg) m e (g/kg) , (mg/kg (g/kg) * (g/kg) Extractabl A B

(g/kg) ) e (g/kg)

•Soil core sampling location-2

5 16.91 3.100 44.3 24.2 0.464 8.6 5.948 0.110 ND ND

10 0.533 68.67 151 3930 27.40 8.3 125.7 93.50 D 0

15 0.470 72.44 252 4660 24.30 8.4 286.5 33.50 D 0

18 1.920 127·9 285 2090 1.700 8.7 I 61.29 4;980 D D

, .

Soil core sampling location-1 9,

3 . •4.547 44.19 83 398 0.566 8.4 3~957 0:120 .' . NO NO
....... "

9 .'12.20 105.p 358 12010 30400 9',6' 23.10 14:70':;<" D' D

Soil core sampling location-22 ...

.'

3 13.00 387.3 433 1756 4.412 9.2 19.04 0,026 'NO NO
: ;,," ..

12 : 142.6 274.9 401 14260 8.360 7.8 583.5 .22.35 .: D D
~-,.

0 •, .. •
".. "

. "

. ,

.," ~;: .
.....
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8.4 Area surrounding the sulspectedsolarevaporation pondS

Intention of the soil core sampling at locations-14, -3, -15, -16, -18,

and -11 (see figure -3 and -7) from the area surrounding the

suspected solar evaporation ponds was to check whether the waste

present in the suspected solar evaporation ponds has been spreading

laterally and downwards. HOPE membrane cover, water soluble hard

crust layer, thick black liquor ponding' arid concrete lining have not

~ been encountered at all these locations of soil core sampling. The soil

.was found sandy beyond 20 feet depth at these locations.

Results obtained from the analysis of the soil core samples collected

. from the above sampling locations are presented-in- tabie-11. These
. - , .

res;ults indicate that there is both lateral and down-.vard. spread of

contaminants from the solar evaporation ponds into thesurtounding

areas. The sandy soil at 4 to 6 feet depth below the solarJ8Vaporation

ponds could intensify the spread of contaminants furth~ri.nfLJture.

The spread of contaminants was found as the least attha sampling
. : . '..' . . , .

loc~tion-11. Methanol extractable organic compounds l~velWas <10
. .:" .. . . ,. .

mgikg' at 13 feet and greater depths. SUlpn6nat~d <phenol4c
. . . .

," , .. ' . ", .

compbtmds were not detect~d at this sampli~g location: :Ev~niron

levels were very low at 25 feet.
, .

COr'\taminant levels were very high at the sampling IOcati6hs.:,1E) and .
. '.

-18, specially in the subsurface layers. Sodium,. sulfate, nitrate,.

chloride, COD and methanol extractable organic compounds levels

were 183-229 g/kg, 334-415 g/kg, 72.9-99.2 g/kg, 17.6-:-30.3 3/kg,

-

b5
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177-231 g/kg and 12.3"-26.4 g/kg respectively. This indicates that this

area was used by the industrial unit maybe for the open disposal of

the mother liquor and other wastewater. Even lateral spread of

1

i
"

I
j,

: j
:,1
. ,

..
; ~

co.ntaminants from the solar evaporation ponds might have

co.ntributed to the high contaminant levels.

At the sampling locations -3, -14 and -15, the soil is moderately

contaminated and at greater depths (>9 feet) sUlphonated phenolic
: ·t

compounds are detected indicating lateral spread of contamination

frem; the solar evaporation ponds. Iron, sodium, sulfate, nitrate,

chloride, COD and methanol extractable organic compounds levels at

thes:e locations are 5.12-21.6 g/kg, 2.51-16.7 g/kg, 2;9-44.3· g/kg,

0.034-2.66 g/kg, 0.2-1.8 g/kg, 0.9-14.5 g/kg and 0.049-1.7 g/l<.9'
'. . , .. .

respectively. Top layers of th~ soil'are relatively less contaminated,
. .

indicating that the area was filled with iron rich soil brought in during

leveling of the land.

Table-11: Soil core samples from area surrounding .the solar

evaporation ponds

Depth Iron Sodium Sulphat Nitrate Chloride pH COD Metbonal Camp Camp. ..

(ft) (g/kg) (gig) e (mg/kg (g/kg') (g/kg) Extract$bl -A -8

(g/kg) ) e(mg/k,g)
..

. Soil core sampling location-14 ' .....

3 12.10 1.420 2.08 10.5 0.515 8.0 4.211 <10· ND ND

9 18.50 12.50 15.6 77.3 1.134 7.1 8.658 290 D D
/I

15 20.80 4.060- 10.0 34.8 0.950 7.5 6.311 1210 D D
....
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21 . 21.60 4.260 5.0 48.0 0.802 7.2 4.902 49 0 NO

I

24 16.40 3.360 7.91 33.7 0.924 7.9 3.'895 979 0 0

Soil core sampling location-3

3 18.83 3.460 <2.00 53 0.437 7.2 3.668 98 NO NO
,

6 6,.750 10.41 , 18.6 40.7 0.422 8.0 0.591 112' NO NO

9 10.23 2.510 2.78 108 0.430 7.9 7.118 88 NO . NO

12 5.120 16.79 44.3 255 0.466 8.6 3.839 657 0 NO

14 17.02 5.596 26.1 2660 0.203 8~3 10.27 771 D 0

..
Soil core sampling location-15 .

,

3 9~7o.0 3.180 4.81 101 00481 7.3 4.523 212 NO . NO..
9 '2.80· 12.70 14.7 1618' 1.575 6.3 14.48 1710 0 0

15 12.30 11.10 18.6 1116' 1.776 7.7 10.31 923 0 0

21 9.500 8.440 6.13 827 1.144 8.3 7.124 776 [j D

24 8500 2.980 5.72 498 0.363 7.6 4.580 370 D D

Soil core sampling location-16

3 7.700 2.170 6.24 120 0.Ei81 7.5 2.554 <10 ND ND

12 3.100229.4 415 83500 30.30 9.2 231.1 123.00 0 0

Soil core sampling location- 18
.

3 8.29014.080. 24.8 116 0.771 7.7 3.899 <10 NO ND

9 2.210 184.5 397 99200 26.90 11 154.2 25400 0 D

15 5.490 183.0 334 72900 17.60 9.4 177.4 26375 0 D

Soil core sampling location- 11

1 7.770 1.300 7.69 147 0.501 8.4 1.804 1':10 JNO NO
0

7 15.07 0.727 6.22 6.16 0.576 8.3 1.686 78 NO NO..
13 8.980 1.570 . 12.9 106 0.463 8.2 1.955 <10 NO ND

19 8.840 1.430 13.3 176 0.711 7.8 1.904 <10 NO NO

22 9.320 1.330 6.55 51.4 0.582 8.6 1.379 <10 NO NO

25 0.601 1.090 9.28' 49.1 0.365 8~5 1.700 <10 .. NO NO
l

. ,
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9. ' ' ,Pizometric water contam'jnation assessment studies

Pizometric groundwater sampling was planned at the suspected

H-acid manufacturing shed location. Intention of the pi,zometric

groundwater sampling was to know whether the groundwater

contamination was from the percolationlleaching of contaminants from

the solar evaporation ponds and/or solid/hazardous waste storage.
tanks or it was from the intentional .injection of wastewater into the

groundwater.

During digging of the tube well, for the pizometric sampling, the

groundwater was encountered at 105 feet depth. From 105 feet depth,..
the groundwater samples (along with the solid material~amples)were

collected at regular depths and analysed. The results obtained f~om

the analysis of both the groundwater samples and the solid material

samples are given in tables -12 and -14.

.. ' .
All the anticipated contamiriants (iron,", calCium, sodium, sulfate,,

_ chloride, nitrate, organic matter, methanol extractable organic matter

and sulfonated phenolic compounds) were found in the 'groundwater

samples. Levels of all the contaminants were found increasing with,
depth upto certain depth and beyond that decreasing with depth. This

indicates that the contaminants were apparently loaded into the

groundwater at certain depth and from their diffusing in all directions

and moving in the groundwater flow direction.

The contaminant levels in the groundwater have ,been .much higher

than those found in the groundwater samples collected :fromthenine
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groundwater sampling locations (see table -12, -3 and .;.15). This

indicates that the contamination levels in the groundwater is

increasing as one moves from the groundwater sampling stations -1

and -2 towards the,pizometric well and epicenter for the ground water

pollution lies somewhere around the pizometric well.

~

Higher ratios of methanol extractable organic compounds to nitrates.
..

chlorides and COD in the groundwater samples in comparison to

those in the liquor samples of the solar evaporation ponds (tables -10

and -12) indicate that the wastewater contaminating the groundwater

is different from the liquor that is present in ,the solar evaporation

ponds. The solar evaporation pondsapp'ear to 'predominantly' have

the mother liquor while the wastewater contaminating the

groundwater ;s predominantly the filtratelliquor discarded during

filtration of the diluted fused mass' in step-11 of the H-acid

manufacturing process.

Profile of the total salt level (sum of iron, sodium; sulfate, nitrate and

chloride) in the groundwater given in table :'13 indicates that the

, groundwater has been contaminated by the following two different

sources:

• Percolation and leaching of contaminants from' theonsite
I

solid/hazardous waste storage and disp~sal and from the solar

evaporation ponds.

• I • Direct injection of wastewater into the groundwat~rat 150 feet

.., 't',..
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depth (liquor discarded in the H-acid manufacturing step -11

after filtration recovery of the sodium salt of H-acid appears to

be the wastewater discharged into the groundwater through

direct injection)

As on now contribution made by the percolationlleaching from the

solid/hazardous waste storage' tanks and from the solar evaporation
. . ,

ponds is relatively lesser and the ground wat'8r pollution is mainly

from the direct injection of wastewater into the ground water (which

was apparently discontinued by 2005) . Total salt I.evel in the top layer

of the ground water (1435 mg/L at 105 feet depth) is higher than that

.at. 120 feet depth (1133 mglL). This could be because of the

contributions through percolation and leaching from the overburden. '.

soil, the solar evaporation ponds and from the solid/hazar~ouswaste
. : . 1

storage. Beyond 120 feet depth, the total salt levels are increasing up

to 140 feet depth (to 3178 mg/L) and then decreasing (2012 mg/L at

160 feet depth). The latter might be from the direct injection of the

wastewater might be at 140-150 feet..depth..

REisults given in table-14 indicate that methanol,: ,extrSlctable

con:taminants including the sulfonated phenolic compounds> have very
. .

Iittl~ affinity with the solid material of th~ aquifer. This.,is,~vid.el1t from
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of the aquifer. While the ground water is having just 0 ..25-1.41 mg/L of

iron, the solid material.is having 10-28:5 g/kg of iron.

Table-12: Groundwater quality at the piezometric hole created

c-'

Methanol
Calciu Sodiu Sulfat Chlorid Com Compo

Depth Iron Nitrate ' COD extractabl
m m e e pH p. -A -B

(feet) (mg/L)
(mg/L) (mg/L) (mg/L)

(mg/L)
(mg/L)

(mg/L) e
(mg/L) (mg/L)

(mg/L)

105 0.25 566 202 534 .47.6 85,.4 7.8 132 227 0 0

120 ,OAO 85 341 560 47.6 99.3 7.7 161 597 D D

130 1:1'7 156 538 887 85.2 141 7.7 388 ' 767 D D
I

I,

140 0;94 1440 627 862 75.5 175 7.7 443 1060 D -1 D

150 1;30 196 719 1050 154 199 8.0 ' 571 988 D D

160 1:41 103 675 959 116 159 " 8.1 443 1200 D D

Table-13: Profile of total salt levels in the groundwater'

Depth Iron Calcium Sodium Sulfate Nitrate " " Chloride' Total salts
, .

, (mg/L)(feet) , (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) , lev,e'l (mg/L)@
, .

105, .0.25 566 202 534 47.6 ' '85.4' 1435
,

120 0.40. 85 341' 1560 47.6 ' 99.3 1133

130 1.17 156 538 887 85.2 141 1808

140 0.94 ( 1440 (627 862 .7JL5, 175: 3180

150 1.30 196 719 1050 154 ,199: 2319

160 1.41 103 675 959 ' 116 159: 2013

'.

@ Here total salt level refers to tbe sum of concemtratibn of Iron,

Calcium, Sodium, SUlfate, Nitrate and Chloride
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Table-14: Results of analysis 'of,the soiid material samples obtained

during pizometric groundwater sampling

I . Methanol

Depth Iron Sodium Sulfate Nitrate Chloride COD extracts Co nip Comp
pH

(feet) (g/kg) (g/kg) (g/kg) (mg/kg) (g/kg) (g/kg) ble -A -8

.' (mg/kg)

100 10.72 0.382 <2.00 <1.25 0.428 8.30 1.822 <10 NO NO

130, ' 16.80 0.576 <2.00 <1.25 "0.384 7.60 2.929 <10 NO NO

150 . 28.49 1.693 <2.00 < 1.25 0.771 8.40 3.842 <10 NO NO

16,0,' 10.01 0.511 <2.00 ' <1.25 0.421" 8.80 2.385 <10 NO ND
, , ' .

,
Table-15: Concentrati~.I1 of co~tamin.ants in the groundwater samples

Contaminant Concentration in the

groundwater samples Concentration in the

(mg/L) pizometricwell (mg/L)

Minimum Maximum Minimum Maximum

Iron SOL SOL 0.25(105)** 1.41 (160)**

Sulfate SOL (-7)* 206 (-1)* 534(105)** 1050(150)**
.

Chloride 1 1 (-6)* 190 (-1)* 85.4(105}** 199(150)**

Nitrate 2.3 (-3)* 15.5(-5)* 47.6(105)** 154(150)**

COD 13(-7)* 86 (-1)* 132(105)** 571 (150)**

Methanol
,

extractable
227(1 05)*~149 173 1200(160)**

organic
':>

~

compounds
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* Sampling station of the groundwater samples are given in the 1- ::s
parentheses

Depth of pizometric groundwater., samples are given in the
, ','

parentheses

, .
10. " ,', 'Conclusions Drawn

Matharu Chemical Industri'es', Bhawanigarh was in operation and

manufactured H-acid between July 1991 and February 2005. During

this period, at the rate of 580 kg/batch and 35 batches per month, the

industrial unit might have manufactured over 3000 tons of H-acid.

From this the industrial unit might have generated over 11,000 tons

,gypsum sludge, over 6,000 tons of iron oxide sludge; and wastewater

containing· over 2,000 tons of naphthalene based organic compounds

and over 40,000 tons of inorganic salts (mainly sulfates, chforides and

nitrates of sodium)'. Please refer to tables -1 and -2 for details. '

.
Except selling out a small fraction, the industrial unit'jetained all the

gypsum sludge and the iron oxide sludge within the premises. T~e
~

industrial unit remained zero effluent discharging unit. It discharged
, .
no wastewater and no secondary waste, (organic waste and

incineration ash generated from the wastewater treatment and

handling) beyond its premise~. The only exception is transport of 103

tons organic waste/incineration ash during dismantling after 2005 to

the TSDF of Nimbua, Dera Bassi.
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It appears that the industri~1 ,unit segregated the filtrate (discarded ::rLt
liquor) of the H-acid manufacturing step-11 (and even the H-acid

washwater of the H-acid manufacturing step-12, if not reused) and

disposed off through injecting into the groundwater at about 140-150

feet depth. Over the 14 years period the industrial unit might have

injected about 28000 m3 of wastewater into the groundwater. This

has heavil.y polluted the local groundwater. Declining groundwater

table and continual pumping out of groundwater for irrigational use,

specially, at the groundwater sampling stations (wells) -1 and -2,

apparently are not allowing spread of the grou~dwater pollution. The

observed groundwater pollution is mainly from tbis· wastewater

"
injection. Contribution by the solid/hazardous waste storage tanks and..

~

by the solar evaporation ponds as of now appears to be there but not

~ery significant. Total salt level (iron, calcium, sodlum,sulfate, nitrate

and nitrate) observed in the top layer of the groundwater (at 105 feet

depth) is higher than' that observed at 1.20 feet depth (1435 mg/L).

This could be from the percdlationlleaching of contaminants from

.above. Beyond 120 feet depth the total salt level was increasing upto

140 feet depth and beyond that it is d~creasing. The latter could be

because of the injected wastewater.

All the other wastewaters (the mother liquor of step-8, the w~shwater
. .-

of the nutch filters and filter presses, the foul condensafeQf H-acid

manufacturing step-7, if any, and even the wastewater from the

- utilities and services, if any), amounting to 28000,;,57000m3
, were

apparently disposed off by the il')dustrial unit into the solar evaporation

.ponds.
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Solar evaporation ponds of 3600 m2 area spread in about 4400 m2 1-5'
iand area were used for the disposal of ~he wastewat~rs. Some

portion of the solar evaporation ponds area (about 800 m2) was

apparently used (or the burying disposal of organic .. sefid waste

packed in gunny bags. The solar evaporation ponds are found to still

hold the disposed wastewater in the form of thick bl?lck liquor from
~

about 6 feet depth to about 15 feet depth. This liquor layer is confined
\,

. . ~

at the top by a hard, water soluble crust layer and a HDPE membrane,

and by a concrete lining at the bottom. Volume' of this iiquid amounts

to about 10,000 m3
. This thick black liquor is percolating downwards

and it will ultimately reach the ground wat~rand pollute it. Being a low

lying area, both storm watef and applied flood irrigation water

accumulate in the, solar evaporation pond area and will enhance the

percolation and leaching of the pond contents into the grounawater.

Confinements of the solar evaporation ponds appear to be not that

leak proof. The thick black liquor is percolating/leaching both vertically

and laterally. Lateral spread of the solar evaporation pond contents

have already heavily contaminated about 600 m21and on the

. northern side (figures -3 and -9).

PHOTOGRAPH

Figure-9: Photographs showing contaminated soil core samples

adjacent to solar evaporation ponds

Gypsum sludge, iron oxide sludge and incineration ash ~(a.nd:eV'en the
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organic sludge) were supposedly stored in three sludge. storage ta~k's,

each of about 480 m3 sludge storage capacity.' During .dismantling of

the sludge storage tanks, only about 103 tons of incineration

ash/organic sludge was reportedly transport.ed to the TSDF of Nimbua,

Dera Bassi for disposal, and ll)O gypsum sludge and no iron oxide

sludge were transported to the TSDF for dispos~L

Assuming consistency and bulk density of the gypsum sludge as 70~o

and 3.0 respectively, total volume of the gypsum sludge generated

might have been above 8000 m3 while the storage capacity available

was just 480m3
. Similarly, assuming consistency and bulk density of

the iron oxide sludge as <30% and <3.0 respectively, total volume of

the iron oxide generated might have been. >6500 m3 while the storage

cap~city available was just 480 m3
.

Unknown but significant quantities of both gypsum sludge and iron

oXioe sludge were reportedly disposed off through selling to outside

parties. Rest of the gypsum sludge and the iron oxide sludge were,

.both before and during the dismantl.ing of the industrl$l.unit(and the

sludge storage tanks) and leveling of land,.disposedandspread on

the land within the industrial unit ·premises. This mighrh~ve been

responsible for the higher levels of iron, sulfate, chloride and nitrate in
. . . '.

the· top soil of the industrial unit (table-7). Significant quantities of

specially the wet low consistency «30%) iron oxide sludge w9s

disposed in the north~rn comer of the ihdustrial plot· (pleas~;$~e figure

-10), which was not actually designated for the solid/hazardous waste

storage.
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PHOTOGRAPHS·

Figure-10: Photographs showing disposed iron oxide sludge corel

samples from the north-eastern corner of the site

Incinerator was commissioned in 1996. Before· 1996, no organic

waste was incinerated. Even after the commissioning in 1996, the

incinerator was not effectively used. The mother liquor was

supposedly neutralized with quick lime and filtered to remove gypsum,

then it was concentrated and filtered to remove glauber salt (sodium
. . . I

sulfate), and then it was supposedly incinerated. Incineration of the

treated mother liquor was supposed to generate about 30 tons/year of

Incineration ash. Despite this, at the t~me of dismantling, the

.incineration ash storage tank was (instead of 250-400. tohs) was

having only 103 tons of ash.

Use of sodium chloride (common salt) and hydrochloric acid (in the

H-acid manufacturing step -8) might have proved the mother iiquor

treatm$nt very difficult and might have resulted in th~ generation
. " . .

much·: ·Ia~ger quantities· of : incineration ash, when Incinerated..
Ineffective use of the incinerator might have forced the industrial unit

to maintain the mother liquor (concentrated to differenlley;els)in the

solar evaporation ponds, some of the sludge settled. to the.'bottbm of

the solar evaporation ponds on concentrating might have been

dredged, sun dried and packed in gunny bags and dispd$ed in the

solar evaporation ponds area (please see figure-3).

. I -
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11. Remedial actions recommended

The study clearly showed the following:

) .

•1. Localized contamination of groundwater through injection of
I

about 28000 m3 of industrial wastewater at about 140-150

depth .

. 2. Presence of about ·10,000 m3 of industrial waste concentrated

to different levels in the solar evaporation ponds (a potential

source of groundwater Contamination)

•3. Heavy contamination of about 600 m2 land with the thick-black

liquor of the solar evaporation ponds on toe northern side
...

.A> Presence of iron oxide ~Iudge in the north-eastern cotner of the

industrial site and buried organic waste on the south-western, . .

side of the solar evaporation ponds

5. Contamination of the top soil within the industrial unit premises

specially with iron oxide and gypsum sludge

The contaminated groundwater needs treatment/at the least to

remov~ the methanol extractable, organic compounds (including
. .

the sulphonated phenolic compounds). For this the· grQund water

may be pumped out from the epicenter of contamination. (which

lays at 140-150 feet depth closer the manufacturing.shed on the

western side), treated for the removal of meth~noi~ctable

o
organic matter and then, if found suitable, used for irrigation in the

nearby agricultural fields.
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The treatment can include

• raising pH to >11 with lime tq precip.itate the colour imparting

methanol extractable organic matter

• settling/clarification to remove the precipitated Qrganic matter
"

• neutralizing the clarified water with sulfuric acidtoabout 7 pH

.
The treated (heavily polluted) groundwater is suspected to have

higher lOS and may flot prove fit for irrigation at least during initial
'.. . . .' . .

stages. Amount of ground water to be pumped out and treated may

be quite large (can be around 1,00,000 m3 or even more). the sludge

generated from the treatment needs handling as hazardous waste.

After dewatering and drying it may be sent to the TSDF for disposal or

incinerated.

The thick black liquor and other waste present in .the solar

evaporation ponds may be treated el,S hazardous waste. It may be

lifted and transported as it is or after sufficient treatment

(neutralization, cOl')centration and filtrationl) to TSDP for disposal. All

_ the secondary wastes generated during 'such treatment may also be

considered as hazardous waste and handled. ThesQtarevaporation.
ponds may contain upto 10,000 m3 of waste.

to

The heavily contaminated soil (with the thick b1ack liquor of the solar

evaporation ponds) of about 600 m2 land area upto 20 feet on the

northern side may also be handled as hazard,ous waste.· This waste

. !

) .' .

may amount to 2700 m3
• It may be lifted pnd shifted to the' TSDF for

disposal. Further, the iron oxide slUdge in the north~eCl$t~rn corner of

the industrial site and the buried organic waste on the~s,()utf1.,;we$tern
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side of the solar evaporation ponds may also be lifted and transported,
.. . I

to the 'T$DF for dispoSal' as hazardous waste. Actual quantity of this

waste to be handled could not be assessed.

Contamination of the top soil within the premises of the industrial unit,

specially with iron oxide and gypsum sludge, may be taken care off

through the following steps:

..

1
1

Ii
I
!
I
I

I• I

II
I'
l
!
I
j
j

I

i
!
l

1.

2.

Avoid run on of storm water from the surrounding areas

through creating berns/barriers, and diverting the storm water

specially on the eastern and southern sides.

Avoid flood' irrigation of the land within the industrial unit

premises and impose restrictions on the crops to be grown.
,

Fiber and energy plantation crops may be most tpeappropriate.

Food and fodder yielding crops may be avoided.
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Mode of Receipt of Sample Sampling by laboratory

.~ _.

Sampling Location 1. Tubewell-1 (Mr. Jang Singh, ViiI. Aaloarkah)
-

2. Tubewell-2 (Mr. Teja Singh, ViiI. Aaloarkah)

.

Date of Sampling 23.11.11 -
•. .... .

d

Sampling Protocol IS:3025-(P-1 )-1987-R-1998 Amdt-1
.,

Sampling Team Lab Representative: Mr. Deepak &Tearn

Customer Representative: Mr. Bhagwan Singh

Date of Receipt of Sample 23.11.11

Date of Reporting ... -
01.12.11

Testing Protocol 18:10500-1991 R 1993 Ad.2
.

Remarks & ObservationS' 1. Clear colorless liquid
Q -. -

2. Clear colorless liquid

'~
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I
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S.No. Test Parameters Results Requirements
..

Test Method

Units . 1 2 Desirable In absence of

limits alternate source

1. Total hardness IT1gl1 268 256 Max 300 Max 600 IS:3025(P-21 )1983R-2002.Ad
(as CaC03) .

- .
2,. COD mg/l 12.44 4.148 . - APHA5220B- -

d
...

3. Iron (as Fe) mg/l 0.04 0.07 Max 0.3 Max 1.0 IS:3025(P-53) 2003
, --

·4: Chlorides (as CI) mgll '20.12 16.46 Max 250 Max 1000 US:3025(P-32)1988 R-200X

. 5~ Sulphate (as S04), Max. mgll 16.5 15 200 400 (See col7) IS:3025(Part 24):1986

-
6. Nitrate (as No3), Max. mgll 8.4 6.67 45 100 IS:3025(Part 34):1988 -

7. Phe':'!olic compounds.,. .- mgll BDL SOL 0.001 0.002 APHA 21 st EO 2005-5530
(as C6H30H), Max.

8. Solids (Dissolved) mgll 320 500 2000 IS:3025(P-16)1984 R-2002
.

9. Nitrogen mgll 9.4 - - APHA-21 st EO.2005-4500B
Q -

(Total Kjeldhal)
.

f'
~
~
~
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I
"'''''-')1

~..
..,

;~
{"

658



--~-_""-~'_"'-~--------~-p----,---~----~...-.....-~-~._.~~-~~ .......................~~- ......-<....~_._-~~~.....-,-.".,.-.,....,. ............ ...,.-"'.........~-..---"'-"-... '-"------"...................-'""...............-----..........,~_ .............-...;.-"~,-_,.~';~ ....c~.'V<-4..I.,..~..;.'V.·_.~.~-'<.."-~_".~.>:·~-...:_:.;..""'..: ......0~~...~~~.:.:::'U':~..O'~eJOOO ...;'OC...~~"'O~~"""'6""'."'.="""_ ............__

.'1.
/ 87

e

Opinion: The submitted sample of water confirms to SIS Specification IS:10500-1991 with respect to the above tests MOL ~Minimum .

Detection Limit; SDL= Below Detection Limit

Sd.

Technical Manager

Terms and Conditions

. (1) The results relate only to the items tested [2J Giving opinions does not imply endorsement of the tested product by laboratory [3]

The test cel1i'ficate shall not be reproduce except in full or used as advertisement or evidence in court of law without written

approval of the laboratory [4J The laboratory has a complaint redress system. Discrepancy if any, in the test report must be brought
...

to the notice within 7 days of issue of report. Customer feedback form and policy Guidelines on Requests and Contracts are

available on our website www.ecoparyavaran.in [5J All disputes are subject to jurisdiction of Mohali (Punjab) India.
..,.

q
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CQMMENTS ON THE REPORT ON ASSESMI;NT OF GROUND

. WATER CONTAMINATION AT THE PLANT SITE OF MIS

MAHALAKSHMI ORGANOCHEM INDUSTRIES THAPAR CENTER

FOR IND,USTRIAL RESEARCH AND DEVELOPMENT

PROF. BARUN KUMAR GUHA (RETIRED)

CHEMICAL ENGINEERING DEPARTMENT

ENVIRONMENTAL ENGINEERING GROUP..
INDIAN INSTITUTE OF TECHNOLOGY, DELHI

SEPTEMBER, 2012

.
COMMENTS ON THE REPORT ON ASSESSMENT OF GROUND

WATER CONTAMINATION AT THE . PLANT SITE OF MIS

MAHALAKSHMI ORGANOCHEM INDUSTRIES THAPARCENTER

FOR INDUSTRIAL RESEARCH AND DEVELOPMENT

MIs Mahalakshmi Drganochem Industries (F'reviously' known as

Matharu Chemical Industries), Nabha Road, Bawanigarh has been

operating the H-Acid manufacturing plant for about 2 ~ars ending in

2004. The original plant started its manufacturing process in 1991 with a
I>

l>

design capacity of 20,300 kglmonth of H-acid. The unit has shut down

the production process in 2004 and the plants and machineries sold off

as scrap. Gradually the unit disposed off all the waste sludge and other

materials within the complex.
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SUbsequently the land was cleared of all the debris and the plot was sold

off and used for agricultural purpose. At present several crops like
, .

,wheat, mustard etc. are being cultivated in the land.

The unit had set up an Effluent Treatment Plant with adequate capacity

to handle the total effluent ioad. In addition to this the solid wastes

generated within the plant, were initially stored in a separate shed as per

the>requirement of pollution board norms. These were later transferred

to the secured land fill site once the same was developed within the state

of Punjab. The plant had been regularly inspected by the officials from

,Punjab Pollution Control Board and other authorities. All the

recommendations suggested by them had been incorporated at the

time.

The Plant Site

" . ' .. ' .'. . .

The indUstrial unit was located on the Bhawanigarh-Nabha Road at 4 km
, '

di5t~~ce from Bhawanigarh bn the right side. The industrial area is

surrounded by agricultural 'fields all around except for two rice shellar

units, a warehouse, one pipe factory, a petrol pump in the 'nearby areas.

The nearest human settlement is in a small village at a distance of about

1000m from the plant.

The Manufacturing Process

The process employed for the manufacturing of H-acid uses Napthalene

as the raw material. H-acid is 1-amino, 8-napthol,3,6-di$uphonic acid
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and is manufactured as sodium salt having molecular formula of

C1QHsN07S2Na2' It is a grey powder highly soluble in water, alcohol and

ether. The manufacturing process involves several steps as outlined

below:

1. Sulfonation of naphthalene· (C1()Hs) with 65% oleum and

sulphuric acid.

2. Nitration of the resultihgmixture with 60% nitric acid.

/

3. Neutralization of the mixture 0 acid, sulfonation and

nitration products with lime slurry (10% concentration)

4. Filtration of the mass to separate the Gypsum sludge

(CaS04) formed from the intermediate product formed as

filtrate including the washing. of the filter cake.

5. Reduction of the filtrate by iron powder involving addition of .

hydrochloric acid, soda ash and acetic acid.

6. Filtration of the mixture to separate the iron sludge, which is

disposed off as a by product.

. ,

7.

8.

9.

The filtrate solution is concentrated in a set of multiple effect

evaporator
, .

The concentrated product liquid is mixed with hydrochloric

acid and common salt to precipitate the H-acid and is

recovered by filtration as Koch cake.

Mixing the Koch cake witli· caustic Iyel caustic fl,akes and

then heating the mixture for evaporation and melting Ifusing .
. ,

the produdt in an· autoclave heated with thermic fluid.

10. Diluting the fused mass and mixing with sulphuric acid. The

mixture is boiled to remove any free sulphur dioxide.
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11. Cooling the mixture (boiled off mass) and filtering the same g-"g-­
to get the sodium salt of H-acid as filter cake.

()

12. The product H-acid is washed with water and dewatered in
..

a centrifuge. The product is dried and milled to obt~in the

final product as powdered sodium 'salt of H-acid.

,The manufactu~ing process outlined above indicates that there

are two types of waste ~eneratedwithin the production plant, viz..' ,

Solid waste in the form of gypsi..ui1 sludge & iron sludge and the

liquid waste streams in the form of mother liquor after separating

the Koch cake and the discarded liquor after precipitating H-acid

and finally the wash water stream from' the final washing and

separating in the centrifuge.

Waste Management:

A. Waste Water Management:

There were mainly two types -of waste water generated from the plant.

One was the concentrated stream of mother liquor containing high

concentration .of unconverted raw materi,als and other organic

conipounds formed as undesirable side products along with inorganic

salts of sulphates etc. This particular stream was incinerated in a

.specially desiQned incinerator for 'the purpose. The incinerator was

ins.t~IIed at a later -stage and till then all the concentrated stream was

ha:ndled in a solar evaporator pond fitted with spray systerTl,toenhance
. .

the'rate of evaporation. Th~ total installed capacity to store such waste
, ,

water within the plant was more than 6000m3 with a totalJ~ffective area

...
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of 4400m2
. The estimated total waste'water generated within the plant

, . .

was in the range of 23-24m3/d. This included all other types of waste

water, excepting that of the likes ofc06ling tower blow down and steam
. I

condensate etc. These were used for horticulture input ,within the plant

complex. Thus the total area available was more than adequate for

taking care of all the waste water generated by solar evaporation. The

location of the plant is in a semi arid area where the mean natural solar

evaporation rate is about 0.01 m3/m2
. Thus the evaporation pond area

provided was enough to handle nearly 44 m3/d of solar water

evaporation. Further the muItiplE3effect evaporators would have handled

some additional volume of concentrated waste water.

I .

B. Solid Wastes

.The.' solid wastes generated within the plant were mostly from process

steps and they included, gypsum sludge, iron sludge and incinerator

ash. The first two types of sludge were produced directly from the

process steps involving filtration and were quite wet. These were. ,

d~watered and then further dried by exposing to sun. All these sludge

are·c1assified as hazardous in nature because of the contamination of

".
toxic organic compounds. Th:e iron sludge has considerable resale value

being used for several manufacturing proces~es like: brick kiln and

others and is also used as a soil nutrient. Most of it was disposed off by

selling to different vendors. Similarly the gypsum sludge has good

market value; particularly for the manufacture of cement. It has many

other uses like gypsum board making, fertilizers etc. But because of the

presence of organic matters in the sludge, the product after drying was
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not of pure white colour and free of these matters, as is desired by these

users. Hence it was difficult to sell it to such users. This sludge along

with the unsold part of the iron sludge were initially stored in sludge pits

specially made for the same and later on was put in bags and stored in

ventilate9 storage shed designed 'for the purpose.

. : '

Simil~rly the incinerator ash generated from the Incinerator unit was also

put in,a bag and stored in this specially designed shed.

Sludge Utilization

Iron'Sludge: The iron sludge produced within the plantformed the bulk of
.'

solid' wastes. Major part of this sludge after air drying was ,supplied to

. bricK:'kilns who use this material along with the clay to provide the

'.
speCi.fic colour. Further the organic matters present within the sludge

,
gets inCinerated and c,.Qnsequently .releasing lots of heat which is 'very

useful-for the brick making oPElration. Particularly the heat release within. '

, the brick body improves the quality of the bricks. Thus many of the brick

kiln operators were procuring this sludge and mixing them with clay for

the making of bricks. In this manner a major fraction of the iron sludge '

was handled within the plant.

The iron sludge was also used by the farmers for increasing the iron

content of the soil. Particularly the 1qnd the area has iron deficient soil.

Thus the sludge after air drying for a long period was used as a fertilizer

supplement to improve the iron content in the soil. The longer period air

drying ensured the removal of most of the organic matters by

evaporation and oxidation.

..
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Gypsum Sludge: Gypsum sludge is''produced while neutralizing the acid

after the suiphonation of naphthalene with oleum and sulphuric acid.
, " .

The,'resulting CaS04 is an important raw material for the manufacture of

cem~nt. The sludge when mixed with the usual raw mat~rial mix of. time

stone.,'coke/coal and gy'psum rock s'upplement the 10 requirement of the

latter. In this case also the organic matters do not cause any problem for

the manufacturing operation' as they get incinerated releasing heat

which is useful for the cement kiln operation. Only limitation on the use of

the sludge material was the fineness of the sludge particles. This

prevented use of the sludge in excess.quantity beyond a limit, which

otherwise would cause increased loss of dust in the flue gas. However,

most of the cement kiln operators w.ere quite happy to use the material
r ~

so long it is available at very marginal or no cost basis. Mis: Mahalakshmi

Organochem. Industries (Matharu Chemical Industries as was known

earlier) was very happy to supply the material at free Of cost to the

nearby cement kiln operators, even supporting the transportation cost of
,

the same to dispose of the solid waste from their premises.

..

Incinerator Ash: The incinerator ash was of relatively small'quantity and. .
contained very little toxic matter, particularly materials which can leach

out easily. The ash produced from the incinerator was packed in HOPE

bags. The bags were then stored in shed designated for the purpose.

The solid wastes were stored in the premises in properly designed

sludge pits which were lined with impermeable HOPE sheet to prevent
I .

any leachate to go into soil and thereby having the potential for damage

of land and surrounding water bodies in the area due to the storage of
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these sludge.

Solar Evaporation Ponds

As already mentioned earlier the manufacturing unit had large dedicated

area of shallow evaporation pond to fake care of the effluent generated

within the complex. All these. ponds were lined ·andany possibility of
. .

large scale percolation in the soil was quite minimal. Whatever small

amount that might have percolated was due to the drift loss occurring
,

from the spraying of the liquid within the pond~ to enhance the

evaporation rate. The drift loss gets deposited on the surrounding ~reas
I>

a~d subsequent rain fall or irrigation for the cr~p cultivation has resulted

in its percolation to the soil. However, the quantity of such material will

be quite low. Further as is evident from the recent ground water analysis. . . ;

by Mis Eco Laboratories and Consultants arid :the earlier analysis by Mis
• . i . . ' . .

Thapar Centre for Industrial Research & Developments these materials

have been washed off the soil and has be.en diluted. Thus all the

contaminant levels in the ground water samples are below the detection

limit.

This is a common phenomena with such land pollution that the natural

redemption process takes precedent over any artificial process

designed to take care of such problem. The soil in the area is quite

porous and allows washing of the soil by rain water and the degree of

contamination if there was any decreases over the years. Several

studies have been done on such natural redemption of soil by rain water
,

and shows that in most cases the after about 7 /8 cycles the
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contamination level becomes quite negligible [ Ref. Dr. Anwar Ali Khan,

"Ground Water Contamination from Dumping of Solid Wastes on Land",

Ph. D thesis, liT Delhi (2007)]. Thus it can be cO[lsidered that the

residual contamination left behind by the chemical manufacturer ..after
~

the operation was stopped in 2005, is quite negligible. Particularly since. .
the land has been used for growing different crops which needed regular

irrigation of the land which would have accelerated the washing process.

Further the crops do not sho~ any symptom· of being affected by the

effect of any residual chemical contaminatiOn.in terms of plant growth or

productivity of the soil (as measured in terms of the yield of the crop

wheat or mustard per acre of land in the area).

It is also of particular interest that there was no complaints from the

farmers in the area for any problems with respect to agriculture activity

or with irrigation water.

Analysis of Potential Environmental Impact on the Ground

The manufacturing of H-acid was stopped by, the plant management in
. . , .

200S due to financial problems of the managi~g company. The land was

cleared of all the structures and materials within a short period after the

same.

The plot was sold off in 2006. This was being used asanagriculturaJ
. ..

land to grow crops like wheat, mustard etc. However, later an in 2011

under instruction from Punjab Pollution Control Board, Thapar-Center

forl.ndustrial Research & Development, Patiala had carried ol;Jta

..
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detailed study of the Assessment of the Length, Bre~dth and Depth of

Ground water Contamination by the by the same unit.

The investigating team after several visits to the site came out with many

conclusions based on the data obtained bythem and. made some drastic

remedial actions recommen~d.ations;·Most .of them are· based on

observations which are not corroborated by the fact.s or are based on
. .

presumed estimation based on historical data rattier than monitoring the

site condition at the present time.

, .

There are several issues raised in the report which are not based on the

facts or are based on calculations which are quite different from the

realities as highlighted in following section:

1. . There ~re several inconsistencies in the results. Thus in Table 10

of the TCIRD report (attached) the soil core sample from sampling
I

location 22 show that at a depth of 3 ft the sodium content 387.3

g/kg where as sulphate and chloride content are 433 and 4.4 g/kg.

If it is assumed that all the sodium is in the form· of sodium

sUlphate and sodium chlorid~., then the amount of sUlphate and

chloride would require sodium content of only 210 g/kg. it is not

clear in what form the residual sodium is present in the soil.

Similar is the case for soil sample collected at a depth of 10ft at

the same location as well as for samples collected from location

19 also.
. .

2..... There is no data on the background salinity of the soil-from· nearby. .
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so called non contaminated area / .'
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3. It is not very clear whether the COD values are for water

extractable part only or also includes that of the methanol extract.

4. One of the conclusion for the,' top soil layers being less

contaminated is that the areas have been filled with iron rich soil

(soil mixed with iron sludge) does not agree with the results of soil
,

analysis. The results indicate that in most cases the iron

concentration increases with the depth.

,5. " ., One ofth,e m~jor contradiction is in the quality of water. The recent

sampling by MIs Eco Laboratories & Consultants Pvt. Ltd. A govt.

Approved NBL accredited laboratory indicate the water from the

bore wells in the vicinity of the pant area devoid of any

contaminants other than traces of organic compOund (as

indicated by COD values). Particularly they are cOlourless'clear...
- -samples of water. The.level of the total dissolved solids are also

'quite low indicating the absence of any contamination due to the

movement of dissolved solids from the site. It may be mentioned'

that the contaminants are primarily iron (Fe) and Sulphate
I

compounds. Both the components are within the permissible

limits of IS standards 10500 of drinking water (attached).

6. The soil samples collected from the solid waste. dumping area
.

, shqw no sign of any contamination with the level of Sulphate,

Nitrate, Chloride, Sodium and others sho~ing are within the limits
, '

which are normal for many of the soils. (An·alysisi of a reference

sample from the area which is perceived to be- non-contaminated

to
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was not, carried but and is not available for comparison.

I

7. The methanol extract of the soil sa~ples may contain many

components other than the Compound - A or B. The qu.alitative
I .

presence of these chemicals does not make the system any

problematic. Particularly it appears. that they are insoluble in

water. In that case the mov:ement of the chemical constituents

along the soil c;:iepth is not clear. In fact at no stage any organic

solvent was used within the complex and hence the movement

from the adsorbed matrix in the soil is very unlikely. But the re~ults
I

inthe tables shoW the similar trend

8.

9.

I The water samples were also tested. for the m~thanol extract

value. It is quite strange that the soluble components needed the

methanol extraction. Particularly the COD values should have

been the indicator of the presence of organic components.

However, there is no. clear relationship between. the methanol

extract and COD values. The ratio of Methanol Extract to COD

value varies from a low of 1.7.. to as high as 3.7.

There is no data on the TDS (total dissolved solids) or hardness of

water at different depth to corroborate the estimated ~otal salt

concentration in water which varies from one depth to other quite

arbitrarily without any proper ionic balance. Thus the highest level
o

of Calcium is shown at a different depth from where the Sulphate,
1:0

~

Nitrate or Chloride is at highest level. This is not possible at all

since Calcium if not from background level will have to be

combined with one or more of the three anion components
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·.•. mentioned above. In case it is in the background water, then its

•. prevalence would have shown in the form of hardness or other

•. parameters also.

Conclusions

In view of the above mentioned discussions it may be following matters

may be concluded:

1. The recommendations regarding the redemption of water is quite

misleading. Particularly the gro.und water aquifer is a dynamic

system where the water is always moving in a particular direction.

In that case the contaminatioo levels keep on getting diluted with

fresh water movement from the· surrounding areas. Further the

front for the water also keeps on moving from one location to

other. The pollutant levels keep on getting diluted and ultimately

becomes untraceable. This is indicated from the recent sampling

which does not show the similar degree of comaminated water in

the wells. Further there has not been any observation \> 01>\ this

issue in recent time by the residents. or farmers in the area,

providing further evidence that the proposal for redemption of the·

ground water is unwarranted.

2. The redemption is usuaily carried out for the soil. However, in this

case the analysis of soil shows that they have been washed by

rain and irrigation water. Further washing of the soil must have
. . .

taken place during the last two yea'rs after the pe.riodwhen the

original sampling was done Mis TCIRD. It appears therefore that

there is no need for redemption of the solids at the site.
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The process of redemption method suggested is quite vague and

does not have dear end point fixation in terms of characteristics of

water and the process to be adopted. Particularly how the

methanol extract fraction will be removed from ~he system and

what will be the fate of this treated water.' Further extracting so

much water within a short peri,od of time is not only impractical but

also' has long term impact on the geology of water table

movement. The rain fall in the area is not that high to replenish the

water table and there will be significant lowering of the water table

in the nearby areas. This would have tremendous adverse effect. ,,
on the agricultural activity in the area. Most 0f the farmers are

dependent on the ground water and any lowering 01 water..table
. ~

I will affect irrigation of farm lands an<;i cause hardship of the

farmers.

There is no evidence of any adverse, effect of the soil or the

underground water on th'e health of the human A being in the area
. . " .

or the agricultural output from the land in the area. This is evident

from the crops being grown on the same plot which shows healthy

growth of plant. There is no' report' on the uptake of the..
contaminants by the crop outputs viz., wheat and mustard.

5. There is no record of any unusual health problem in the area

which can be attributed to the quality of water or on the crops

produced in the area.

6. A concerted effort shol:ll~ be made to evaluate this phenomena in

terms of the effect of the so called contaminants on,the crops and
I
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human health by taking up a long term exercise to monitor the

same. In the' absence of any such data it will not be advisable to

carry out any redemption plan for the soil or water in the area
,

which may have more detrimental impact on the(>el1vironment than

providing any benefit.

so/­

DR. BARUN KUMAR GUHA

.... PROFESSOR (RETIRED)

CHEMICAL ENGINEERING DEPARTMENT

INDIAN INSTITUTE OF TECHNOLOGY, DELHI

..
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Sub:' procccclln~~ of. the joint Inspilction of thn :;ful of MIs Mnhnluxml
Oryoc::huin: JndulIt..,., Nabha RaDU, ~hOlwUIlI!lllrh, Ohltrlct SlInQrur un
04/1~fio1S.· .

I h~ :OUOWl/'l9 tl<itrn members llilV(l .Ylsi\~a th~ slle of "1/& M\ltlaluxm,
O'lJOCIlcm lnelu.trY. Nabha R,oad. BhilWilnl9iHI', l)i!irr:CI ~nl'lC]r\lr on 04/1 '-1701 5:-

1. E,. 1>. Vinod Saou, I\ddilionill Dlrecto', Cl:ntrill Pollullon Control DoarcJ. OC.~i1I,

I. I:r. A.K. Kalsl. Smilor f;nvlronmlllllill Engineer, PUll!'l!) Plllllltioll C:olllmi
flo<tld, Zol'al OFflr.e·II, Paliillo•

.\ Or. AnnOI' Vl?mlil, AssI~lilnl l'rofl~r,:-{J'. ~ChCl(')1 of t:ncnJY emu r,nVllllnm.:f\l.
1!I.iOilr ()nlversily, Plltlalil.

~ Er 0."-, SII\f,lla. EnVlrO""lefltill lZnlJ",r:f~r. 1'1In:;l!> pollution COlllI": ftoorCJ •
....m.'l UI(I\:I:'ll, 1'':'1',11<1.

" \;, c.;.~. (;iII. E,wimnmanl,ll En{jll\"cr, I"JTlJilll PI')IIUIl:'f! (mItrol !lll"r..'.
1{()'Ilun,,' omc.:!, SlInU1ur. I

v, /;,. Nilvtei>h Slnglil, Assistant EnVironmental E"(JiIlCE'I, punjab P()llutron
Lomrnl BOil'el, I~cglonal Ot/lCC, $<ln\Jrul.

i

There's no phvslcol) dump of hClZdl'(jOllll wailtl! '/\ and 1llo'Jl1d the
li,(JlJstrlal prel)\i~es. Thfl lil"d 01 thQ Indu:otry llil~ bee... \'No?lI"d ilM
fllc:Pilt~ for ir,rI9auon. ,

•,.. ,olour~d pil\c:h of soli \\'ilS.loUIl" rn N~lth 1!1INt pm\llln Qf \he site.

One ground yfatar sample Wi$~ cnucctccJ ('UIIl w\.,11 No·2 Klc;ill..d J1
~il51 ro· Slrl~ {as shown in m-.v shown in Aflnl:xur",\' und two
Silmpl~ 01 orotrnd wiltel t(llt,..n f,nn' ':,CII.;\ ilnrl wr.U·.... 'lC"l):l'J ttl!:'

iliacI tow,ltd:; W(!~I or 11m '.Ill!

'.

II.

m.

I'r;c I!Ill.lVc sale t(!am 1/\5It<:0' lnll ~Itc ana Its !Ollrrounoillg L1rt:<l'j,)nCJ 1)!J:;'JI,.t;Q the

WhUW!I1I;l:-

\.

1\', 1'10 c:olOur WilS YI51Ulli In lilt.! ;J\Jlolrl.:dlll \OruulIu v",(l:" ~"(I'U;"~. i,;;, ,n
vii:If·' lind WI!II-2, hO\V~Yl:r 1t1)1\.1 ,,,oll,sl:1 colnur WCI~ 1.ll"L!fV<.-d III two
dOwhstre<lm ground waLer samples collo1!QlOd fernl w"I1'3 and well-4.

, .

I'1;r\Jllll Ppllut,on Con~rol-l:IoLird ho'\. commull'C"....uM lit ".nnen :n \he rC';JKllloent
:m. (j I.e. SIl. Cllc1ndr.lr Sl:~ha' Otlawan. ll.espnrlCj~nt no.i' ;./!. ~ll. !iunll Ahl.l]il &
~~:::pl)ndenl nO. 9 I.e. Sh; Gl.ltchilrlln' Sin\}h Miltharuwith reQUeS1 (D ol\.\tmd thl:
.\l~~t."lloll \l.I Uil ca.n1QlJ QlJ1 by tile tlUpVlI ll~ilhi Via..:: UOi1lcJ'S .1::\\":. 111.1,· )9J:1.-J~

·,IJIo.'\l 0:/1 :!/:!OJ~

:'l'~ I'oh1!Ssilr.e rtgillCltl'J VIsIt inspeCtiM has nl,,1'l DC!!n convcyCld to '<:~flt)n,dCI'l:
IItl II l1\ cJ througll t!(J\illl, Ullephi,)ne & SNS. M no cllnt<Jo; nn./UI,'UII .\I,~rCS!:i or
rl!~pUl1cJCl\l 1\0. 7 was C11/(J1l3bJa tllercloru, Dilly Il:lt(Jr hU~ bC:t11l \,.SlIlld (" l",OiMlV
U\C dulU of InSpl:,tloll on· its alldrl!ss av~llaole 10 rha l3u;lIu. .

. ,.

4. \)1" ,/I'; VI:;ll," unly le!lponciclll flO. !) ',0. :":ih (iU,'I;ltdl,lI' ~\II'U\l "Ii,lhMII: \Ij,I',

nrl'1ll\n1, 'ilIWlJ,,~r. IHnaU hilI" blJlJll .'·GC,l"I~(1 ·'r.~'111 Ic~"Otldmll ,'" 1>. ,,~.: SII.
::hanOlir Sllkhllr PI1i:lWiln ;'egilrdi!'9 his n~n 1I11{ullltllhty l.n SlI«l.d,IUl. Ilu!>llCmcenl
'Ill. , 1I.:Jl>nulUlc:r clttl:lndeCl lnevlSlt n." givml :l"Y svbl\lisslon rl!O~lr("l\ll Ill'\: "or'
'l\Iaill.lhlli~. l·

,
~ .:

\
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.;. OIlSIlNiltinns lind roc:ommunclill!Ofl!i of the learn:-

'. Immediate: Inte:rventiOIl n)eo~ules ror remedIation ~U(;ll as lifting ~nu
\. ~rasrf!r or Waste to T~Of is not possible s;Jnce no dump of hazC)rdous ~ ..

W<1sto could be sean at site. The contamInated land fllthn premIses has '
app~rentlv been leveled arid nu discrete QoundoriQ;of waste could be
iclilnlilicd.

tt Is required to cilrry out 11 detailed ~t~ lnvc!Otl9<ltlon lo ic.klntlfy lind
lJellneate boundariel> Dr co.,tamlnatcd soil and waSle (th.:Jt il> lyil19,

. l>~rleClIi) the Gurfiltu). Dctililcd hwestluatJons /lre also reCl~llrcd to
idill'lllfv the constituents or. concern, to 'qultntily .tho Wo)!>tl~, to '
undcrstDnd the IlYdre gl:olo"lI:pl ~ridltlO/ls, to outline me plumu of .
groundwaler cpnillmillatlon ote:.' ,SUCh stlldy elill be earned out by
engaging 0 C1llilllTl,ed COnl;ult.nt.' ' •.• .. -

It WIIS deCided lhil~ Cen"lr~' 'PCllluUon C~II\lrtJl llulIrcJ wuuld ptepa,.. II
scope of wOrl1 rOI conducting delalled site lnvl:!stlljiJtlo",9 wIthin lS dily:..

/liter rJnllll:rlng the scope or wor'oC,' punj~b PollUI:tlll Control l30illd mal'
InYlle IImltl!d tendel'i (rom qualified paftlOIJ for condUl;tl/lg detall
Inv~tlgatlon!l and provide feasible options lor remedIation "ong wl,th a
Oetall Projilet Report (OPRj. The remedIation or conl.mi""tod site can
be ClIrried' (jut bllsed u;, the r,"meldIClt/on objec:hVl;l!t andsr,.-ope (,(rill/Zed
intha OPR,

~'. 'fila process of l£:ndcri,m DI hirJill) consultant ttl r::;my Out abOve I>tudy ~
C<:In be started only a/t'cr receIpt or an lomal ~d""l1lee ot 50.01ves (FiftY. II
Lacs only) in riJvor or f'vn/.::Jb ""'IU'tion CO'lt/'ol UOOlrd from tC$jU.lnd'mr
no, 6, 7 and 9 In proportions ;IS dGcided /Jy IiO"'llt:: NG'T. .

VI. The ae:tuClI rcmcdliltion Work5 CiJl1bc C:llrried OUt Cl'1~1 ilrtc~ conlPletkm
of detailed invcstiglltions ilnd. prePilfilllon of. DPR, whICh l'n.!1y t<l~:C

i>OOUIS- 6 months. Such remedliltlon wOr~,:. C<lll b~ e"~l;;ut'.:a h'l
t:ngilgino com~te"t ConllllC'TfllS h"vjMICI~r ~~.
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Er,'B. Vlnod B;,bu
Mditlonili Director,
C~CD, Dell'll
I

~
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-'''7''',
~ er. \5. Gill. Et:. ,

CD, Regional OITIe:e,
Silngtur

~(~L~'r
Er. 1\.1<. KaISl, SEE
PPCR, :UJI1<1' ()fRee-U,
Patial.:J

, " .. '

.~::r~\ I.~

tir, Nilv (is I s(nglai AE'E,
ppca, I~glonill Of/ic:e,
Silnllll1r

.. I' ,
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,~'-
Dr. Anaop llurrnil
As:dstllnC Pro(eswr,

. 1hDPlll UniverSity, ."
Pat/ala· .
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Annexu1"e':'1

. Map showing location of contaminated site at ~l/s 'Ma"haluxmi OrgochelJ1InduSUy,
~abha Road, Bhawanlgarh, 91str1ct 5angrur .
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