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Shri Ram College, Muzaffarnagar

Notice |
Date: 10/10/2022

\

This is hereby informed to all faculty members that Shri Ram
College, Muzallarnagar organizing a Faculty Exchénge Program with
HMT College, Kota, Saharanpur 17/10/2022 1o 22/10/2022 for the
session 2022-23. The main focus of this program encourages the side as
and job opportunities in their field. These faculty members are finalized
for this program — o

From Shri Ram College, Muzaffarnagar to LIMT, College, Kota, Saharanpur

[ Mr. Rajdeep Schrawat (Basic Science)
2. Dr. Kamal Krishan (Basic Science)

Frow HM'T, Coliege, Kota, Saharanpur to Shri Ram College, Muzaffarnagar

L. Mr. Alok Jain (Basic Science)

Dr. Shweta Rathi%%)rogram Coordinator)

CC:

(Principal)

P

X ,, airman lege

(@t ghri Ram CoNegs:
CQ‘M”; Colleg® G, affarnagar

fi Ra
\G“C@‘Zaﬁm gl



Approved by UGE

EARE VLS TR

Date: 15/10/2022

To,

The PrinéipaL

[IMT. College ' | |
Saharanpur : !

Subjeet: Regarding the faculty exchange program and student exchange program:
Sir,

As there 1s a MOU signed between Shri Ram College, Muzaffarnagar and IIMT College,
Kota, Saharanpur for the faculty exchange and student exchange program in context of the
knowledge enhancement of the students of both the institutes. Keeping same in mind here I’'m
sharing a tentative schedule and faculty members name for the said program from 17/10/2022 to
22/10/2022 for the session 2022-23. If this schedule is suitable to you, kindly finalized it and also
sharing the name of faculty member(s) that will be visiting our institution in exchange. These

faculty members are finalized for this program from our institution and student’s list is attached

: |
along with — ;

. Mr. Rajdeep Sherawat (Basic Science) 1
2. Dr. Kamal Krishan (Basic Science) '

N

(Principal)

Contact @ 8827020008, $927041430
t E<ail sro_mznirediffmall e om
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Date:14.10.2022

To,

The principal
Shri Ram College
Muzaflarnagar

Subject: Regarding the faculty exchange program and student exchange program:

Sir,

As per your letter dated 13/10/2022 regarding the faculty exchange program and
student exchange program. We are eager to welcome the faculty members and students in our
premises according to the mention schedule. Their boarding and lodging arrangements will be
done accordingly. And here, I am also sharing the name of faculty members and students list for
the same program in your institution. [ hope that this program will be beneficial for faculty
members and students. These faculty members are finalized for this program from our institution
and students list is attached along with.

1.Mr. Alok Jain. (Basic science)

(Principal)
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Detail of faculty Exchange & Student Exchange Program Session (2022-23):

S.No. Nature of Activity No. of Particiﬁants Duration
SRC to lIMT -
Dr. KamalKrishan
(Basic science)
Faculty Exchange Program HMT, | Mr. Rajdeep sehrawat
Kota, Saharanpur (Basic science) | 06 days (17/10/2022 to 22/10/2022)
IIMT to SRC
Mr. AlokJain - ;
1 (Basic science) -
T 1IMT TO SRC -
SHATAKSHI GUPTA
| SHALUD

TANU GUPTA

Student Exchange Program IIMT, [.SRC TO lIMT

Kota, Saharanpur | AAMIS AL
 AMANDEEP CHAUHAN

| AMIR ALAM
BITTU KUMAR
MOHD AHAMAD NAWA]J
AJAY KUMAR
YASH PRATAP

_SRC to ClISM
| Dr. Jitendra Singh

(Basic science)

[88)

06 days (17/10/2022 to 22/10/2022)

Faculty Exchange Program with CIISM to SRC '| 06 days (14/11/2022 to 19/1 1/2022)
CHSM, Gothni, Bulanadsahar Mr. KapilSaini

(Botany, basic science) .
3
e I -

SRC TO CIISM
_SANSKAR VERMA
 SONAM KATARIYA
Student Exchange Program with | SHALU SAINI :
CHSM, Gothni, Bulanadsahar C\I“%J“TOSRKC 06 days (14/11/2022 to 19/11/2022)
4 AR

ASHISH DAGAR
[ANIL e
[ KAVITA

| AKSHAY KUMAR
| PARTH MITTAL

TANIYA TYAGI
. “‘ﬁh_‘_ﬁ_“ﬁipc) COLLEGE TO .

SRC
Faculty Exchange Program with Dr. Shuchi.Mittal .
SD (PG) College I\/quaffarnagar. _ . Home Science I Day Guest Lecture 10/1 1/2022

~ SRCTO SD(PG) I Day Guest Lecture 12/11/2022
COLLEGE )

Dr. Shweta Rathi

Home Science . ' )
e S e MR\\
ClL. Kaliram Degree College

Faculty Exchange Program with | TO SRC M

W




Saharanpur (UP)

Y

6 CIL Kaliram Degree College Nagal

1.Dr. Ravindra Saini

(Basic Science)

1 Day Guest Lecture 17/12/2022

2. Mr. Mohit Kumar
(Basic Science)

SRC TO CH. Kaliram Degree
College '

1.Dr. Kamal Krishan
(Basic Science)

2.Mr. Vivek Kumar
(Basic Science)

Lor
Cm\ﬁ;\; College:

s
N?uzaﬁar nagaf

(D¥/ Shweta Rathi))

Program Coordinator

[ i

C%Zir’man

IQAC. Shri Ram College,

Muzaffarnagar




RAM COLLEGE, MUZAFFARNAGAR

Date 07/10/2022
NOTICE

All the students of Shri ram college, Muzaffarnagar are here by informed that
college is organizing 6 days students cxchange program with IIMT College, Kota

Saharanpur. Interested students may give their names latest by 15/10/2022 to their

M Rathi)

Program Coordinator

respective class teachers.

CC:
(Director/ Principal)

QAL Coourdinator

~
airman

Co-yrklinater = \QAC.Ahii Ram Cc;\r\ege,
IQAC. ShriRam College, N\ulaﬁa‘“ag

Muzaffarnagar



SHRI RAM COLLEGE, MUZAFFARNAGAR

DATE: 15/10/2022

NOTICE

This is hereby informed to all students that Shri Ram College, Muzaffarnagar
organizing a student exchange program with [IMT, College, Kota, Saharanpur on
17/10/2022 10 22/10/2022 for the session 2022-2023. the main focus of this
program cncourages the students to improve their skills with new environment and
learn new ideas and job opportunities in their field. Selected studenié list is attach

with it.

Alter discussion with head of department, 7 students sclected for this program.

Student’s list is attached along with.

o
&&nveta Rathi

(Program Coordinator)

(Director/Principal)

e A &

iOAC, Coordinator

jrman
r?\Ram Colleg®:

puzaffarnagal




STUDENT EXCHANGE PROGRAM

(COLLABORATIVE ACTIVITY OF SHRI RAM-COLLEGE, MUZAF FARNAGAR AND

IMT COLLEGE, KOTA SAHARANPUR)

Session: 2022-23 Students from 1IMT College visited to SRC)

Duration: 06 Days B

T From: 17/10/2022 to 22/10/2022

'S.NO. IName T FATHER'S NAME | COURSE | PHONENO. | COLLEGE
1. [ SHATAKSHIGUPTA | ASHOK TYAGI | B.Sc.CBZ 6397149277 1IMT
E | NARENDRATYAGL | B.Sc. CBZ | 9398832214 IIMT
SHALUD
A ' RAKESH GUPTA B.Sc. CBZ | 8865002825 1IMT
TANU GUPTA
. R —
— - Nt e ""‘_’—“Thﬁ'\ﬁx
Session: 2022-23 Students from SRC College visited to IIMT) 1

Duration: 06 Days
S T T Yrem A e ——————
From: 17/10/2022 to 22/10/2022

v ey R e S l

S.NO. | NAME FATHER’S NAME "COURSE | PHONE NO. | COLLEGE |
L AAMIS AL “*_M‘OI—IT)NAWMW%W SRC
T N N T — 'EWUT&W‘_WWW
CHAUHAN
3 T AMIR ﬂ\l)\)&?l_ww";m&mﬁfﬁfﬁ‘frmfﬁr 9639310300 | SRC
4| BIFTUKUMAR T MOHAR SINGH | BSc.CBZ | 8449087474 | SRC ]
5| MOHD ALIAMAD ‘M(ﬂ]D*N/"\WKI.B—“‘B_EEETWW SRC
NAWAJ
6. | ANURADIA T SHUBASHCHANDRA - | B.Sc. CB7 | 8791384607 | SRC ]
7| YASHPRATAP | SUNILKUMAR ‘hmﬁl‘ﬁésﬁorzm E I -
R e \
i)r. Shweta Rathi
Program Coordinator
™~
Co-ajdinater | | airman
1QAC. ShriRam iR |QAC. Shri Ram College,

Muzaffarnagar Muzaffarnagar



FACULTY EXCHANGE PROGRAM

(COLLOBORATIVE ACTIVITY OF SHRI RAM COLLEGE
MUZAFFARNAGAR AND IIMT KOTA, SAHARANPUR)

 Session: 2022-2023 Faculty Members {rom CIISM College o
visited to SRCDEPT. Basic Science

Duration 06 Days

From: 17/10/202210 22/10/2022

SNO. | NAME DEPARTMENT | CONTACT | DESIGNATION
‘ NO. :
1| MRALOK BASIC 9897396390 ASST. PROF.
JAIN SCIENCE

' ‘msslon*—2022—~2023‘l:d:u~lt_y_ I\iémgens from SRC College to
visited to - HHM'T College DEPT. Basic Science

Duration 06 Days

~ From: 17/10/2022 to 22/10/2022

- S.NO. 'NAME | DEPARTMENT | CONTACT | DESIGNATION
NO.
1 | MR RAJDEEP | Basic Science 865948097 ASST. PROF.
SEHRAWAT |
2 DR. KAMAL | Basic Science 9759664388 ASST. PROF.
KRISHAN
r. Shweta Rathi
(Program Coordinator)
M
‘ " ;ﬂirman __
Coxfinator \QAC. €ri Ram College,

Muzaffarnagar



STUDENT EXCHANGE PROGRAM ATTENDANCE SHEET

SESSION 2022-2023

N\ zaﬁ

[SNO. | NAMEOF [ R1 [ 172 [ 181022 | 1910722 | 20010722 | 2071022 | 2210723
STUDENTS
L | SHATAKSHI GUPTA AT ? (? [P f P f
2 | ShaLup NT ? JQD ID Iﬂ ( P
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Notice

“Date: 02/11/2022

This is hercby informed to all faculty members that Shri Ram
College, Muzallarnagar organizing 2 FFaculty Exchange Program with
CIISM Ghotni, bulandsahar 14/11/2022 to 19/11/2022 for the session
2022-23. The main focus of this program encourages the side as and job
opportunitics in their field. These faculty members are finalized for this

program — < :

From St Ram College, Mumimnmuar to CHSM Ghotni, Buldndsahax

L. Dr. Jitendra Singh (Basic Science)

From CLISM,Ghotni, Bulandsahar. to Shri Rdm Collwc, Muzaffarnagar

[. My Kapil Saini (Basic Science)

/

Dr. Shweta@tbi (Program Coordinator)
CC:

(Principlc)



UG, HOTE ¢

Muzaffarnag

Date: 04/11/2022

To,

The Principal.

CHSM. Gothni

Bulanadshahar

Subject: Regarding the faculty exchange program and student exchange program
Sir,

As there is a MOU signed between Shri Ram College, Muzaffarnagar and I[IMT College,
Kota, Saharanpur for the faculty exchange and student exchange program in context of the
knowledge enhancement of the students of both the institutes. Keeping same in mind here I'm
sharing a tentative schedule and faculty members name for the said program from 14/11/2022 to
19/11/2022 for the session 2022-23. If this schedule is suitable to you, kindly finalized it and also
sharing the name of faculty member(s) that will be visiting our institution in exchange. These
faculty members are finalized for this program from our institution and student’s list is attached

along with

1. Dr. Jitendra Singh (Basic Science)

X L,
Dr. Prerna Mittal
(Principal)
. Co-ydinator ,, - Chgrman
T Muzaffarnagar . : T uzatiarnagar

S P EIIIBILES w i % .
P W B omEn. oo

|
|
i
!
i
i

|




(Appraved Gy M

Date:07.11.2022
The principal

Shri Ram Colleve

Muzaltarnagar
Subject: Regarding the facully exchange program and student exchange program.
Sir,

As per your letter dated 14/11/2022 regarding the faculty exchange program and .
student exchange program. We are cager to welcome the faculty members and students in our
premises according to the mention schedule. Their boarding and lodging arrangements will be
done accordingly. And here, I am also sharing the name of faculty members and students list for
the same program in your institution. I hope that this program will be beneficial for faculty
members and students. These faculty members are finalized for this program from our institution
and students list is attached along with.

1. Mr. Kapil Saini

Principal
T~ 3
alrman e
ofr : ollege, e ]
CO’O_ (;o\\ege; 1 \QAC: S “Emf(‘: GE 1 Ooposits Nagay Pal
_Shri Ram ‘ ‘__.:,;;5-;3@@%& < Eﬁéw 88, 8412326368,

N\Ulaﬁar nagar - *Webiahumolvaopsihinioom

Shabtipur More, Jewar Read, Khurja, Distt. Bulandshabar (UB)

Aai cheoollene@y
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\QAC. Shri

Detail of facully Exchiauge & Student Exchange Program Session (2022-23):

F_ _V__N'j;nrture of Activity

No. of Participants

Duration

Faculty Exchange Program IIMT,
Kota, Saharanpur

SRC to IIMT

Dr. Kamal Krishan
(Basic science)

Mr. Rajdeep Sherawat
(Basic science)

HMT to SRC

Mr. Alok Jain
(Basic science)

06 days (17/10/2022 to 22/10/2022)

Student Exchange Program HIMT,
Kota, Saharanpur

Faculty Exchange Program with
CHSM, Gothni, Bulanadsahar

Student Exchange Program with
CHSM, Gothni, Bulanadsahar

IIMT TO SRC

 SHATAKSHI GUPTA
 SHALUD
TANU GUPTA

SRC TO IIMT
AAMIS ALI

AMANDEEP CHAUHAN

AMIR ALAM

BITTU KUMAR

MOHD AHAMAD NAWAIJ

“AJAY KUMAR
YASH PRATAP

06 days (17/10/2022 to 22/10/2022)

~SRC {0 ClISM
Dr. Jitendra Singh
(Basic science)

CliSM to SRC

| SRCTO CHSM

Mr. Kapil Saini
(Botany, basic science)

06 days (14/11/2022 to 19/11/2022)

SANSKAR VERMA

SONAM KATARIYA

_SHALUSAINL__

CHSM TO SRC
ARTI

ASHISH DAGAR

AMIL

KAVITA
“AKSHAY KUMAR

PARTH MITTAL
TANIVA TYAG

06 days (14/11/2022 to 19/11/2022)

FFaculty Exchange Program with
SD (PG) College Muzaffarnagar.

SD(PG) COLLEGE TO SRC

Dr. Shuchi Mittal
___ Home Science
SRC TO SD(PG) COLLEGE

" Dr. Shweta Rathi
Home Science |

I Day Guest Lecture 10/11/2022
1 Day Guest Lecture 12/11/2022

Faculty Exchange Program with

dinator
am College,

Muzaffarnagar

Cl. KALIRAMN DEGREE
| COLLEGE TO SRC

1.Dr. Ravindra Saini

1 Day Guest Lecture 15/12/2022

\

airman

IQAC. Shri Ram College,
Muzaffarnagar




"CH. KALIRAM DEGREE

COLLEGE

(Basic Science)

2. Mr. Mohit Kumar
(Basic Science)

SRC TO CH. KALIRAM
DEGREE COLLEGE

1 Day Guest Lecture 17/12/2022

1.Dr. Kamal Krishan
(Basic Science)

2.Mr. Vivek Kumar
(Basic Science)

St

Program Coordinator

/Qa"r’rman
IQAC. Shri Ram College,
Muzaftarnagar
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St RAM COLL

LEGE MUZAFFARNAGAR

DATE: 25/10/2022
NOTICE

All the students of Shri ram college, Muzaffarnagar arc by informed that college is
organizing 6 days students exchange program with Chaudhary Harchand Singh
College, Khurza. Interested students may give their names latest by 01/11/2022 to

their respective class teachers.here

D\gl:hweta Rathi

(Program coordinator)

(Director/ Principal)

IQAC, Coordinator
9

N\
| Airman
\Qu -, JQAC. ;‘?;i/;%am College,
Co-oxénator Muzaffarnagar

AC. Shri Ram College,
© Muzaffarnagar



SHRI RAM COLLEGE, MUZFFARNAGAR
NOTICE

DATE: 01/11/2022

This is hereby informed to all students that Shri Ram College, Muzaffarnagar
organizing a student exchange pr.ogram with Chaudhary Harchand Singh College,
Khurza. on 14/11/2022 to 19/11/2022 for the session 2022-2023. the main focus of
this program encourages the students to improve their skills with new environment
and Icarn new ideas and job opportunities in their field. Selected students list is

attached with it

After discussion with head of department, 7 students selected for this program.

Student’s list is attached along with. . K

Dr.Shweta Rathi

Program Coordinator
g

T
{(Birector/Principal)

HOAL, Coordinator

N

‘??’ﬁrairman |
IQAC. Shri ram College,
Muzaffarnagar

o Ram College

‘Q“bwzaﬁamaQa‘



STUDENT EXCHANGE PROGRAM

(COLLABORATIVE ACTIVITY OF SHRI RAM COLLEGE, MUZAFFARNAGAR AND CHSM
V COLLEGE, GOTHNI BULANDSAIIAR)

© Session: 2022-23 Students [rom SRC College visited to CIISM)

Duration:

06 Days

From: 07/11/2022 to 12/11/2022

S.NO | NAME FATHER’S COURSE | PHONE NO. | COLLEGE
NAME

s "“A'mji'lsl\[ll MOHD NAZIM B.Sc. CBZ 7037762931 SRC
2. AMANDEEP SANDEEP KUMAR | B.Sc. CBZ | 9557735418 SRC

' CIHAUHAN
B | AbITE MR MOHD JUBEDEEN | B.Sc. CBZ | 9639310300 SRC
[ Session: 2022-23 Students [rom CIISM College visited to SRC)
B £ i Duration: 06 Days
RO From: 07/11/2022 to 12/11/2022
'SNO [NaME | FATHER’S NAME | COURSE | PLIONE NO. COLLEGE
1. | AditiRathore” | Pramod Kumar Rathore | B.Sc. CBZ 6398400480 CHSM
2. | Kanishka | Munish sign ~|'BSc,CBZ | 9537403430 CHSM
‘3; : Nf'\-l'\jnliL‘luuﬂllmr)’ Sanjay Kumar B.Sc. PCM | 8218783225 CHSM
4. | Surbhi Rishi pul B.Sc. PCM | 8218783225 ‘CHSM
5. | Decksha Kumari | Govardhan Singh~ | B.Se. CBZ | 8530689944 | crsm
6. | AnshuRaghav | Parvoen Kumar B.Sc. PCM | 9910900595 CHSM
7 Neha Mahesh Chand B.Com. 9193773673 CHSM 0

S
Airman
|QAC. Shri Ram College,

Yol

Dr. Shweta Rathi
Program Coordinator

" Muzaffarnagar



FACULTY EXCHANGE PROGRAM

(COLLOBORATIVE ACTIVITY OF SHRI RAM COLLEGE
MUZAFFARNAGAR AND IIMT KOTA, SAHARANPUR)

Session: 2021-2022 Faculty Members from CIISM College 1o visited to
SRCDEPT. Basic Science

Duration 06 Days

From: 07/11/2022 to 12/11/2022

SNO. |  NAME DEPARTMENT | CONTACT | DESIGNATION
NO.
1 | MRKAPIL | (BOTANY) 8800542122 ASST. PROF.
SAINI BASIC '
SCIENCE _
O e bl =l g PR ; J o

~ Session: 2021-2022 Faculty Members from SRC College to visited (o
CIISM College DEPT. Basic Science

Duration 06 Days

From: 07/11/2022 to 12/11/2022

~ SNO. | NAME DEPARTMENT | CONTACT | DESIGNATION
' NO.
1 - | DR ITENDRA BASIC 9410073549 ASST. PROF.
SINGH SCIENCE

I ol ST 2 l % M@%

DR. Shwem Rathi

(Program Coordinator)

\

Qigwmaﬂf' :
. e Ram Ceiege,
JQAC, Giiri <am
-ordinator Muzaffarnagar
&QAC.CSOhri am College, '
Wyzaffarnagal



STUDENT EXCHANGE PROGRAM ATTENDANCE SHEET -

SESSION 2022-2023

NAMEOF |

07/11/22 | 08/11/22 | 09/11/22 | 10/11/22 | 11/11/22 12/11/22
STUDENTS
L | AR , "
9 ASIISH DAGAR .
_ P | P | p P P_| P
3. AMIL _ ‘
- I A, P PP
i KAVITA i :
IR TR 4 P | P | p A O I
s, AKSHAY KUMAR ! |
S R O e P | p | P
6. PARTH MITTAL . Sl
e RLp | P | p | P
7. TANIYA TYAGI - | N
Ll vle |y | plp |F
Dr{Shweta Rathi
Program Coordinator |
>
Waifman
, ™ e
CO"O ’ator \Q C,Shn Ram (/Zt}egs
IQAC. Shri Ram College, Muzaftarnad

Muzaﬁ’arnagar




Shri Ram College, Muzaffarnagar

Department of Home Science

Notice
Dated: - 7/11/2022

This 1s to be hereby informed that Department of
Home Science is going to organize a one-day Guest lecture
“Lntrepreneurship in Home Science” on 10/11/2022 at 11:00

AM. All Students are compulsory to attend this Program.

\/
D%ﬁ Rathi

Program coordinator
T
L W 4

Ha & ° BN\
R o B0 WA B0 Wi |
(n g iﬂﬂ&,iijaij
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» haman
N 5 ,\&'3‘37
CMnator \QAC. Shtt Ram Cc;r
|QAC. Shri Ram College, " Muzaffarnad

Wiuzaffarnagar
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Date 1/11/2022

To,
The principal
S.D. (PG)College

Muzaffarnagar

Subject: - Regarding the faculty exchange program for one day guest lecture.

Sir,

As there is a telephonic discussion between both colleges, Shri Ram College Muzaffarnagar
and SD (PG) College Muzaffarnagar for the guest lecture in context of the knowledge
enhancement of the students of both the colleges. Keeping same in mind here, I am sharing the
name of our faculty member which will deliver guest lecture for the above said program at your

college. kindly finalized the schedule and also share the name of faculty member which will visit
our institution for guest lecture.

1. Dr. Shweta Rathi (Department of llome Science)

Thank you

(Principal)
%
ﬁ‘a”manccnege
¢. ShriRam ’
i Muzaifarnagat

e %af%%” srgomen.com  E-Mall

|

Contact @ 4927028908, Qﬁ?ﬂ?ﬁﬁém
P mzey ﬁ“”wﬁiffm&%i 2ot
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0131-26040 53‘
D131-2602354

JelTdeT g3 BroeT, HurrwRETeTe — 251001
E (aterd) = Riw favafderan v 9 )
|S.D. COLLEGE (068), MUZAFFARNAGAR - 251001 ]

w4 w0/ Ref. No.: fo={Ter / Date: 05/11/2 839

To,
The principal
Shri Ram College

Muzaffarnagar

Subject: - Confirmation of the faculty exchange program for one day guest lecture.
Sir,

As there 1s u telephonic discussion between both colleges, SD (PG)S College Muzaffarnagar
and Shri Ram College Muzaffarnagar for the guest lecture in context of the knowledge
enhancement of the students of both the colleges. Keeping same in mind here, I am sharing here
schedule and faculty name for the above said program of the session 2022-23.

Dr. Shuchi Mittal (Department of llome Science)

Thank you

\j \ﬁncn
Co- inatof \QAC 5Y i Ram Conegs

C. Shri Ram Colleg®, Muzattarnagar
Muwﬁaf nagar




Detail of faculty Exchange & Student Exchange Program Session (2022-23):

|38

Nature of Activity

No. of Participants

Duration

Faculty Exchange Program [IMT,
Kota, Saharanpur

SRC to LIMT'

Dr. KamalKrishan
(Basic science)

Mr. Rajdeep sehrawat
(Basic science)

IIMT {o SRC’

Mr. Alok Jain
(Basic science)

06 days (17/10/2022 to 22/10/2022)

Student Exchange Program IIMT,
Kota, Saharanpur

HMT TO SRC

SHATAKSHI GUPTA

SHALUD

TANU GUPTA

SRC TO 1IMT

AAMIS ALI

AMANDEEP CHAUHAN

AMIR ALAM

BITTU KUMAR

MOHD ALIAMAD NAWAJ

AJAY KUMAR

YASIH PRATAP

06 days (17/10/2022 to 22/10/2022)

Faculty Exchange Program with
CHSM, Gothni, Bulanadsahar

SRC to CHISM

Dr. Jitendra Singh
(Basic science)

ClISM to SRC

Mr. KapilSaini
(Botany, basic science)

06 days (14/11/2022 to 19/11/2022)

Student Exchange Program with
CHSM, Gothni, Bulanadsahar

SRC TO CHSM

SANSKAR VERMA

SONAM KATARIYA

SHALU SAINI

CHSM TO SRC

ARTI

ASHISH DAGAR

AMIL

KAVITA

AKSHAY KUMAR

| PARTH MITTAL

TANIYA TYAGI

06 days (14/11/2022 to 19/11/2022)

19}

Faculty Exchange Program with
SD (PG) College Muzaffarnagar.

SD(PG) COLLEGE TO SRC

Dr. Shuchi Mittal
Home Science

SRC TO SD(PG) COLLEGE

Dr. Shweta Rathi
Home Science

1 Day Guest Lecture 10/11/2022
I Day Guest Lecture 12/11/2022

Faculty Exchange Program with
CH. Kaliram Degree College

" CH. Kaliram Degree College
TO SRC

1.Dr. Ravindra Saini

(Basic Science)

I Day Guest Lecture 15/12/2022

|

C ur ' c(‘mator

IQAC. Shri Ram College,

Muzaffarnagar

\a‘\rmanc =
i B Cile g,
¢/Shii Ram

\QA Muzaffarnagar




. —T\Irzigz‘l-l—S‘zilharanpur (UP) ; 1. Mr. Mohit Kumar
(Basic Science)
o g I Day Guest Lecture 17/12/2022 -
I.Dr. Kamal Krishan : '
(Basic Science)
2.Mr. Vivek Kumar
rd. i (Basic Science)

(DESShweta Rathi))

Program Coordinator

airman
N | -

w . Crilana
o Ram Leneys,

C‘Mgn atof

cotlege: IQAC. 5 _
Y"\ R m \JO i\\e".z,i A i‘,';l H“;i.‘j i
gal

‘uzatfarnd




ENTEREPRENEURSHIP IN HOME SCIENCE

Guest Lecture

. Organized by Department of Home Science

Date: - 10/11/2022
No. of Students: -65

Name & Details of the Resouree Person: -Dr. Shuchi Mittal, Associate Professor,
S.D. Degree college Muzaflarnagar.

Objective:Deliver engaging and insightful guest lecture on entrepreneurship,
drawing [rom personal experience, to inspire and educate participants in a home
setting.

Brief write-up about the program: -

The department of Home Science brought the students one day guest lecture
program on ”I‘f1{U'cprcmurship in Home Science"on 10/11/2022 from 11:00 A.M.
to 3:00 P.M. at Auditorium of Shri Ram College Muzaffarnagar.On November 15,
2022, the Home Science Department hosted a guest lecture on "Entrepreneurship
in lome Science" by Dr. Shuchi Mittal.A seasoned entrepreneur and academic
expert Dr. Mittal explored the vast potential within Home -Science for
entreprencurial - ventures, particularly in areas like culinary arts, sustainable
textiles, and family resource management. She outlined essential steps for
launching a business, such as identifying market needs, securing funding, and
leveraging digital marketing. The lecture was rich with real-world examples and
success stories, encouraging students to think creatively about how they can
innovate within their ficld. Dr, Miltal, cngaging presentation and practical advice
left a lasting impact, motivating students to pursue entrepreneurial paths with
conlidence and enthusiasm.

Dr. Mittal, emphasized the significant opportunities within Home Science,
highlighting arcas such as Nutrition, Textiles, and Interior Design. She discussed
how innovative business ideas could transform traditional home science disciplines
into profitable ventures.: Dr. Mittal provided practical insights on starting and
managing a business, including market rescarch, funding, and marketing strategies.
The session was interactive, with students engaging in discussions and seeking
advice on their entrepreneurial aspirations. Overall, the lecture was inspiring and
informative, offering valuable guidance to aspiring entrepreneurs in the field of
Home Science : '
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Dr. Mittal, provided a comprehensive guide on transforming academic knowledge
into  profitable enterprises, focusing on crucial aspects like market analysis,
business planning, and effective promotion strategies.Dr. Mittal. lecture was both
motivational and educational, offering a clear roadmap for aspiring entrepreneurs
in the Home Science field. -
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REASARCH AND INNOVATION IN HOME SCIENCE
Guest Lecture

Organized by Department of Home Scicnce

Date: - 12/11/2022

No. of Students: -65

Name of the Details of the Resource Person: ;Dr. Shweta Rathi,
Associate Professor, Shri Ram college Muzaffarnagar.
Objective"impowering future Home Science professionals through
insights into cutting-edge research and innovation."

Brief write-up about the program: -

The department of Home Science brought the students one day guest lecture
program on "Lintrepreneurship in Home Science" on 15/12/2022 from 11:00 A.M.
to 3:00 P.M. in Auditorium of S.D. Degree. College Muzaffarnagar.On December
15, 2022, Dr. Shweta Rathi, a renowned expert in Home Science, delivered an
insightful guest lecture on "Rescarch and Innovation in Home Science.” Dr. Rathi
cmphasized the critical role of interdisciplinary research in advancing the field,
highlighting recent innovations in sustainable home management, nutrition, and
family dynamics. She showcased pioncering studies on eco-friendly household
practices, advancements in food preservation techniques, and the integration of
smart technology in home environments. Dr. Rathi, also discussed the importance
of community-based research and collaboration with industry partners to address
real-world challenges. The lecture underscored the potential of Home Science to
improve quality of life through scientific inquiry and innovative solutions.Dr.
Rathi explored the dynamic intersection of technology and home management,
detailing  cutting-cdge rescarch on  sustainable living practices, nutritional
advancements, and the impact of digital tools on houschold cfficiency. She
highlighted innovative approaches to cnergy conscrvation, waste reduction, and the
development of smart home systems that promote healthier and more sustainable
lifestyles. Additionally. The lecture provided valuable insights into the
transformative potential of research and innovation in enhancing everyday life.
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Dr. Shweta Rathi, an esteemed Home Science researcher, delivered a compelling
guest lecture on "Research and Innovation in Home Science." Dr. Rathi discussed
recent advancements in sustainable household technologies, nutrition science, and
ergonomic home design. She showcased innovative research projects that address
current environmental challenges, such as 1educ1ng household calbon footprints
and improving waste management practices.
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Shri Ram College, Muzaffarnagar

Department of Basics Sciences
Notice

Dated: - 16/12/2022

This is’ to be hereby informed that Department of
Basics Sciencesis going to organize a one-day Guest Leclﬁre
"QUANTUM MECIIANICS AND  ITS APPLICATIONS, and
MATHEMATICS IN NATURE”on 20/12/2022 at 11:00 AM All

Students are compulsory to attend this Plogjl am.

/
B
Br. Shweta Rathi (Program Coordinator)
CC to:
~
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Date 10/12/2022

To,
The principal
CH. Kaliram Degree College

Nagal Saharanpur (UP)

Subject: - Regarding the guest lecture between Shri Ram College
College Nagal Saharanpur (UP)for one day guest lecture.

Sir,

and CII Kaliram Degree

As there is a telephonic discussion between both colleges, Shri Ram College Muzaffarnagar

and CH. Kaliram Degree College Nagal Saharanpur (UP)for the guest lecture in context of the
knowledge enhancement of the students of both the colleges. Keeping same in mind here, I am
sharing the name of our faculty member which will deliver guest lecture for the above said

program at your college. kindly finalized the schedule and also share the name of faculty
member which will visit our institution for guest lecture.

1. Dr. Kamal Krishan (Basic Science Math’s)
2. Mr. Vivelk Kumar (Basic Science Physics)

Thank you

(Principal)

s
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Date 14/12/2022
To,
The principal
Shri Ram College

Muzalfarnagar

Subjeet: - Confirmation of the faculty exchange program for one day guest lecture.
Sir,

As there is a telephonic discussion between both colleges, CH. Kaliram Degree College
Nagal Saharanpur (UP) and Shri Ram College Muzaffarnagar for the guest lecture in context of
the knowledge enhancement of the students of both the colleges. Keeping same in mind here, I
am sharing here schedule and faculty name for the above said program of the session 2022-23.

L. Bhr. Ravindra Saini (Basic Science Physics)
2. Dr. Mohit Kumar (Basic Science Math’s)

Principal

Thank you

W ’T", i ,1."’\ FO\\AL)G.
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Detail of faculty Exchange & Student Exchange Prbgram Session (2022-23):

S.No. |

mil\?laiure of Activity

No. of Participants

Duration

Faculty Exchange Program 1IMT,
Kota, Saharanpur

SRC to IMT

Dr. KamalKrishan
(Basic science)

Mr. Rajdeep sehrawat
(Basic science)

IIMT to SRC

Mr. Alok Jain
(Basic science)

06 days (17/10/2022 to 22/10/2022)

|88

[¥)]

C\Ovégmator

\QAC, Shri Ram

Student Exchange Program 1IMT,
Kota, Saharanpur

IIMT TO SRC

SHATAKSHI GUPTA

SHALUD

_TANU GUPTA

SRC TO IIMT

AAMIS ALI

AMANDEEP CHAUHAN

AMIR ALAM

BITTU KUMAR

MOHD AHAMAD NAWAJ

AJAY KUMAR

YASH PRATAP

06 days (17/10/2022 to 22/10/2022)

Faculty Exchange Program with
CHSM, Gothni, Bulanadsahar

~ SRC to CHISM

Dr. Jitendra Singh
(Basic science)

CHISM to SRC

Mr. KapilSaini
(Botany, basic science)

06 days (14/11/2022 to 19/11/2022)

Student Exchange Program with
CHSM, Gothni, Bulanadsahar

'SRC TO CHSM

SANSKAR VERMA

SONAM KATARIYA

SHALU SAINI

CHSM TO SRC
ARTI i

ASHISH DAGAR

CAMIL

KAVITA

AKSHAY KUMAR

PARTH MITTAL

| TANIYA TYAGI

06 days (14/11/2022 to 19/11/2022)

Faculty Exchange Program with.
SD (PG) College Muzaffarnagar.

SD(PG) COLLEGE TO SRC

Dr. Shuchi Mittal
Home Science

SRC TO SD(PG) COLLEGE

D Shweta Rathi
IHome Science

1 Day Guest Lecture 10/11/2022 -
1 Day Guest Lecture 12/11/2022

Faculty Exchange Program with
CH. Kaliram Degree College

College,

Muzaffarnagar

CH. Kaliram Degree College
TO SRC

1.Dr. Ravindra Saini

~ (Basic Science)

1 Day Guest Lecture 15/12/2022

N
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Nagal Saharanpur (UP) * 1. Mr. Mohit Kumar
(Basic Science)
LRl I Day Guest Lecture 17/12/2022
ollege
1.Dr. Kamal Krishan
(Basic Science)
2.Mr. Vivek Kumar
= i (Basic Science)
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MATHEMATICS IN NATURE:
Guest Lecture

Organized by Department of Basics Sciences

Date: -20/12/2022
No. of Stadents: -70

Name & i¥etails of the Resource Person: -Mr.MohitKumar, Assistant Professor,
CH. Kaliram Degree College Nagal Saharanpur (UP)

ObjectiveTo examine the pervasive role of mathematics in natural phenomena, illustrating its
fundamental principles and applications in understanding the natural world.

Brief write-up about the program: -

The department of Basic Science brought the students one day guest lecture program on
"MATHEMATICS IN NATURE:" on 20/12/2022 from 11:00 A.M. to 3:00 P.M. at Auditorium
ol Shri Ram College.Muzaffarnagar.OnDecember 20, 2022. Mr. Mohit Kumar., guest lecture on
"Mathematics in Nature" was both enlightening and engaging. She began by highlighting the
presence of mathematical patterns in various natural phenomena, such as the Fibonacci sequence
in sunflower seed arrangements and the golden ratio in nautilus shells. Mr. Kumar. also explored
fractals in snowlflakes and mountain ranges, emphasizing how mathematical principles underpin
the complexity and beauty of the natural world. Her discussion on the applications of these
mathematical concepts in fields like biology and environmental science provided a deeper
understanding of the interconnectedness between mathematics and nature. Overall, Mr. Kumar.
lecture offered a fascinating glimpse into how mathematical principles are intricately woven into
the fabric of the natural world.Mr.Kumar, provided a captivating insight into the hidden
mathematical structures that govern the natural world. He illustrated how the Fibonacci sequence
and the golden ratio appear in diverse forms, from the branching of trees to the spirals of
galaxies. Mr. Kumar also delved into the role of symmetry and tessellations in the animal

kingdom. such as the hexagonal patterns in honeycombs and the striking geometries in butterfly
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wings. His exploration of chaos thedry and its implications for weather patterns and ecosystem
dynamics showcased the profound impact of mathematics on understanding and predicting
natural phenomena. Mr. Kumar, presentation was a compelling reminder of the pervasive and
fundamental role of mathematics in deciphering the complexitieé of nature.Mr. Kumar discussed
the intricate geometry found in plant growth patterns, highlighting the role of algorithms like L‘~
systems in modeling these phenomena. Professor C.hang also examined the mathematical basis of
animal behaviors, showcasing how equations describe ﬂocking patterns in birds and schooling
behaviors in {ish. His discussion on the mathematical modeling of climate patterns underscored
the interdisciplinary nature of studying nature through mathematics. Overall, Professor Chang's
lecture provided a comprehensive view of how mathematics serves as a universal language to

unravel the mysteries of nature's design.



CUANTUM MECHANICS AND ITS APPLICATIONS
Guest Lecture | ' |

Organized by Department of Basics Sciences

Date: -20/12/2022
No. of Students: -70

Name & Details of the Resource Person: -Dr.Ravindra Saini, Associate Professor,
CH. Kaliram Degree College Nagal Saharanpur (UP)

ObjectiveTo explore the principles of Quantum Mechanics and their practical
applications in contemporary science and technology.

Brief write-up about the program: -

The department of Basic Science brought the students one day guest lecture
program on "QUANTUM MECHANICS AND ITS APPLICATIONS" on 20/12/2022
from 11:00 A.M. to 3:00 P.M. at Auditorium of Shri Ram College Muzaffarnagar.
On December 20, 2022, the Basic Science Department hosted a guest lecture on "
Quantum Mechanics and Its Applications" by Dr. Ravindra Saini, a distinguished
physicist, delivered an insightful guest lecture on Quantum Mechanics and its
applications. She began by explaining the fundamental principles of quantum
mechanics, highlighting the significance of wave-particle duality, superposition,
and cntanglement. Dr. Saini emphasized the revolutionary impact of quantum
mechanics on modern technology, particularly in the fields of quantum computing
and cryptography. She discussed how quantum computers levei‘age the principles
ol superposition and entanglement to perform complex calculations cxponentially
faster than classical computers. Additionally, Dr. Saini explained the potential of
quantum cryptography in ensuring sccure communication by utilizing quantum key

distribution. The lecture also covered quantum mechanics' role in advancements in
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material science, Ieadiﬁg to the development of new materials with unique
properties. Dr. Saini engaging presentation provided a comprehensive overview of
~how quantum mechanics is not only a cornerstone of modern physics but also a
driving force behind cutting-edge technological innovations. Dr. Saini, a renowned
physicist, recently delivered an cngaging lecture on Quantum Mechanics and its
diverse applications. Ie began by outlining the core principles of quantum
mechanices, such as the uncertainty principle, wavc—parliclc duality, and quantum
cntanglement. Dr. Saini, illustrated how these principles fundamentally challenge
classical physics and ofler new ways to understand the universe. He then
transitioned to discussing practical applications, emphasizing the bmgconmg ﬁdd
ol quantum computing. Dr. Saini, cxplained how quantum computers have the
potential to revolutionize industrics by solving complex problems at unprecedented
speeds. lie also highlighted advancements in quantum cryptography, which
promises to cnhance data sceurity through unbreakable encryption methods based
on quantum key distribution. Additionally, he touched on quantum sensors and
their applications in precision measurements and ‘iinaging. Dr. Saini lecture
cffectively conveyed the profound impact of quantum mechanics on both
theoretical physics and practical technologies, inspiring the audicnce with the

limitless possibilitics of this [ascinating ficld.
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APPLICATIONS OF MATUHEMATICS IN REAL-WORLD PROBLEMS
Guest Lecture |
Organized by Department of Basics Sciences
Date: -23/12/2022 |
No. of Students: -70

Name & Details of the Resource Person: -Dr. Kamal Krishan, Assistant Professor,
Shri Ram College, Muzalfarnagar.

ObjectiveTo explore the practical applications of mathematics in solving real-world problems
across various disciplines and industries.

Brief write-up about the program: -

The department of Basic Science brought the students one day guest lecture program on

"APPLICATIONS OIF MATIIEMATICS IN RhAL4WORLD PROBLEMS" on
23/12/2022 from 11:00 A.M. to 3:00 P.M. at Auditorium of CH. Kaliram Degree College Nagal
Saharanpur (UP) On December 23, 2022, Dr. Kamal Krishan delivered an engaging lecture on
"Applications of Mathematics in Real-World Problems" to a group of undergraduate students
majoring in mathematics. Dr. Krishan presentation highlighted various practical uses of
mathematical concepts, - ranging from modeling population growth to optimizing resource
allocation in business scenarios. She emphasized the importance of mathematical modeling in
predicting trends and making informed decisions in fields such as economics, engineering, and
biology. The lecture concluded with a lively Q&A session where students discussed potential
carecr paths and the evolving role of mathematics in addressing global challenges. Overall, Dr.
Krishan lecture underscored the intm‘disciplinm‘y nature of mathematics and its critical role in
solving complex real-world problems.Dr. Krishan highlighted various ways mathematics is
applied in everyday life, from designing smartphone algorithms to predicting weather patterns.
She engaged the audience with interactive deinonstrations, showcasing how mathematical
concepts like calculus and statistics play a crucial role in technological innovations and scientific
discoveries. The lecture concl.uded with Dr. Krishan encouraging students to explore careers in
fields where mathematics is foundational, emphasizing its role in shaping the future of
technology and innovation. The students left inspired and eager to further explore the practical

applications of' mathematics in their studies and future career
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BIOPHYSICS: THR INTERSECTION OF BIOLOGY AND
PHYSICS
Guest Lecture

Organized by Department of Basics Sciences

Date: -23/12/2022
No. of Students: -70

Name & Details of the Resource Person: -Mr.Vivek Kumar, Assistant Professor,
Shri Ram College, Muzalfarnagar.

ObjectiveTo investigate the interdisciplinary field of Biophysics, exploring its pivotal role at
the interface of biology and physics.

Brief write-up about the program: -

The department of Basic Science brought the students one day guest 1ectL11'e program on
"BIOPHYSICS: THE INTERSECTION OF BIOLOGY AND PHYSICS" on 23/12/2022 from
11:00 A.M. to 3:00 P.M. at Auditorium ofCH. Kaliram Degree College Nagal Saharanpur (UP)
On December 23, 2022, our class had the privilege of attending a guest lecture on the topic
"Biophysics: The Intersection of Biology and Physics," delivered by Mr. Vivek Kumar, a
renowned biophysicist from Stanford University. Mr.. Kumar began by elucidating the
fundamental concept of biophysics, emphasizing how this interdisciplinary field merges the
principles of physics with the complexities of biological systems. She provided compelling
examples. such as the use of spectfoscopy to study protein structures and the application of
quantum mechanics in understanding photosynthesis. The lecture highlighted the importance of
mathematical models in predicting biological behaviors and how technological advancements,
like cryo-clectron microscopy, have revolutionized our ability to visualize biomolecules at
atomic resolution. Mr. Kumar, insights into how physical laws underpin biological processes
fostered a deeper appreciation for the synergy between these two sciences, illustrating how -

biophysics is pivotal in driving innovations in medical research, drug development, and
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understanding  fundamental life processes. explored the profound ways in which physical
principles arc applied to solve complex biological problems. Mr. Kumar discussed the role of
thermodynamics in understanding cellular processes and the importance of fluid dynamics in
blood circulation. He also delved into the use of computational models to simulate biological
systems, providing insights into how these models can predict disease progression and treatment
outcomes. One of the most captivating parts of the lecture was Mr. Kumar, explanation of the -
biophysical techniques used in neuroscience to study brain function, such as magnetic resonance
imaging (MRI) and electrophysiology. Through his engaging presentation, Mr. Kumar,
demonstrated how the integration of physics and biology not only enhances our understanding of
life at a molecular level but also paves the way for groundbreaking advancements in healthcare

and biotechnology.
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SHRI RAM COLLEGE, MUZAF E ARNAGAR

Department of Business Administration

NOTICE

All the students of BBA are hereby informed that an “Awareness

Date: 09-03-2023

F.

£
|

Program on Water

Conservation” is being organized in our college in collaboration with Himalayan Management

and Development Resources Institute, Rishikesh. All the students ard

- program which is to be held on 17-03-2023.

§

supposed to join: the

Dr. VivelcKamar Tyagi

Head of the Department

\&& coned®

o a%a‘

N\v’l.?\\&a‘ 3

\0“5

|

Cc‘gé\( ma‘\c 0‘\\‘9%?' :
\QrC @;««as 00




SHRI RAM COLLEGE, MUZAFF ARNAGAR
Department of Bﬁsiness Administrat’ioh_ |
| Date]‘":- 18-03-2023
'Repo'rt |
on

Awareness Program on Water Conservation

1. Introduction

Water conservation is an essehtial__ practice to ensure sustainable water resources for future
generations. On 17/03/2023 an awareness program on water conservati(jﬁ was held at.Shri Ram
College;, Muzéffarnagar i association with Himalayan Management and Development
Resources Institute; Rishikesh. The primary objective of the event was to educate students about -

the importance of water, the challenges of water scarcity, and practical methods of cvon'serving‘

water. _ : - : |
: . ]

2. Objectives of the Progiram

« To raise awareness about the growing issue of water scarcity. l ‘
o To educate students on how they can contribute to water conservation in their daily lives.

 To promote sustainable practices for water management both at home and school.
e To motivate students to become ambassadors for water - conservation in their
communities. ' . o

3. Program Structure

The awareness program was conducted in the following structured format:.

SeSsiOn 1: Introduction to Water Conservation

Overview: The session began with an introduction to the global and local water crisis,
highlighting statistics related to water usage and scarcity. The speaker provided insights
into the role of water in ecosystems, agriculture, and human life. =~ | -
o Key Topics: , -
o Importance of water for life _ ‘ :
“o. The global water crisis and its impact. '




o Water wastage statistics

Session 2: Practical Water Conservation Methods

 Overview: This session focused on actionable steps students could take to conserve water
at home, school, and in their communities. Techniques such as r_aanater harvesting,
efficient water usage, and minimizing wastage were covered. {
» Key Topics: ’ : f?
o Fixing water leaks | . ' [
o Using water-efficient appliances . i'
o Promoting rainwater harvesting ‘ r: !
o Behavior changes like turning off the tap while brushing, uéing less water for
cleaning, etc. | : i '

Session 3: Closing Remarks and Pledge

P

|

o Overview: The program concluded with a message of hope and encouragement, urging
students to take individual responsibility for conserving water. The students then took a’

collective pledge to adopt water-saving habits in their daily lives and encourage others to
do the same. o

4. Outcome of the Pfogram_

The awareness program was met with enthusiasm and engagement from |the students. The '

following outcomes were observed:

* Student Participation: All 219 students actively participated in the sessions. :

* Awareness Increased: Through the program, students gained a deeper understanding of
the water crisis and the simple steps they can take to reduce water waste.

 Pledge: The students collectively pledged to conserve water at home !hnd college and to
spread awareness within their communities. "

5. Conclusion

The awareness program on water conservation successfully achieved its goals of educating
students on the importance.of water conservation and motivating them to' adopt sustainable
practices. The program provided the students with valuable knowledge emdJ tools to conserve
water in their daily lives and inspired them to be ambassadors of change in theI; communities.

|
This initiative is an important step in fostering a culture of environmental responsibility among
the younger generation.
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Summary :
Date of the Program : 17/03/2023

Venue of the Program  : SRC Auditorium !

Resource Person : Dr. Aditya Gautam (Secretary, HiMADRI, RisPikesh)
Event Coordinator : Mr. Pankaj Kaushik 'H
Anchor 4 - : Ms. Shruti Mittal

Supporting Faculties : Mr. Kapil Dev Dhiman

Ms. Hansika Jain

Myr. Ankush Rawal
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SHRI RAM COLLEGE, MUZAFFARNAGAR
DEPARTMENT OF BUSINESS ADNIINISTRATI_ON

" LIST OF PARTICIPATING STUDENTS IN AWARENESS PROGRAM ON WATER CONSERVATiON DATED 17-03-2023

Vo |Name Father's Name Year - Sign ,

1 |AAKUL VINOD BBA|Year | m&w

2 |AARISH AHMAD AKHALIL © . " "BBAlYear | (Srqmg/V
3 |AASHA PAL RAVINDRA PAL - -BBA|Year | M

4 |AASHISH KUMAR VIJAY PRASAD .~ . "BBAIYear ||~ *mW/
5 |AASHISH KUMAR JHA |DHARMENDRA JHA - - - BBAIYear [| ANA I~

6 |AASHISH PAL RAVINDRA PAL BBA I Year | .ﬂmgug\,\ A‘VM
7 |ABHAY ARORA RAJKUMAR ARORA - BBA | Year | anJ)—

8 |ABHAY KUMAR DARIYA SINGH BBAlYear | \WJ\

9  |ARJUN KUMAR LAXMAN YADAV BBA | Year M)ll:/‘ ,
10  |ARJUN SINGH RANDHEER SINGH BBAlYear || —b¢

11 |ARPIT KUMAR " |[RAN KUMAR - " “BBAlYear || JOQMM
12 |BITTU PATEL VASHISHTH PATEL BBA|Year | /@,t

13 |[BULBUL MAHESH KUMAR BBA I Year - i|. .= .45

14 |CHARU |KAMAL TYAGI BBA|Year ! Oh,«mu/zf’
15 |CHEENU PAL BRAHAM PAL BBA | Year /”7 JR T

16 |CHESTA VERMA |DINESH KUMAR VERMA BBA'I Year ! %g‘;ézg
17 |CHETNA SAINI BIJENDER SAINI BBA | Year U/M

18 |DEVANAND KUMAR JAYPRAKASH SINGH BBA | Year s |
19 |DEVANSH TYAGI RAVINDRA TYAGI BBAIYear | QDW

20 |DHANANJAY BHARGAV' ADESH KUMAR BHARGAV BBAlYear ||~~~ ¥ ) A&.
21 |DHARMENDRA KUMAR SHIVPOOJAN RAM BBAlYear | | A=

22 |GUNGUN ’ PRAVEEN BBA | Year TN

23 |GUNJAN KUMAR MADAN KUMAR BBAIYear | | (Avedld,

24 |HAMZA ZAHID ZAHID HUSAIN _ BBA | Year ]

25 |HARISH KHAN [ZHAR AHMAD KHAN BBA | Year

26 |HITAKSHI SINGHAL RAJESH-SINGHAL ‘BBA | Year

27 |INDRAMANI DUBEY SANTOSH DUBEY BBA | Year

28 |IQRA SIDDIQUI SHAHNAWAJ SIDDIQUI BBA | Year

29 |IRTAQA BATOOL HUSAIN MEHDI BBA | Year

30 |[ISHANT JOGENDRA SINGH BBA | Year |

31 |[ISHIKA GAURAV KUMAR BBA | Year |

32 |HITAKSHISINGHAL RAJESH SINGHAL BBAI Year !

33 |INDRAMANI DUBEY SANTOSH DUBEY BBA | Year |

34 [IQRA SIDDIQUI SHAHNAWAJ SIDDIQUI BBA | Year .

35 |IRTAQA BATOOL HUSAIN MEHDI BBA | Year |

36 |ISHANT JOGENDRA SINGH BBA | Year |

37 |ISHIKA GAURAV KUMAR BBA | Year |

38 |KAJAL KUMARI DAYASHANKAR PRASAD BBA | Year |

39 |KALIM ANSARI MD AKHTAR ANSARI BBA | Year |

40  [KAMAR FAIZI HASEEN ABBAS BBA | Year

41 |KANAK GOEL _ PARVEEN GOEL BBA | Year

42 |KUSHAGRA BHARDWAJ SACHIN KUMAR SHARMA BBA | Year

43 |LAKSHAY GAUTAM SHISRAM BBA | Year /- B
44 |MANI SHARMA AMRISH SHARMA BBA IVear | | Mant & hachuo™
45  |MANISH KUMAR SALENDRA MEHTA BBA | Year MO

46 |MANSAB SIDDIQUI|p MAZHAR SIDDIQUI BBAIYear | | W \GIN oAy

a7 |MANSHI O W““‘“ RAJBEER . BBA | Year | Mahqm

TQAC, ShTT Ram Cottege:

Muzaffarnagar
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MIUSKAN KUMARI

| YASHWANT SINGH BBA | Year
NAMO NARAYAN ; CHANDAN KUI\/IAR BBA | Year
50 |NANDANI RANJAN ‘ JAGAT NANDAN PRASAD BBA | Year
51 |NAVNEET RAJ i CHANDRA MOHAN SINGH BBA | Year
52 NEESHU KASHYAP ii SOMDATT "BBA | Year
53 NIHAL KUMAR DINESH TIWARI BBA | Year
54 |AAMIR ' sattar . BBA Il Year
55  |AARTI TIWARI i SANJAY KUMAR TIWARI BBA Il Year 5
56 |AASHISH SHARMA T [raskumar BBA Il Year s A b
57  |AASHISH TYAGI i PAWAN KUMAR BBA Il Year RO A -
58 |AAYUSH SHARMA | ROHITASH SHARMA BBA Il Year . [— \oX )T
59 |ABHAY KUMARYADAV TEJNARAYAN YADAV - BBAIl Year /\ \\%Wy
60 |AYUSHIRATHI - |GAURAV RATHI ‘BBA Il Year Y M;C/ v
61 |AYUSHMAAN JYOTI RAJ BBA Il Year A s
62 |BADAL KUMAR GHOSH FANIL KUMAR GHOSH BBA Il Year %a"o\g}!;{,/
63 |BIKASH KUMAR YADAV SANTOSH YADAV BBA Il Year 4— X2 Fo i)
64 |BITTU KUMAR KUMOD MANDAL BBA Il Year AT e
65 |BITTU KUMAR | SURENDRA SHARMA BBAllYear | AYWHAT
66 |DEVANSHI TYAGI i PANKA! KUMAR TYAGI BBA Il Year -
67 |DIKSHA KUMARI | VIAY KUMAR METHA BBA I Year |— (\y
68  [DIKSHANT MALIK 1 UMESH MALIK BBAII Year Lo @ .,
69 |DIPAKUMARI i SHAMBHUSHARAN PRASAD BBA Il Year
70 |DIPANDER i "ISUDHIR KUMAR BBA Il Year
71 |GUDDU CHAUDHARY ! MEHERMAN CHOUDHARY BBA Il Year
72 |GULSHAN KHATOON HAIDAR ALl BBA Il Year
73  |HARSH KUMAR [ RAJAT KUMAR BBA {l Year .
74  |HARSH RAJ PANWAR VIRENDRA PANWAR BBA Il Year
75 |JITENDRA KUMAR MISHRA | UGRAKANT MISHRA  BBA Il Year
76 |JUNAID MOHD IKHLAK BBA Il Year
.77 |KABEER CHOUDHARY A SUNIT TOMAR BBA Il Year
78  |KAJALSAINI l BHUSHAN SAINI BBA-l Year
79  |KARUNA PATEL BABAN KUMAR BBA Il Year
© 80 |KASHISH SINGH - OM PRAKASH SINGH BBA Il Year
81 |LAKSHAY SHARMA RAJESH SHARMA BBA Il Year
82 |LALIT KUMAR SUDHIR KUMAR BBA Il Year
83  [LAVISH BABBAR |MAHESH KUMAR _BBA Il Year
84 |MEGHA KUMARI SHYAM NANDAN PRASAD ‘BBA Il Year
85  |MINAKSHI ‘ GOVIND SINGH BBA Il Year <
86 |MINISUJATA RAJKISHOR SAH - BBA Il Year
87 |MUSKAN MUKESH KUMAR ‘BBA Il Year
88  |MUSKAN KUMARI SAROJ SINGH BBA Il Year -
89 [NABIYA MURSALEEM BBA Il Year
90 |NAKUL PUNDIR |JITENDRA KUMAR BBA Il Year ¢
91 |NANDINI LOKESH BBA Il Year
92  |NITIN KUMAR VIJAY KUMAR BBA Il Year
93 |PALAK KUMARI MUKUND SINGH BBA Il Year
94  |PARAS SINGHAL \ RAKESH KUMAR SINGHAL BBA Il Year
795 |PARTH KUMAR i CHANDRA PRAKASH BBA Il Year
96 |PAYAL PQYA | RANJEET KUMAR BBA Il Year
o7 |pmvr kundaifl @ator VIJAY PANDIT _BBA Il Year
g8 prAg\ﬁL@A Cp am colEs™: NEERAJ GARG BBA Il Year 7’& W
= l})@ Rﬁ&\ il nao,aW PRABHAT SINGH BBA Il Yea& C% \QP\A" 6 [W1¥)]
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{RADHIKA GARG SANJAY GARG BBA Il Year - } P2 ol p A
4 |RADHIKA GAUTAM “|SHAKTI SHARMA BBA Il Year [{}J 5 Iw/d ,
102 JRANU SINGH ] RAKESH KUMAR SINGH BBA Il Year "~ _F e
103 |RASHI MITTAL [{ SACHIN MITTAL BBAIllYear VA= AL/
104 [RAUSHAN KUMAR ; JUGESHAWAR SAH BBA Il Year ﬂp‘f’l\'fy —
105 |RAVI KUMAR | SANT KUMAR™ - BBA Il Year ?'-ZGUU ? el
106 |RISHABH e L SHAJID BBA Il Year X —
107 |RISHABH BALIYAN _ MANOJ KUMAR BBA H Year - /f)?‘”/:b&k /(L—
108 |RUHANI ' RAJEEV KUMAR BBA Il Year & L
109 |SACHIN RAJ OM PRAKASH BBA Il Year S cFap~
110 |SAGAR SHARMA LATE NEERAJ SHARMA - * BBA Il Year gy
111 |[SAHDEV PUNDIR JITENDRA KUMAR BBA Il Year /{/ T( %X N\
112 |SAHIL AHMAD MOHD. MUZAMMIL BBA Il Year A el
113 |SATAKSHI GUPTA MANOJ GUPTA BBA Il Year (’?’V, Q;;\}@x J
114 |SATYAM TYAGI ~|PRAVESH TYAGI BBA Il Year W { st
115 |SAURAV KUMAR RAJA SAH " BBA Il Year e Fzé
116 [SAURAV KUMAR SINHA SUJEET KUMAR BBA Il Year Y
117 |SHAEEMA SHAHIADI ~ SADAKAT ALl BBAllYear [7 /-, ==
118 |SHRISTI SHARMA GAURAV SHARMA BBA Il Year 4 ,#-j :
119 |SHRUTI NAMDEV MOHAN NAMDEV BBA Il Year
120 |SNEHA - DHARMENDRA KUMAR BBA Il Year STy e
121 [SNEHLATA i |JIYALAL BBA Il Year A T L
122  [SOFIYA PARVEEN ' MOHD ABID BBAllYear | A @KM- , -
123 [somA | RAVINDRA KUMAR BBAllYear .| — Y Y K oanno/~
124 |TRISHA ) RAJESH KUMAR BBA Il Year T~ a4 il
125 [TUSHAR SHARMA \' NAVEEN SHARMA BBA Il Year e S|
126 |ULAWALSINGH 7 BHAGAT SINGH ~ BBATll Year \ ¥ W
" 127  |UJWAL KUMAR i RAHUL KUMAR YADAV BBA Il Year . N %
128 |UMANG GARG RAJEEV GARG BBA Il Year N
129 |AANCHAL TYAGI SURENDRA TYAGI BBA lil Year A
130 |AATIKA MOHD NASIR BBA Il Year Aokl a -
131 |AAYUSHIJAIN | NEERAJ JAIN BBA lll Year So—
132 |ABHINAV KUMAR SINGH VIJAY SINGH - BBA lll Year - '
133 |ABHISHEK MEHTA P DHANANJAY YADAV BBA lll Year«—]
134 |ADITI PANWAR ] ANAND MEHTA , BBA Il Year ¢—
135 |ADITYA BALIYAN L VISHAL PANWAR BBA Ill Year
136 |ADITYA KUMAR PRASAD ARVIND BALIYAN BBA Il Year
137 |AINAL ZAID} DEWANAND PRASAD BBA lil Year
| 138 |AKARSH URUJ ALAM ZAIDI BBA lll Year
139 |AKHILESH KUMAR { PRITAM KUMAR BBA Il Year
140 |AKSHAY KADIYAN VIJAYKANT JHA BBAIl Year
141 |ALI NAWAZ ' RAVINDER KADIYAN BBA 1l Year
142 ALiZA KHANAM i SHAHNAWAZ BBA lll Year
143 |AMIR SINGH o MOHD ASLAN BBA Ill Year dy
144 |ANCHAL TOMAR RAMESHAWAR SINGH BBA Il Year | .
145 |ARCHIT TYAGI | MAHESH KUMAR BBA ll Year |\l ’
146 |ARIZ AL | SACHIN TYAG! BBA Ill Year “’f\/,“é Al
147 |AYUSH PUNDIR RAFIUDDIN BBAlll Year | N %™ oQA(AYJM\M‘
148 |AYUSHIGARG DHEER SINGH BBA Il Year etk
9 |AYUSHI ! d e NEERAJ GARG BBA Il Year - i
:11:0 BABLU\’KIZ}};%\N;Z\\ I PRADEEP MITTAL BBAQME;%&‘“&“ \‘ wb A qum__
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. "FHANCHAL GUNWANT TYAGI “BBA Ill Year | Chanthall -

;3 |CHETAN SIROHI PARVENDER KUMAR BBA Il Year || " lolestn
154 |CHIRAG JAIN DINESH SIROHI BBA NI Vear | |- ¢ Joad ol
155 |DEEPAK MALIK |OM PRAKASH SHARMA BBA Il Year | | /(7 il —
156 |DEVANSH CHOUDHARY  |ANIRUDH MALIK BBAllYear | | —— N gl
157 |DEVANSH TYAGI DHARMENDRA KUMAR BBA Ill Year | | BDOVaneh —
158 |DEVANSHU VERMA SURYAKANT TYAGI BBA Il Year L( , (T —
159 |DIKSHIT KUMAR | AMBRISH KUMAR _ BBA Il Year | TS\ &
160 |FARHEEN QURESHI ANILKUMAR BBA lil'Year || N —
161 |FATIMA MOHD ARIF QURESHI BBA Il Year | | [a}j@—~
162 |GARV ZAMEER KHAN BBA Il Year | | h\/
163 |GOVIND KUMAR CHAUPAL  [SANJAY KUMAR _BBA Ill Year | /‘ K s
164 |GULAFSHA ANSARI RAMESH CHAND BBA Ill Year ! ) M@W
165 |GUNJAN SAINI JAGAI CHAUPAL BBA Ill Year | (577 Yhevie _—
166 |HARSH BANSAL SHAHID ANSARI BBAlllYear | |~ A0 .
167 |HARSH KUCCHAL SATYAVEER SINGH BBAlYeer ' | () Ty ML
168 |HARSH SAINI - RAVI KANT BANSAL BBAlll Yeer LM o '
169 - |HARSHIT SHUKLA MANOJ KUCCHAL BBA Ill Yeer |7 & A :
170 |HARSHIT TYAGI MEHKAR SINGH BBA Il Yeer | | ¢l id——
171 |HUSNA ZAMAN MUKESH THAKUR CBBAIIYerr i | . o Awprm — <
172 |ISHIKA ARORA MUNISH SHARMA . BBA il Yeer | lalea
173 |ISHITA GARG YASHPAL TYAGI BBAIllYeer | | .. ~ oo
174 |KAILASH KUMAR KADRUZ ZAMAN CBBA N Year | |_ o YOI A
175 .|KAJAL DHIMAN RAJESH ARORA BBAllYear | |\ (4 ) ~—
176 |KAJAL SAINI NARESH GARG BBA lil Year | | U | /
177 |KANIKA CHAUHAN MOTI LAL DAS BBA Il Year | bV Roa\A_ v
178 |KHUSHIJAIN /|NEERAJ KUMAR BBAllVear | | ' pef bl
179 |KIRTI SANJAY SAINI | BBANIYeer ! | Wigdt .
180 |KIRTI GAJENDRA CHAUHAN - BBA Il Year | | AV~
181 |KISHAN KUMAR MU ANEES BBA I Yeer| | @ K. /Lo
182 |KM SEEMA PRAVEEN RAJIV KUMAR JAIN BBA IIl Yex ﬂ ) naSeCana—
183 |MAHIMA PAL SHYAM SUNDAR BBAlIYeir: | gt (o,
184 |MD RAMU RAJA ONKAR SINGH BBA I Yeir, AL i
185 |MD SHAHRUKH DEVANAND PRASAD BBA lll.Yeir | SN
186 |MEENU |ANIS TYAGI BBAlllYear ' | NieehY
187 |MEERA KUMARI VISHAMBAR: KAMTI BBAlll Year| | IR
188 |MEGHNA GAGNEJA - " |KAILASH CHANDRA BBA Il Year! | 4 - N ——
189 |MEHAK MD ALAM BA Il Yeur. | M kel
190 |MIOHD ABOOZER SIDDIQUI - [MID FAHIM BBA Il Yeur] | My oo
191 |MOHD AMIR ~|OMVEER SINGH BBA I Year] | « DY _——
192 |MOHD AREEB MUNNILAL TIWARI BBA Il Yeir| Mwd- A veeD
193 |ISHIKA ARORA MUNISH SHARMA . BBA Ill Year ' ’i}?‘] J-/G\*
194 |ISHITA GARG . YASHPAL TYAGI BBA Il Yer hido Codyl—
195 |KAILASH KUMAR KADRUZ ZAMAN BBA Il Yeir . Lot [
196 [KAJAL DHIMAN RAJESH ARORA BBA lll Year] iAo ) :
197 |KAJAL SAINI NARESH GARG BBA Ill Ye1r| ) %[Qi
198 |KANIKA CHAUHAN MOTI LAL DAS BBA Il Year L
199 |KHUSHIJAIN NEERAJ KUMAR BBA Il Year| 'P%uchﬁs
200 |KIRTI |SANJAY SAINI BBA llI Yea‘r;z | R
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Awareness Program on Water Conservation




Date 29.07.2022

- - Attendance Certificate

;Thi_s is to certify that Ms. Kehkasha Mirza, Assistant Professor of the Department of -
Journalism and Mass Communication, Shri #am College l\/luzéff_arnégar was present

s Keyndte speaker for a guest lecture o “Credibility of New Media in Current

- Scenario” on 29 July 2022.

Your insightful presentation and valuable contribution has grateful and enriched

our undérstanding_ of the subject matter.

¥ - Principal
{ChHarchand Singh Mahavidhyalya
Gothni,Distt. Bulandshahr




- IIMT UNIVERSITY MEERUT

Established by Govt. of U.P. vide U.P'Act N0.32 0f 2016 + *

Date: 13.08.2022

Certig‘gf“cate

This is to certify that Mr. Mayank Verma, Assistant Professor, Journalism and Mass
Communication Department, Shri Ram College Muzaffarnagar was present for a gdest

lecture on the “Decreasing the Popularity of Newspaper in Present era ” on 13

August 2022.

oty

(Dr. Ravindra Rana) A
Dean

(Journalism & Mass Communication)
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iy Pocket, Ganga Nagar, Mawana Road, Meerut

Contact I\.lo.’0121-2793700, 701, 702; Website: iimtu.com; E-mail: mail@iimtu.com



Date: 18.03.2023

Media” on 18 March 2023.

Attendance Certificate

This is to certify that Ms. Shivani Burman, Assistant Professor, Department
of Journalism and Mass Communication, Shri Ram College, Muzaffarnagar

~ was present for a guest lecture on the “Investigative Journalism in Print

Your wonderful presentation and valuzble contribution have made a

significant impact on the students. We Sincerely appriciate your time

and effort.

Near SBidki Chauraha, Muzaffarnagar-Dehiadun Highway, &

/
h e

Pnndpal
Indraprastta Institute of Mgat. & Technology
Saharonpur (UP)

:Zrma SR

Riok
C ghi Ra\’“

\O.p \n zaﬁa‘ nagal

“saranpur (P} Call: 9927850086, 9927850099, HI12400088
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BEPIOVSDY ACTE & PCI: Atfliated to Dr. ABighbu Kolam Tech. University Lucknow & BTEUR, Luckno

Date: 20.02.2023

Certificate

This is to certify that Dr. Ravi Gautani, Head of the Department of Journalism and Mass

Communication, Shri Ram College, Mizaffarnagar was present as a resource person in a

“National Seminar on “Business and ‘é‘echhology” on 20 February 2023 organized by

Indraprastha lnstitute of Management & Technology, Saharanpur.
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Date 29.07.2022

Attendance ¢ ertificate

This is to certify that Dr. Ravi Gautam, Head of the Department of Journalism and -

Mass Communication, Shri Ram College »iuzaffarnagar was present as Keynote'

speaker for a guest lecture on “Credibility «f New Media in Current Scenario” on’

29 July 2022.

Your insightful presentation and valuab! . tontribution has grateful and enriched

our understanding of the subject matter.

Principal
Ch.Harchand Singh Mahavidhyalya
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5-10-2022
Ref No. Dated

CERTIFICATE OF APPRECIATION

This is to certify that Dr. Nishant Kumar Rathi, Associate Professor &
Head, | Department of Computer Application, Shri Ram College,

Muzaffarnagar has delivered a lecture on “Data Structures” organized by

department of BCA on 5-10-2022.
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Ch. Harchand Singh Mahavidayalaya
Gothani (BSR)
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To

- Dr, Vikas Kumar-

Assistant Pro:fe?séor
Department of Bioscience - s
Shri Ram College, Muzaffarnagar - i

Sir, ‘ T L ‘o ey BN R
With reference to you’re the letter dated 04-07-2022 regarding approval of proposal:o

research proj ect. We are glad to offer our association with you fgr;ihif Indus Skt

project. Qur Industry is ready to release a grant as per mention in proposal letter

Please send your acceptance if you are ready to handle this proj g;ét onthe:

-conditions. . P : R i 5, e .
1) The company is ready to pay Rs. 150000/- as the cost of the projeet
2) The company ‘will not beéal TA and other eost inc‘lud‘i'ng'-s'tay arrang
3) Cost of project will be paid in advanced at the -be‘gilm_ing-dfﬂ;lg tas
4y After completion of the project, it will be ‘116_665__3’211‘~y_tb:*submitf‘the:
5) A Certificate of completion' will be issued:after satisfacto

¥

completio

Hope you find the document, in fordelij. Please send a éig11ed;¢0p.y ofth

as soon as possible, so that we send 1;_he othet required documents and the ]

150000/- SR e
3 1 at

Thanks and,.l‘éngnrdsi e l

il

| Date: 02-082022 ©
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Duration of Project

One Year (From 02 Se[;tenlber 2022 to 01 Septembér 2023)

Sanctioned Amount of Project

Amount — 150,000/~

Supervisor | , . | .
Vikas Kumar, Faculty of Bioscience, Shri Ram College, Muzéffarhagar

|
i

| Student Engagéd in project

One student was involved in research and data collection for the i)roj ect

:
|

Expenditure

Amount (in Rs./-)
10,000 x 12 (Months) = 1

20,000~

Given to Project

Supervisor

IQAC‘.CO-' ator | * \(} ot s
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GOEL RAKESH & CO

CHARTERED ACCOUNTANTS

Utilization certificate | .

57-A, AggarWai Market first floor,

Mahavir Chowk
Muzaffarnagar(U P. )-251001
Phone no- 0131 2622405

1. It is' certify that out of Rs.150,000/~ ( One
lack Fifty Thousand) of grant .sanction by

Agalvw‘al Duplex Board Mills ‘| Ltd.,
Muzaffamagar during the year 2022:23 in
favor of Shri Ram College Muzaffarnagar a
sum of' Rs. 150;000/--has been utilized 1“or the
purpose of the project for  which it was .
sanctioned and that the balance of Rs. Nil -
remaining unutilized at the end of the year has

been surrendered. The extra amount (if any ) is

met out by Shri Ram College ;

2. Certified that we have satisfied our s¢lf that
the conditions on which the grant was sanction
have been duly fulfilled/are being fulfilled and
that we have exercised the following checks to
see that the money was actually utilized for the
. purpose for which it was sanctioned

S.N. | Detail of sanction of fund with Amount
project name and duration
‘ , 150,000/-
One Year project on “A study of
Bioremediation on Pulp and Paper Mill
Effluent from Muzaffarnagar and their
Effect on Getmination of Wheat Crop”
Date from 02-09-2022 to 01-09-2023
as per sanction latter
150,000/-
Total
For Shri Ram College
Secretary

Place : Muzaffarnagar

Co-danator
IQAC, ShriMRam College,
Muzaffarnagar

For Goel Rakesh& Co
| Chartered Accountants

‘Rakesh Goel (Prqprietor)
M.NO :0711858
FRN. 003374C
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Completion Certificate

§

t We are pleased to certify. that Dr Vikas Kumar Assistant Professm Depanment of ]1osclenee ;]

Shri Ram College Muzaffarnagar Worked for Agarwal Duplex Board Mﬂls Ltd Muzaffamagar mf

-on g 1ndust1y Sponsered eousulta:noy pIOJect' ;11 A study of Bloremedlatmn on Pulp and; i

: ;He and his, team have Worlced up 10 the entue; sausfacuon of company s Mauagement aud lns

E. findings ancl reconnneudatlou are found to be useful for decleasmg cempany efﬂuent load
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|
|
|

Wikisich him all the best hlS futnre.
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- OBJECTIVE

= L) Collectlon of efﬂuent samples and analys1s

2) Isolation, Screenmg and Identlﬁcatlon of fungal strain
- .3) Physxco chemlcal analys1s of Water sample collected from Paper MIHS Ltd
4) Phytotoxm effect of treated efﬂuent on Wheat crop germlnatlon rate.

'INTRODUCTI.ONj 1

" One of the main sources of envuonmental contammatlon, espec1ally in' developmg nauo'

waste wwaters released by industry. One of India's oldest and b1ggest mdustnes 1s the p1o‘ ctio

~ of pulp and paper, Wlth an mstalled capac1ty of over thlee million metno tons of ﬁmshed: goo:
annually. Given that alound 300 m3 of water are used for eve1y ton of pape1 p1oduce' l
business produces an enormous amount of hazaldous and brightly colmed efﬂuents Paper mili S
effluent has been shown to include. about 500 distinct chlormated 01gamc chemmals, Flsh and S

othe1 aquatic commumues in rec1p1ent Water bodles are subJeot to a range of clastogemd,l‘

- ca1cmogemo endocnmc and mutagemc effects due to the cons1de1able chemlcal dlve,_,

‘these pollutants.

{

- To, remove the eolor and tox101ty of these efﬂuents a Vanety of physmal chermcal t1e"':tme 1_“5 i

systems based on memb1 ane filtration, coaoulatlon adso1pt1on a;nd p1 e(31p1tat1on have been us ed v

in the past. Howeve1 due to Vanous dlawbacks none of these systems haye been foun
: mdustnally appllcable The actwated Sludge technique is the most commonly ut1l1zed blologl“

treatment system But it also fails to completely elmlmate the tox1(;1ty and color of the efﬂuent‘ e

Due to- these 1ssues, cullent studles have concentrated on usmg wh1te—1ot fungus (WRF)
biotechnological methods because of theu potent l1g11m—degradmg enzyme system The xvan 311s s
pollution palameteis of the Kraft bleaoh plant effluents have been 1eported to be effectlvely g

- reduced by Phanerochaefe chr ysospormm Lem‘znus edod@s and T rametes (Corzolus) verszcole}\f.; A

5 To increase the tteatment process’ s efﬁmency, it is necessary to look for more effect1ve".i:,;.'_

spec1es Furthetmore a single funous specles has only been employed in all. of the publ1s_ll': Lyt

study: 4. ks
o Cos SECRTT L o e e “Hchaieman-.
leac, shr, for RiEES SN L aack Shri Ram Coflegd,
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LR many places nowadays These wastes -and efﬂuents are made up of all’ lcxnds of cornponents,. i
ranging ﬁom basic nutrlents to extremely poisonous compounds The cond1t10n of the land and. !
water has changed as a result of the discharge of lndustrral efﬂuents contauung dlfferent levels o o

contamrnants The paper industry is one of the main 1ndustr1es that pollute the env1ronme

* among the others. - _ . : e o
The installed capa01ty of the approxnnately 700 paper mllls in Indla 1S 701 4 mrlllon metrrc 'ton 3 : ;:

~ The mills dischar ge a significant volume of effluent mcludlng dlfferent phy51cal and chemlcal
agents during the paper—makmg process. They are released into- nerghbonng bod1es of wate1 51- .
onto land. Farmers 111 the area are 1rr1gat1ng their ﬁelds with the contarmnated water Becau 56
treated wastewater has a significant amount of nutr1ents that may be helpful for plant growth it

. 18 now seen as a potentral supply of water and fertilizers. These wastewaters are on the: Verge of . o

Q.._‘

being classrfred as salt water, although they may be used as an lrrlgatlon source [l] The treate
~paper mill effluent had more sodlum calclum sulfate, and chlorrde as Well as greater BOD and _ y
COD values with lowNPK[2] | : e kel
‘_ APulp and paper industry history AR :
'Papermaklng appears to have started in-China and. then expanded to. other parts of the world," -
including India. In the foruteenth century, Kashmu witnesses the establlshment of lndlas ﬁrstl o o
mill for handmade paper. The first mechamzed paper mill usmg Jute and grass Was founded at

Serampore, West Bengal, in 1832—a long time later. The lndlan F]nance Act (1931) and th

v

Bamboo Protection Act (1925) spurred the growth after 1t had a slugglsh begmrung Dunng this
time, over ten paper mills were put mto se1V1ce and by 1931 45 600 metrlc tons of paper could_ s
~ be produced [3]. _ ' e A
Classification of paper mills : : ‘ .
The categorization of pulp and paper nulls is based on the raw matenal used plant 51ze and end
products manufactured Based on the ravw materlals used, the paper mllls are cla531ﬁed as

follows

it
h
!

Wood or forest-based mills: i
These mills use 1mported pulp as well as indigenous hardwood pulp from bamboo eucalyptus
_ete. The Indian paper industries, on aver age, consume about 3— 4% of the total Wood in lndra

- Agro-residue-based mills: Agucultural leftovers such as rice straw, wheat sarkanda grass :

bagasse, Jjute, éte., are used as raw rnaterrals in agro-re31due—based mrlls Smce the early 197 Os,

. Co}\@a,or" & | | IQAC Sﬁr‘?w’aérrranc :
QACMiSfo;?agglege, | ’ . x5 Muzaffarnagar S :
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expendrttues in pollut;lon control technology, transportatron expenses,t ’andf seasonal avarlabrhty L

are hmrtrng con51derat10ns

o Wastepaper—based mllls These rmlls use 11nported and 1nd1genous wastepape1 conuaated :

waste paper kraft paper, and waste cuttrngs as raw materrals The recovery of wastepaper by -

these mills for the productron of paper has mcreased frorn 65 OOO metnc tonnes 1n 1‘995”‘ 10! i

850000 metrlc tonnes 1n 2000 however the 20% rate of recovely ‘1s\st11 among he lowest“f,. s

1nternatrona11y [4] 1

Chemrcal constltuents of Raw materlals and Wastewater

Serrous health and envnonmental 1ssues anse ﬁorn the la;rge scale wastewater drscharged_mto e

: 1ndust11a1 pollutlon is the pulp and paper sector The pulp and paper sector 1s one of the twenty ,;A"..: i ;

) most pollutrng 1ndustr1es accordlng to the Mlmstry of Envrronrnent and Forests Govermnent of i

wastewater frorn pulp and paper 1n111s ’is »
The maj jority of the chemrcal components 1ncluded in the, efﬂuent of pulp

Wood extractrves, hgnm cellulose and hermcellulose degradatron produets”

quinone derwatrves, and chlonnated substances, are among the 11gnln breakdovw prod ts;-_'-

detected in the pulp and paper mill efﬂuent In efﬂuent some 300 drfferent owmochlorme
chemrcals haye been found hundreds more are still unknown Of these chenncals chlorophenols »

(cat@ guarcols and therr transformatlon products amsoles and Ver\bhroles) are the most i

Co- ator C ir
man; s
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toxic. The most prevalent types of chlorophenols are the persistent and exceedlngly poisonous

- trichlorophenol (TCP) ‘and pentachlorophenol (PCP). The- two rﬁost ‘harmful documented

chlorinated chemicals are furans (PCDF) and dioxins (polychlorod1benzo—p d1ox1n or PCDD) "
Other chlounated compounds detected in pulp and paper mill efﬂuent bes1des d10x1ns and,_
furans, are chlo1oforms chloroacetones, aldehydes, and and acetic acids [7]- :

Wastewater treatment’ ‘methods | ; - _
Pulp and paper plants that use agricultural residues typlcally handle nnxed Wastewater ey --
Equalization, p11mary settling, clari-flocculation, and secondary b1ologlcal treatment (aeroblo or L
aerobic) are the steps in the treatment sequence The activated sludge ‘treatment and secondary'
clarification come next.; To recover used pulping chemicals, the majonty of large paper mills,
along with a few medimlt-sized and small ones, have chemical reoovery plants. The treated
wastewater is dumped into drains, rivers, or surface water on land. The prirnary sludge is dried in
sludge drying beds or lagoons depending upon land availability and%is generally sold to' board
manufacturers. "l“he waste water treatments are usually categorized .:into physicoohemi'cal ‘and

blological techniques. : v

" . Physiochemical methods:

Numerous phys1cochemlcal technlques for removing color have been d1scovered “and e

documented: in the llte1atute in the past, including adsorption, fast sand ﬁlteung, chemtcal-
precipitation, membrane processes, and electrochemical techniques. [8] *
More and more research is bemg done on the ehmmatlon of synthetlo orgamo compounds,
organics that generate colo1 and disinfection byproducts using adsorpnon techniques. Activated

carbon, processed bone, char powder, activated alumina, magnesia, !aotlvated baux1te ﬂy ash,

 alum, lime, etc. are among the several adsorbates that are frequently employed in wastewater

treatment [8]. The primary adsorbent used in large scale Wastewater treatment is  activated
carbon. In certain circumstances, other natulally occurring adso1bents are employed Fluoude
elimination is one of the common uses for activated alumina. Hydrocatbons are separated usmg
~silica gel. Carbonized and polymeric resing are frequently used to remove organlc pollutants
from wastewater more effectively. - ' f ‘
Both a smmﬁcant initial outlay and pretreatment are necessary for the 1nemb1ane approaches.
Anothe1 issue with this apploach is membrane fouling. Although costly, adsorption and
memibrane methods are effective [9]. The wastewater from the produotlon of cellulose paper can

i
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'also be treated by applymg the electrochemical apploach [lO] H1g11 treatment efﬁcrency is’
guaranteed by this technology; nevertheless, the lqnd of electrodes used the de51gn of the |
~ electro-coagulators, and the operating environment all affect how efﬁc1ent the pr ocedure
- There has been a lot of research done on chermcal precrprtatlon employmg hme ferric chlonde
and alum [11]. Some dlsadvantages have been mentloned despite the short detention penod and lf:
o cheap capital cost. These include the high cost of chemlcals for pH | correctlon and p1ec1p1tat1on
the large amount of sludge produced as a result of hefty doses the need to dewate1 and dlspose' 1
of the generated sludge and the hrgh amounts of res1dual catrons Although chenncal 4

precipitation procedures are mexpenswe they gener ate a 51gmﬁcant amount of sludoe and do not

i

eliminate toxrcrty entlrely ‘ _ o I ol
It is crucial to con31der the chermcal 51de of color ‘removal from pulp and paper sector
wastewater. Du1mg alkalme extraction, the add1t10n of calcmm hypochl011te (1 2% of avarlable"‘ A
chlorine) resulted in an 84% reductron in effluent color without- compromlsmg pulp quahty ‘
When chlorinated backwater (contammg 0.8% 1es1dual chlorine) was used to wash b1 own stock :
the color of the. efﬂuent was reduced by 60% W1tl1out comp10m1smg pulp quahty “When ferric
' a01d chloride was present, the amounts of alum lime, and magnesrum sulphate decreased by
97% 68%, and 52%, respectrvely, as well as the color. The most efﬁment mrxture to 1educe’
color BOD and - COD by 97, 71, and 64% in chlorme—tleated Water was alum calcmm:'-
- hypochlorite, and ferrous sulphate The treatment optrons that have been explored till now are
not cost-effective at the| plant level and no completely efﬁc1ent method is currently avulable 434
Biological methods: e e - : ». o \
The drawbacks of phys1cochemlcal techmques may be mlt1gated or ehmmated by usmg‘
biological techmques Numerous mvestlgatlons have been conducted ;on the brolo glcal tleatment
_ and decolorization of such wastewaters. Because of the presence of carbon-to- calbon blphenyl
linkages, polymerlzed tannms and lignin, as “well as their derivatives, are resrstant to degradatmn i
and are pumauly responsrble for the color of paper mlll efﬂuent Certam m1croor ganlsms are
 said to be capable of! blodegradmg hgmn and: its de11vat1ves leen the Tight envnonmental
clrcumstances lt has been observed that a Wlde Varlety of bactena mcludmg Pseudomonas
species, Flavobacterla, Xanthomonas spec1es Bacrllus spec1es Aeromonas 7 specres
Cellulomonas spec1es, Chromobacterla etc., degrade l1gmns -and hgnm derlvatrves [121: Fewe1
st% of bacteria are. able 6 adhere to lignin der1vat1ves deuved from\

C arious. -pulping
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Numerous previous research endeavors have concentrated on the identification screening, and

categorized as White-rpt, soft-rot, and brown-rot fungi [IZ]L These%ﬁmgi have béen shown to

degrade lignin.

lignin as a secondary.metabolite, which is not necessary for their growth, father than as a carbon’

source for their growth,

manganese peroxidases (MnP), and laccases’ (Laé)—bause the lignfn breakdown by white rot

fungué, which has been the s

Three -extracellular phenoloxidaées—~1ignin peroxidases (LiP),

ubject of much research (Peng Wang et al 2008). Apart from lignin,

these fungi have the ability to break down a range of environmei?tally harmful substances,
including heterocyclic aromatic hydrocarbons, synthetic high polymérs, and different types of !
dyes [14]. - |
Various fungal species have been shown by several writers to be able to extract color from kraft
mill effluent [13.16,17}, [18] doamenfed a significant decrease 11:1- color and COD by the
épplication of T. Versic<?lor and P. chysosporium, two white-rot fungl’us‘ [19] shown'that cold’r,
COD, and lignin content may be eliminated by qsing surfactants and thé white-rot fungi P.
chysospo;'ium in conjunctioh with P, sangﬁineus, P. ostréatus, and H.annosum.
Additidnally, it was discovered that the fungus Pleuro"cusostreatus renfloved color, BOD,‘ COD, .
" and lignin to the extent? of 77%, 76.8%, 60%, and 80%, réspectivély. Discovered a fungus
(Pencillium sp.) that, aftél‘ two days of contact, was able to eliminate 5 O% of the AOX and color "
from the soft-wood bleachery effluents [21]. Demonstrated that thé dissolved and colloidai
materials could be effectivelyvbroken. down by fungi like T. Versicolci)r and the fungal cultui*e
filtrate (FCF) that was extracted from these organisms. Other White-r(?)t fﬁngus that have been :
shown to deteriorate the color of wastewater under ideal circunistancés are Pleurotusostr'eatus,-.
Aspergillus fumigatus, Schizophyllum commiune, and Tinctoporia bonbonica [22].

Effect of untreated effluent on land quality:

| é j g M
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-~ chloride, Wthl’l can lead to nutrltronal imbalances in crops increase soﬂ sahnlty, wealcen So1l' :

» 1ndustr1al effluents. Untreated paper mill offluents morease the coneentratron of heavy metals in’

. Effect of untreated efﬂuent on.Crops: - sl anal
Pulp and pape1 mill efﬂuent is also 1espons1ble for affectlng the quahty of crops due to 1rr1gat10n e -

- 1. Decrease gennmatron percentage and seedhng growth'in: crops [23]

1 lnh1b1t1ng effect on the gerrnrnauon of crops [24] AL S i .

s i Gerrmnatron percentage and y1eld in paddy [30] ' 2 -
‘Effects of untre‘tted efﬂuent on Water bodles : '
: Research showed - that fish populat1ons re51d1n0 downstrem of bleached kraft pulp rmlls
: exlnbrted a range of reactrons These 1neluded a deehne in secondny sexual tralts, demeased

'gonads altered fish reproducuon and delayed sexual maturrty The prn:na y 1ssue blought about

E—’dff&magar Ll ; . |

i
{
i
i
|
|

o3 Addttronally prevalent in pulp mill wastewater are elements hke sulfur,! magnesrum and sod1u1nf- M

; struetule and eventually reduce crop y1eld l23] The paper mill Wastewater oontarns haéardous e

trace elements that can burld up excessively 1n SOllS and cause senous 1ssues for humans and :

anlmals by getting 1 1nto the food chain. Heavy metal’ conoentratrons a:ce s1gn1ﬁoant 1n untreateda" b

irrigated surface soils by contammg greater levels of Cd Pb Zn Cu Mn and Fe So1ls bemg'

» .watered by papet and pulp 1ndustry effluents have been found to have s1gn1ﬁeantly lngher values. l i

of EC, organic oarbon aoeess1ble K exehangeable cations (Ca2+ Mg2+) exchancreable amon.a i

(Cl-, HCO3—) and nncronutnent cation (CuZ+) The agronon:no pe1fonnance and sorl fertlhty of S . .

certain soils were 1mpacted by the biochar that resulted from the Gradual pyrolys1s of pape1 ;

l

effluent. it ) : ; , ' ' ;

wrth polluted water, Whrch damages the soﬂ growth quallty, and y1eld of the crop

3. Reduces crop glowth and grves severe advetse effeot on soﬂ propert1es [25]

4. Seed gernnnatron in Sunﬂovver andma1ze [26] o :' 5t g Lt

5. Gerrmnatlon of seeds in paddy [28] v L i
6. Reduotron in shoot werght (44%) in paddy [29] - S : L
_ |
i

by pulp and paper factorres was the development of sewage fungus 1n the r1ve1s that 1eoe1ved the

wastewater. The presence of suspended sol1ds in the ‘water rmoht 1esult 1n 1ssues Wlﬂ'.l 1ts "dark o
color and exeesswe turb1d1ty, which can cover. up river or la.kebeds In aquat1e hab1tats sevele' i -'
blanketrng may cause anaer obro decornposrtron beneath the. blanket ge ner at1ng hydlogen sulﬁde iy

- 8@ \én’gatm plants, the blanketlng and dark color can lovver photosynthetro actrv}ty [28] The glowth :

te Rl i ,
am Ccr)lle o ' : E Chlrman L
Wl ' : IQAC Shri Ram Callege,
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of primary, secondary, and tertiary consumers is negatively impactéd, which sets off a cascade of
~ negative Impacts on the aquatic ecosystem. As a result, before §they may ‘be introduced into

surface waters, color and toxicity must be removed. - ’
Eifect of untreated effluent on Soil Biology . L :
‘Investigations on how wastewater application affects the biologioal chara'gt‘eristi'cs. of s_diI _haVé '

produced a range of ‘outcomes, depending on the experimental se‘lpup and_meiasuren{cnté mad

H

=

For instance, reports. of microbiological counts have been made historically, but more recent - -

o

research has used molecular biological techniques that focus on gene expression’ and enzym

U 5

activity. Rice seed gefmination is negatively impacted by paper mill effluénts 228] Accofding t

iy

[30], compared to control seeds, the germination of rice seeds gfadllally decreased at 50% an

i

'

higher wastewater concentrations during the course of the trial also demonstrated 44% decrease

in shoot weight in soil that has received 100% wastewater treatment.| »
- 1. Accumulate metal (loid)s, sélts, and organic compounds such as pesticides in soils that might

be toxic to soil fauna and florg [30] : | -

2. Antibiotics are bioactive compounds and can reach soils thréugh wastewater in‘igation,
thereby affecting soil biological acﬁvity [317 o

3. Wastewater-borne micr_oorganisms'might compete with indigenous microbial communities|
[32] | - | B R

i . s
! .
1

4. Microbiological population from aerobic to anaerobic microm%ganisms due to- shortterm
: ] | : eI

oxygen depletion of the topsoil resulting from wastewater irrigation, as seen by adecrease in

oxygen diffusion rate [33] ' -

5. The stimulation of copiotrophic bacteria was observed in the same ‘long-t.er‘m wastewater
. irrigation area [34,35] _ o s o | |

Effect of treated efﬂue;lt on soil properties: _ o | -
The various irrigation sources can be augmented lby using the efﬂuer?lt from the pulp and peipc{r _
industry. i : | i ' . :
1. Soil ﬁhyéical and hydfau]ib properties [36] i
2. Soil aggregate stability [37] |
3. Bulk density and porosity induced [38] |

4. Lower bulk density and increase soil porosity [38] o |

5. Total porosity [39] o - ’ : S N
. Co inator ' B . Ehairman -
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6. Actinomycetes and fungr population [40]
- 7. Soil nutrients status [41] B
~ 8.N,PO4,Na, K, Mg, and Ca ([42]

9 Na, and extractable S Zn Fe, Mn, Pb and Ni [43]

10, Soil pH and organic C, N P,and K. [44] | o

L1 Organrc carbon (3. 2—5 9 gkgl), and concentratrons of N, P, K and Na [45] »
12. Long—term wastewater 1r11gat10n affects total mrcroblal biomass and/or sorl enzyme actrvrtreS‘ .

in drfferent soils [46] |

13, lncrease in bacterral counts and bactenal actrvrty [47] 17
14. Increased the soil bactcrra, actlnomycetes fung1 rhrzob1a and yeasts and the populat1ons of

l
i

soil microor gamsms [44]

. I

- The reuse of industrial efﬂuents for irrigation purposes is an alternate and effectrve Waste

. dlsposal 1nethod comrnonly called "agro—recycllng" Where Wastewater and plant nutrrents could :

be recycled to dlIIlllJlSh pollution and accornphsh addltlonal income.

. 1. Germination percentage plant height, crop growth rate (CGR) and relatrve growth rate ,

(RGR) of sorghurn, maize, and sunflower [47]
2. Pod y1eld and oil content of the groundnut [48] T
3. Yreld parameters of tomato VlZ nurnber of fruiting clusters fruit werght and fru1t y1eld Were ;

lugher [49] 4 L : ’ ‘ |

- 4. Quality traits of bhend1 and amaranthus [SO] : A ' ‘

e Cowpea yield by up to 28 percent and the nodule format1on [51]

6. Hrgher chlorophyll protern content, root length shoot length, leaf area and total bromass 1n”

' black grammes at a 10% concentration of paper mill effluent nr1gatlonl [42]
. 7.~ Bacterial, fungal and nodule counts had -also increased 'in black grannne up to 50% "

: concentratron [52] ‘;» , | o b

8. Germination and growth of peas [53] ;
9. Pod (2608 kg ha-1) and kernel yield (1534 kg ha—l) [54]
10. Length of seedlings after germination in Vegetable Ccrops [55] )

11. Yield and brornmerals viz., Ca and Fe of banana [56]

12 Paper mill efﬂuent on germlnatron seedling growth and chlorophyll co%ent 111 Zea mays L v |
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13. Increase in chlomphyll content, plant height, shoot and root| blomass grain yield etc. in

- Triticum aestivum L. [28] A
. MATERIALS AND METHODS | L
 Sample Collection |

Fungal isolates were 1dent1;ﬁed on the basis of morphology i.e hyphe con1d1op1101 es, comda etc -

identified as Asper. gillus niger by followmg the culture identification techmque

g efﬂuent conoentratlons The isolated fungus Aspergzllus niger- Was tested for blodegradatlon

‘and treatment was conducted for 7 days. ' ST | B

‘PIzyszco—C/zemlcal Chamctenzanon of Effluent 1

ool : : | (%alrman :
o e%ater D IQAC Shri Ram
|QAC. Shri Ram College, | - | MUZa,famagao”ege

|

{
1

|

Samples wete collected ﬁom the inlet of effluent t1eatment plant from Paper Mills, Ltd
Muzaffa1naga1 India, stored at 4°C and ﬁltered through a 0.5 mm sieve to remove suspende 1
particles. ‘ |
Isolation of Fungal Stmin (m(l Screening o | | 1 .
I
em1chment techmque I ml efﬂuent sample was inoculated into hotato dextrose agar (PDA
media contammg d1st111ed water, potato extract, dextrose and ‘agar at 30°C for:48 hrs for spore
formation. Fungal oolomes which appeared on the med1a were sub— cultured to obtain pur'e
isolates. A . i

Identification of Fungi

i
|
i
s

% Mlcmsoopw examination was done for isolates at 40X magmﬁcatmn Isolated culture Was" =

Treatment of eﬂluent ‘ .
For the treatment, effluent sample was dlluted to 3 different concentration viz, 25%,_ 0% and

75%. The purpose of dlluuon is to study the degladatlon efficiency . of the orgamsm at different

_ abﬂlty under labomtory condition. The organism was inoculated 1nto éach effluent eonoentratlon, '

1) Biological Oxygen Demtma’ (BOD) » i : 3
BOD of efﬂuent was | detelmlned by the standard dilution tec}uuque of APHA. The method 4ot

consists of filling an air: tight bottle with sample and incubating | at 200 C for 5 days The s

dlssolved oxygen (DO) was measured before and after the mcubatmn The d1fference in DO was]

computed and BOD of effluent is calculated. !
o

2) Clzemzcal OYy oen Deman(l (COD) ‘ ?

X

Muzaffarnagar ) |
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13. Increase in chlorophyll content, plant height, shoot and root biomass, grain yield etc in

- Triticum aestivum L. [28]
MATERIALS AND,METHODS
Sanzp]e Collection : |
Samples were collected from the inlet of effluent treatlnent plant from Bindals Papetrs Mills Ltdl

- Muzaffarnagar, India, stored at 4°C and filtered through 2 0.5 mm sreve to remove suspended

{
1

particles.
Isolation of Fungal Strain and Screening 1 _ .
For bioremediatior_l fungus was isolated from the effluent collected from paper mill by effluent

enr_ichment technique. 1 ml effluent sample was inoculated into lpotato dextrose agar (PDA

Nt

media containing distilled water, potato extract, dextrose and agarlat 30°C for 48 hrs for: spor

(@)

: formatron Fungal colomes which appealed on the media were sub— cultured to obtain pure
isolates. |
Adentification of Fungi . : _
Fungal isolates were identified on the basis of morphology i.e hyphe, conidioplrores, conida étel,

Microscopic examination was done for isolates at 40X magnification. Isolated culture wa

L7 2]

identified as Aspergillus niger by fellowmg the culture 1dent1ﬁcat10n techmque
Treatment of effluent _'
For the treatment, effluent sample ‘was diluted to 3 different concentration uiz 25%, 50% and
75%. The purpose of dilution is to study the degradation efﬁcrency of the orgamsm at different
effluent concentrations. The isolated fungus Aspergillus niger was tested for biodegradation
ability under laboratory condition. The organism was inoculated i 1_nto each effluent conce_ntrauon : :
| and treatment was conducted for 7 days. L |
Physico-Chemical Characterization of Effluent ' ’
1) Biélom'cal Oxygen Demand (BOD) | | |
BOD of effluent was determined by the standard dilution techmque of APHA. The method
consists of filling an air tight bottle w1th sample and mcubatmg at 200 C for 5 days The_
dissolved oxygen (DO) was measured before and after the 1ncubat1on The dlfference in DO was
computed and BOD of effluent is calculated "
2) Chemical Oxygen Demand (COD)

: f | : 5[%wirman e
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- Lignin (ppm) = Absorbance | o ' ;

‘ RSG (%) = Number of seeds germrnated in the sample extract ><100

COD of efﬂuent was calculated using closed reflux unit by t1tr1metuc method of APHA. The
effluent is 1eﬂuxed in strong acid (H2So4) solution W1th K5CrO7, sllver sulphftte and 1nerculrc .
sulphate. Oxygen consumed was measured by titrating the’ sample agalnst ferrous ammonium

sulphate (FAS) using ferroin indicator.

3) Lignin

Total lignin content of effluent was measured by followmg the 1nethod of Pearl and Benson. In
this method effluent sample (50 mL) was m1xed with 1 ml of CH3COOH (10%) 1 ml, of NaN 02
(10%) and pH was adJusted to 7. Then 2 ml of NH;OH was added- and absorbance was measured

~ at 430 nm. The absorbance value was transf01med into-lignin content (ppm) using the followmg

formula * : i

I

"0.000247
4) Phytotoxzczty Studies ¥ .
Phytotoxicity studies were- conducted to check the toxic effects of treated efﬂuent E*cpeument i

was performed under room temperature usmg presterilized 10 Vzgna mdzara seeds For the'i

experlment 10 mL of treated and untreated effluent samples were used per day A control set was'| -
" also marntarned Treatment was conducted for a week and results Were noted in terms of seed'

,germlnatlon index (GI) relative seed germrnatmn (RSG) and (RRE) 1e1at1ve 1oot elongatron

L i

Number of seeds germrnated in the control

RRE (%) Mean root elongatron in the sample extract ><100

Mean root elongation i n the control - g

. GI (%)'=, ( %S'e'ed germ:ination) X (%Root elongation)

100
RESULTS AND DISCUSSION S i

T

" Results are expressed as mean = SEM. The statlstlcal analys1s was carrred out usmg one way
ANOVA followed by Tukey’s - t-test. The drfference in values at p<0.05 -or p<0.01. Were
: cons1dered as statrstlcally s1gn1ﬁcant Statistical analysis was pe1f01rned usr& ez ANOVA 0. 98 &

» : L
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; Plzyszco Clzemzcal Clzamctertzatmn of Eﬁ‘luem‘ i :
= 1) cop

It is observed that Aspergzllus niger has shown COD reductlon in all treatment systems (Tabk‘

18"

1). COD reduction in 25% concentration was 180.20+0.34° to 86 OOiO 34 m 50% concentratlon

354.2040.36 to 168.320. 42, in 75% coneentratron 512. 30:t0 22 to 280:&0 23 and m 1aw efﬂ .n_-.v : __::_,‘ :
692.30+0.43 to 362.43+0.40. ’ . :

Table 1: Reductlon in COD Concentratlon after Treatment WlthA ]Vlger i

Concentration Before treatment After treatmen‘t.-'_' Z
692.3040.43 1362235040 =
512304022 2802023~ T
354.20£0.36 168324042 _
180.20£034 185, OOiO 34

2) BOD

Results revealed 1educt10n of BOD by Asper gzllus niger durmg the treatment In 25% e
concenfration it was reduced from 120 10£0.22 to 42.40+0, 23 in 50%

concentratron Niteen

294, IO:EO 16 t0 72.27+0.25, in 75% concentration 504, 27:t0 25to 98. OZiO 22 and m raw efﬂuent 3Er "

661.20+0.42 to 118. OOiO 18.

Ta.ble 2: Reduction in BOD Concentration after Treatment With A 'nigér . Lo

]

FConcentration

Before treatment After treatment :
| Raw 661.20+0.42 | 118.00+0. 18
- [75% 1504272025 98, OZiO 2
150% 294.1040.16 7227i025 S
25% 120.10£0.22 43. 40:&0 K o,
s |
D. Lignin |

From the results 1t is observed that Aspergillus niger

of hgnm in ’)5%

: 'Co-dgﬁat@r L
IQAC, Shri Ram Cellege,
Muzaffarnagar

concentrat1on was 992.56+£0.15 to 564.20+0. 60 111 50%

has potency to degrade hgnm Degradatlon

coneentratmn
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' '1552 20:l:0 43 10 752 27:':0 43, in 75% concentratron 1682 34ﬂ:0 30 10 1204 70 -o'.42 and in raWr
- offluent 2093.43+0 6510 1423, 50+0.50. Pl s '
Table 3: Dehgmficatmn of Efﬂuent usmgA mger :

| Concentration ; Before treatment o ’After treatment gt e e
R T [209343:065 T | 1423505050 e
75% T [16823A030 AT A

50% SR R e 752,.2:7%,43,,.__,f;,-g

% (o e Eos T R 564205060 -

Radmta :

E. Phytotoxzczty Studzes

Using Vlgna radrata the phytotoxrcrty test Was carrred out to deternnne the hazar dous n:npa 5
the effluent after treatment Wrth A nrger Table 4 presents the results of a seed ge11n1nat10n test :
on many criteria, mcludmg the percentage of gennrnatron, root and shoot lenoth and GI inds x Tt
was noted that seeds cult1vated in the tr eated and control samples exlnbrted lngh 1oot and shoo
growth as well as a hrgh germrnatron pe1 centage Reduced seed geurnnatron and 1nnn1nal shoot't
~and root growth are observed in seeds cultrvated Wrth untreated Wastewater
Wastewater was found to have a low GI mdex e el e
¢ The efﬂuent treated wrth A mger shows hrgh Gl (89 43% .
 have made a similar observatron 1n thelr studres Tlns suggests that the use of mrcroor garnsm in.
the biological treatment process 18 successful in lowerrng the efﬂuent Sv ‘
promotes the gerrnrnatron and growth of some food plants 5 '

Table: 4 Effect of Efﬂuent Treated Wlth A Nzoer on the Germmatlon and Growth}of V

! %

Untreated‘-f' c

VBampatre A and Jha H ‘ 2016-‘

" pollutant load 'Wlnchr.

S
!

it J ‘
i & 5e 5

Sample | Shoot Root | Germination [ Glndex
- Léilgth- Length i : Vg
G -y 1 B R

\12,5. g T

Control \485 i
: , 3BT e o TTRO% T
C ]%‘%‘:“atgr \ : = \ ‘y-z,l et vk
1QAC, Shri Ram College, -
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Treated [39.2 | 12.0 T 190% 89.43%

CONCLUSION

Among the main industries, pulp and paper mills are ranked as the ﬁfth biggést source of

industrial water pollution. The resultant effluent has a high phenolicf content, turbidity, B OD,I an

=

COD concentration, and it is dark in color. Numerous physical, chemical, a_nd"biélogicé
treatments have been used to treat wastewater; among these, the bidlogical process has proven to
be efficient and economical, as have natural processes that cause matter to break down into

simpler components. In this study, pulp and paper mill wastewater Was treated using Aspergillus
niger. Based on the findings, it can be observed that this microorganism works by lowering the

wastewater's contents of lignin, BOD, and COD. : |

o -
Aspergillus niger, according

to the results. The effluent exhibits minimal phytotoxicity and is aiapropriate for plant growth,

The pulp and paper mill effluent can be effectively biodegraded by

according to the results of the phytotoxicity investigations. Th'erefofe, it is'recommended to use|

this fungal isolate for the bioremediation of paper mill wastewater.
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To
Mr. Bhupendra Kumar
Cept of Physical Educatio

Shri Ram College, Muzaffs
‘Subject: Approval for Prg

Dear Mr. Bhupendra Kum

I hope you are doing well.

Village-Bahadarpur i{herﬂ\j/iran’ has been approved. | am pleased to info)

90,000 has been appro

complete the project. We

regarding the project's pr‘

Yours Sincerely,

Authorized signatory

QAC Co . .
s Shrl am ¢ {

ol
Muzaffarnagar /ege‘

o pite

{

rnagar

ot -

B,

You will be delighted to know that the ‘Fit India|

ed for the research project. You have mentior

07/7/2022

t in Model Sports

m you that a grant of Rs
ed that it will take 1 year to

il will need to submit report

a1l the best.

: Ch?\;'r;nan '
HAC, ShriRam College,
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Institute of Mane!geme-nt‘; & Technology

To
Chairman
Ghaziabad.
Dea; Sir,

- As per our discyssion W‘lth you, we have proposed for the fing

Research Project on ‘Fif India

We propose to

compromising on qualitjf. The detail of estimated cost for the project ig
H 3

(Affillated To CCS University, Meerut & Approved ByNCTE) /ICIRCULAR ROAD, MUZAFFARNAGAR

ted by NAAC

I e A Grade Aceredi

t
Date: 07.06.2022
|
|
i

)
]
3
i

]fVIovement in Model Sporits Village Ba

{ .

| timely delivery without

gsomple{te the project within 01 year ensuring

attached herewith.

I
We are excited qlLout the possibility of working with your organization on this project.

Hope you find

accordingly.

Co- ator
IQAC, Shri Ram College,
Muzaffarnagar

: 2
I

he document in’ order. Kindly accept the pro osal and release the fund

Thanks and rggards

>

rincipal

College, Muzaffarnagar

A am College, .
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Kheriviran and

Co-Oxgtitator

IQAC, Shri Ram College, |
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Fitness Ca
a) Physica
b)'Balance Dlet .

¢) Training

e) Awarene

h) Data Ans

posed Actlvmes in 202%23 at Model S

Estlmated cost under the research proj

E T
T’Ip-

d) Envrronr‘nent Fnendly Lifestyle, .=~ -

f) Sports Falcilities

g) Data Collection |

iysis ; :

Activity
; f

Fxtness Actlvmes

recreational & Spor1 mg Actlvmes

ss from Dfsease L

NModel Sports _Vill‘a,_g'e .

Proposed: :

e —
e

rts Vi;llage Bahadarpur-

ect 'Fit Indig Movement in

_ Estimated Cost

. 120000/-
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To

The M'magel

Sir, o I
I, Dr. Vikas Kumar, am wmkmg as Asms‘cant vP_

Ram College. [-am plannmg to stalt a research plo

germination of wheat crop. .
our team has been hewd at work

and Paper Mill Efﬂuent fmm M_1z

can continue innovating;

Bioremediation on Pulp

Germination of Wheat Crop”, ';i e

Here is a brief summny of oul proposal mcludmg the scop s b

few aspect of the ploposal We are most exc1ted abou f‘.-accm plishi

accurately demonstrate the go'\l and vision of 0u1 prOJect te.ym _: :

any other 'm‘formahon you need regar ding our ploposa

With Regards ,.:f: g R  '. R

/ i £ . - g ) ' :

/Q\}‘,ﬁ) Pl r" S :

Dr. Vikas l\umar

Assistant Professor
Department of Bioscience
Shri Ram(ollwe ‘Muzaffarnagar o

. Ce-orgftor Tl
IQAC. Shri Ram College, A B
Muzaffarnagar - LI o
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To
.~ Dr. Vikas Kumar

Assistant Professor
Department of Bioscience
Shri Ram College, Muzaffarnagar

With reference to you’re the letter dated 04-07-2022 regarding applovalof prdp:(;')s;_feﬁao
ur association with you for this Industrysponsore ;
ant as per mention in proposal letter-by you ‘

Sir,

research project. We are glad to offer o
project. Our Industry is ready toirelease a gr

Please send your acceptance if you are ready to Thandle this proj ect o'n"’che % lowir

conditions. R -t 5 arefE e W
1) The company is ready to pay Rs. 150000/- as the cost of the project. .
2) The company will not bea.1 TA and Q‘tlie'r cost including stay arrangements
3) Cost of project will be paid in advanced at the beginning of t11¢ task. Sima
4) After completion of the project, it will be necessary to-submit the ﬁnaheport

5) A Certificate of completion will be issued atter satisfactory completion o the pro

t

Hope you find the document, n brdei_*. Please send a signed copy of the le
as soon as possible, so that we send the other required-vdocmnents] and the pa

150000/-

Thanks and regards .

Date: 02-082022 . b

: am College, = s
2 Carrrsnonvence Ao ess 423, SOUTH 8% E:L»Fﬂ. ?‘
Gend, Ofties . BOI-REAMA WiLdd CNTY BRALL, (e
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/. Duration of Project

One Year (From 02 September 2022 to 01 September 2023)

Sanctioned Amount of Project

Amount — 150,000/~

Supervisor

Vikas Kumar, Faculty of Bioscience, Shri Ram College, Muzﬁffar,hagar

1

Student Engaged in project

One student was involved in research and data collection for the project '

Expenditure

IQAé CO'A@, stor | 3 oA e
. ShriRam College, : I éairman T |
| AC.STiri Ram College, -

Muzaffarnagar
Muzaffarnagar. -



GOEL RAKESH & CO

CHARTERED ACCOUNTANTS

Utilization certificate

57-A, Aggarwal Market first floor,

S.N. | Detail of sanction of fund with Amount
project name and duration
: | 150,000/-
One Year project on “A study of
Bioremediation on Pulp and Paper Mill
Effluent from Muzaffarnagar and their
Effect on Germination of Wheat Crop”
‘Date from 02-09-2022 to 01-09-2023
as per sanction latter
150,000/-
Total

For Shri Ram College

Secretafy
Place : Muzaffarnagar

Co-denator
IQAC, ShriRam College,
Muzaffarnagar

Mahavir Chowk

Muzaffarnagar(U.P.)-251001

Phone no-0131-2622405

1. It is certify that out of Rs.150,000/- ( One
lack Fifty Thousand) of grant sanction by
Agarwal Duplex Board Mills © Ltd.,
Muzaffarnagar during the year 2022-23 in
favor of Shri Ram Co]lege_Muzaffarnagar a
sum of Rs. 150,000/--has been utilized for the
purpose of the project for which it was .
sanctioned and that the balance of Rs. Nil
remaining unutilized at the end of the yéar has
been surrendered. The extra amount (if any ) is
met out by Shri Ram College '

2. Certified that we have satisfied our self that
the conditions on which the grant was sanction
have been duly fulfilled/are being fulﬁﬂed and
that we have exercised the following checks to
see that the money was actually utilized for the

. purpose for which it was sanctioned

For Goel Rakesh& Co
| Chartered Accountants

‘Rakesh Goel (Prqprietor)
M.NO :0711858
FRN. 003374C ‘
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We are pleased to certify. that Dr. Vikas Kumar Assmtant Professol Department of Blosc:1ence S
Shri Ram College Muzaffarnagar Worked for Agarwal Duplex Board Mills Lid., Muzaffamagar = l :
“on a industry Sponsored Consultancy prOJeot on A study of Bloremedlatmn on Pulp and ‘ | :
+ Paper Mill Effluent from Muzaffarnaaar and thelr Effect on Germmatlon of Wheat Crop” Y l v
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; OBJECTIVE

o e

INTRODUCTION

. carcinogenic, endocrinic, and mutagenlc effects due to the consrderable chermoal drve sity «C ,o'f B

1) Collection of effluent srlmples and analy51s ’
2) Isolation, Screening and Identification of fungal strain
3) Physmo chemlcal analys1s of water: sample collected from Paper Mllls Ltd.,.

4) Phytotoxrc effect of treated effluent on Wheat crop germmatlon rate - 4 EE

One of the main sources of environmental: contannnatron especrally in’ developrng natron =
waste waters released by industry. One of India's oldest and brggest 1ndustr1es 1s the produc‘u

of pulp and paper, Wlth an 1nsta11ed capacrty of over three million metric tons of ﬁmshed good .

annually. Given that ‘11'01111(1 300 m3 of water are used for every ton of paper produced the‘ Lt
business produces an enonnous amount of hazardous and brightly colored effluents. Paper nnﬂ -
effluent has been shown to include about 500 distinct chlorrnated organlc chermcals Flsh andf

other aquatic cornmunrtres in recrprent water bodies are subJect to a range “of clastogemc,' :

‘these pollutants. -
- To. remove the color and toxicity of these efﬂuents a Varrety of physrcal chemrcal treatmen_t £
systerns based on membrane filtration, coacrula‘uon adsorptron and precrprtatron have been used'__" _

in the past. However, due to various dra backs none of these systems have been found to ‘t_‘f’e"_ L
ERae

dusulaﬂy applicable. The activated sludge technique is the most comrnonly utlhzed blologrc
treatment systern But it also fails to cornpletely eliminate the toxrcrty and color of the efﬂuents.w o E
Due to- these 1ssues, current studies have concentrated on usrng whrte—rot fungus (WRF) i1tf’f-"

biotechnological methods because of their potent honrn—degradrng enzyme systern Theﬂvanou_sv’

pollution patameters of the Kraft bleach plant effluents have been reported 10 be effectrvely

- reduced by Phanerochaefe chrysosporium, Lentinus edodes, and Trametes (Corzolus) Verszcolor

- To increase the treatment processs efﬁereney, it is necessary to 1001{ for 1nore effectrve WRF

i specres. Furth,ermore, a single fungus specres has only been employed in all of the pubhshed

study: : . | R s
uay : . ‘_ et g G
Co. R S fChaiman
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am_C - ‘ Muzaffarnagar,



e,

COT T

ranging from basic nutrients to extremely poisonous compounds The condltron of the land and

. many places nowadays These wastes and efﬂuents are made up of all lqnds of components i

water has changed as a result of the discharge of mdustnal effluents contamrng d1fferent levels of _

contammants The paper industry is one of the main 1ndustr1es that pollute the envuonment

among the others. _ 4

The installed capacrty of the approximately 700 paper mills in lndra 1s 701 4 mrlhon n1etr1c tons .

* The mills discharge a significant volume of effluent including d1fferent physrcal and- chemlcal

agents during the paper-makrng process. They are released into- nelghborlng bodles of Water or
onto land. Farmers in the area are 1rr1gat1ng their fields with the contarrunated water. Because

treated wastewater has a significant amount of nutrients that may be helpful for plant: growth it

1S NOow seen as a potentlal supply of water and fertilizers. These Wastewaters are on the Verge of .

being classrﬁed as salt water, although they may be used as an 1rr1gat10n source [1].The treated'

paper mill effluent had more sodium, calcmm sulfate, and chlor1de as well as greater BOD and
COD values with low NPK[2]. .
Pulp and paper industry history .
Papermaking appears to have started in China and then expanded to. other parts of the World
including India. In the fourteenth century, Kashmir witnesses the establrshrnent of Indras ﬁlst
mill for handmade paper. The first mechanized paper mill using Jute and grass Was founded at
Serampore, West Bengal, in 1832—a long time later. The Indian Frnance Act (1931) and the
Bamboo Protection Act ( 1925) spurred the growth after 1t had a sluggish beglnmng Durmg thls

time, over ten paper mills were put into se1v1ce and by 1931 45,600 metrlc tons of paper could

be produced [3].

Classification of paper mills - . _
The categorization of pulp and paper mrlls is based on the raW material used plant size, and end
products manufactured. Based on the raw materrals used, the paper mllls are class1ﬁed as
follows ;, = iy

Wood or forest-based mills:

These mills use imported pulp as Well as indigenous hardwood pulp from bamboo eucalyptus

“ete. The Indian paper industries, on aver age, consume about 3— 4% of the total wood i in India.

~ Agro-residue-based mills: Agricultural leftovers such as rice straw, Wheat sarkanda grass

bagasse jute, etc., are used as raw materrals in agro-residue- based m1lls Srnce the early l970s

N
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these mills have become more and more dependent on ag11cu1tural leftovels mn part bec'au:se of

the depletion of bamboo resources and in part because of government 1nvestment in agro—based -,

paper manufacturrng encouraged by industrial strategy. On the other hand 1t is beheved that. ¥

expendrtures in pollutlon control technology, transportatlon expenses and seasonal avarlabrhty
are limiting cons1derat1ons ' : SERIOTN o '

o Wastepaper-based mllls These mills use nnported and 1nd1genous wastepape1 conucated

waste paper kraft paper, ‘and waste cuttrngs as raw matenals The recovery of wastepaper by L

these mills for the productron of paper has increased from 65 000 metrrc tonnes 1n 1995 to

850000 metric tonnes 1n 2000 however the, 20% rate of 1ecove1y is strll among the lowest,' 1

internationally [4]. -

Chemical constituents ‘o’f Raw materials and wastewater: '

Serious health and envnonmental issues arise from the large- scale wastewate1 dlscharged mto ;_f i
nearby streams as effluent from the pulp and paper mdustrres Pnor to their- drsposal these,_f_-,l'
massive volumes of efﬂuents must be- analyzed in order to develop an applopnate t1eatment o i,

plan['S].vRaw materrals‘wrth cellulose fibers, usually wood recycled paper and non—wood raw |

_ materials like bagasse cereal straw, bamboo reeds CSpaltO grass, jute, ﬂax and srsal are used to

make pulp and paper. A 31grnﬁcant amount of fresh water is used in the productron pro ocess most

of which is discarded as wastewater. One of the b1ggest and most well known sources of R

industrial pollutron is the pulp and paper sector The pulp and paper sector is one of the twenty

most pollutrng 1ndustr1es accordmg to the Mrmstry of Envrronrnent 1nd Forests Govemment of 1
India[6]. Stray wood ch1ps bark fragrnents cellulose ﬁbers drssolved hgneous matenal (30— il
45%), saccharinic acid (25—35%), fornnc and acetic acid (10%) and extractrves (3—5%) are all
found in the wastewater from the pulp and paper mdustrres The precrse chemrcal mal(eup of -
wastewater  from ‘pulp and paper mills is k comphcated and unknown =

The majority of the chemical components included in the. effluient of pulp and paper rnllls are ,

wood extractives, hgmn cellulose, and hemlcellulose degradauon products

Many different chermcals, ‘including manomeric phenols enol ethers mercaptrdes strlbene o o

quinone derivatives, and chlonnated substances, are among the hgnln breakdown products R

: detected in the pulp and paper mill effluent. In efﬂuent some 300 drfferent or erLnochlorlne

chemicals have been found; hundreds more are still unknown Of these chemicals, chlomphenols i

(cat@s guarcols, and the1r transformanon products amsoles and Ver\blnoles) are the most

Co-otdiator i L Cléirman
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toxic. The most prevalent types of chloropheuols are the persistent etnd exceed'ingly.poisonous | ‘ !

_ trichlorophenol (TCP) and pentachlorophenol (PCP). The two Iﬁost ‘harmful documented
chlorinated chemicals are furans (PCDE) and dioxins (polychlorodlbenzo—p ~dioxin, or PCDD) i
Other chlonnated compounds detected in pulp and paper mill effluent, be51des dioxins and |
furans, are chloroforms, chloroacetones, aldehydes, and and acetic acids [7]-
Wastewater treatment’ methods | i |
Pilp and paper plants that use agricultural residues typically handle rmxed wastewater .
Equalization, primary settling, clari-flocculation, and secondary b1ologlca1 treatment (aerob1c or.
aerobic) are the steps in the treatment sequence. The activated sludge ‘treatment and secondary' ‘
clarification come next. To recover used pulping chemicals, the rrllaj'ority of large paper mﬂls,
along with a few medium—sized and small ones, have chemical recovery plants. The treated ,
wastewater is dumped into drains, rivers, or suiface water on land. The prirriary sludge is dried in |
sludge drying beds or lagoons depending upon land availability and%is generally sold to board
manufacturers. The waste water treatments are usually categorized.;into physicochemical and
biological techniques. | |

" Physiochemical methods: |
Numerous physicochemical techniques for removing color have been dizscovered and |
documented in the hterattue in the past, including adsorption, fast sand ﬁltermg, chemlcal. |
precipitation, membrane processes, and electrochemical techniques. [8] "
More and more research is being done on the elimination of synthetic etganic compounds,
organics that generate color, ‘and disinfection byproducts ueing adsorption techniques. Activated
carbon, processed bone, char powder, activated alumina, magnesia, - actwated baux1te ﬂy ash,

~ alum, lime, etc. are among the several adsorbates that are ﬁequently employed in wastewater
treatment [8].The primary adsorbent used in large-scale wastewater treatment is activated
carbon. In certain circumstances, other naturally occurring adsorbertts are employed. Fluoride |
elimination is one of the common uses for activated alumina. Hydro&rboﬂs are separated'uéing |
silica gel. Carbonized and polymeric resins are frequently used to lremoxﬁie organic p_olluténts‘
from wastewater more effectively. |
Both a s.igniﬁcant initial outlay and pretreatment are necessary for the ~membrane approaches.
Another issue with this approach is membrane fouling. Although costly, adsorption and

membrane methods are effective [9]. The wastewater from the produetien of cellulose paper can |

Co-o\%n\ator : | - Chairman
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also be treated by applying the electrochemical approach [10] High tleatment efﬁc1ency is

guaranteed by this technology; nevertheless, the kind of electrodes used the design of the
electro-coagulators, and the operating environment all affect how efficient the pr ocedme

. There has been a lot of research done on chemical precipitation employmg lime, ferric chlonde
and alum [11]. Some disadvantages have been mentloned despite the short detention peuod and

“cheap capltal cost. These include the high cost of chemicals for pH correction and precipitation,

the large amount of sludge produced as a result of hefty doses, the need to dewatel and dispose

of the generated sludge, and the h1gh amounts of residual cat1ons Although chelmcal '

precipitation procedures are inexpensive, they generate a 31gn1ﬁcant amount of sludce and do not
eliminate toxicity entirely. c ' )

It is crucial to consider the chemical side of color removal from pulp and‘ paper sector-
wastewater. During alkaline extraction, the add1t1on of calcium hypochlonte (1 2% of avallable
chlorine) resulted in an 84% reduction in efﬂuent color without compromising’ pulp quahty

When chlorinated backwater (contammg 0.8% 1e51dual chlorine) was used to wash bIOWIl stock,

the color of the effluent was reduced by 60% without comp10m1s1ng pulp quality. When ferric i

acid chloride was present, the amounts of alum, lime, and magnesium sulphate decreased by

97%, 68%, and 52%, respectively, as well as the color. The most efficient mixture to reduce

color, BOD, and COD by 97, 71, and 64% in chlonne—heated water was alum, calcium -

~ hypochlorite, and fenous sulphate. The treatment options that have been exploled till now are
not cost-effective at the plant level and no completely efficient rnethod is currently avallable v
Biological methods: ' _ B
‘The drawbacks of phy51cochem1ca1 techmques may be mitigated or eliininated by us'in'g

biological techniques. Numerous investigations have been conducted ?on the biological treatment

~and decolorization of such wastewaters. Because of the presence of carbon-to-carbon biphenyl |

linkages,

and are p11mar11y resp0n31ble for the color of paper rmll effluent. Certam microor gamsms are |

said to be capable of biodegrading hgmn and its derivatives glven the right envuonmental

circumstanceé. Tt has been observed that a wide variety of bacteria, including Pseudomonas

species, Flavobacteria, Xanthomonas species, Bacillus species, = Aeromonas species,

Cellulomonas species, Chromobactena etc., degrade lignins and lignin derivatives [12].A-Few_er

styai s of bacteria are able to adhere to lignin der1vat1ves deri&ed from A arious pulping
05- nator | | e :
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procedures, desplte the fact that many of them are capable to breakmg down monomeric lignin

. structure models. '
Numerous previous research endeavors have concentrated on the 1dent1ﬂcat1on screening, and
assessment of fungi's capacity and efficacy in the in situ and in vitro degradation of lignins. |
Based on the kind of wood decay lhat these organisms carry out a Varlety of fungus are
categorized as white- rot, soft-rot, and brown-rot fungi [12], These fungl have been shown to |
degrade lignin.
The most effective microbes for breaking down lignin and its m0d1ﬁed forms are the white rot
fungi, a class of ba51d10mycetes with an active lignolytic enzyme system [13] These fungi use
lignin as a secondary. metabolite, which is not necessary for their growth, rather than as a carbon
source for their growth. Three extracellular phenoloxidases—Ilignin peroxidases (LiP), -
manﬂanese peroxidases (MnP), and laccases’ (Lac)~cause the hgmn breakdown by white rot
funﬂus which has been the subject of much research (Peng Wang et al. 2008). Apart from lignin,
these fungi have the ability to break down a range of envn'onmentally harmful substances,
including heterocyclic aromatic hydrocarbons, synthetic high polymels and different types of .
dyes [14].
Various fungal species have been shown by several writers to be able to extract color from kraft
mill effluent [15,16,17]. [18] documented a significant decrease m color and COD by the
application of T. velslcolor and P..chysosporium, two white-rot fungus [19] shown that color
COD, and lignin content may be eliminated by using surfactants and the white-rot fungi P.
chysosporium  in conjunctwn with P. sanguineus, P. ostreatus, and H.annosum.
Additionally, it was discovered that the fungus Pleurotusostreatus removed color, BOD, COD

" and lignin to the extent of 77%, 76. 8%, 60%, and 80%, respectively. Discovered a fungus
(Pencillium sp.) that, afte1 two days of contact, was able to eliminate 50% of the AOX and color -
from the soft-wood bleachery effluents [21]. Demonstrated that the dissolved and colloidai
materials could be effectively broken down by fungi like T. versicolor and the fungal cultme
filtrate (FCF) that was extracted from these or ganisms. Other white- rot fungus that have been
shown to deteriorate the color of wastewater under ideal circumstances are Pleurotusostreatus,
Aspergillus fumigatus, Schlzophyllum commune, and Tmctopona bonbonica [22].

Effect of untreated effluent on land quallty

| N
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- Additionally prevalent in pulp mill wastewater are elements like sulfur, magnesrum and sodrum,

- chloride, which can lead to 11utr1t10nal imbalances in crops, increase soil sahmty, weal<e11 sorl

_ structu_re, and eventually reduce crop yield [23]. The paper mill wastewater contains hazaldous

trace elements that can build up excessively in soils and cause serrous issues for humans and _

an1mals by getting. mto the food chain. Heavy metal concentrations are s1grnﬁoant m untreated . T

industrial effluents. Untreated paper. mill effluents mcrease the concentratron of heavy metals in

irrigated surface soils by contammg greater Tevels of Cd Pb, Zn Cuy Mn and Fe Sorls bemg

~ watered by paper and pulp mdustry effluents have been found to have srgmﬁoantly 1ngher values.

of EC, organic carbon, accessrble K exchangeable cations (Ca2+ Mg2+) exehangeable amon' N

(Cl-, HCO3 ) and rmcronutrrent cation (CuZ+) The agronomlc performance and soil fertllrty of _ [0

certain soils were nnpaeted by the biochar that resulted from the oradual pylolysrs of paper

efﬂuent

~ Effect of untreated effluent on Crops:

Pulp and paper mill efﬂuent is also 1espons1ble for affeetmg the qua.hty of crops due to 1rr1gat'1on '
with polluted water, whrch damages the soil, growth quahty, and yield of the crop. o g,
1. Decrease germmatron percentage and seedlmg growth in- erops [23]

2. Inhibiting effect on the germmatlon of crops [24] \

3. Reduces crop glowth and grves severe adverse effect on sorl propertres [25]

4. Seed germmatron n Sunﬂower and maize| [26] ' L

! Germlnatton of seeds in paddy [28] , ' | | , r "Y

6. Reductron in shoot wetght (44%) in paddy [29] - | "

i Germlnatton percentage and yield i in paddy 3 0]

Effects of untreated effluent on water bodles _ } : |
Research” showed - that fish populatrons resrdm0 downstream of \;bleaehed‘kraft "pulp mills
exhibited a range of reacttons These mcluded a declme in seeondary sexual trarts, deereased 1
gonads, altered fish reproductron and delayed sexual maturrty The prrmary 1ssue brought about B

by pulp and paper factorres was the development of sewage fungus in the r1ve1s that 1eoe1ved the

wastewater. The presence of suspended sohds n the ‘water rmght result 1n 1ssues w1th 1ts dark - G

color and excessive, turb1d1ty, which can cover up river or lalcebeds In aquatrc habrtats sevele’ﬂ :

blanketmg may cause anaerob1c decomposrtron beneath the. blanket generatmg hydro gen sulﬁde

Eo- ater plants, the blanketmg and dark color can lower photosynthetrc acttv\ty [28].- T-he growth l‘
tor )
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of primary, secondary, and tertiary consumers is negatively impact_ed, which sets off a cascade (%)f
negative impacts on the aquatic ecosystem. As a result, before ;'they may be introduced into
surface waters, color and toxicity must be removed. ‘ .

Effect of untreated effluent on Soil Biology _ _ v
Investigations on how wastewater application affects the Biological charac_:__teri_stiésl of soil havé .
produced a range of ooutcomes, depending on the experimental sejtup and_me_asurements madéi.
For insténce, reports of microbiological counts have been made i’lisforically; bﬁt mo_i*e r"e‘:‘ceﬁt\ -
résearch has used molecular biological fe.chniques that fdcus on éene express_idn'and enzymé‘ '
activity. Rice seed germination is negatively impacted by paper mili effluents [28j. Aécéfdin_g to
[30], compared to control seeds, the germination of rice seeds graatlally decreased at 50% and
higher wastewater cohcentrations during the course of the trial also demonstrétéd a 44% decreasei
in shoot weight in soil that has received 100% wastewater tréatment.ﬁ - .
1. Accumulate metal (loid)s, seﬂts, and organié compounds such as pesticides Ain. soils that migh'ﬂ
be toxic to soil fauna and flora [30] . . o N

2. Antibiotics are bioactive compounds and can reach soils through WasteWater irrigat'ion,}
thereby affecting soil biological activity [31] ' ' | |

3. Wastewater-borne microorganisms‘might compete with indigenous miérobial_ conﬁnunﬁies |
[32] . B

4. Microbiological population from aerobic to anaerobic microm%ganisms due to- shof_ttenn 3
oxygen depletion of the topsoil re.sulting from wastewater irrigatio:rn, as seen by adecrease in

oxygen diffusion rate [33] B

5. The stimulation of copiotrophic bacteria was observed in the séme long-term wastewater ‘ |
- irrigation area [34,35] \ o | |
Effect of treated efﬂueht on soil properties: _: o i
The various irrigation sources can be augmented by using the efﬂueﬁt from the pulp and pép_ei’
industfy. : : ‘ '
1. Soil ﬁllySical and hydraulic properties [3 6] ‘
2. Soil aggregate stability [37] _ r
3. Bulk density and porosity induced [38] ;

4. Lower bulk density and increase soil porosity [38]

5. Total porosity [39] _ - : . ‘ N
. CO%@ator | o 1 . fmiman
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6. Actinomycetes and fungi population [40]

7. Soil nutrients status [41] |

8. N, PO4, Na, K, Mg, and Ca ([42] i

9. Na, and extractable S, Zn, Fe, Mn, Pb, and Ni [43]

10. Soil pH and organic C, N, P, and K. [44] '

11. Organic carbon (3.2-5. 9 gkgl), and concentrations of N, P, K, and Na [45]

12. Long-term wastewater 1rr1gat10n affects total microbial biomass and/01 soil enzyme act1v1t1es~

in different soils [46] ,

13. Increase in bactenal counts and bacterial act1v1ty [47] ‘
14. Inc1eased the soil bacteria, actlnomycetes fungi, rhizobia, and yeasts and the populatlons of
soil microorganisms [44]

The reuse of industrial efﬂuents for irrigation purposes is an altemate and effectlve waste

disposal method commonly called "agro-recycling" where Wastewate1 and plant nutrlents could

be recycled to diminish pollution and accomphsh additional i income. -

1. Germination percentage, plant height, crop growth rate (CGR) and relative orowth rate

(RGR), of sorghum, maize, and sunflower [47]

2. Pod yield and oil content of the groundnut- [48] _
3. Yield parameters of tomato, viz., nu;mber of fruiting clusters fruit we1ght and frult y1e1d were
higher [49] | . | ' '

4, Quality traits of bhend1 and amaranthus [50]

5. Cowpea yield by up to 28 percent and the nodule formation [51]

6. H1gher chlorophyll protem content, root 1ength shoot length, leaf area, and total b1omass mn

black grammes at a 10% concentration of paper mill effluent irrigation; [42]

7. Bacterial, fqngal, and nodule counts had also ule1eased in blaek gramme up to 50% )

concentration [52]

8. Germination and growth of peas [53] :

9. Pod (2608 kg ha-1) and kernel yield (1534 kg ha-1) [54]

10. Length of seedlings after germination in vegetable crops [5 5]
11. Yield and biominerals viz., Ca and Fe, of banana [56] .

12. Paper mill effluent on germination, seedling growth and chlorophyll cox{ent in Zea mays L i

»
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" 13. Increase in chlorophyll content, plant height, shoot and root biomass, grain yield etc. in
- Triticum aestivuhl L. [28] ' |
~ MATERIALS AND METHODS
 Sample Collection | ‘ :
Samples were collected ﬁom the inlet of effluent treatment plant from Paper Mills, Ltd
Muzaffamaoal India, stored at 4°C and filtered through a 0.5 mm sieve to remove suspended
particles. ‘;
Isolation of Fungal Stmin an(l Screening | |
For bioremediation fungus was isolated from the effluent collected from paper mill by effluent
enrichment techmque 1 ml efﬂuent sample was inoculated into potato dextrose agar (PDA)
media contammg distilled water, potato extract, dextrose and agar at 30°C for 48 hrs for spote
formation. Fungal colomes which appeared on the medla were sub- cultured to obtain pure‘ 3
isolates.
Identification of Fungi ’ .
Fungal isolates were identified on the basis of morphology i.e hyphe conidiophofes ccnidaetc =
: MlCIOSCOplC examination was done for isolates at 40X magmﬁeatlon Isolated culture was|
identified as Aspergillus niger by following the culture identification techmque
Treatment of effluent v
For the treatment, effluent Sample was dﬂuted to 3 different concentlatlon viz. 25%, 50% . and
75%. The purpose of dilution is to study the deg1adat1on efficiency of the organism at dlfferent
- effluent concentratlons The isolated fungus Aspergillus niger- was tested for blodegradatlon
ability under laboratory condition. The organism was inoculated 1nto each effluent concentratlon
‘and treatment was conducted for 7 days. o ;v { N
Physico-Chemical Characterization of Effluent |
1) Biological Oxygen Demand (BOD) , |
BOD ‘of efﬂuent was detexmmed by the standard dilution teehmque of APHA. The method '
consists of filling an air tight bottle with sample and incubating at 200 C for 5 days ‘The |
dlssolyed oxygen (Dp) was measured before and after the incubation. The difference i in DO was |
computed and BOD of effluent is calculated. | | :
2) Chemical Oxygen Demand (COD)
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13, Iﬁcrease in chlorophyll content, plant height, shoot and root biomass, grain yield etc. 11‘1
- Triticum aestivum L. [28] | .

MATERIALS AND METHODS

Sample Collection

Samples were collected from the inlet of effluent treatfnent plant from Bindals Papers Mills Ltdl.,

Muzaffarnagar, India, stored at 4°C and filtered through a 0.5 mm sieve to remove suspendegi

particles. | 1‘

Isolation of Fungal Strain and Screening ,

For bioremediatim_l fungus was isolated from the effluent collected from paper mill by efﬂuenf

enrichment technique. 1 ml effluent sample was inoculated into :potato dextrose agar (PDA)

media containing distilled water, potato extract, dextrose and agar at 30°C for 48 hrs .for- spore
. formation. Fungal colonies which appeare'd on the media were .;sub— cﬁltured to obtain pure

isolates. ‘ |

Identification of Fungi

Fungal isolates were identified on the basis of morphology i.e hyphe, conidiophores, conida etc.,

Microscopic examination was done for isolates at 40X magnification. Isolated culture W'as1

identified as Aspergillus niger by fellowing the culture identification technique.

Treatment of effluent |

For the treatment, effluent sample was diluted to 3 different concentration {fiz. 25%, 50% and

75%. The purpose of dilution is to study the degradation efficiency of the organism at different

effluent concentrations. The isolated fungus Aspergillus niger was tested for biodegradation

ability under laboratory condition. The organism was inoculated into each effluent concc11trafcior;

and treatment was conducted for 7 days. :

Physico-Chemical Characterization of Effluent v

1) Biological Oxygen Demand (BOD) 1 _

BOD of effluent was determined by the standard dilution techmque of APHA. The method

consists of filling an air tight bottle w1th sample and 1ncubat1ng at 200 C foE 3 days The‘

dissolved oxygen (DO) was measured befme and after the incubation. The dlfference in DO was

computed and BOD of effluent is calculated.

2) Chemical Oxygen Demand (COD)

| 5%hairman S
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COD of effluent was calculated using closed reflux unit by titrimetric method of APHA. The
effluent is refluxed in strong acid (HzSo4) solution with K,Cry O, silver sulphate and mercuric -
sulphate. Oxygen consunied was measured by titrating the sample against ferrous ammonium ‘
sulphate (FAS) using ferroin indicator. |
3) Lignin | |
Total lignin content of effluent was measured by following the method of Pearl aﬁd Benson. In
this method effluent sample (50 mL) was mixed with 1 ml of CH;;COOH (10%) 1 mL of NaNOQV
(10%) and pH was adjusted to 7. Then 2 ml Of NH4OH was added and absorbance was meas_ured
at 430 nm. The absorbance value was tlansfonned into lignin content (ppm) using the following
formula |
Lignin (ppm) = Absorbance

70.000247
4) Phytotoxmty Studies :
Phytotoxicity studies were conducted to check the toxic effects of treated efﬂuent Experiment i
was performed under room temperature using presterilized 10 Vigna radzam Seeds For the
experiment 10 mL of treated and untreated effluent samples were used per day. A control set was- | '
also maintained. Treatment was conducted for a week and results were noted in terms of ’s..eed '
germination index (GI), relative seed germmatlon (RSG) and (RRE) relative 1001: elongatmn '

RSG (%).= Number of seeds germinated in the sample ex’traét x100

2

Number of seeds germinated in the control

RRE (%) = Mean root elongation in the sample extract X 100

Mean root elongation in the control

. GI (%) = (%Seed germination) >< (%Root elongation)
100
RESULTS AND DISCUSSION |
" Results are expressed as mean £ SEM. The statlstlcal analys1s was camed out using one way
ANOVA followed by Tukey’s ' ttest. The diffefence in values at p<0.05 -or p<0.01. were
conSidered as statistically significant. Statistical analysis was performed us;}g ez ANOVA 0.98 |

B
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Physico-Chemical Characterization of Effluent ¢ |

1) cop _
It is observed that Aspergzllus niger has shown COD reduction in all treatment systems (Table
1). COD reduction in 25% concentration was 180.20+0.34 to 86, 00+0. 34 in 50% concentratlon
354.20+0.36 to 168.32+0.42, in 75% concentration 512, BOiO 22 to 280i0 23 and in raw. efﬂuent
692.30+0.43 to 362.43+0.40. ' ‘
Table 1: Reduction in COD Concentration after Treatment With:‘A. Niger '

Concentration | Before treatment After treatment _
Raw 692.30£0.43 | 362432040 HCN
75% 512.30+0.22 [ 280+023 t
50% | s 354204036 168.32+0.42 _
[25% ' 180.20+0.34 | 86,00+0.34
2) BOD

Results revealed reduction of BOD by Aspergillus niger durlng the treatment. In 25% |4 =
concentration it was reduced from 120.10£0.22 to 42.40+0. 23, m 50% concentratlon
294.100. 16 to 72.27£0.25, in 75% concentration 504, 27i0 2510 98. O2£c0 22 and in 1aW efﬂuent
661.20+0.42 to 118.00+0.18.

Table 2: Reduction in BOD Concentration after Treatment with A. 'niger

Toncentration Before treatment After treatment

| Raw | 661.20£0.42 118.00£0.18
75% |  504.27x0.25 98.02:0.22
50% | | 294.10+0.16 | 7227£0.25
25% 120.10+0.22 T u 42.4@10,23_ |
D. Lignin o |

From the results it is observed that Aspergillus niger has potency to degrade. hgnln Degladatlon

of hgnln in ’)5% concentration was 992.5620.15 to 564.20+0.60, in 50% concentration

IQAC. Shri Ram College. .
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' 1552.20£0.43 to 752274043, in 75% concentration 1682343030 to 1204.70+0.42 and in raw

offluent 2093.43+0.65 to 1423. 50+0.50.
Table 3: Dehgnlﬁcatlon of Effluent usmgA niger . |

Concentratlon Befm ¢ treatment

1682.34+0.30
1552.20+0.43

After tfeat-m’ent
1423.50£0.50
'1204.;70i0.42 g
752272043

E. Phytotoxicity Studtes L ‘
Using Vigna radiata, the phytotox1c1ty test was carrl

the effluent after tleatment with A. mger Table 4 pres

on many criteria, including the percentage of gemnnatmn r

T[56420+0.60

ied out to determme the hazatdous 1mpact of e i

ents the results ofa seed ge1n11nat1on test ol

oot and shoot length and Gl mdex It

was noted that seeds cultwated in the treated and contlol sam ples exhlblted hlgh root and shoot %

growth as well as a hlgh gemnnanon peleentage Reduc

and root growth are obsewed in seeds cultwated Wlth untleated wastewate1 Untteated

wastewate1 was found to have a low GI mdex
The effluent treated Wlth A. nzger shows hlgh Gl (89 4

have made

ed seed ge1m1nat10n and. mnmnal shoot '

3%) Bampatre A. and Jha H (2016);,

a similar observatlon in then stud1es ThlS suggests that the use of m101001 gamsms m

‘

the biological treatment process is successful in lowermg the efﬂuent's pollutant load whlch ‘

Wik g

promotes the germmatlon and growth of some food plants

Table: 4 Effect of Efﬂuent Treated w1th A Niger on the Germmatlon and Growth of Vzgna

Radiata.

.Sample

’Germination o GI Index 5

Muzaﬁamagar
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Treated 392 | 12.0 — T90% | 89.43%

CONCLUSION ,

Among the main industries, pulp and paper mills are ranked as the ﬁfth biggest source of
industrial water pollution. The resultant effluent has a high phenohc content, turb1d1ty, BOD and
COD concentration, and it is da1k in color. Numerous physwal chemlcal and blologlcal
treatments have been used to treat wastewater among these, the b1ologlca1 process has proven to
be efficient and economical, as have natural processes that cause matter to break ‘down mto
simpler components. In this study, pulp and paper mill Wastewater Was treated using Aspergillus
niger. Based on the findings, it can be observed that this m1croorgamsm works by lowering the
wastewater's contents of lignin, BOD, and COD. 1 ) \
The pulp and paper mill effluent can be effectively biodegraded by Aspergzllus niger, accordmg
to the results. The effluent exhibits minimal phytotoxicity and is app1op11ate for plant growth,
according to the results of the phytotoxicity 1nvest1gat10ns Therefore, it is recommended to use

ﬂns fungal isolate for the bioremediation of papel mill wastewater.
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EXECUTIVE SUMMARY

“Soil pollution” refers to the presence in the soil of a chemical or substance out of
place and/or present at a higher than normal concentration that has adverse effects on
~any non-targeted organism. Soil pollution often cannot be directly assessed or
visually perceived, making it a hidden danger

The Status of the World's Soil Resources Report (SWSR) identified soil pollution as
one of the main soil threats affecting global soils and the ecosystems services
provided by them °

Concerns about soil pollution are growing in every region. Recently, the United
Nations Environmental Assembly (UNEA-3) adopted a resolution calling for
accelerated actions and collaboration to address and manage soil pollution. This
consensus, achieved by more than 170 countries, is a clear sign of the global
relevance of soil pollution and of the willingness of these countries to develop
concrete solutions to address the causes and impacts of this major threat

The main anthropogenic sources of soil pollution are the chemicals used in or
produced as byproducts of industrial activities, domestic, livestock and municipal
wastes (including wastewater), agrochemicals, and petroleum-derived products.
These chemicals are released to the environment accidentally, for example from oil
spills or leaching from landfills, or intentionally, as is the case with the use of
fertilizers and pesticides, irrigation with untreated wastewater, or land application of
sewage sludge. Soil pollution also results from atmospheric deposition from smelting,
transportation, spray drift from pesticide applications and incomplete combustion of
many substances as well as radionuclide deposition from atmospheric weapons
testing and nuclear accidents. New concerns are being raised about emerging
pollutants such as pharmaceuticals, endocrine disruptors, hormones and toxins, .
among others, and biological pollutants, such as micropollutants in soils, which
include bacteria and viruses.

Based on scientific evidence, soil pollution can severely degrade the major ecosystem
services provided by soil. Soil pollution reduces food security by both reducing crop
yields due to toxic levels of contaminants and by causing crops produced from
polluted soils to be unsafe for consumption by animals and humans. Many
contaminants (including major nutrients such as nitrogen and phosphorus) are
transported from the soil to surface waters and ground water, causing great
environmental harm through eutrophication and direct human health issues due to
polluted drinking water. Pollutants also directly harm soil microorganisms and larger
soil-dwelling organisms and hence affect soil biodiversity and the services provided
by the affected organisms

The results of scientific research demonstrate that soil pollution directly affects
human health. Risks to human health arise from contamination from elements such as
arsenic, lead, and cadmium, organic chemicals such as PCBs (polychlorinated
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as antibiotics. The health risks associated with the widespread soil contamination by
radionuclides from the Chernobyl disaster in 1986 are an enduring memory for many
people.

Remediation of polluted soils is essential, and research continues to develop novel,
science-based remediation methods. Risk assessment approaches are similar
worldwide and consist of a series of steps to be taken to identify and evaluate whether
natural or human-made substances are responsible for polluting the soil,” and the
extent to which that pollution is posing a risk to the environment and to human
health. Increasingly expensive physical remediation methods such as chemical
inactivation or sequestration in Jandfills are being replaced by science-based
biological methods such as enhanced microbial degradation or phytoremediation
FAO’s Revised World Soil Charter recommends that national governments implement
regulations on soil pollution and limit the accumulation of contaminants beyond
established levels in order to guarantee human health and wellbeing, a healthy
environment and safe food. Governments are also urged to facilitate remediation of
contaminated soils that exceed levels established to protect the health of humans and
the environment. It is also essential to limit pollution from agricultural sources by the
global implementation of sustainable soil management practices. |
This book aims to summarise the state of the art of soil pollution, and to identify the
main pollutants and their sources affecting human health and the environment, paying
special attention to those pollutants that are present in agricultural systems and that
reach humans through the food chain. Tt concludes with some case studies of the best
available techniques for assessing and remediating contaminated soils

This book has been developed within the framework of the Global Symposium on
Soil Pollution (GSOP18), identifying the main gaps in knowledge on soil pollution
worldwide and serving as a basis for future discussions.
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Glossary

Contaminant: substance or agent present in the soil as a result of human activity (ISO,
2013). Leaching: the dissolution and movement of dissolved substances by water
(ISO, 2013). Parent material: The original material (mineral and/or organic) from
which soil developed by pedogenetic processes. Persistent organic pollutant (POP):
Synthesized carbon-based compounds from agrochemicals and industrial products
“that generally biodegrade very poorly and most of which will bicaccumulate in
tissues of organisms. Some pesticides are POPs, as are Polychlorinated
dibenzodioxins (PCDDs), Polychlorinated dibenzofurans (PCDFs), Polychlorinated
biphenyls (PCBs), and Polycyclic aromatic hydrocarbons (PAHs). Soil: the upper
layer of the Earth’s crust transformed by weathering and physical/ chemical and
biological processes. It is composed of mineral particles, organic matter, water, air
and living organisms organized in genetic soil horizons (ISO, 2013). Soil ecosystem
functions: description of the significance of soils to humans and the environment.
Examples are: (1) control of substance and energy cycles within ecosystems; (2) basis
for the life of plants, animals and man; (3) basis for the stability of buildings and
- roads; (4) basis for agriculture and forestry; (5) carrier of genetic reservoir; (6)
document of natural history; and (7) archaeological and paleoecological document
(ISO, 2013). Soil health: the continued capacity of the soil to function as a vital living

- system, within ecosystem and land-use boundaries, to sustain biological productivity,
promote the quality of air and water environments, and maintain plant, animal, and
human health (Doran, Stamatiadis and Haberern, 2002). Soil ecosystem services: the
capacity of natural processes and components to provide goods and services that
satisfy human needs, directly or indirectly (Groot, 1992). Food security: it is defined
as the availability, access, utilization and stability of food supply. Soil contamination:
occurs when the concentration of a chemical or substance is higher than would occur
naturally but is not necessarily causing harm (this volume). Soil pollution: refers to-
the presence of a chemical or substance out of place and/ or present at higher than
normal concentration that has adverse effects on any non-targeted organism (this
volume).
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INTRODUCTION

WHAT IS SOIL POLLUTION?

“Soil pollution” refers to the presence of a chemical or substance out of place and/ or
present at a higher than normal concentration that has adverse effects on any non-
targeted organism (FAO and ITPS, 2015). Although the majority of pollutants have
anthropogenic origins, some contaminants can occur naturally in soils as components
of minerals and can be toxic at high concentrations. Soil pollution often cannot be
directly assessed or visually perceived, making it a hidden danger.

The diversity of contaminants is constantly evolving due to agrochemical and
industrial developments. This diversity, and the transformation of organic compounds
in soils by biological activity into diverse metabolites, make soil surveys to identify
the contaminants both difficult and expensive. The effects of soil contamination also
depend on soil properties since these control the mobility, bioavailability, and
residence time of contaminants (FAO and ITPS, 2015).

Industrialization, wars, mining and intensification in agriculture have left a legacy of
contaminated soils around the world (Bundschuh et al., 2012; DEA, 2010; EEA,
2014; Luo et al.,, 2009; SSR, 2010). Since urban expansion, soil has been used as a
sink for dumping solid and liquid wastes. It was considered that once buried and out
of sight, the contaminants would not pose any risk to human health or the
environment and that they would somehow disappear (Swartjes, 2011). The main
sources of soil pollution are anthropogenic, resulting in the accumulation of
contaminants in soils that may reach levels of concern (Cachada, Rocha-Santos and
Duarte, 2018)

Soil pollution is an alarming issue. It has been identified as the third most important
threat to soil functions in Europe and Eurasia, fourth in North Africa, fifth in Asia,
seventh in the Northwest Pacific, eighth in North America, and ninth in sub-Saharan
Africa and Latin America (FAO and ITPS, 2015). The presence of certain pollutants
may also produce nutrient imbalances and soil acidification, two major issues in
many parts of the world, as identified in the Status of the World’s Soil Resources
Report (FAO and ITPS, 2015) :

The unique global estimate of soil pollution was done in the 1990s by the
International Soil Reference and Information Centre (ISRIC) and the United Nations
Environment Programme (UNEP), which estimated that 22 million hectares had been
affected by soil pollution (Oldeman, 1991). Latest data, however, indicate that this
number may underestimate the nature and extent of the problem. National attempts to
estimate the extent of soil pollution have been undertaken mainly in developed
countries. According to the Chinese Environmental Protection Ministry, 16 percent of
all Chinese soils and 19 percent of its agricultural soils are categorized as, polluted
(CCICED, 2015). There are also approximately 3 million potentially polluted sites in
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the European Economic Area and cooperating countries in the West Balkans (EEA-
39) (EEA, 2014) and more than 1 300 polluted or contaminated sites in the United
States of America (USA) are included on the Superfund National Priorities List (US
EPA, 2013). The total number of contaminated sites is estimated at 80 000 across
Australia (DECA, 2010). While these numbers are informative in helping us
understand the effects of certain activities on soils, they do not reflect the complete
extent of soil pollution around the world, and they highlight the inadequacy of
available information and the differences in registering polluted sites across
geographic regions (Panagiotakis and Dermatas, 2015). In low- and middle-income
countries, the lack of data and information makes one of the world’s biggest global
problems invisible to the international community. With this overview, it is evident
that there is an urgent need to implement a global assessment of soil pollution
Fortunately, awareness on the importance of soil pollution is increasing around the
world, leading to an increase in research conducted on the assessment and
remediation of soil pollution (Figure 1). The Revised World Soil Charter (FAO,
2015b) recommends that national governments implement regulations on soil
pollution and limit the accumulation of contaminants beyond established levels in
order to guarantee human health and well-being. Governments are also urged to
facilitate remediation of contaminated soils that exceed levels established to protect
the health of humans and the environment. Soil pollution took centre stage at the
Fifth Global Soil Partnership (GSP) Plenary Assembly (GSP, 2017). Recently, the
United Nations Environmental Assembly (UNEA-3) adopted a resolution calling for
accelerated actions and collaboration to address and manage soil pollution in the
framework of Sustainable Development. This consensus, achieved by more than 170
~countries, is a clear sign of the global relevance of pollution and of the willingness of
these countries to develop concrete solutions to address pollution problems (UNEP,
2018). At the national level, many countries around the world have adopted or are
currently adopting national regulations to protect their soils, to prevent pollution and
to address historic problems of contamination. During the Estonian presidency of the
Council of the European Union in the second half of 2017, soil became one of the
main topics within European discussions, focusing on the key role soils play in food
-production. In China, soil pollution concerns have grown over the last few years,
partly because the problem is directly related to human health. Other developing
countries have also recently adopted regulations to prevent and control soil pollution,
and to determine soil quality (Conselho Nacional do Meio Ambiente, 2009; MINAM,
2017; MMA, 2013)
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Figure 1. Number of scientific publications on soil pollution in the period of 1999-
2012. Source: Guo et al., 201 :

The term “soil contamination” has frequently been used as a synonym for soil
pollution. The Intergovernmental Technical Panel on Soils (ITPS) under the Global
Soil Partmership (GSP) has formalized definitions of the two terms (FAO and ITPS,
2015). Soil contamination occurs when the concentration of a chemical or substance
is higher than would occur naturally but is not necessarily causing harm. Soil
pollution, on the other hand, refers to the presence of a chemical or substance out of
place and/or present at a higher than normal concentration that has adverse effects on
any non-targeted organism

One issue is the difficulty in establishing a definition of “normal concentrations.” It
can be easier to establish hazardous concentrations for human-made substances that
do not naturally occur in soils, but it can be challenging to do the same for heavy
metals and metalloids, which can originate from the weathering of rocks and
minerals. In that case, the parent material, climate and weathering rate need to be
taken into consideration before establishing thresholds. Additionally, land use and
management practices can affect background levels of substances occurring in soils.
When referring to recommended levels, there are also many differences from country

to country and among regions, not only about the value itself, but also about the name

used to define it, including screening values, threshold values, acceptable
concentrations, target values, intervention valucs, clean-up values, and many others
(Beyer, 1990; Carlon et al., 2007; Jennings, 2013). For that reason, to carry out a
global study on the actual state of soil pollution and to be able to make comparisons
is extremely complex. However, this is one of the main challenges when making a
regional or global assessment of soil pollution Frge )
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Agreement among scientists regarding concepts and definitions would help policy-
makers and stakeholders to identify other strategies and techniques used in different
parts of the world to assess and to address soil pollution. Using a common and a
simplified language would also lead to better understanding of the issue of soil
pollution.

e
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POINT-SOURCE AND DIFFUSE SOIL POLLUTION

.

Soil pollution, as has been said, can result from both intended and unintended
activities. These activities can include the direct deposition of contaminants into the
soil as well as complex environmental processes that can lead to indirect soil
contamination through water or atmospheric deposition (Tarazona, 2014). In the
following sections, the different types of soil pollution are described.

POINT-SOURCE POLLUTION

Soil pollution can be caused by a specific event or a series of events within a
particular area in which contaminants are released to the soil, and the source and
identity of the pollution is easily identified. This type of pollution is known as point-
source pollution. Anthropogenic activities represent the main sources of point-source
pollution. Examples include former factory sites, inadequate waste and wastewater
disposal, uncontrolled landfills, excessive application of agrochemicals, spills of |
many types, and many others. Activities such as mining and smelting that are carried
out using poor environmental standards are also
sources of contamination with heavy metals in many regions of the world (Lu et al.,
2015; Mackay et al., 2013; Podolsky et al., 2015; Strzebonska, Jarosz-Krzeminska
“and Adamiec, 2017). Other examples of point-source pollution are aromatic
hydrocarbons and toxic metals, which are related to oil products. The sites range from
leakage from tank installations in Greenland, which caused aromatic hydrocarbon and
toxic metal levels that exceeded the Danish environmental quality criteria (Fritt-
Rasmussen et al., 2012), to accidental leakage from oil refinery storage tanks in
Tehran (Bayat et al., 2016). ' :
Point-source pollution is very common in urban areas. Soils near roads have high
levels of heavy metals, polycyclic aromatic hydrocarbons, and other pollutants (Kim
et al., 2017; Kumar and Kothiyal, 2016; Venuti, Alfonsi and Cavallo, 2016; Zhang et
al., 2015b). Old or illegal landfills, where waste is not disposed of properly or
according to its toxicity (e.g. batteries or radioactive waste), as well as disposal of
sewage sludge and wastewater, can also be important point-source pollutants
(Baderna et al., 2011; BaumanKaszubska and Sikorski, 2009; Swati et al., 2014).
- Finally, point-source pollution caused by industrial activities can pose risks to human
health. For example, over 5 000 brownfields in China are currently- affecting the
health of their inhabitants (Yang et al., 2014). Urban brownfields, 10Cdte<z’f in_urban
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centres, are sites that once harboured industrial activities that have since been
relocated.

DIFFUSE POLLUTION

Diffuse pollution is pollution that is spread over very wide areas, accumulates in soil,
and does not have a single or easily identified source. Diffuse pollution occurs where
emission, transformation and dilution of contaminants in other media have occurred
prior to their transfer to soil (FAO and ITPS, 2015). Diffuse pollution involves the
transport of pollutants via air-soil-water systems. Complex analyses involving these
three compartments is therefore needed in order adequately to assess this type of
pollution (Geissen et al., 2015). For that reason, diffuse pollution is difficult to
analyze, and it can be challenging to track and to delimit its spatial extent. Many of
the contaminants that cause local pollution may be involved in diffuse pollution,
since their fate in the environment is not well understood (Grathwohl and Halm,

2003). Examples of diffuse pollution are numerous and can include sources from

nuclear power and weapons activities; uncontrolled waste disposal and contaminated
effluents released in and near catchments; land application of sewage sludge; the
agricultural use of pesticides and fertilizers which also add heavy metals, persistent
organic pollutants, excess nutrients and agrochemicals that are transported
downstream by surface runoff; flood events; atmospheric transport and deposition;
and/or soil erosion (Figure 2). Diffuse pollution has a significant impact on.the
environment and human health, although its severity and extent are generally
unknown

It has been widely demonstrated that the upper layers of soil are enriched in many
metals and other elements that are linked to atmospheric deposition from natural and
anthropogenic sources (Blaser et al., 2000; Steinnes et al., 1997; Steinnes, Berg and
Uggerud, 2011). Almost every soil of the northern hemisphere contains radionuclides
in higher concentrations than the background level, even in remote areas of North
America and Eastern Asia. Due to the nuclear fallout after the catastrophic Chernobyl
accident, radionuclides will be present in soils for centuries (Fesenko et al., 2007).
More than 50 years will be needed to reach a reduction of 50 percent of the
radionuclides, such as 239/240 Pu or 241Am, in areas up to 200 km away from
Chernobyl. Due to these different types of pollution from diverse sources, an increase
in scientific and technical efforts is needed to develop new methods for measuring,
monitoring and better understanding atmospheric deposition processes and the extent
of diffuse pollution
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SOURCES OF SOIL POLLUTANT!

NATURAL, GEGGENIC SOURCES

It is crucial to separate background values from baseline values when defining the

extent of contamination in areas where environmental legislation has not yet
established intervention limits for all environmental matrices (Albanese et al., 2007).
Background values indicate geogenic natural content, while baseline values indicate
the actual content of an element in the superficial environment at any given point
(Reimann, Filzmoser and Garrett, 2005; Salminen and Gregorauskiene, 2000).

Background concentrations in the soils of a region will be strongly related to the
pedo-geochemical fraction and the dynamics of the environment that led to the
formation of the soil. The use of averages or global intervals is therefore not suitable
for determining background levels at the regional or local levels (Horckmans et al.,
2005; Paye, Mello and Melo, 2012). For example, heavy metals in soils can vary over
two to three orders of magnitude, considering the natural variation in the
concentration of trace metals within the parent rock type (Shacklette and Boerngen,

1984). | [
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Several soil parent materials are natural sources of certain heavy metals and other
elements, such as radionuclides, and these can pose a risk to the environment and
human health at elevated concentrations. Arsenic (As) contamination is one of the
major environmental problems around the world. Natural sources of As include
volcanic releases (Albanese et al., 2007) and weathering of As-containing minerals
and ores (Dicz et al., 2009), hut also naturally occurring mineralized zones of |
arsenopyrite (gossans), formed by the weathering of sulphide-bearing rock (Scott, |
Ashley and Lawie, 2001). Many of these minerals present a high spatial variability |
and many of them can be found in higher concentrations in deeper layers (Li et al.,
2017). However, As is slightly bioaccessible when coming from natural sources
(Juhasz et al., 2007). | '

Soils and rocks are also natural sources of the radioactive gas Radon (Rn). Radon
diffusion from deeper layers to the surface is controlled, in part, by soil structure and
its porosity (Hafez and Awad, 2016). High natural radioactivity is common in acidic
igneous rocks, mainly in feldspar-rich rocks and illite-rich rocks (Blume et al., 2016).
Gregoric et al. found higher emissions of radon from soils containing carbonates than

from any other soil or rock types (Gregori¢ et al,, 2013). Reference data for other = ‘
natural radionuclides in rocks and soils are shown in Table 1
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Specific activities of natural radionuclides in rocks and soils (given in Bq kg-1). Source: Blume et al., 2016

Natural events such as volcanic eruptions or forest fires can also cause natural
pollution when many toxic elements are released into the environment. These toxic
elements include dioxin-like compounds (Deardorff, Karch and Holm, 2008) and
polycyclic aromatic hydrocarbons (PAHs). High level of heavy metals have been
identified in volcanic soils in Réunion that can be associated with the active volcanic
activity, mainly mercury (Hg), or with the weathering of the parent material, where
high levels of chromium (Cr), copper (Cu), niquel (Ni) and zinc (Zn) have a natural
pedo-geochemical origin (Deelsch, Saint Macary and Van de Kerchove, 2006). H/‘,igh
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levels of Cr and Ni have also been reported in voleanic Indonesian soils, associated

- with pedo-geochemical origins (Anda, 2012). However, this natural pollution does

not normally cause environmental problems due to the regenerative ability and the
adaptation capacity of plants (Kim, Choi and Chang, 2011). The problems arise when
the ecosystems are subject to external pressures, which alter their resilience and

- response ability.

Polycyclic aromatic hydrocarbons can also occur naturally in soils. They are usually
of cosmogenic origin, being relatively common in cosmic dust samples and
meteorites (Basile, Middleditch and Oro, 1984; Li, 2009), or derive from the
diagenetic alteration processes of waxes contained in soil organic matter (Trendel et
al., 1989). Biogenic production of PAHs is favoured under reducing conditions
(Thiele and Briimmer, 2002).

Naturally occurring asbestos (NOA) are fibrous minerals that occur naturally in soils
formed from ultramafic rock, especially serpentine and amphibole. The main risk
associated with NOA is inhalation exposure of humans related to extraction activities,
while its natural presence in soils poses a negligible risk to the environment.
However, NOA can be easily dispersed by wind erosion, and their mobilization will
depend on the characteristics of the asbestos-containing materials, soil properties,
humidity, and local weather conditions (Swartjes and Tromp, 2008). The
environmental issues caused by NOA arise when they are released from soils close to
urban areas, because asbestos is a carcinogenic substance, posing a high risk to
human health from inhalation (Lee et al., 2008).

ANTHROPOGENIC SOURCES

Centuries of anthropogenic activities have resulted in a widespread problem of soil
pollution around the world (Bundschuh et al., 2012; DEA, 2010; EEA, 2014; FAO
and ITPS, 2015; Luo et al., 2009; SSR, 2010).

The main anthropogenic sources of soil pollution are the chemicals used in or
produced as by-products of industrial activities, domestic and municipal wastes,

~including wastewater, agrochemicals, and petrol-derived products (Figure 3). These

chemicals are released to the environment accidentally, for example from oil spills or
leaching from landfills, or intentionally, as is the case with the use of fertilizers and
pesticides, irrigation with untreated wastewater, or land application of sewage sludge.
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INDUSTRIAL ACTIVITIES: |

The range of chemicals used in industrial activities is vast, as is their impact on the |

environment.
Industrial activities release pollutants to the atmosphere, water and soil. Gaseous
pollutants and radionuclides are released to the atmosphere and can enter the soil

directly through acid rain or atmospheric deposition; former industrial land can be |

polluted by incorrect chemical storage or direct discharge of waste into the soil; water
and other fluids used for cooling in thermal power plants and many other industrial
processes can be discharged back to rivers, lakes and oceans, causing thermal
- pollution and dragging heavy metals and chlorine that affect aquatic life and other
~ water bodies. Heavy metals from anthropogenic activities are also frequent in
industrial sites and can arise from dusts and spillages of raw materials, wastes, final
product, fuel ash, and fires (Alloway, 2013).
According to the European Directive concerning integrated pollution prevention and
~control (IPPC) (EC, 1996), potentially polluting activities can be grouped into six
main categories: 1) energy industries; 2) production and processing of metals; 3)

mineral industry; 4) chemical industry and chemical installations; 5) waste

management; and 6) other activities (which include paper and board production,
manufacture of fibres or textiles, tanning of hides and skins, slaughterhouses,
intensive poultry or pig rearing, installations using organic solvents, and the
production of carbon or graphite) (Garcia-Pérez et al., 2007)

Salinization, another major threat to global soils, affects many soils which are close
to certain industrial activities, mainly those associated with chlor-alkali, textiles,
glass, rubber production, animal hide processing and leather tanning, metal
- processing, pharmaceuticals, oil and gas drilling, pigment manufacture, ceramic
manufacture, and soap and detergent production (Saha et al., 2017).

- MINING

Mining has had a major impact on soil, water and biota since ancient times (FAO and
ITPS, 2015). Many documented examples can be found of heavily contaminated soils
associated with mining activities around the world (Alloway, 2013)

Metal smelting to separate minerals has introduced many pollutants into the soil.
Mining and smelting facilities release huge quantities of heavy metals and other toxic
elements to the environment; these persist for long periods, long after the end of these
activities (Ogundele et al., 2017).

Toxic mining wastes are stocked up in tailings, mainly formed by fine particles that
can have different concentrations of heavy metals. These polluted particles can be
dispersed by wind and water erosion, sometimes reaching agricultural soils. For
example, Mileusni¢ et al. found high levels of lead and copper in ag%uhg@l fields
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located near a tailings dam in Namibia (Mileusni¢ et al., 2014). Toxic concentrations |
of chromium and nickel were also found in agricultural soils near an abandoned ‘
chromite-asbestos mine waste in India and in crops grown in those soils, resulting in
a high risk to human and livestock health (Kumar and Maiti, 2015)

The use of phosphate rocks, which are naturally rich in radioactivity, in the
production of fertilizers generates a by-product called phosphogypsum, which
maintains nearly 80 percent of its original radioactivity due to 238U decay products
such as radon, 226Ra, and polonium, 210Po. These industries generate a radioactive
source of pollution, which constitutes a threat to the surrounding ecosystems and
organisms (Bolivar, Garcia-Tenorio and Garcia-Ledn, 1895).

Significant point-source soil pollution occurs from oil and gas extraction due to spills
of crude oil and brines. Brines have high salinity levels and can also contain toxic
trace elements and naturally occurring radioactive materials. Brine spills _are
widespread: for example, Lauer et al. state that there have been approximately 3 900
brine spills associated with unconventional oil and gas production (including
fracking) from the Bakken region of North Dakota since 2007 (Lauer, Harkness and
Vengosh, 2016). Spills of crude oil from well sites and from pipelines are also a
major source of soil pollution in oil producing areas.

URBAN AND TRANSPORT INFRASTRUCTURES |

The widespread development of infrastructure such as housing, roads and railways
has considerably contributed to environmental degradation. Their more evident
negative effects on soil are soil sealing and land consumption. Apart from these
known soil threats, another major impact of infrastructure activities is the entry into |
the soil system of different pollutants. Despite its being a major threat, soil pollution |
from infrastructure activities has received very minor consideration in terms of
planning and impact assessment.

Activities linked to transportation in and around urban centers constitute one of the
main sources of soil pollution, not only because of the emissions from internal
combustion engines that reach soils at more than a 100 m distance by atmospheric
deposition and petrol spills, but also from the activities and the changes that result
from them as a whole (Mirsal, 2008). Splashes generated by traffic during rainfall
events and runoff, which may be significant if the drainage system is not well
maintained, may translocate particles rich in heavy metals from the corrosion of
metal vehicle parts, tires and pavement abrasion (Venuti, Alfonsi and Cavallo, 2016;
Zhang et al., 2015b) and other pollutants such as polycyclic aromatic hydrocarbons,
rubber and plasticderived compounds (Kumar and Kothiyal, 2016; Wawer et al.,
2015). Soil pollution associated with roads and highways is especially important in
urban and peri-urban soils, and can be a major threat when food production occurs in
adjacent areas. Foliar deposition and root uptake and transfer to above-ground tissues
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of bioavailable heavy metals are the main processes observed in roadside soil

(Hashim et al., 2017; Kim et al., 2017; Zhang et al., 2015b). Grazing in roadside soils
is also quite common, and the ingestion of contaminated soil and plants constitutes
potential dietary transfer of pollutants affecting animal and human health (Cruz et al.,
2014).

A major legacy source of soil pollution associated with transport is lead

contamination of soils from leaded gasoline. Mielke and Reagan cite research that
over 10 million tonnes of lead was transferred to the global environment via the
motor vehicle fleet, about 5.9 million tonnes in the United States of America alone
(Mielke and Reagan, 1998). The soil contamination that resulted from this was
concentrated around roads and is especially high in core urban areas.

Municipal waste disposal by landfills, illegal or not, and untreated wastewater release
into the environment are important sources of heavy metals, poorly biodegradable
organic compounds and other pollutants which enter the soil. In most developed
countries, strict regulations control the disposal and recycling of waste, solids and

liquids (EC, 1986; US Federal Register, 1993), but there are countries where residue |

treatment and disposal are still posing a risk to the environment and to human health.

"Many household chemicals, particularly those used in bulk quantities such as

detergents and personal care products (PPCPs), also end up as sanitary sewage.

Biosolids generated from municipal wastewater treatment can be a major sink for

many PPCPs, and their land application can potentially introduce these contaminants

into terrestrial and aquatic environments. The historical and continuing use of DDT

for control of vector-borne diseases such as malaria has led to pollution of soils in
urban and peri-urban areas (Mansouri et al., 2017)

Lead-based paint is a major legacy source of lead (Pb) contamination in urban areas.
Soils become contaminated when lead-based paint is pulverized into dust or small
particles during renovations or demolition and then enters the environment (Mielke
and Reagan, 1998). In the United States of America, approximately equal tonnages of
lead were used in leaded gasoline between 1929 and 1989 as were used in white-lead

- paint pigments between 1884 and 1989, with peak use of lead-based paint in the

1920-29 period (Mielke and Reagan, 1998)

Plastics are also a major source of pollution. They are widely used in food packaging,
shopping bags, and household items such as toothbrushes and pens, facial cleansers,
and many other common items. Plastics have a strong presence in the environment
globally. They are, in general, extremely persistent in the environment and they
widely accumulate in oceans and landfills, but also in soils where producing factories
are located. Polymers are usually considered to be biochemically inert and do not
pose a threat to the environment. Unreacted residual monomers or small oligomers
can, however, be found in the plastic material, since polymerization reactions are
seldom complete (Araujo et al., 2002). The most hazardous monomers classified as
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either carcinogenic or both carcinogenic and mutagenic, are those belonging to
families of polyurethanes, polyacrylonitriles, polyvinyl chloride, epoxy resins and
styrenic copolymers (Lithner, Larsson and Dave, 2011). In addition, several thousand
different additives such as brominated flame retardants, phthalates and lead
compounds are used in the production of plastic. Many of these additives are
considered harmful, with demonstrated disruptions to endocrine function, and
carcinogenic and mutagenic effects on living organisms (Darnerud, 2003; Heudorf,
Mersch-Sundermann and Angerer, 2007: Lithner, Larsson and Dave, 2011). All
plastic, from the macro- to the nano-scale, are at risk of being leached and of
adsorbing hazardous substances such as persistent organic pollutants and polycyclic
aromatic hydrocarbons (Bjérnsdotter, 2015). They also accumulate heavy metals in
high proportions (Mato et al., 2001). The size and surface area are important factors
influencing the leaching and adsorption behaviour: the smaller the particle, the larger
the surface-volume ratio. The capacity to release or bind compounds is therefore also
higher for smaller particles than for larger ones.

Plastics can reach the soil and aquatic systems via wastewater-treatment plants, but
they can also be transported and suspended by wind from landfills and become
airborne and widely dispersed. In agricultural fields in which plastic mulching is
practised, an abundant source of plastic material is available in the soil. The presence
and effects of plastic in aquatic organisms and ecosystems are well documented
(Browne et al., 2008; Thompson, 2004); however, the risks to human health and
terrestrial ecosystems from the use of plastic polymers and products still needs to be
assessed (Lithner, Larsson and Dave, 2011; Rillig, 2012; Rocha-Santos and Duarte,
2015). Almost no studies on plastics’ fate in soil have been conducted.

WASTE AND SEWAGE GENERATION AND DISPOSAL

As the global population increases, so does the generation of waste. In developing
and least developed countries, high rates of population growth and increasing waste O |
and sludge production, combined with lack of municipal services that deal with waste
management, create a dangerous situation. According to a World Bank report
(Hoornweg and Bhada-Tata, 2012), the global production of municipal solid waste
was estimated to be 1.3 billion tonnes per year in 2012, varying from 0.45 kg per
person and per day in sub-Saharan Africa to 2.2 kg per capita annually in the
Organisation for Economic Co-operation and Development (OECD) countries. Future
predictions are worrying, however, as waste production is expected to rise to 2.2
billion tonnes by 2025.

Municipal waste disposal in landfills and incineration are the two most common ways
to manage waste. In both cases, many pollutants, such as heavy metals, polyaromatic
hydrocarbons, pharmaceutical compounds, personal care products and their
derivative products accumulate in the soil (Swati et al., 2014), either di@/gﬁy from
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landfill leachates that may be polluting soil and under groundwater, or by ash fallout
from incinerating plants (Mirsal, 2008). Baderna et al. discovered a complex mixture
of pollutants in a landfill leachate that alters groundwater quality and in turn affects
the food chain (Baderna et al., 2011)

Establishments that recycle lead batteries have been identified as major sources of
- soil contamination around the world. This is especially the case in Africa, where the
lead battery industry has notably expanded in the last few years and will continue to
grow, but where regulations are weak or absent (Gottesfeld et al., 2018). The
proximity of lead battery industries and recycling plants to communities poses a high
risk to human health, as was demonstrated by blood samples where lead levels
exceeded screening level criteria (US Agency for Toxic Subtances and Disease
Registry, 2011; Zahran et al., 2013)

The twenty-first century has resulted in improvements in communication and
important technological developments. The production of electrical and electronic
equipment is growing rapidly in the world and will continue to grow, with developing
countries becoming major producers within the next decade (Robinson, 2009).
However, once devices become obsolete or are no longer functioning, they eventually
become waste. Electronic waste, or e-waste, contains valuable elements, such as
copper and gold, but also many other hazardous substances that make it impossible to
treat it in a similar manner as regular urban waste. In Furope and North America, the
majority of e-waste remains unrecycled (Barba-Gutiérrez, AdensoDiaz and Hopp,
2008; Sthiannopkao and Wong, 2013), while e-waste has become a source of income
in developing or emerging industrialized countries. Itai et al. reported high
concentrations of heavy metals and of rare metalloids (In, Sb, Bi) in an e-waste
recycling site in Ghana, indicating that these metalloids should be included in risk
assessment approaches (Itai et al., 2014). Formal recycling centres comprise only 25
percent of the industry, however, and e-waste is mostly recycled in informal sectors
using primitive techniques such as burning cables for the harvesting of copper. These
techniques release a multitude of hazardous substances (flame retardants, dioxin-like
compounds, polycyclic aromalic hydrocarbons, heavy metals) without taking into
account protective measures for the environment or for human health (Perkins et al.,
2014).

The use of sewage sludge to amend soils.may be beneficial, as it adds organic matter
and nutrients to soils. However, if that sewage sludge has not been pre-treated before
its application, many pollutants such as heavy metals can accumulate in the soil and
eventually enter the food chain. In Europe, the use of sewage sludge is regulated, but
this is not the case everywhere '

The use of treated wastewater for agricultural irrigation is common in arid-and
semiarid regions jgs a solution to water scarcity (Jefatura del Estado, ZOQ]/;/E/(eraita
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and Drechsel, 2004; Uzen, 2016). In Isracel, for example, over 80 percent of municipal
treated sewage is re-used (Katz, 2016), and 26 percent of Pakistan’s vegetable
production is irrigated using wastewater (Ensink et al., 2004). The use of recycled
wastewater in the arid regions of Spain has addressed the issue of water deficit, but is
also a way to add nutrients, and has led to an increase in crop productivity (Dorta-
Santos et al., 2014). The use of wastewater can, however, be an issue in countries
where water qualily guidelines and legislation do not exist. Improper use of
wastewater can lead to the deposition of heavy metals, salts, PPCPs and pathogens, if
they are not completely removed after treatment or in cases where wastewater is left
untreated (Dalkmann et al., 2014; Flores-Magdaleno et al., 2011; Pedrero et al.,
2010).

MILITARY ACTIVITIES AND WARS

Until the twentieth century, most conflicts were of local magnitude and had relatively
litle impact on soils. However, modern warfare makes use of non-degradable ()
weapons of destruction and of chemicals that can remain in the affected soils. for |
centuries after the end of the conflict (FAO and ITPS, 2015). The nature of soils can

be considerably modified by warfare activities in both wartime and times of peace

due to military activities such as test-firing facilities. Total and sometimes even
partial recovery of these soils can take many years, and in some cases even centuries
(Certini, Scalenghe and Woods, 2013).

The First and Second World Wars left Europe with a significant heritage of pollution

(land mines, remains of ammunitions and leftover chemicals, radioactive and ]
biological toxic agents), not only in the battlefields but also in sites such as shooting |
areas, barracks and storage of armaments. This legacy has made the soils in some of
these areas unsuitable for any kind of exploitation or service provision. There are
approximately 110 million mines and other unexploded ordnance (UXO) scattered in
64 countries on all continents, remnants of wars from the early twentieth century up ()
until today (Kobayashi, 2012) '

The disposal of munitions, and the lack of care in their manufacturing caused by the
urgency of the situation at the time of their production, can contaminate soils for
extended periods of time. There is little published evidence on this type of
contamination, largely because of restrictions placed by governments of many

countries on the publication of material related to warfare. In Berlin, for example,
more than a thousand hectares presented high levels of contamination (Schafer,
1995); Gruinard Island, in western Scotland, is still polluted with anthrax spores that
were used as potential biological weapons, despite remediation efforts (Szasz, 1995;
WHO, 2008). Mustard gas stored during the Second World War has also
contaminated some sites for up to 50 years (Watson and Griffin, 1982},
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AGRICULTURALAND LIVESTOCK ACTIVITIES

The different agricultural sources of soil pollutants include agrochemical sources,

such as fertilizers and animal manure, and pesticides (Figure 4). Trace metals from

these agrochemicals, such as, Cu, Cd, Pb and Hg, are also considered soil pollutants
as they can impair plant metabolism and decrease crop productivity. Water sources
for irrigation can also cause soil pollution if they consist of waste water and urban
- sewage. Excess N and heavy metals are not only a source of soil pollution, but also a
threat to food security, water quality and human health, when they enter the food
chain (FAO and ITPS, 2015).

USE OF
PESTICIBES

AMENOMENTS
WITH SOLID
VWASTE

IRRIGATION
WITH UNTREATED
WASTEWATER

LIVESTOCK

WASTES
e el ; nf;;?mﬁii}i‘“n“r‘i N
o %, PODROU mlsff J

Agricultural sources of soil pollution

Point sources of pollution in agricultural settings include accidental spills of
hydrocarbons in agricultural fields used as fuels for machines or of agrochemicals
during their transportation and storage stages. »
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As mentioned earlier, livestock production can also be a source of pollution,
especially if the waste is not properly managed and disposed of: the urine and faeces
may contain parasites and medical substances that can persist and accumulate in the
soil (Zhang et al., 2015a). Many medical substances are lipolytic and not readily
degradable and therefore have the potential to be retained in the sludge or the manure,
which in turn may be used as fertilizer. Such retention can greatly affect
microorganisms and other beneficial organisms in the soil (Halling-Sgrensen et al.,
1998).

Excessive application of fertilizers and manure or inefficient use of the main nutrients
(N and P) in fertilizers are the main contributors to environmental issues linked to

agriculture (Kanter, 2018). These two nutrients are a source of diffuse pollution.

Excess N can also be lost to the atmosphere through greenhouse gas emissions, and
excess P contributes to the cutrophication of neighbouring sources of water.

Excessive fertilizer usage can lead to soil salinity, heavy metal accumulation, water -

eutrophication and accumulation of nitrate, which can be a source of environmental
pollution but also a threat to human health. The fertilizer industry is also considered
to be a source of heavy metals such as Hg, Cd, As, Pb, Cu, Ni and Cu, and natural
radionuclides like 238U, 232Th and 210Po. Proper handling and management of
fertilizer is crucial to avoid polluting the soil (Stewart et al., 2005).

Compost and animal residues are an important source of nutrients. They contribute to
achieving a circular economy, reducing the environmental impacts of waste and
increasing organic matter and nitrogen content in soils while reducing external inputs
in agroecosystems (Shiralipour, McConnell and Smith, 1992). Xia et al. reported an
overall increase in crop production of 4.4percent when manure partially substituted
synthetic fertilizers (Xia et al., 2017). The substitution enhanced crop uptakes of N
and other nutrients, and significantly reduced N losses by volatilization, erosion and
leaching, mainly due to its property of slow nutrient release and to the promotion of
microbial immobilization of bioavailable N. However, yield increase depends on the
manure and crop types considered (Wang et al., 2016; Xia et al., 2017). Furthermore,
compost and manure are great sources of organic matter (Zhao et al., 2014b).

A recent report by the Production and Plant Protection Division of the Food and
Agriculture Organization of the United Nations (FAO) documented that global
manure production from all livestock has increased by 66 percent, from 73 to 124
million tonnes of N, from 1961 to 2016, with manure applied to soils increasing from
18 to 28 million tonnes of N, and N input from manure left on pasture increasing
from 48 to 86 million tonnes of N (Raffa et al., 2018)

Despite their potential benefit for agriculture, there is sufficient scientific evidence of
the increase in heavy metals content, pathogens, and veterinary antibiotics regidues,
which may lead to antimicrobial-resistant bacteria proliferation in soils amended with
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livestock manure. Heavy metals in livestock manure mainly come from feed
(Nicholson et al., 1999), while antibiotics are utilized to prevent and treat diseases
and as growth promoters (Kumar et al., 2005). Nicholson et al. conducted an
inventory across agricultural fields in England and Wales to determine the main
sources of heavy metals (Nicholson et al., 2003). After atmospheric deposition, which
is the main source, livestock manures and sewage sludge were identified as important
sources of contamination. These were especially important for Zn, Cu, Ni, Pb and Cr
contamination (Nicholson et al., 1999; Wang et al., 2016).

Pesticides are substances, or mixtures of substances, intended for preventing,
destroying or controlling any pest causing harm or interfering with the production,
processing, storage, transport or marketing of food, agricultural commodities, wood
and wood products (FAO, 2006). Pesticides are a subset of the overall range of
pesticides. They have been intentionally released into the environment at a larger
scale since the Second World War, when DDT’s insecticidal properties were
discovered. The use of pesticides has helped provide food for an increasing
population similarly to the application of nutrients; however, the over use of
pesticides can have negative effects on human health and the environment (Popp,
Pet6 and Nagy, 2013; FAO and ITPS, 2017). Negative effects on soil organisms have
been widely studied (Biinemann, Schwenke and Van Zwieten, 2006; Jacobsen and
Hjelmsg, 2014; Komadrek et al., 2010; Nguyen et al., 2016; Ockleford et al., 2017;
Puglisi, 2012), and health problems have been related to exposure to pesticides and
other agrochemicals (Bhatia et al., 2005). The major threat to human health is.being
exposed to low dose levels over a lifetime (WHO, 1993), as the direct short-term

effects of such exposure are not obvious.

Considering the need to have coordinated efforts regarding hazardous chemicals, the
Rotterdam Convention was adopted on 10 September 1998. It aims to promote shared
responsibility and cooperative efforts among Parties in the international trade of
hazardous chemicals and pesticides in order to protect human health and the
environment from potential harm. The Convention contributes to the environmentally
sound use of such chemicals, by facilitating information exchange about their
characteristics, by providing for a national decision-making process on their import
and export and by disseminating these decisions to Parties

The benefit of the Convention is to prevent unwanted trade in the chemicals included
in the legally binding prior informed consent (PIC) procedure. It enables member
governments to alert each other to potential dangers by exchanging information on

- banned or severely restricted chemicals and to take informed decisions on them. It

makes the international trade in hazardous chemicals more transparent and less
vulnerable to abuse through its export notification provisions and by encouraging
harmonized labelling of exported chemicals. The Convention also calls for the
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provision of technical assistance to help establish the infrastructure and capacity
necessary to safely manage chemicals.

The International Code of Conduct on Pesticide Management (FAO, 2003) provides a
voluntary framework and standards for managing pesticides throughout their life
cycle. The Code is directed primarily at government authorities and the pesticide
industry but is also relevant for other stakeholders. The Code is supported by
technical guidelines and toolkits, for example the Registration Toolkit (http:/www.
fao.org/pesticide-registration-toolkit/en/) and the Environmental Management Toolkit
for Obsolete Pesticides (EMTK)

Stocks of obsolete, unwanted and banned pesticides continue to represent a threat to
human health, the environment and the sustainable development of the regions in
which they are found. The reasons for the accumulation of obsolete pesticide stocks
are well documented. They include poor storage and management of pesticide stocks,
international bans on the use of harmful pesticides, untimely donations of pesticides,
over-ordering and supply and procurement of strategic stocks of pesticides for
migratory pest control, which are then not used completely or not needed. Pesticide
stocks are often stored under very poor conditions, resulting in container deterioration
and leakage into the surrounding environment and ultimately affecting soil and
ground water quality. The volumes 1-4 of the FAO EMTK series are designed to
assist countries with the risk management of obsolete pesticide stocks. Volume 6 is
intended to provide practical methods to assist countries in the formulation of
strategies for the management of pesticide contaminated land. As risk reduction
largely depends on the accuracy of site investigation and associated risk assessment
this document is meant to be used in close conjunction with EMTK Volume 5, the
outputs of which are critical in the design of pesticide contaminated land
environmental management plans.

Other sources of agricultural pollution include arsenic pollution due to concentrated
animal feeding operations (CAFOs), plastic residues from plastic mulching, use of
contaminated groundwater for irrigation, and many more. Liu et al., and Cang et al.
looked at soil pollution caused by poultry and livestock, and both of them found
significant levels of heavy metals coming from livestock and poultry operations
(Cang et al., 2004; Liu et al., 2015).

MAIN POLLUTANTS IN SOIL

The release of pollutants to the environment, as has been mentioned, usually
originates from anthropogenic processes. Even if some elements and compounds
occur naturally in soils, human interventions are the main drivers of soil pollution.
The following sections discuss only a small subset of the most common pollutants
affecting agricultural areas, and the properties that make these compounds pollutants.
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Pollutants have been divided by their chemical characteristics, but some of the
categories presented here overlap. Swartjes proposed a systematic categorization of

pollutants (Figure 5) that may be useful in better understanding them (Swartjes, 2011)
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Systematic categorization of the main pollutants in soils. Source: Swartjes, 2011

"HEAVY METALS AND METALLOIDS

The term “heavy metals” refers to the group of metals and metalloids of relatively
high atomic mass (>4.5 g/cm3 ) such as Pb, Cd, Cu, Hg, Sn, and Zn, that can cause
toxicity problems. Other non-metals that are often considered together with heavy
metals include As, antimony (Sb) and selenium (Se) (Kemp, 1998). These elements
naturally occur at low concentrations in soils. Many of them are essential
micronutrients for plants, animals and humans, but at high concentrations may cause
phytotoxicity and harm human health because of their non-biodegradable nature,
which causes them to readily accumulate in tissues and living organisms.

The main anthropogenic sources of heavy metals are industrial areas, mine tailings,
disposal of high metal wastes, leaded gasoline and paints, application of fertilizers,
animal manures, sewage sludge, pesticides, wastewater irrigation, coal combustion
- residues, spillage of petrochemicals, dIld atmospheric deposition from v;g;d sources
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Heavy metals are the most persistent and complex kind of pollutants to remediate in
nature. They not only degrade the quality of the atmosphere, water bodies, and food
crops, but also threaten the health and well-being of animals and human beings.
Metals accumulate in the tissues of living organisms because unlike most organic
compounds they are not subject to metabolic breakdown. Among the heavy metals,
Zn, Ni, Co, and Cu are relatively more toxic to plants, and As, Cd, Pb, Cr and Hg are
relatively more toxic to higher animals (McBride, 1994)

The most important elements to consider in terms of food-chain contamination are
As, Cd, Hg, Pb and Se (McLaughlin, Parker and Clarke, 1999). The main sources of

As in soils are agrochemical compounds and mining and smelting activities, but they

can also be introduced in manure originating from livestock feed with As-rich
additives. Some parent materials are rich in As and therefore their weathering can
also be a source of As in high concentrations.

Trace metals from inorganic (Cu-based) and organic pesticides represent a major

environmental and toxicological concern (Komdrek et al., 2010). Cu is easily
immobilized by soil organic matter (SOM) and Fe- and Mn-(hydro)oxides, remaining
at high concentrations on upper layers of soils. However, fungicide-derived Cu has
been found in large amounts in the potentially available fraction of the soil (Pietrzak
and McPhail, 2004).

NITROGEN AND PHOSPHORUS

Nitrogen (N) is an essential component of all living structures such as proteins, DNA,
RNA, hormones, enzymes and vitamins. It occurs in both organic and inorganic
forms, and in many different oxidation states. Its available forms differ depending on
the specific organism. Unreactive forms such as gaseous nitrogen (N2 ) can be
assimilated through microbial activity. Plants need more chemically available forms,
such as ammonium (NH4 + ) and nitrate (NO3 - ), while animals require complex
forms, such as amino acids and nucleic acids (Yaron, Dror and Berkowitz, 2012).

Phosphorus (P) is one of the main macronutrients for all living organisms. It forms
part of biological molecules, such as DNA and RNA, and it is used to transport
cellular energy via adenosine triphosphate (ATP).

In order to feed the increasing population and to supply the nutrient needs of the
many deficient soils around the world, additions of N, P and potassium (K) through
synthetic fertilizers were widely adopted through the twentieth century (Tilman et al.,
2002). Fertilizer demand has increased globally (Figure 6), supported by global
economic growth, leading to an excessive application of fertilizers following the idea
“the more, the better.” According to FAQ, fertilizer global consumption,by 2018 is
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forecast to reach 200 million tonnes, with over 50 percent of global fertilizer |
consumption concentrated in China, the United States of America, and India (FAQO,
- 2015a). However, there is not a linear correlation between an increase in the amount
of fertilizer applied to agricultural soils and an increase in crop production; on the
contrary, increases may result in low nutrient use efficiency and in turn lower crop
yields (Hossain et al., 2005; Zhu et al., 2005), and may cause acute environmental
problems (Good and Beatty, 2011; Vitousek et al., 2009; Withers et al., 2014) |
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Global synthetic fertilizers consumption. Source: FAQO, 2015a

Nitrogen and phosphorus become pollutants when they are applied in excess to
agricultural soils in the form of fertilizers, or in arcas of intensive livestock
production (Carpenter et al., 1998; Torrent, Barberis and Gil-Sotres, 2007). These
nutrients are able to leach into the groundwater or be transported to surface water
bodies by runoff, causing eutrophication or leading to high nitrate concentrations and
related environmental and human health problems (EC, 1991; Frumin and Gildeeva,
2014; Pretty et al., 2003; Yaron, Dror and Berkowitz, 2012). Many heavy metals have
also been documented in phosphate and nitrate fertilizers including As, Cd, Cr, Hg,
Pb, and Zn (Brevik, 2013)

While nutrients are essential to crop production, when they are applied in excess they
can have negative effects on yields. Nitrogen increases chlorophyll production, and
energy for flower growth and root elongation is redirected to foliage proliferation,
causing disorders in plants and making them more vulnerable to pathogen attacks. It
can also affect crop nutrient balance (Hao et al., 2003). Nitrogen pollution influences
soil organic matter decomposition, as it affects microbial community gmaosition
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and activities (Bragazza et al., 2006; Luo et al., 2017; Shen et al., 2010; Zhou and
Zhang, 2014), as well as soil acidity and salinity (Han et al., 2015).

PESTICIDES

Pesticides are applied to reduce crop losses duc to insect pests, weeds and pathogens,
and thus to guarantee global food supplies (FAO and ITPS, 2017). Pesticides include
but are not limited to insecticides, fungicides, herbicides, rodenticides, molluscicides,
nematicides, and plant growth regulators.

Without pesticide use, crop losses have been estimated to vary from 32 percent for
cereals to 78 percent in fruit production (Cai, 2008). Pesticides are applied not only
on agricultural lands; they also have a great importance on human health protection,
for example for sanitary pest control of vector-borne discases. They are also used to
keep infrastructures free of damaging insects and weeds, such as for preventing the 1
attack of wood buildings by termites, or for keeping roadside and train tracks clean in Qo
order to help in avoiding accidents (Aktar, Sengupta and Chowdhury, 2009). Their |
use is not homogeneously distributed around the globe, mainly because of their cost
and because pests vary by climatic and geographic region. According to FAOSTAT,
FAQ’s Corporate Database for Substantive Statistical Data (FAOSTAT, 2016), some
low and middle income countries have increased their consumption of pesticides in
the last decade. Bangladesh, for example, has increased the use of pesticides by four
times, while Rwanda and Ethiopia have increased theirs by over six times. This
amount goes up (o ten times in the Sudan (Figure 7). Once again, the problem arises
when a misuse of pesticides occurs: when they are applied in higher amounts than
needed and using practices that contribute to their spreading into the environment,
such as spraying with not suitable/not maintained/not calibrated application
equipment or by planes into vast regions, affecting inhabitants and non-target
organisms (Carvalho, 2017).
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Use of pesticides per hectare of arable land, kg/ha, in the years 2007-2012. Source: FAQO, 2015

Pesticides can be either organic or inorganic synthetic molecules. They are classified
on the basis of their chemical structures, their mode of action, their way of entry into
the body, and their target organisms. Their toxicological effects on pests depend on
their chemical composition, which in turn affects their interaction with soil
components (Singh, 2012). According to their chemical structure, pesticides can be
divided into twelve distinct groups, with the main pesticides in each group listed
below:
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* organochlorine compounds: DDT, Methoxychlor, Chlordane, Dicofol.
BHC/HCH, Aldrin, Endosulfan, Heptachlor, Methoxychlor, Chlordane,
Dicofol;

* organophesphorus compounds: Parathion, Malathion, Monocrotophos,
Chlorpyrifos, Quinalphos, Phorate, Diazinon, Fenitrothion, Acephate,
Dimethoate, Fenthion, Isofenfos, Phosphamidon, Temephos, Triazophos;

+ carbamates: Aldicarb, Oxamyl, Carbaryl, Carbofuran, Carbosulfan,
Methomyl, Methiocarb, Propoxur, Pirimicarb;

* pyrethroids: Allethrins, Deltametrin, Resmethrin, Cypermethrin, Permethrin,
Fenvalerate, Pyrethrum;
* neonicotinoids: Acetamiprid, Imidacloprid, Nitenpyram, Thiamethoxam;

'+ organotin  compounds: Triphenyltin acetate, Trivenyltin  chloride,
Tricyclohexyltin hydroxide, Azocyclotin;

* organomercurial compounds: Ethyl mercuric chloride, Phenyl mercuric
bromide;

» dithiocarbamate fungicides: Zineb, Maneb, Mancozeb, Ziram;

* benzimidizole compounds: Benomyl, Carbendazim, Thiophanate methyl;

o chlorphenoxy compounds: 2,4-D, TCDD, DCPA, 2,4,5-T, 2,4-DB, MCPA,
MCPP;

* dipyridiliums: Paraquat, Diquat; and
- miscellaneous: DNOC, Bromoxyl, Simazine, Triazamate

Some of the pesticides listed above are also persistent organic pollutants (POPs) and
are discussed further below

Some pesticides are also associated with heavy metal contamination of soils. The
recent report by the Intergovernmental Technical Panel on Soils (ITPS) on the impact
of plant protection products on soil functions and ecosystem services highlighted the
severe Impact of copper-based fungicides on earthworms and microbial biomass.
These fungicides are widely used in organic viticulture to control vine fungal diseases

(FAO and ITPS, 2017).
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Pesticide persistence, behaviour and mobility are also extremely varied as are the
mechanisms involved in their degradation and retention in soils (Figure 8): sorption—
desorption, volatilization, chemical and biological degradation, uptake by plants and
leaching (Arias-Estévez et al., 2008). |

Behaviour of pesticides in the environment. Source: Singh, 2012

POLYCYCLIC AROMATIC HYDROCARBONS

Polycyclic aromatic hydrocarbons (PAHs) arc a group ol persistent, semi-volatile
organic pollutants.

Polycyclic aromatic hydrocarbons represent a broad group of physicochemically
different molecules made of two or more unsubstituted benzene rings fused together
when a pair of carbon atoms is shared between them. The most frequent PAHs are |
anthracene, fluoranthene, naphthalene, pyrene, phenantrene and benzopyrene (Lerda, |
2011). The very low water solubility of PAHs and the slow mass-transker .ra:tes from ‘
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solid phase may limit their availability to microorganisms, thus hindering natural
attenuation by microbial processes. Polycyclic aromatic hydrocarbons accumulate in
soils because of their persistence and hydrophobicity and tend to be retained in the
soil for long periods of time. For that reason, most PAHs are components of POPs
and are widespread in air, water, soils, and sediments (Lin et al., 2013). Low-
molecular-weight PAHs, with two or three rings, arc volatile and occur mainly in the
atmosphere, whereas those of medium and high molecular weight are partitioned
between the atmosphere and particles, depending on the temperature (Srogi, 2007)

Incomplete combustion of coal, gas, oil, and garbage; pyrolysis of organic materials
by industries, agriculture and traffic; diagenetic alteration processes of natural
organic matter (OM); long-term wastewater irrigation; reused sewage sludge; and
fertilizer use in agricultural production all result in high concentrations of PAHs in
agricultural soils (Conte et al., 2001) (Figure 9). For example, in western German
forests, brown coal strip-mining sites have been identified as the main sources of low
weight PAHs (Aichner et al., 2013), while Khalili et al. identified two- and three-ring - |
PAHs as major products originating from multiple emission sources, including coke |
ovens, diesel and gasoline engines, and wood combustion (Khalili, Scheff and
Holsen, 1995). Traffic emissions and fossil fuel combustion are the main identified
sources of PAHs in urban areas (Fabiariska et al., 2016; Keyte, Harrison and Lammel,
2013).

ste inrineration 2% W/

. PAHs global emission soufces. Source: Kuppusamy, et al., 2017

Polycyclic aromatic hydrocarbons have attracted attention due to their high toxicity,
mutagenicity, carcinogenicity, and widespread presence in the environment (EFSA,
/

/
/

/

o ~ Chairman
Co w\,&%tor 35 ¢ ;”D\m" College.

IQAC. Shri Rani College, |QAC, Shri Ramt
Muzaffarnagar : Muzatialhid

gal




2008). Although there are many PAHs, scientists and regulators have focused on 16
compounds that have been identified as carcinogenic (EC, 2011; US EPA, 1984).
Recently, however, many different stakeholders support the implementation of
broader regulations that include not only other toxic PAHs but also heterocyclic
aromatic compounds and alkyl-derivatives (Andersson and Achten, 2015). In a global
analysis of PAH distribution pattern in soils, Wilcke found that Germany and Czechia
are more contaminated with PAHs than all other parts of the world that have been
studied, such as China, the Russian Federation, Thailand, the United States of
America, Brazil and Ghana (Wilcke, 2007). In a more recent study, Loganathan and
Lam found higher concentrations of PAHs in soils in India compared to those in
Africa, the Islamic Republic of Iran, Brazil, the Russian Federation, Canada and
Australia (Loganathan and Lam, 2012). Thus, PAHs are ubiquitous contaminants in
soils, but their concentration varies depending on the distance from the pollutant
source, soil properties and climatic conditions.

Polycyclic aromatic hydrocarbons that enter soil may be attenuated or degraded by a
number of physicochemical and biological processes such as volatilization and/or
photo-oxidation to the atmosphere, irreversible sorption to soil organic matter,
leaching to groundwater, abiotic loss (influence of daily seasonal temperature
fluctuation), uptake by plants or microbial degradation (Okere, 2011, Smidova et al.,
2012). The occurrence of PAHs in unprocessed food is very low and is governed by
their relative solubility in water and organic solvents. Polycyclic. aromatic |
hydrocarbons accumulate in the lipid tissues of plants and animals, but they do not
tend to accumulate in plant tissues with a high water content. In general, limited
transfer from the soil to root vegetables occurs (Abdel-Shaly and Mansour, 2016).

PERSISTENT ORGANIC POLLUTANTS

Persistent organic pollutants (POPs) are chemical substances that persist in the
environment, bioaccumulate through the food chain, and have adverse effects on
human health and the environment (UNEP, 2001). There are many thousands of
POPs, and their origins are numerous, as they have been used in agriculture, disease
control, manufacturing and many industrial processes. POPs include chlorinated and
brominated aromatics, such as polychlorinated biphenyls (PCBs), which have been
useful in a variety of industrial applications, for example in electrical transformers
and large capacitors, as hydraulic and heat exchange fluids, and as additives to paints
and lubricants; and organochlorine pesticides such as DDT and its metabolites, which
are still used to control mosquitoes that carry malaria in some parts of the world.
Other chemicals, unintentionally produced, such as dioxins (polychlorinated dibenzo-
p-dioxins and —furans), which result from some industrial processes and from |
combustion (municipal and medical waste incineration and backyard burning of
household waste) are also included in this category (US EPA, 2014b), (,
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Persistent organic pollutants are mainly hydrophobic and lipophilic compounds, and
therefore present great affinity to organic matter and lipid membranes of cells and
hence they can be stored in fatty tissue (Jones and de Voogt, 1999). The Stockholm
Convention, a global treaty for protecting humans and the environment against POP
contamination, has listed more than 20 POPs so far (Stockholm Convention, 2018).

Persistent organic pollutants enter the food chain by accumulating in the body fat of .

living organisms and becoming more concentrated as they move from one organism
to the next in a process known as “biomagnification” (Vasseur and Cossu-Leguille,
2006). Persistent organic pollutants also have high mobility: they can easily penetrate
water In its gaseous phase during warm weather and volatilize from soils into the
atmosphere. This can then lead to their deposition many miles away from the release
point as temperatures cool (Schmidt, 2010). Examples of POP contamination through
mobility include the discovery of significant amounts of POPs in isolated regions in
the Arctic (AMAP, 1997; Muir and de Wit, 2010). As a general rule, the more
chlorinated the molecule, the less water soluble and volatile it is. Polychlorinated
biphenyls are poorly taken up by plants but susceptible to bioaccumulation by
animals, mainly in adipose tissue and breast milk (Passatore et al., 2014)

Since the publication of the book Silent Spring (Carson, 2002), a multitude of studies
have focused on the effects of POPs on living organisms and the environment (de
Boer and Fiedler, 2013; Cetin, 2016; Muir and de Wit, 2010; Mwakalapa et al., 2018;
Prestt, Jefferies and Moore, 1970; Ratcliffe, 1970; Vasseur and Cossu-Leguille,
2006). Yet there is still a lack of information on the presencet of POPs in soils in
developing countries (Fiedler et al., 2013). Pollution by POPs could be expected to be
significant in dumping sites of developing Asian countries, considering their poor
management of municipal wastes and extensive use of such chemicals in the past
(Minh et al., 2006).

By the late 1970s most governments had banned PCB production, but an extensive
environmental contamination still persists (Figure 10) as a consequence of accidental
spills and leaks due to improper transport, storage and disposal (Jones and de Voogt,
1999; Passatore et al., 2014). Despite their use and production having significantly
been reduced since the adoption of the Stockholm Convention, POPs persist in the
environment, affecting food security, health and the environment for many more
generations (Odabasi et al., 2016). Global agreement and increasing efforts and
cooperation to remove POPs from soils is essential in preventing future pollution of
crops and animals
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(a) Rate of production/use of POPs in North America and Europe and (b) POPs persistence in'soils. Source: Jones and
. de Voogt, 1999
Soils are the main environmental sink for these persistent pollutants. There, POPs
form stable bonds with soil organic matter, where they remain in a non-extractable
form. Changes in the soil environment, however, can change partitioning rates of
POPs in the soil, leading them to become readily extractable. For example, an
increase of 1 °C in air temperature produces an increase in the volatilization of POPs
from soils by 8 percent (Komprda et al., 2013). Cold temperatures favour POP
deposition (Guzzella et al., 2011), and forest soils can accumulate POPs over
extended time periods due to their high organic carbon content (Kukucka et al.,
2009). The latitudinal distributions of these compounds (Figure 11) as a consequence
of the temperature gradients have been described (o respond to a “global distillation

effect” (Wania and MacKay, 1996)
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Per- and polyfluorinated alkyl substances (PEFAS) represent a class of manmade
chemicals that has been attracting more attention lately because of their abundance in
the environment. Their presence has been confirmed in soils, water and human blood
worldwide (Giesy and Kannan, 2001; Kannan et al., 2004; Rankin et al., 2016). Per-
and polyfluorinated alkyl substances have been extensively used during the last few
decades in mililary training operations (in fire-fighting foams and metal plating)
(Lindstrom, Strynar and Libelo, 2011), and in commercial uses (as in the production
of Gore-TexTM and TeflonTM) (Bossi, Dam and Rigét, 2015). Diverse chemical
compounds are included in this category; they are highly resistant to degradation and
they bioaccumulate in the food chain and result in biomagnification (Giesy and
Kannan, 2001; US EPA, 2014c). Per- and polyfluorinated alkyl substances were
included in the Stockholm Convention on Persistent Organic Pollutants in 2009 for
their potentially harmful effects on human health and their high persistence in

organisms, which has been estimated to be 100 days in laboratory rats, but over five
years in humans (Wang et al., 2009).
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RADIONUCLIDES

Radionuclides are present in the environment both as a naturally occurring substance
and as one of anthropogenic origin (Mehra et al., 2010; Navas, Soto and Machin,
2002). The emission of ionizing radiation during the decay of active atoms is the
main contamination route of radionuclides, considering their long half-lives (Table 2)

Characteristics of major radionuclides that occur in soil. Source: Zhu and Shaw, 2000

The most common natural and anthropogenic radionuclides found in soils are 40K,
238U, 232Th, 90Sr and 137Cs (Wallova, Kandler and Wallner, 2012). Anthropogenic
sources of nuclear pollution include the global fallout from atmospheric nuclear
weapons testing during the middle decades of the last century, operations of nuclear
facilities and non-nuclear industry (e.g. coal fire power plants, nuclear waste handling
and disposal, and mining of radioactive ores (Cuji¢ et al., 2015), mineral fertilizers
(Schnug and Lottermoser, 2013; Ulrich et al., 2014; Van Kauwenbergh, 2010) and
nuclear accidents (Three Mile Island, the United States of America (1979);
Chernobyl, Ukrainian SSR (1986); Goidnia, Brazil (1987); Tokaimura (1999) and
- Fukushima (2011), Japan).

Radionuclides in the soil are taken up by plants, thereby becoming available for
further redistribution within the food chain (Zhu and Shaw, 2000). For example, after
the Fukushima accident, strict monitoring of agricultural products has been conducted
to ensure food safety (Nihei, 2013). The monitoring demonstrated a fast decay in
radionuclide content in vegetal products, but also discovered that radionuclides
remained bioavailable in soils long after initial contamination (Absalom et al., 1999;
Falciglia et al., 2014; Yablokov, Nesterenko and Nesterenko, 2009). Although topsoil
removal is highly recommended after a major radioactive accident, it may be not
possible for large areas as it would generate a huge amount of radioactive waste. For
that reason, agricultural areas are often abandoned for many years. Agricultural
countermeasures must be applied to reduce the transfer of radionuclides in the food
" chain and to facilitate the return of potentially affected soils to their agricultural use
~(Vandenhove gnd Turcanu, 2011). The transfer of radionuclides to a‘l}ijlﬂ'a‘l‘—’d!el‘iVed
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food products has also been analyzed (Howard et al., 2009; Strok and Smodis, 2012),
but the mechanisms involved are not yet completely clear or well understood

EMERGING POLLUTANTS

Emerging pollutants (EPs) refers to a large number of synthetic or naturally occurring
chemicals that have recently appeared in the environment and are not commonly
monitored (Geissen et al., 2015). They have the potential to enter the environment
and to cause known or suspected adverse ecological and/or human health effects.
Emerging pollutants may well become pollutants of emerging concern, as new facts
or information have demonstrated that they are posing a risk to the environment and
human health (Sauvé and Desrosiers, 2014). Emerging pollutants encompass
chemicals such as pharmaceuticals, endocrine disruptors, hormones and toxins,
among others, and biological pollutants, such as micropollutants in soils, which
include bacteria and viruses.

The anthropogenic production of chemicals has experienced a rapid growth globally
since the 1970s. In the European Union in 2016, the chemical industry produced 319
million tonnes of hazardous and non-hazardous chemicals. Of these, 117 million
tonnes were deemed to be hazardous to the environment (EUROSTAT, 2018). Global

production is projected to increase annually by approximately 3.4 percent until 2030

(Figure 12), and non-OECD countries will be much greater contributors to this
production in the future (OECD, 2008). Production and use of hazardous chemicals
have been reduced over the last ten years; however, the uncertainties that still remain

and the lack of information from many developing countries make it impossible to

conclude that risks (o the environment and human health have been successfully
reduced ‘
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As an example, properties such as the adsorption behaviour of pharmaceuticals can
vary vastly in different soil types as their occurrence in both ionized and unionized
forms affects their interaction with different compounds in the soil (ter Laak et al.,
2006). The abundance of a high number of potentially toxic emerging pollutants in
the environment reinforces the need to better understand their occurrence, fate and
ecological impact (Petrie, Barden and Kasprzyk-Hordern, 2015).

Since the sources of EPs are varied and numerous, their nature, physical and chemical
properties are also diverse. These include volatility, polarity, adsorption properties,
persistence and their interaction with the environment. The main groups of emerging
organic pollutants affecting agricultural soils are described below. -
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Pharmaceutical and personal care products (PPCPs) are a class of emerging chemical
contaminants that have been used extensively for decades. There are more than 4 000
pharmaceutical and chemical products, including pharmaceutical drugs, diagnostic
agents, cosmetics, fragrances, nutritional supplements and additives used in many
household cleaning items. Many PPCPs are biologically active compounds (Boxall et
al., 2012), designed to interact with hormonal processes or living tissues; for this
reason it is important to know their fate, effects and potential risks when they are
released into the environment.

Since the late 1990s, detection of PPCPs in environmental matrices has been
increasingly reported worldwide (Buser, Poiger and Miiller, 1999; Hamscher et al.,
2004; Heberer, 2002; Jones, Voulvoulis and Lester, 2001). PPCPs enter urban
wastewater streams but they are not efficiently eliminated by conventional treatment
technologies (Miége et al.,, 2009), and end up accumulating in sludge. Municipal
biosolids have been found to be a sink for many PPCPs, and their land application as
fertilizers may introduce these compounds into the environment, causing harm to
beneficial microorganisms and affecting nutrient cycles. Limited information is
available on the concentrations of PPCPs in soils amended with biosolids, even
though their persistence in soil is significant (Wu, Spongberg and Witter, 2009; Wu et
al., 2010). Another problem associated with PPCPs is the presence of antimicrobial
agents and their potential to promote bacterial resistance in the environment (Walsh et
al., 2003).

The possible effects of long-term PPCP exposure remain relatively unknown but may
ultimately result in chronic toxicity to soil and aquatic organisms (Chalew and
Halden, 2009). The presence of PPCPs has been linked to the development of
antibiotic resistant bacteria, feminization of male fish, and genotoxicity in aquatic
organisms (Daughton and Ternes, 1999). Further field studies are necessary to
develop a reliable risk assessment for PPCPs (Walters, McClellan and Halden, 2010)
and resistant bacteria and resistance genes (Sun et al., 2018). The United Nations
General Assembly has recognized the need for addressing antimicrobial resistance
and reducing antimicrobial residues in soils (UN, 2016).

The occurrence and implications of antibiotic residues in the environment is an
emerging concern. Antibiotics, fungicides, and other drugs are taken daily by
humans, and they are extensively given to livestock to promote growth and reduce or

~ prevent diseases. It is well known that pharmaceuticals, after administration, are

absorbed and undergo metabolic reactions (e.g. hydroxylation, cleavage or
glucuronation) to produce metabolites, which can be even more harmful than the
original compounds or can be transformed back to the original active compounds
(Diaz-Cruz and Barceld, 2005). Large fractions of the drugs are not assimilated or
metabolized and are excreted in faeces or urine. Therefore, medicines are
continuously being released into urban wastewater and animal manure. When manure

nonw 43 . hairman
IGAL. Shri B o . IQAC. Shri Ram College,
o Ram Collage, Muzaffarnagar

,-*w;zzaffarnagar



and sewage sludge are applied to agricultural lands as fertilizers, or when treated
wastewater is used for agricultural irrigation, crops are exposed to antibiotics that
may persist in soils from a few to several hundred days. It has been documented that
certain antibiotics, specifically tetracyclines, amoxicillin and fluoroquinolones, can
be taken up by crop plants (Azanu et al., 2016), while other PPCPs, such as
miconazole (fungicide) and fluoxetine (antidepressants), are not present in crops,
despite their persistence in the soil (Gottschall et al., 2012).

Plasticizers are additives used to increase flexibility or plasticity, such as bisphenol A
(BPA) or phthalates, and are particularly recognized as endocrine disruptors (Ghisari
and Bonefeld-Jorgensen, 2009). Plasticizers have already been banned or more
strictly regulated (CFR, 2017; EC, 2006; NICNAS, 1989; TwEPA, 2014). Phthalate
esters (PAEs) are widely used as plasticizers and occur in many products such as
lubricating oils, automobile parts, paints, glues, insect repellents, photographic films,
perfumes, and food packaging. PAEs and BPA are founded in many agricultural soils
close to urban or peri-urban areas, coming from sewage sludge application,
agricultural use of plastic films, use of urban wastewater for irrigation or atmospheric
deposition (Tran et al., 2015; Zeng et al., 2008). Phthalates and BPA are known to
compete with endogenous hormones through binding to their specific receptors or by
damaging their synthesis and metabolism (Craig, Wang and Flaws, 2011). Both

phthalates and BPA have been detected in food and in humans and are listed as toxic
agents in international regulations (Australian Government, 2018; EC, 2006;
UNECE, 2011; US EPA, 2012; Yen, Lin-Tan and Lin, 2011).

Two other major groups of emerging contaminants are manmade nanoparticles
(MNPs) and treatment by-products. The number of products that contain or require
MNPs has greatly increased in the last few decades and they are present in more than
a thousand products, including as additives in paints, cosmelics, textiles, papers,
plastics and food (Fiorino, 2010). They are also used in textiles to produce clothes
that are self-cleaning, water and dirt repellent, anti-microbial and ultraviolet and
abrasion resistant. Manufactured nanoparticles are applied deliberately in soil
remediation, with the purpose of reducing the impact of both organic and inorganic
pollutants, and they are also released unintentionally in the soil through various other
pathways (Pan and Xing, 2012).

The behaviour and interactions of MNPs with the soil matrix and with biological
excretions and microorganisms (Figure 13) are not yet well understood (Nel et al.,
2006). This is due to the lack of available information on their properties, such as
solubility, physical conformation, shape, and surface charge. Manmade nanoparticles’
transformation before and after their entrance in the environment, such as surface
modifications by humic acids, interactions with cations and dissolution, may control
their fate in the environment (Liang et al., 2013). Consequently, EP risk management
remains fragmented and static (Geissen et al., 2015). Treatment by-products _are
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generated when water treatment (drinking or wastewater) generate new products from
the reaction of the reagents with the components of the matrix or when reactions of
the target contaminants are incomplete and some by-products that may have some
residual toxicity are generated (Handy et al., 2008).
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Manmade nanoparticles have a.toxic effect on.. organisms through four main
mechanisms: the generation of reactive oxygen species, causing oxidative stress;
alteration of membrane cell permeation properties, thereby interfering with
physiological activities; alteration of electron transfer process; and finally,
modification of proteins conformation, which disturbs the transfer of bio-signals and
gene formation (Pan and Xing, 2012).

Concerns about supply security and the broken biogeochemical phosphorus cycle
have promoted the search for new, more sustainable and marketable products. New
approaches to a circular economy promote the usc of organic and waste-based
fertilizers, such as struvite (ammonium—magnesium precipitate from the wastewater
stream, slow-release  fertilizer), biochar or ashes (from sewage sludge). These new
fertilizer product categories aim to recycle nutrients that would otherwise have been
lost. However, quality standards for these products, to assure safe application to land
and crops, have yet to be established. They may contain heavy metals and residues
similar to PPCPs (hormones, etc.) with adverse effects on the environment. Their
" production and marketability are predicted to increase globally in the next one to two
decades. The European Union, for example, is addressing this new challenge by
adopting a new action plan on the circular economy (EC, 2015), and is planning to
regulate, amongst others, the content of contaminants in the frame of the new
European Union Fertilizer Regulation (Vollaro, Galioto and Viaggi, 2017).

PATHOGENIC MICROORGANISMS

Due to vast biodiversity and organism biomass, with more than 10 000 species per
square metre and tonnes of bacterial biomass per hectarea (European Commission,
Joint Research Centre and Global Soil Biodiversity Initiative, 2016), there is a great
competitiveness for resources within the soil. Some organisms have developed
chemical defences by excreting compounds that can kill or interfere with the growth
of other microorganisms that encounter these compounds. Of these organisms, the
vast majority pose no threat to human health, but rather function to provide numerous
ecosystem services that emerge through the multitude of complex interactions
between organisms within the soil and the soil itself. Some of these organisms,
however, can be detrimental to humans by causing soil-borne diseases. They act
either as opportunistic pathogens that take advantage of susceptible individuals, such
as those who are immuno-compromised, or as obligate pathogens that must infect
humans in order to complete their life cycles (Van der Putten et al., 2011). Some of
these organisms may be capable of surviving within the soil for extended periods of
time before infecting humans who come into contact with contaminated soil, while
others require the infection to occur more or less immediately after they leave the
previous host.
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Van der Putten et al. have defined soil-borne human diseases as “human diseases
resulting from any pathogen or parasite, transmission of which can occur from the
soil, even in the absence of other infectious individuals” (Van der Putten et al., 2011).
They have presented a comprehensive list of pathogens, differentiating between those
that are truly soil organisms (euedaphic pathogenic organisms, EPOs) and those that
can survive in soils for long periods of time as resistance structures even though they
are obligate pathogens (soil transmitted pathogens, STPs) (Table 3).
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Some pathogens may originate from animal faeces, and soil represents the main
pathway of contamination through dermal contact or contact with contaminated water
and food (Ercumen et al., 2017). Helminths, a type of parasitic worms, are present in
human faeces, and contaminate the soil in areas with poor sanitation. The World
Health Organization (WHO) has estimated that two billion people are irfected by
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soil-transmitted helminths worldwide (WHO, 2001b). Unsafe agricultural practices
such as irrigation with untreated domestic wastewater and soil amendments with
improperly treated livestock manure are very commonly used by small-holder
farmers mainly in developing countries, but these are also practices that can affect
developed countries (Allende and Monaghan, 2015; Ongeng et al., 2011; du Plessis,
Duvenage and Korsten, 2015; Scallan et al., 2011)., The consumption of raw or

- minimally processed fruits and vegetables, such as lettuce, spinach, and carrots, has

increased significantly due to their importance for a healthy diet. When they are
produced using improper practices, however, they may become a source of enteric
pathogens, as demonstrated by the increasing number of documented human

- infections associated with fresh produce consumption (Beuchat, 2002; Ingham et al.,

2004). Contact with contaminated soils has been identified as a potential source of
food contamination (Khandaghi, Razavilar and Barzgari, 2010).

ANTIMICROBIAL RESISTANT BACTERIA AND GENES

Bacteria are very adaptable genetically, and when confronted repeatedly with
antibiotics, mutational changes can occur, changes that lead to resistance to the
antibiotic. The increased and widespread use of antibiotics is therefore developing
antibiotic-resistant bacteria in the environment (Rensing and Pepper, 2006). The other
way microbes can become resistant is through the transference of foreign antibiotic
resistant genes (Rensing and Pepper, 2006) naturally present in soils or from bacteria
introduced by agricultural practices (e.g. animal husbandry, human wastewater
disposal, improperly composted manures) or from domesticated and wild animal
faecal droppings to the soil microbiome communities (FAO, 2016). Antimicrobial
resistance (AMR) is one of the major issues facing societly: AMR infections currently
claim around 50 000 lives each year in Europe and the United States of America, and
by 2050, if the issue is not tackled, it has been predicted that they will kill more
people than cancer, and cost, globally, more than the size of the current global
economy (O’Neill, 2014). The recent worldwide enrichment and spread of highly
resistant pathogenic bacteria in the micro-biosphere has largely been driven by
human activities, including the extensive use and misuse of antibiotics in human and
veterinary medicine and in agriculture (Witte, 1998).

Antimicrobials are often administered to livestock for growth promotion,
prophylaxis, and disease treatment (Joy et al., 2013). Estimated global antimicrobial
consumption in the livestock sector in 2010 was 63 151 tonnes (FAO, 2016).
However, a substantial portion of the antimicrobials administered to livestock are not -
absorbed by the animals (Sarmah, Meyer and Boxall, 2006). Once animal manure is
applied to the land, the fate of manurc-originating antimicrobials in soil and their
subsequent transport by runoff will also be affected by the compounds’ sorption
properties to soil particles (Sassman and Lee, 2005)
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INTERACTION OF POLLUTANTS WITH SOIL
CONSTITUENTS

One of the main ecological services provided by soil is filtering, buffering and
transforming inorganic and organic contaminants. This essential function ensures |
good quality of groundwater and safe food production (Blum, 2005). When pollutants i
enter the soil, they undergo physical, physicochemical, microbiological, and |
biochemical processes that retain, reduce or degrade them.

Important soil characteristics that affect the behaviour of contaminants include soil
mineralogy and clay content (soil texture); amount of soil organic matter (SOM); pH
(acidity) of the soil; moisture levels; and temperature. The properties of the
contaminants themselves are also very important and include the size, shape,
molecular structure, solubility, charge distribution, and acid—base nature of the
molecule (Gevao, Semple and Jones, 2000). ' W

SORPTION OF CONTAMINANTS

Sorption (or adsorption) is a process whereby the molecules of a fluid interact with a
solid and are retained on the solid for a time (Navarro, Vela and Navarro, 2007).
Sorption may be chemical in nature (as with ionic and hydrogen binding) or purely
physical (as with van der Waals forces).

Tons or molecules that are positively charged (cationic) participate in cation exchange

on charged surfaces. Soil organic matter (SOM) and clay minerals are the source of
cation exchange sites in soil and the cation exchange capacity (CEC) of various SOM
fractions and types of clay minerals differs greatly. Negatively charged (anionic) ions

or molecules are, in general, more weakly bound in soils and react with SOM
primarily through hydrogen bonding and ligand exchange (Gevao, Semple and Jones, ()
2000). The oxidation states of some ions or molecules can transition through cationic,
neutral, or anionic states in response to the pH of the soil solution; hence their ;
sorption in the soil is pH dependent. Additionally, some molecules can gain or lose j
protons and thus exhibit acidic or basic behaviour; the sorption of these molecules is ;
also pH dependent. Finally, changes in the presence or absence of oxygen due to |
changing soil moisture conditions (i.e. the redox status of the soils) also causes
changes in the oxidation states of some ions and compounds and can be an important
control on the mobility of these contaminants. '

Hydrogen bonding is an important sorption mechanism for non-ionic pesticides that
exhibit polarity (i.e. asymmetric distribution of electrical charge in a molecule). Many
pesticides are both non-ionic and non-polar and react with SOM through physical van
der Waals forces. These forces are strongest for ions that are in close conta})(;/vévith the
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surface or can conform to the surface; hence the size and structure of the pesticide is
an important control on their sorption (Gevao, Semple and Jones, 2000). As well,
non-polar molecules are not attracted to polar water molecules and hence are
typically insoluble in water (i.e. hydrophobic). Some non-polar and hydrophobic |
compounds undergo extensive and complex reactions with SOM that lead to their
long-term sequestration. For example, DDT is highly insoluble and has a strong
affinity for SOM, which accounts in part for the great persistence of DDT in the
environment (Mansouri et al., 2017) |

Several well-established generalizations can be made about the sorption of
contaminants and soil properties. First, the SOM content of the soil (especially the
content of highly reactive humus) is the dominant control on sorption. Soil organic
matter provides both charged sites for ionic reactions and highly complex structures
that enhance physical sorption processes. Dissolved organic matter may also interact
with nanoparticles, changing their surface properties and aggregation status, thereby
increasing the mobility and bioavailability of the nanoparticles (Pan and Xing, 2012;
Wang et al., 2011). Second, the clay content and the nature of the clay minerals is a
strong - secondary control on sorption. Studies conducted worldwide have
demonstrated that the fine-grained soil fraction exhibits a greater tendency for ionic
adsorption than do coarse-grained soils. Since the fine fraction contains soil particles
with large surface areas such as clay minerals, iron and manganese oxy-hydroxides,
and humic acids (Bradl, 2004). The type of clay minecral present is important when
comparing temperate-region soils to those of the tropics — soil of the tropics can be
highly weathered, with low activity clays whose charge is highly pH dependent
(Lewis et al., 2016). Third, and following from the first two generalizations, sandy
soils low in organic matter present a particular risk for leaching of contaminants due
to the paucity of sorption sites.

BIOAVAILABILITY, MOBILITY AND DEGRADATION OF
CONTAMINANTS

Bioavailability refers to the physical, chemical and biological interactions that
determine the exposure of organisms to chemicals associated with soils (Committee
on Bioavailability of Contaminants in Soils and Sediments, 2002)

Metals

The soil’s sorptive capacity has a major effect on the bioavailability of heavy metals

and metalloids. Biological uptake of metals by soil biota and plants occurs only when

the metals are in ionic form. Many metals occur as simple cationic forms (Table 4),

but some like As and Cr form more complex oxyanions. Metals are adsorbed on the

surface of very fine organic matter in soils (humus), clay minerals, %‘ﬁd/ Mn
c
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hydrous oxides and some sparingly soluble salts such as calcium carbonate (Morgan,
2013). A similar affinity has been observed between clay minerals and radionuclides

(van der Graaf et al., 2007). Metals also form complex compounds through

interactions with organic molecules; Cu has a particular affinity to forming such
compounds (Morgan, 2013).

Many sorption processes [or metals are pH dependent. Sorption is highest in less
acidic soils, while acidic conditions favour desorption and release of the metals back
into solution. Anaerobic conditions caused by water saturation can also result in
desorption of some metals.

The addition of organic and inorganic amendments is very effective in reducing the
bioavailability of heavy metals in soils by increasing the number of binding sites and

through modification of the soil’s pH (Puschenreiter et al., 2005). These amendments

include compost, biosolids (sewage sludge), manure and by-products of industrial

activities. Such measures can have many positive implications for the environment

and the same time contribute to waste reduction. Lime application increases soil pH
and reduces metal uptake by crops (Knox et al., 2001).
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Dominant soil species for common soil metal pollutants. Source: Logan, 2000

Radionuclides

Clay content, pH and organic matter also play an important role in the sorption of
137Cs and other radionuclides in soils (Absalom, Young and Crout, 1995; Rigol,
Vidal and Rauret, 2002). Microorganisms play an important role in geochemical
changes to radionuclides by catalyzing chemical transformations in the subsoil
(Turick, Knox and Kuhne, 2013). The Kd distribution (or partitioning) coefficient is
used to describe the propensity of a radionuclide to be sorbed; low Kd values indicate
lower sorption of the radionuclide. Cesium is not very chemically reactive and has a
similar behaviour in soils to that of potassium. It has enhanced bioavaﬂa@]l}& in low
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clay soils and in soils high in kaolinite (Kd = 240 to 290) but is strongly bound to
illite clay minerals (Kd= 6 300 to 8 300) (Turick, Knox and Kuhne, 2013). Iodine has
multiple redox states and hence exhibits complex behaviour; the -1, +5 and molecular
I2 oxidation states are most relevant in environmental systems. The Kd values for
mineral soils range between 0.04 and 81 (Turick, Knox and Kuhne, 2013) and hence
overall sorption of I in soils is low. Sorption of iodine species appears to be
controlled in part by SOM and in part by iron and aluminum oxides; adsorption
increases under more acid conditions. For uranium, the +4 and +6 states are the most
important from a biological perspective. Uranium in the +4 state is mostly insoluble
and largely immobile, whereas the +6 state is soluble and mobile in the environment.
Uranium sorption is strongly pH dependent. For example, for reactions between U
and the mineral apatite, the value for Kd is 668 at a pH of 4 and 24 660 at a pH of 7
(Turick, Knox and Kuhne, 2013). Plutonium has a complex geochemistry and can
exist in +3, +4, +5, and +6 oxidation states. It generally binds easily to surfaces in
soil matrix and thereby becomes immobilized. It is also pH dependent, with

- maximum adsorption at pH6 (Turick, Knox and Kuhne, 2013).

Pesticides

There is a very great range in the chemical composition and structure of pesticides
and hence in their interactions with soil constituents (Gevao, Semple and Jones,
2000). The distribution coefficient (Kd) is the concentration of pesticide sorbed by
the soil divided by the concentration in solution. A higher value for Kd indicates that
the pesticide is more strongly sorbed. In many soils the amount of organic matter

- present largely controls the sorption capacity of the soil, and the sorption coefficient

(Koc) is calculated by dividing the Kd value by the amount of organic carbon in the
soil. The higher the Koc value, the more strongly sorbed the chemical is, and hence
the less mobile it is in the environment. Generally, pesticides with high Koc values

- like glyphosate and endosulfan and especially DDT will be relatively immobile, but

other factors do come into play (Table 5). For example, Dores et al. observed that
despite a relatively high Koc, leaching of endosulfan occurred in the Brazilian soils
they examined (Dores et al., 2016); they attributed this to preferential flows paths in
the soils '
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Values for sorption coefficient Koc from the literature. Source: Wauchope et al., 2002
except for 1 (Farenhorst et al., 2008) and 2 (Dores et al., 2016). _ _
Microbial diversity and activity, especially bacteria and fungi, will also determine the
bioavailability of pollutants, as microorganisms are able to degrade and transform
certain pollutants, releasing byproducts and affecting their toxicity and mobility
(Burgess, 2013). Although most pesticides have novel structures previously unseen in
nature, some are able to be metabolized by microorganisms (Topp, 2003). Once
microorganisms that can degrade pesticides have been identified, they can be used to
inoculate and decontaminate polluted soils in the process of bioremediation.

Aerobic or anaerobic conditions have also been demonstrated to have a significant
effect on pollutant persistence and bioavailability. Ying, Yu, and Kookana, for
example, observed that biodegradation of triclocarban and triclosan, two
antimicrobials widely present in personal care products, occurs under aerobic
conditions but not under anaerobic conditions, where the persistence is much longer
(Ying, Yu and Kookana, 2007). Dechlorination bacteria, responsible for anaerobic
degradation of chlorinated compounds, need time to adapt to target chemicals
(Brahushi et al., 2004), and this adaptation seems to happen faster when the pollutant

is present in high concentrations, as was observed in two adjacent polluted soils in the:

Netherlands (Middeldorp et al., 2005).
Persistent organic pollutants

By definition the POPs are resistant to degradation in the soil due to factors such as
strong - sorption, hydrophobicity, or a structure that is resistant to microbial
degradation. Polychlorinated biphenyls are hydrophobic, non-polar, and inert, as are
the PCDDs and PCDFs. For the PAHs their degree of hydrophobicity and chemical
reactivity decreases with increasing molecular weight; hence, generalization about
their fate is difficult (Burgess, 2013). /

1
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- Nitrogen and phosphorus

The different forms of N and their bioavailability and mobility are very well
established (Cameron, Di and Moir, 2013). Nitrogen is available in four major forms
in the soil: a) SOM, b) soil organisms and microorganisms, ¢) ammonium (NH4 + )
ions bound to soil particles, and d) mineral-N forms in soil solution including NH4
+ , nitrate (NO3 - ) and small amounts of nitrite (NO2 - ) (Cameron, Di and Moir,
2013). The available forms for plant uptake are nitrate in aerobic soils and
ammonium in flooded wetlands or acidic soils (Krapp, 2015). As an anionic
compound, NO3 - is not strongly sorbed and nitrate leaching from soils is both a loss
of fertility and a threat to the environment and to human health. Nitrate in drinking
water has been associated with methaemoglobinaemia in babies and with cancer and
heart disease (Cameron, Di and Moir, 2013). Nitrogen is also lost from soils as a gas.
- Ammonium volatilization is associated with N fertilizer additions and animal urine
and faeces deposition, and the highly potent greenhouse gas N2 O is released at
several points in the N cycle, but the greatest emissions occur from denitrification
from saturated soils.

Phosphorus in the soil exists primarily in orthophosphate (HPO4 2-, H2 PO4 - ) and
organic forms; it also occurs as sorbed form, forming surface complexes with Al, Fe
oxides, other minerals, and organic matter. Phosphorus is strongly retained by solid
phase and transported as eroded solid particles and through transport of manure and
human waste (Yuan et al., 2018). Phosphorus losses {rom cropland through erosion
and runoff are dominant contributors to aquatic systems: Yuan estimates P losses
from cropland to freshwater is 10.4+5.7 Tg P/yr, and natural losses from erosion at
7.6+3.3 Tg P/yr. In their study of P sources in British rivers, Civan et al. found that
point sources of P usually contain higher amounts of orthophosphate and more
biologically available phosphorus, whereas diffuse sources generally were sorbed to
particulates (from farmyard runoff, pig slurry, and erosion from fields) (Civan et al.,
2018). Overall, they found a 60 percent decline in mean total reactive P concentration
in British rivers since a peak in 1985, which they ascribe to actions taken at sewage
treatment plants
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THE IMPACTS OF SOIL POLLUTION ON THE
FOOD CHAIN AND ECOSYSTEM SERVICES

The predicted world’s population of over nine billion by 2050 will require the
provision of enough good quality food and water (Godfray et al., 2010; McBratney,
Field and Koch, 2014). According to Dubois (Dubois, 2011), food production will
increase by 70 percent by 2050 globally, and by 100 percent in developing countries,
compared with 2009 production levels. FAO’s latest projections indicate that global
food production will increase by 60 percent between 2005/07 and 2050 under its
baseline scenario. This represents a downward revision, based on updated data and
information, from the 70 percent increase projected for the same period in 2009.
(World Agriculture Towards 2030/2050: The 2012 revision ESA E, Working PaperNo.
12-03  http://www.fao.org/economic/esa/esag/ en/). The quantity and nutritional
quality of food supports human health, and 95 percent of food production depends on
soils (Oliver and Gregory, 2015; FAO, 2015). Only healthy soils can provide the
needed ecosystem services and secure supplies of more food and fibre. The provision
of ecosystem services has received considerable attention and can be defined as “the
capacity of natural processes and components to provide goods and services that
satisfy human needs, directly or indirectly” (Groot, 1992). Food security is defined as
“the availability, access, utilization and stability of food supply.” Soil pollution
reduces food security both by reducing crop yields due to toxic levels of

contaminants and by causing the produced crops to be unsafe for consumption (FAO
and ITPS, 2015).

SOIL POLLUTION, PLANT UPTAKE AND FOOD
CHAIN CONTAMINATION

The pathways of contamination within the food chain by the transfer of soil pollutants
through plants are shown in Figure
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If a contaminant is highly toxic to plants at low concentrations and is not easily
translocated to shoots, fruits or tubers to pose a hazard to animals and humans, it is
unlikely to enter the food chain and become a hazard. This concept was termed the
“Soil-Plant Barrier” by Chaney almost 40 years ago for metals and metalloids
(Chaney, 1980). Chaney defined four groups of metals entering the food chain when
sewage sludge was applied to soil, as a function of their danger to human health
(Table 6).
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Metals/metalloids classified in groups according to potential food-chain risk via plant uptake. Adapted from: Chancy,
1980

Group 1 comprises the elements that pose a low risk of food chain contamination
because they are not taken up by plants, due to their low solubility in soil, which
means negligible uptake and translocation by plants. Elevated concentrations of these
elements in foods usually indicate direct contamination through soil or dust
accumulation. Group 2 includes elements that are strongly sorbed by soil surfaces,

and while they may be absorbed by plant roots, they are not readily translocated to

the edible tissues and therefore pose minimal risks to human health. These elements
could, however, pose a risk to grazing animals (or humans) if contaminated soil is
ingested. Group 3 comprises the clements that are readily taken up by plants, but that

are phytotoxic at concentrations that pose little risk to human health. Conceptually, |
the “soil-plant barrier” protects the food chain from contamination by these elements.
Group 4 consists of elements that are at the highest risk for foodchain contamination

as they pose risks to human or animal health at plant tissue concentrations that are not
generally phytotoxic. Chaney originally classified As in Group 2, but research over

the last 20 years has indicated that flooded rice systems are at risk from As transfer
through the food chain due to low redox conditions in flooded soils. This increases

the solubility of As for uptake by rice and hence As should now be classified as a ,
high-risk, Group 4 element. Contamination of soils by As and Cd is perhaps the most '«
widespread risk to the food chain globally (Grant et al., 1999; McLaughlin, Parker ‘
and Clarke, 1999), with large areas of South-East Asia having soils contaminated by |
As (Meharg, 2004) and Cd (Hu, Cheng and Tao, 2016). |

|
|
In some parts of China, soils polluted by heavy metals are nevertheless used to grow f
grain. The grain grown in these soils is often in turn polluted with heavy metals.
According to China Dialogue, an estimated 12 million tonnes of polluted grain must
be disposed of each year, costing Chinese farmers up to CNY 20 billion, or about
USD 2.57 billion (Lynn, 2017).

Excess heavy metals such as arsenic, cadmium, lead and mercury in soils can also
impair plant metabolism and decrease crop productivity, ultimately putting pressure
on arable land. When they enter the food chain, these pollutants also poge risks to
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food security, water resources, rural livelihoods and human health. The uptake and
translocation of metals into above ground tissues are conditioned by genetic and
physiological differences of plants (Chen, Li and Shen, 2004), as well as by the
concentration of metals in the soil and the exposure time (Rizwan et al., 2017; Tzsér,
Magura and Simon, 2017). Once metals enter plant tissues, they may interfere with
several metabolic processes, reducing plant growth and causing toxicity and finally
plant death. Decreases in germination rates, oxidative damage, lower roots and shoots
elongation and alterations of sugar and protein metabolisms were the main effects

~reported (Ahmad and Ashraf, 2011). High levels of lead, for example, accelerate the

production of reactive oxygen species, causing lipid membrane and chlorophyll
damage that further leads to the alteration of photosynthetic processes and of the
overall growth of the plant (Najecb et al., 2017). Cadmium can accumulate in
different edible tissues (Baldantoni et al., 2016), causing reduction of root, stem and
leaf growth, decreasing net photosynthesis and water use efficiency and altering
nutrient uptake (Rizwan et al., 2017).

Radionuclides may also present a potential threat to food quality, through
atmospheric deposition of radionuclides on soil from nuclear energy accidents, or the
addition of radionuclides to the soil through fertilizers or (hrough wastes and
byproducts from the nuclear industry (Mortvedt, 1994). The potential for transfer of
radionuclides from soil to plants and to the food chain was first identified in the
1950s both in restricted areas where nuclear weapons testing had taken place and
more generally through deposition of fallout from bomb testing. The Chernobyl
nuclear accident in 1986 caused widespread pollution of soils by radionuclides
(principally 1311, 134Cs and 137Cs) (Bell, Minski and Grogan, 1988). Uptake of
pollutants from soils into forages was followed by the contamination of grazing
animals and led to restrictions being placed on the sale and slaughter of sheep from
affected areas in the United Kingdom of Great Britain and Northern Ireland (Smith et
al., 2000). Widespread contamination of the food chain by the same radionuclides
also occurred after the Fukushima nuclear accident in Japan (Berends and Kobayashi,
2012).

Compared to metals, metalloids and radionuclides, the global footprint of soils that
are highly contaminated by organic contaminants is much smaller, with
contamination of the food chain being localized around industrial or urban centres.
Contamination occurs through waste re-use on land and as a legacy of the use or
disposal of persistent and bioaccumulative -organic chemicals (principally
organochlorines (OCs), polychlorinated dibenzo-p-dioxin (PCDD), polychlorinated
dibenzofurans (PCDF) and poly- and perfluoroalkyl substances (PFAS)). Levels of
soil contamination are usually lower than for metals/metalloids, generally in
concentrations less than mg/kg in soil, especially for dioxins, furans and PFAS

compounds. e
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The pathway of uptake of organic contaminants into the food chain depends on the
properties of the organic contaminant — principally their volatility, hydrophobicity
and solubility in water. Hydrophilic organic contaminants with low volatility (e.g.
PEAS) will principally enter the food chain through root uptake and translocation to !
food parts (Navarro et al., 2017). On the other hand, volatile hydrophobic |
contaminants (e.g. dioxins, furans and polychlorinated biphenyls (PCBs)) will tend to
accumulate in the food chain through atmospheric uptake, as they are generally |
strongly sorbed in soils (Collins, Fryer and Grosso, 2006; Simonich and Hites, 1995). |
Some plant species, however, can accumulate these compounds through uptake from |
soil (Huelster, Mueller and Marschner, 1994). Sun et al., were able to quantify
organic pollutants and their residues in plants by measuring the uptake of 14C-
residues (Sun et al., 2018). Many studies have demonstrated the uptake of pesticide
residues through several main pathways. These residues are incorporated in plant
tissues and transferred to the end consumer (Randhawa et al., 2014). However, unlike
metals and metalloids, the incidence and severity of adverse effects on human health
caused by soil contamination by organic chemicals is much less well documented or ]
demonstrated, likely because smaller areas of land are affected by this type of
pollutant, and contamination levels are generally lower.

Atmospheric deposition and gas cxchange through the stomata are the main 1
mechanisms of absorption of POPs by plants; the pollutants are later translocated to
other plant tissues and accumulated in their hydrophobic lipids and waxes (Odabasi et
al., 2016). Root uptake of POPs from soils is limited since POPs are tightly bound to
soil particles (Collins, Fryer and Grosso, 2006). For that reason, soils can be viewed
as a reservoir and as a source of POPs with low and medium volatility; these may |
enter the food chain after being taken up by plants from the atmosphere. Absorption ]
efficiency of POPs across the gastro-intestinal tract and their storage and release |
dynamics are intimately linked to that of fat storage and metabolism (Sweetman,
Thomas and Jones, 1999).

IMPACT ON ECOSYSTEM SERVICES OF SOIL |
POLLUTION FROM AGRICULTURE '

water as irrigation to crops) has been reported to contaminate vast areas of soil
resources and groundwater bodies, affecting crop production as well as human and
animal health through food contamination (Saha et al., 2017). .

Agricultural inputs such as fertilizers, pesticides, antibiotics contained in animal
manure or the ones used for illness prevention and infection treatment in plants are
major potential pollutants in agricultural lands and pose special challenges due to the
fast-changing chemical formulas employed (GSP, 2017). Intensification of agriculture
to produce enough food, fibre and biofuel has led to a heritage of pollute%soﬂs. In
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China, heavy metals contents have considerably increased in the last 30 years, with
values oscillating between 48 percent for Zn to over 250 percent when Cd is
compared with its background levels in 1990 (Zeng, Li and Mei, 2008). However, the
transfer of pollutants from soil to plants is not yet well understood, and the question
“is food produced in healthier soils also more nutritious?” needs stronger scientific
evidence to engage policy makers, governments and land users towards sustainable
and environmentally friendly practices and to leave behind more business-oriented
approaches

SYNTHETIC FERTILIZERS

Modern agriculture practices accelerate soil pollution with the intensive use of
fertilizer and pesticides in order to increase productivity and reduce crop losses.
When pollutants reach high levels in the soil, not only do soil degradation processes
take place, but crop productivity can also be affected. Therefore, in addition to
endangering human health and the environment, soil pollution can also cause
economic losses.

Excess N in soil has been identified as the main cause of soil acidification and
salinization through nitrification and other N-transformation processes. Soils acidify
very slowly under natural conditions over hundreds to millions of years (Guo et al.,
2010), but this process is significantly accelerated by agricultural practices, mainly
excessive N fertilization, which causes reductions in soil pH by 0.26 pH units on
average in different land uses (Lucas et al., 2011; Tian et al., 2015; Zhao et al.,
2014a). The analysis of acidification sources in agricultural soils in China
demonstrated that anthropogenic acidification driven by N fertilization is indeed the
main cause, being 10 o 100 times greater than that associated with acid deposition
(Guo et al., 2010).

ACIDIFICATION AND CROP LOSS

Acidification of agricultural soils may contribute to further soil pollution, through the
mobilization of toxic heavy metals. If the content of nitrogen applied to agricultural
soils is higher than the plants’ requirements, nitrification microbial activity will lead
to the accumulation of nitrates (NO3 - ) that can easily leach to groundwater due to
their high solubility, polluting it (Tian et al., 2015). When soil nutrient availability
increases, microbial biomass and activity increases as well, but the microbial
“biodiversity is altered, causing imbalances in the nutrient cycle (Lu and Tian, 2017)

The main risk from P fertilizers is transport to surface water bodies, which has been
documented to cause eutrophication of aquatic ecosystems in many regions (Stork
and Lyons, 2012; Syers, Johnson and Curtin, 2008). The P is transported to water
bodies adsorbed to erodcd soil particles or from excessive amounts of P V@lkzer or
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animal manure applied when conditions are not suitable (Syers, Johnson and Curtin,
2008). Many farmlands receive more P inputs than the amount that crops are able to
take up, causing a soil-P surplus, at least in the short term (Aarts, Habekotté and
Keulen, 2000; Syers, Johnson and Curtin, 2008).

PESTICIDES

An extensive review of scientific research about the effects of pesticide use on soil
functions was recently undertaken by the Intergovernmental Technical Panel on Soil
(FAO and ITPS, 2017). The main scientific-based evidence presented in this work
showed an increase in the farmers’ net return when they applied pesticides, however
the benefits of pesticide use are usually assessed by comparing use of synthetic
pesticides versus no use of pesticides rather than comparing synthetic pesticides to

biological control of pests (Cai, 2008). Negative associated impacts of specific

pesticides on soil organisms and soil functions have been also reported.

For example, some organochlorine pesticides suppress symbiotic nitrogen fixation,
resulting in lower crop yields (Fabra, 1997; Fox et al., 2007; Santos and Flores,
1995). The FAO and ITPS report also highlights the knowledge gap on the
relationship between pesticides and soil health, mainly on soil pollution (FAO and
ITPS, 2017). The international efforts to assess the ecotoxicological risk of pesticides
and to control their use and release in the environment, through the Rotterdam and
Stockholm Conventions (UNEP, 1998, 2001), constitute an Important achievement in

preventing and controlling soil pollution, but more information is needed regarding

their specific interactions with soil components, their mobility in the soil matrix and
possible plant uptake, and their effect on crop production (Arias-Estévez et al., 2008).
Especially for low and middle income countries not every single compound within
the great variability of pesticides available in the market has been analyzed for its
ecotoxicological effects before authorization (Aktar, Sengupta and Chowdhury,
2009). For example pesticides that have been taken off the market in High Income
Countries (HICs) due to their severe adverse effects on human health and the
environment frequently remain registered in Low and Middle Income Countries
(LMICs). As pesticides residues can be found throughout the entire ecosystem,
pesticide monitoring programmes about the level of residues in soils, surface and
groundwater as well as and drinking water but particularly in food items are very
important. However, in many low and middle income countries monitoring
programmes are inexistent due to their scarcity of regulation capacity (Brodesser et
al., 2006).
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"MANURE

Application of untreated manure may lead to heavy metal pollution, which not only
results in adverse effects on various parameters relating to plant quality and yield, but
also causes changes in the size, composition and activity of the microbial community
(Yao, Xu and Huang, 2003) affecting nutrient cycling and reducing nutrient
availability.

As previously discussed, a high proportion of antibiotics given to livestock is poorly
assimilated in the animals’ guts and is excreted in urine and [aeces. Untreated manure
- can thus contain high amounts of veterinary antibiotics (VA) that can lead to a rapid
increase in antibiotic resistance in soils (see Section 2.3.2). The fate and effects of
antibiotics in soils have gained great attention in the last few years, motivated in part
by the results of the O’Neill commission report (O’Neill, 2014), which estimates that
antimicrobial resistant infections may become the leading cause of death in the world
by 2050

Most common intestinal pathogens that enter the soil with manure and faeces are
Salmonella, Campylobacter, and Escherichia coli viruses. The pathogen levels
decrease with time and with high temperatures that are reached during storage before
land application (Garcia et al., 2010). Once spread on the soil, pathogens can survive
for several months or years.

URBAN WASTES IN AGRICULTURE

Considering that the positive effects of sewage sludge amendment — such as waste
reduction, nutrient cycling, increase of soil fertility, improvement of soil structure and
water holding capacity — are significantly more important than the negative effects,
efforts should focus on reducing the content of pollutants in sewage sludge and
wastewaters used for irrigation. As highlighted by Petrie et al., the lack of knowledge
on the fate of emerging pollutants and other pollutants present in wastewater and
sewage sludge can be solved only by analyzing them before land application (Petrie,
Barden and Kasprzyk-Hordern, 2015)

Composting and pretreatments reduce the content of contaminants and pathogen
organisms present in urban waste before their application as amendments in soils, and
provide an economical and environmentally friendly approach for stabilizing animal
waste and converting it into a worthy organic fertilizer. Frequently, however, high
levels of heavy metals such as Pb, Cd, Cu, Zn, Cr, Ni, and salts remain in the
amendments and may affect soil properties and inhibit plant growth (Bolan et al.,
2014; Hargreaves, Adl and Warman, 2008; Stasinos and Zabetakis, 2013; Stratton,
Barker and Rechcigl, 1995). The heterogeneous composition.of biosolids'produeed in
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different wastewater treatment plants requires chemical and biological investigation
prior to soil application or incorporation (Bauman-Kaszubska and Sikorski, 2009;
Bien, Neczaj and Milczarek, 2013). Limited bioavailability and crop uptake of metals
from composted biosolids in comparison with untreated sewage sludge demonstrates
the need for pretreatment before its application to soils (Smith, 2009).

HUMAN HEALTH RISKS ASSOCIATED WITH SOIL
POLLUTION

Oliver and Gregory summarise six soil-related human health risks (Oliver and
Gregory, 2015). Of these, three are related to soil pollution: risks from elemental
contamination (e.g. As, Cd, Pb); organic chemical contamination (e.g. PCBs, PAHs,
POPs); and pharmaceutical contamination (e.g. estrogen, antibiotics). The three other
risks are from soil pathogens such as anthrax and prions, micronutrient deficiencies,
and under-nutrition due to degraded soils. '
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Long-term impacts of soil pollution on human health and the environment are still
unclear, and many efforts are underway to better understand the mechanisms
involved in natural attenuation and the health impacts of toxic pollutants (Bernhardt
and Gysi, 2016). Urban soils deserve special attention because anthropogenic
activities are concentrated on those soils, and the exposure patterns are more complex
due to interactions with other health determinants such as nutrition, air quality, and
access to health services for illness prevention (WHO, 2013). However, non-urban
areas are also subjected to many different sources of pollution, frequenty from
diffuse sources, which makes it difficult to trace and to estimate their extent and risk.
Future efforts related to soil pollution control and remediation should include these
areas in their risk assessment approaches

PATHWAYS OF EXPOSURE OF HUMANS TO SOIL
POLLUTANTS AND THEIR EFFECTS ON HUMAN
HEALTH

The main pollutants related to industrial, mining, urban and agricultural land uses
have been widely discussed in the previous chapters. This section will focus on the
soil pollutants that are the most relevant to human health and the risks associated with
them.

The route of human exposure to a soil contaminant will vary depending on the
contaminant itself and on the conditions and activitics at a particular site (Shayler,
McBride and Harrison, 2009). Generally, people can be exposed to contaminants
present in soil through ingestion or through the consumption of plants or animals that
have accumulated large amounts of soil pollutants (Khan et al., 2015); through
dermal exposure, from using spaces such as parks and gardens (Chaparro Leal,
Guney and Zagury, 2018); or by inhaling soil contaminants that have been vapourized
(Figure 15). Humans may also be affected as a result of secondary contamination of
~water supplies and from deposition of air contaminants (Science Communication
Unit, University of the West of England., 2013); in some siluations, soils play an
important role as the source of contaminants in these two processes
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Ten chemicals or groups of chemicals of major public health concern have been
identified under the WHO’s International Programme on Chemical Safety (WHO,
2010). The ten chemicals or groups of chemicals include soil pollutants such as, Cd,
Pb and Hg; dioxin and dioxin-like substances and highly hazardous pesticides (HHP)
- whose residues are transferred from contaminated soils to food and water bodies.
HHPs are defined as those pesticides that are acknowledged to present particularly
high levels of acute or chronic hazards to health or environment according to
internationally accepted classification systems or their listing in relevant binding
international agreements or conventions. In addition, pesticides that appear to cause
severe or irreversible harm to health or the environment under conditions of use in a
country may be considered to be and treated as highly hazardous (FAO and WHO,
2016). All of them have chronic effects due to longterm exposure and children,
pregnant women and malnourished people are particularly vulnerable to pesticide
exposure. Pathogens present in soil may also contaminate food, posing risks to
human health. More than 200 diseases — ranging from diarrhea to cancers — are
related to contaminated food intake (WHO, 2017b) and 24 percent of the world’s
population suffers from infections by soil-transmitted helminth, causing nutritional
imbalance and chronic anemia (WHO, 2017a).

The uptake of metals by plants from soils may result in a significant risk to health
(Brevik, 2013; Burgess, 2013; Jordio et al,, 2006). The absorption by plant roots is
one of the main routes of entrance of heavy metals into the food chain, and varies
according to the level of consumption (Pan et al., 2010; Wagner, 1993). Cadmium
and lead are the most toxic elements for man (Volpe et al., 2009). Food is the main
source of Cd intake by humans. A well-known case was in Japan, where ingestion of
rice contaminated with Cd generated the disease known as itai-itaf (Abrahams, 2002).
Cadmium absorbed via food intake can penetrate through the placenga during
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pregnancy, damaging membranes and DNA and disrupting the endocrine systems,
and can induce kidney, liver and bone damage (Brzéska and Moniuszko-Jakoniuk,
2005; Souza Arroyo et al.,, 2012). The toxic effects of Pb affect several organs,
causing biochemical imbalance in the liver, kidneys, spleen and lungs, and causing
neurotoxicity, mainly in infants and children (Guerra et al., 2012; Jaishankar et al.,
2014). Organomercuric compounds, especially methylmercury, are considered highly
toxic. Mercury may induce changes in human neural and gastric systems and can lead
to death. Arsenic is absorbed in the body orally or inhaled and is stored mainly in the
liver, kidneys, heart and lungs, with smaller amounts accumulating in muscle and
nerve tissue, and has been defined as carcinogenic (Brevik, 2013). It can lead to
nervous systems disorders, liver and kidney failure as well as anemia and skin cancer.
Nickel causes gastric, liver, and kidney defects and neurological effects (Brevik,
2013). Zinc is associated with anemia and tissue lesions, and while the negative
effects of copper are rare, liver and kidney damage in infants is possible if exposure is
prolonged (Brevik, 2013).

An increasing awareness in terms of the importance of vegetables and fruits to human
diet and the identification of food as the main source for many contaminants suggest
that the monitoring of heavy metals in food crops should be carried out frequently.
The World Health Organization and FAO developed the Codex Alimentarius (WHO
and FAO, 1995), which identifies safe limits for contaminants present in fruits,
vegetables, fish and fishery products, and animal feed

Aktar, Sengupta and Chowdhury presented a review of pesticide residues in food
commodities in the Furopean Union (Aktar, Sengupta and Chowdhury, 2009). Even
though the amount of pesticides residues in food did not exceed the acceptable daily
intake (ADI), few studies have analyzed the long term risk associated with these
persistent pollutants in organisms (Kim, Kabir and Jahan, 2017; Xu et al., 2017).
Hernandez et al. highlighted the need for further studies of pesticide mixture effects
on human health, because current legislation considers maximum residue levels
(MRL) of individual pesticides in food and water, without taking into account
possible synergetic interactions at their low concentrations (Hernandez et al,, ZU13).
Occupational exposure to pesticides is associated with various diseases including
cancer, hormone disruption, asthma, allergies, and hypersensitivity (Burgess, 2013;
Van Maele-Fabry et al., 2010)

Intake of persistent organic pollutants accumulated in soils has a high relevance for
human health (Figure 16). The last results of the WHO/UNEP global monitoring plan
(GMP) show that levels of PCDDs, PCDFs and PCBs in human milk are still
significantly above those considered toxicologically safe in many regions of the
world, with a higher incidence in India and in some European and African countries
(van den Berg et al., 2017). Ingestion of soils (geophagia) has been a common
practice in, any African and South American countries (Woywodt and gis/sZOOZ)
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among children and pregnant and breast-feeding women, and its practice has
extended to western societies (Reeuwijk et al., 2013). The intake of contaminated
clay with POPs and heavy metals is a soil-borne source of diseases, as daily exposure
levels are frequently exceeded (Odongo, Moturi and Mbuthia, 2016). Banyiova et al.
pointed out that the main source of POP exposure in the Czech Republic is through
intake of polluted food (Banyiova et al., 2017). Even though POP levels in human
bodies have been reduced since the introduction of the Stockholm Convention,
accidents still occur and they are an important source of soil and food contamination
(Hilscherova et al., 2007). The presence of POPs in human milk represents a high risk
to the health of newborns and fetuses, as the POPs are circulating in the mother’s
body (Reeuwijk et al., 2013). '

The major exposure route for polycyclic PAHs is through contaminated food
ingestion and they are a suspected carcinogenic risk (Brody et al., 2007; Xia et al.,
2010). Due to the aromatic nature of PAHs, they easily penetrate cellular membranes
and bind covalently with DNA molecules, where they may cause mutations (Mufioz \
and Albores, 2011). The establishment of a health risk assessment of PAHs would be
complex because of the many uncertainties related to exposure and toxicity, which
are still unsolved.
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Regarding emerging pollutants, there are gaps in our understanding of how they

behave in the environment, which interactions occur within the soil matrix, and their

* toxicity, bioaccumulation properties and transport mechanisms in human bodies,

despite the already available information on exposure routes and levels in human

tissues (Covaci et al.,, 2011). Normally, these compounds appear at very low

concentrations in human bodies, but the fact that many of them have o yx@enﬂy
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emerged as contaminants means that long-term studies that focus on the
epidemiological aspects of this issue are needed

Comprehensive assessments of the health effects of most forms of soil, heavy metals,
and chemical pollution have not yet been published (Landrigan et al., 2018). Basic
toxicological data and knowledge on exposure routes and rates are needed in order to
analyze the effects of soil pollutants on human health. A risk assessment based on a
toxicological approach that considers tolerable doses is frequently used to establish
hazard-related doses (Blume et al., 2016; WHO, 2013). These acceptable doses are
characterized for examining the harmful effects of individual substances on a
person’s health considering a conceptual exposure scenario that identifies sources,
pathways and receptors.

As described in the WHO’s report (WHO, 2013), there are several scientific tools that
can be used to evaluate the risk posed to human health by soil pollution. Other
- models recently developed to assess the human exposure include BROWSE
(Bystanders, Residents, Operators and WorkerS Exposure models for plant protection
products) which contains more realistic scenarios (Butler Ellis et al., 2017) and
integrates large European guidance and regulatory databases to refine the assessment
of human exposure (Lammoglia ct al., 2017). The real health risk assessment has not
yet been well defined in the case of simultaneous exposure to two or more chemical
substances, which occurs in real-life conditions and may have synergistic effects
(NicolopoulouStamati et al., 2016)

SOILS AS RESERVOIR OF ANTIMICROBIAL RESISTANT
BACTERIA AND GENES

The transference of antibiotic resistance genes from the environment to human

pathogens has created a great challenge due to an overall decrease in effectivity of

antibiotics (Harbarth et al., 2015; Thomas and Nielsen, 2005; WHO, 2018). As a
result, infections persist in the body, increasing the risk of contamination of others
(WHO, 2018). Each year approximately 700 000 deaths occur globally that are
attributable to AMR bacteria; 25 000 deaths in Europe (EC, 2017) and around 23 000
in the United States of America (CDC, 2013). Furthermore, human health
implications for intake of antibiotic residues and AMR bacteria present in food are
largely unknown, although several potential adverse impacts have been observed.

These include allergic and toxic reactions or chronic toxic effects as a result of

prolonged low-level exposure (McManus et al., 2002; Sarmah, Meyer and Boxall,

2006). The risks of AMR are especially important in newborns, where AMR bacteria

populate the newborns’ guts (Brinkac et al., 2017). Soil is considered to represent a

natural reservoir of antibiotic-resistant bacteria carrying a diverse set of }gnown and
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unknown resistance determinants (Cytryn, 2013). Fungi and bacteria that occur
naturally in the environment produce many antibiotics that humans have been using
for centuries, and at the same time they have antibiotic-resistant genes against the
antibiotics they produce (Hopwood, 2007). Allochthonous resistant bacteria and
genes added to soil with manure or sewage sludge might not be well adapted to soil
conditions as they are subject to selective pressure by native organisms (Heuer et al.,
2008)

When microorganisms (such as bacteria, fungi, viruses and parasites) are
continuously exposed to antibiotics or another antimicrobial agent that kills or
inhibits the growth of microorganisms, selection of resistant organisms occurs, even
at low concentrations. As well, transference of the resistome (extrachromosomal
antibiotic-resistant plasmids) or of the mutated genes inside the chromosome to other
members of their own species and to other species occurs (Khachatourians, 1998).
Antibiotics are used worldwide for animal therapy and growth promotion in livestock
production. A high percentage of these antibiotics are not assimilated by organisms’
systems and are excreted into the environment. Assimilation rates by livestock
depend on the pharmacokinetics and transformation of the antibiotics by the animal’s
metabolism. Heuer et al., for example, found that more than 96 percent of the
veterinary antibiotic sulfadiazine was excreted in its parental form or as metabolites
ten days after administration to pigs (Heuer et al,, 2008). Excretion rates are lower for
tetracyclines (Winckler and Grafe, 2001), but can reach high rates, over 90 percent
for amoxicillin and difloxacine (Sukul et al, 2009). Large amounts of these
antibiotics end up in farm and urban wastes and soils, and they are not completely
removed in wastewater treatment plants or during composting processes. Wastewater
treatment plants were identified as the main source of antibiotic release into streams,
with highly variable removal rates for different antibiotics (Michael et al., 2013;
Watkinson et al., 2009)

Changes in soil microorganism communities and in crucial aclivities have been
observed after the application of amendments Lo soil, promoting resistant populations
(Ding et al., 2014; Tian et al., 2015; Tien et al., 2017). Antimicrobial-resistant
populations in manure may be responsible for the horizontal transference of resistant
plasmid to soil-dwelling organisms, as confirmed under field conditions in manure-
amended soils (Gotz and Smalla, 1997; Smit et al., 1991). This transference process
is promoted by the increase of nutrient sources, which activate microbial activity and
population density (Ding et al., 2014). Scientific evidence suggests that the presence
- of heavy metals, mainly Cu and Zn, in soils contributes to the coselection of AMR
(Grass, Rensing and Solioz, 2011; Holzel et al., 2012; Wales and Davies, 2015; Yu et
al., 2017). Mutations induced in soil microorganisms may lead to a range of
metabolic phenotypes, including variations in the ability to use different carbon,
nitrogen or phosphate sources (Perkins and Nicholson, 2008), altering global

geochemical cycles (Allen et al., 2010). Ny
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Wales and Davis also found that antimicrobial selection was enhanced by heavy
metals even in the absence of antimicrobial substances when they were exposed to
other biocides, such as disinfectants and antiseptics (Wales and Davies, 2015).
Similar results were found in residential soils of Australia, where the high content of
heavy metals stimulated the proliferation of antimicrobial-resistant genes (Knapp et
al., 2017). Thus, AMR becomes an even greater challenge in polluted soils. More
research is needed to assess the risk of AMR spreading via sewage sludge and
manure amendments (Bondarczuk, Markowicz and Piotrowska-Seget, 2016).

Antibiotic concentrations decrease rapidly after their entry in the soil through
different processes (Figure 17), such as plant uptake, leaching to groundwater,
sequestration in organic complexes, sorption to clay minerals or biodegradation
(Jechalke et al., 2014; Kuppusamy et al., 2018). Despite this, an increase in resistant
bacteria was observed even when antibiotic concentrations were very low (Gullberg
et al, 2011). Sequestration and sorption of antibiotics in soils reduce their
bioavailability but increase their permanence and persistence in the environment
(Jechalke et al., 2014). The uptake of antibiotics by plants has been widely reported
(Boxall et al., 2006), and has gained attention as the food chain may be directly
contributing to the spread of antibiotic resistance (Du and Liu, 2012). Furthermore,
antibiotics may cause inhibition of sced germination and reduce crop growth (Du and
Liu, 2012). If antibiotic-rich soils suffer any alteration that leads to changes in
organic matter concentration and conformation (Gulkowska et al., 2013), the
sequestered antibiotics may be released in their bioavailable forms (Rosendahl et al.,
2011).
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Different antibiotics have different target sites within cells; thus, organisms develop
resistance to particular antibiotics and not a general resistance (Khachatourians,
1998). However, it has become more and more common to find multi-drug-resistant
bacteria (CDC, 2013; EC, 2017; WHO, 2014). A recent study has shown a high co-
presence of antibiotic-resistant genes and mobile genetic elements in a multi-drug-
resistant bacteria community isolated from chicken manure (Yang et al., 2017b).

Bacteria present four main mechanisms that lead to antimicrobial resistance (Figure

18): 1) enzymatic degradation or modification of antibiotic compounds by intra and
extracellular enzymes; 2) efflux pumps that actively remove antibiotic compounds
outside the cell or in the periplasm; 3) modification or protection of the antibiotic

binding site; and 4) natural or modified membrane permeability (Alekshun and Levy,
2007).

Main mechanisms of antimicrobial-resistance. Source: Allen et al., 2010
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MANAGEMENT AND REMEDIATION OF

"POLLUTED SOILS

The first step in the assessment and management of polluted soils is the identification
of the problem; in this case, the pollutions in the soil. In general, when an area is
affected by an accident such as an oil spill, a nuclear accident, or the rupture of a dam
tailing, measures to control the extent and prevent further occurrences generally start
immediately. However, in legacy polluted soils or where diffuse pollution could be an
issue, there are often no established protocols to be followed. In some countries or
regions in the world, there are national, regional or local agencies who are
responsible for initiating a preliminary investigation to determine whether or not
pollution is present and whether further action is needed, while there are many others
where no regulation or protocols have been defined (Teh et al., 2016).

In the past, criteria for land reclamation were established using standards based on
background concentration and safe limits. New approaches try to adopt a more
comprehensive assessment of the risk that pollutants pose to the environment,
humans and food safety. The characterization of the potential risk to the environment
and human health is not an easy task, due to the complexity of the matrix, the lack of
knowledge on the fate of contaminants in soil and the scarcely available information
of toxicological and integrated studies (Cachada et al., 2016). Exposure routes for
these compartments modelled taking into consideration certain land-use types (e.g.
residential, industrial, and recreational) (Provoost, Cornelis and Swartjes, 2006).

RISK ASSESSMENT APPROACHES

Assessing risks means that, based on scientific evidence, one can estimate the
likelihood of a certain outcome and the gravity of that outcome, and use this
knowledge to help in decision making. Uncertainties must be reduced when possible,
and clearly the remaining uncertainties need to be clearly identified and explained
(FAO, 2000). Risk management decisions for soils or sediments focus on identifying
relevant pathways of exposure that pose a risk to human health or the environment
and developing appropriate remedial measures. These could include treating or
removing sources, or cutting off pathways, or both (Committee on Bioavailability of
Contaminants in Soils and Sediments, 2002).

Risk assessment approaches (RAA) are similar worldwide and consist of a series of
steps to be taken to identify and evaluate whether exogenous or indigenous
substances have caused or are causing soil pollution, and to what extent that pollution
is posing a risk to the environment and to human health (Figure 19). Risk assessment
approaches are tools to enable science-based political and technical decisions and to
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take action when needed. Risk assessment tools often use a chemical-by-chemical
approach, focusing on a single medium, a single source, and a single toxic endpoint,
although integrated approaches are gaining popularity. Such approaches use models
combining human exposure and effect-based environmental parameters, based on
deterministic or probabilistic techniques (DEA, 2010; Hope, 2006; Provoost, Cornelis
and Swartjes, 2006). The end user is interested in whether the soil is “fit for use,”
mainly in industrial and urban sites where local and diffuse pollution may be present.
In these cases, a site-specific approach is necessary to obtain an integrated overview
of exposure and risk information (Posthuma et al., 2008)

The “universal risk assessment paradigm”. Source: Posthuma et al., 2008

i R S SO s
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Once there is a suspicion of pollution, and after preliminary research on the historical
use of the site, an initial assessment should be carried out to define whether
exogenous substances are present, which ones are present and whether they pose any
risk to the environment and human health. If pollution is confirmed and remediation
measures are necessary, a detailed investigation must be accomplished to determine
the extent and possible remediation measures. Risk management and/or remediation
strategies are subsequently defined and implemented. After-clean-up measures are
essential to confirm that the risk has been reduced and that the source of pollution has
been controlled.

Worldwide, policies and regulation are based on RAA to forecast risks that cannot be
directly measured (Hough, 2007). Regulations include guidelines to identify and
assess soil pollution using soil quality standards, in many cases considering national
characteristic of soils or site-specific conditions. Because RAA are complex and
time-consuming processes, however, not every country in the world can afford to
investigate pollution. This is also because no comprehensive information is available,
and approaches on a site basis are frequently adopted. As Hope has pointed out,
accessing documentation about ecological risk assessment and its regulatory uses is
complex, especially in developing countries (Hope, 2006). In those cases, the United
States Environmental Protection Agency (US EPA, 1986), Canadian guidelines
(Canadian Council of Ministers of the Environment, 1999), and WNetherlands
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guidelines (Brand, Otte and Lijzen, 2007) among others may be used as a reference,
even though the characteristics of climate, soil or the local populations are not the
same (Li et al., 2014). Some international efforts, such as the one proposed by FAO
(FAO, 2000), which provides guidelines to assess the environmental and human
health risk posed by stock of obsolete pesticides with more detailed information on
the steps of assessment in Environmental Management ToolKit (Volume5), or the
guidelines for Integrated Risk Assessment developed by several international
organizations (IAEA, 1998; Meek et al., 2011; WHO, 2001a) are attempts to provide
an integrated multichemical, multimedia, multiroute, and multispecies exposures
analysis.

It is widely recognized that an integrative approach that includes complex mixtures of
pollutants is needed to develop more precise risk assessment tools and a better
understanding of the potential impacts and their extent (Reeves et al., 2001). Albert
launched the question “Is it possible to predict toxicity of complex mixtures?” more
than 30 years ago (Albert, 1987). Since then, many researchers have tried to come up
with a suitable solution or at least a more comprehensive study of interactions in
complex mixtures, to determine whether additive, synergistic or anlagonistic toxic
effects occur when pollutant mixtures are present (Chen et al., 2015). The specificity
and great variability of pollutant mixtures present in each site, which depend on
industrial operations or processes carried out, slow down the progress on the
definition of limit values appropriate for a general risk assessment approach
(Callahan and Sexton, 2007). The Dutch approach, among others, includes a protocol
to analyze the risk when more than one substance is present (Cachada et al., 2016).
Normally, a cumulative calculation is used, considering the individual risk and the
sum across the potential toxicity and risk, but it does not consider possible
interactions and synergies between substances that may attenuate or increase their
potential risk (Callahan and Sexton, 2007). Chen et al. found that the more complex
the mixtures of pollutants, the greater the synergistic toxicity (Chen et al., 2015).
They suggest that the use of a Combination Index (Cl) is more accurate to estimate
the ecotoxicological risk than the conventional concentration addition (CA) or
independent action (IA) models (Figure 20), not only in aquatic environments (Rosal
et al., 2010) but also in soils (Gonzdalez-Naranjo and Boltes, 2014; Gonzalez-Naranjo
et al., 2015). The synergistic/antagonistic effect has been confirmed not only for a
combination of pesticides (Yang et al., 2017a) but also in other complex mixtures,
such as the pollutant mixture found in landfills (Baderna et al., 2011) or in railway
tracks. In the latter case, Wierzbicka et al. found highly toxic effects of the pollutant
mixture on numerous test organisms from different trophic levels, even though the
single concentration of each pollutant did not exceed admissible values (Wierzbicka,
Bemowska-Katabun and Gworek, 2015). However, as explained in Sarigiannis and
Hansen, combined toxicology approaches have limited applicability under specific
conditions, and data cannot be generalized (Sarigiannis and Hansen, 2012).
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The sequence of steps to deal with polluted sites described above is a general one,
and depending on national or regional approaches some steps may be omitted or
others may be added (Contaminated Sites Management Working Group, 1999; DEA,
2010; FOEN, 2013; Luque, 2014).
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Risk assessment approaches based on independent action of substance by substance, additivity of doses and
effects or considering interactions for the combined model. Source: Sarigiannis and Hansen, 2012

Human health risk assessment (HHRA) can be conducted in different ways and for

the purpose of meeting different objectives. This approach can be used for the
following: ’

» derivation of soil quality standards

* site-specific risk assessment

* development of remediation objectives

* ranking of contaminated sites by priority of intervention.

Soil screening values (SSVs) are generic soil quality standards based on generic
exposure pathways and scenarios (e.g. inhalation of vapours in residential or
industrial areas) adopted in many countries to regulate the management of polluted
soils. Soil screening values or soil quality standards are identified by different terms
around the world: trigger values, reference values, target values, intervention values,
cleanup values, cut-off values and others (Carlon et al., 2007; Swartjes et al., 2012).
Furthermore, the threshold values are based on different national strategies in
environmental policies and rarely take soil properties into account.

In cases of soil pollution by heavy metals, total metal concentration provides little

information on the potential risk (Naidu et al., 2015). It is important to iden)tify the
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available and unavailable forms of the heavy metals to ensure that the soil is managed
in such a way as to prevent the unavailable forms from becoming available. This can
be done by using biological tests to determine the bioavailability and toxicity of
metal(loid)s (Romero-Freire, Martin Peinado and van Gestel, 2015). In this case, soil
quality standards or threshold values must be corrected, taking into account soil
properties such as pH, soil texture and organic matter content, because it has been
widely demonstrated that in many cases quality standards that do not consider soil
properties under- or overestimate the actual risk (Appel and Ma, 2002; Bradl, 2004;
Rodrigues et al., 2012; Romero-Freire, Martin Peinado and van Gestel, 2015). In
addition, by analyzing and including bioavailability during risk assessment instead of
assuming that the target pollutants are 100 percent bioavailable, remediation efforts
will be optimized and enhance profitability of the remediation efforts (Naidu et al.,
2015; Romero-Freire, Martin Peinado and van Gestel, 2015).

It is therefore crucial to develop regulations and legislation to certify the quality of
food depending on its heavy metal content. The international literature contains
multiple methodologies and evaluation criteria that identify permissible heavy metal
values for soils that differ in magnitude (Table 7). This is generally due to the criteria
considered for their establishment (Muifiiz, 2008). The obtaining of reference values
for soil quality in terms of heavy metal content has been established in many
countries, which developed their respective environmental policies for soil protection
and food safety assurance. The one developed by USEPA (US EPA, 1998, 2014a) is
especially important because several other countries [ollow it. These standards are
based on risk assessment policies and define background levels and the study of
human and environmental toxicity. When it comes to food, the FAO Codex Standard
is of major importance. It defines the values for contaminants and toxins (including
heavy metals) permissible in food products, and it is constantly being reviewed and
updated (WHO and FAQO, 1995)
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Threshold values of some heavy metals for residential land-use for various countries. Modified from Provoost, Cornelis
and Swartjes, 2006

1. Soil Remediation Decree named Vlarebo from July 8, 2002

2. Standards applicable as national legislation for ‘wirkungspad Boden-Mensch’
(exposure path soil — humans)

3. Residential area with vegetable garden
4. Residential area without vegetable garden
5. Hungarian Governmental regulation number 10/2000

6. Polish soil quality standards for the top soil layer (0-30 cm), established for the A
group B of land use (agricultural lands, forest, residential and recreational
areas) Regulation 2002

7. Royal Decree 1310/1990 of 29 October 1990 regulating the use of sewage
sludge in agriculture. (B. O. E. No. 262, November 1,1990). Values for soils
with pH lower or higher than 7.

8. GUIDELINE ON Investigation Levels for.Soil and Groundwater. National
Environment Protection (Assessment of Site Contamination) Measure as varied
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9. SEPA (1995) Environmental quality standards for soils. State Environmental
Protection Administration, China, GB 15618-1995

110.1/2/8 mg/kg dm related to the soil clean-up standards at pH 6, 7, 8,
respectively. The clean-up standard of 8 mg/kg dm was used in this
comparison.

11. Chromium total

12. Chromium (VI)

13. 1000/4 related to the soil clean-up standard as total concentration and soluble
concentration. The clean-up standard of 1000 mg/kg dm was used in this
comparison.

14.23/6.1 describes the chlorinated mercury and organic-mercury. The clean-up
standard of 23 mg/kg dm was used in this comparison.

15. HIL for lead based on blood lead models (IEUBK for HILs A, B and C and
adult lead model for HIL D where 50% oral bioavailability has been
considered)

16. 1000/0.1 related to the soil clean-up standard as total concentration and soluble
concentration. The clean-up standard of 1000 mg/kg dm was used in this
comparison.

17. 2000/5 related to the soil clean-up standard as total concentration and soluble
concentration. The clean-up standard of 2000 mg/kg dm was used in this
comparison :

MAIN  TECHNIQUES FOR  REMEDIATING
POLLUTED SITES

Nathanail referred to sustainable remediation as “remediation that eliminates and/ or
controls unacceptable risks in a safe and timely manner, and which maximizes the
overall environmental, social and economic benefits of the remediation work”
(Nathanail, 2011). Sustainable management requires the incorporation of the best
available techniques, not only during the remediation process itself, but for the whole
process, including risk assessment and risk reduction. Best management practices
(BMPs) are individual or combinations of management, cultural and structural
practices that researchers (academic or governmental) have identified as.the most

effective and economical way of reducing damage to the envirom (Cestti,
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Srivastava and Jung, 2003). Remediation is commonly done on a site-by-site basis,
since for every combination of pollutant, soil property, land use, property and liability
regimes and technical and economic reality of the site or area, a different technique or ]
combination of techniques may be more appropriate (Swartjes, 2011)

Remediation techniques can be divided in two main groups: in situ (on the site) and
exsitu (removal of contaminated soil for treatment off the site) remediation. Available
remediation options include physical, chemical and biological treatments, and these
options offer potential technical solutions to most soil pollution (Scullion, 2006). For
both in situ and ex situ, the net effect on the contaminants can be categorized as
reducing the concentration, reducing the bioavailability without reducing the
concentration, encapsulating in an inert matrix, containment, and removal
(Pierzynski, Sims and Vance, 2005). The management of polluted sites is a
site-specific approach that includes characterization, risk assessment and remediation
technologies selection, and therefore is mainly focused on local or point-source
contamination. "]

Scullion prese'uted a review of the main treatment approaches to remediate polluted
soils and their effect on pollutants (Scullion, 2006), specifying whether they are
degraded, separated from soil components, extracted from the matrix or stabilized
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Main remediation methodologies and their effects on soil pollutants (V = main process, (V) = subsidiary process limited
in extent or in the range of pollutants alfected). Source: Scullion, 2006
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What makes many of the currently available physical methods so expensive 1is
partially the cost of excavating and transporting large quantities of contaminated
materials for ex situ treatment such as chemical inactivation or thermal degradation.
The high cost has led to an increasing interest in alternative technologies for in situ
applications, in particular those based on the biological remediation capability of
plants and microorganisms (Chaudhry et al,, 2005). Bioremediation is a technology
that destroys or renders harmless various contaminants, using the biological activity
of certain microorganisms. Bioremediation actually relies on the microbial growth
and activity; its effectiveness is highly dependent on the applied environmental
parameters that influence the microbial growth and the degradation rate.
Bioremediation is considered a very promising technology with great potential when
dealing with certain types of contaminated sites (Zouboulis, Moussas and Nriagu,
2011). Bioremediation has been used worldwide, including in Furope, with varying
success (Zouboulis, Moussas and Nriagu, 2011).

According to Alexander, several conditions must be satisfied for bioremediation by
microbial activity to take place in the soil (Alexander, 1999). These include the
following: 1) the organism must be present in the soil containing the pesticide; 2) an
organism must have the necessary enzymes to bring about the biodegradation; 3) the
pesticide must be accessible to the organism having the requisite enzymes; 4) if the
initial enzyme bringing about degradation is extracellular, the bonds acted upon by
that enzyme must be exposed for the catalyst to function; 5) should the enzymes
catalyzing the initial degradation be intracellular, that molecule must penetrate the
surface of the cell to the internal sites where the enzyme acts; and 6) because the
population or biomass of bacteria or fungi acting on many synthetic Conymds is

Cé-@ tgr_u..ge Z‘é"ha,’rman
AC. Shiti Ram LoHEge, Asa gho
. Muzaffafnager - - 311 Ram Collgge

izatfarnagar




initially small, conditions in the soil must be conducive to allow proliferation of the
potentially active microorganisms.

Compost made from sawdust, wood chips, bark, straw, plant waste and food waste
from households is another common source of organic matter to be added to the soil
(Kuo et al., 2004). Addition of organic matter to the soil may help to decrease the
mobility of heavy metals and other pollutants (Grobelak and Napora, 2015; Wuana
and Okieimen, 2011), reducing the risk to the environment and to human health.

The addition of manure and sewage sludge can be an effective bioremediation tool,
but care needs to be taken to ensure that effective pre-treatment of the organic
material has occurred. To attenuate the negative impacts associated with livestock
manure, simple techniques such as composting can be applied before their application
to the land (Zhang et al., 2015a). Compared to fresh manure, composted manure

generally has higher contents of lignin and polyphenol, which reduces CH4 emission-

while further enhancing the potential of SOC sequestration (Xia, Wang and Yan,
2014). Lv et al. observed a positive effect of worms present in the composting
process, resulting in the stabilization of heavy metals present in animal manure (Lv,
Xing and Yang, 2016). The composting of fresh manure has been proven as an
effective method for reducing various types of environmental pathogens and
antimicrobial resistant bacteria (Cole, 2015; Holman ot al., 2016). Storing slurries for
one to three months, composting at high temperatures, spreading in a manner that
reduces potential volatilization and avoiding long-distance transport of manure are
some of the recommendations proposed by Nicholson et al. in order to reduce
pathogen levels in manure and slurries prior their land application (Nicholson et al.,
2003). Despite the observed persistence of certain antibiotics in soil and their
negligible mineralization due to strong sorption to soil components, several authors
highlight the importance of storage time and composting for dissipation of antibiotic
compounds in manure before land application (Arikan, Mulbry and Rice, 2009;
Halling-Sgrensen et al., 2001; Kim ot al., 2011; Tien et al., 2017).

The planting of trees that have good resistance (o high levels of toxic substances and
a high capacity to collect and store pollutants can also be a good practice for
bioremediation process in soils (Paz-Alberto and Sigua, 2013). According  to
Wistocka et al., the most popular trees exhibiting a high capacity to accumulate heavy
metals are silver birch (Betula pendula), alder (Alnus tenuifolia), black locust
(Robinia pseudoacacia), willow (Salix sp.), and conifer trees (Wislocka et al., 2006).
Selected energy crops such as Miscanthus giganteus have excellent adaptability to
change habitat conditions, the possibility to gradually reclaim degraded lands, and the
ability to prevent the migration of heavy metals into the soil and groundwater.
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Factors affecting field-scale remediation of PAH-polluted soils. Source: Kuppusamy et al., 2017

Interest in biochar is also growing among scientists, who are particularly interested in
how the chemical and physical properties of biochar particles affect water moving
through soil, remove pollutants, alter microbial communities and reduce emissions of
greenhouse gases. The hope is that biochar can help farmers. around the world,
particularly those in developing regions who often struggle with poor soils. Biochar
has ancient roots. Hundreds to thousands of years ago, residents of the Amazon
produced it by heating organic matter to create rich, fertile soils called terra preta.
The practice was abandoned around the time that European nations invaded South
America, and relatively few farmers elsewhere have routinely used biochar. Scientists
first took an interest in the material about a decade ago, when growing concerns over
global warming led some to tout biochar as a way to store huge amounts of carbon
underground. Hope for that application has faded somewhat due to the high cost of
biochar, but soil scientists are now exploring its usc in agriculture and in ;emedmtmg
soil pollution (Cernansky, 2015)
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New technologies for remediation involve the application of nanoparticles for
remediating polluted soils (Pan and Xing, 2012). The most widely recognized
nanotechnology in soil remediation is the application of nano-zero-valent iron (nZVI)
for reducing the impact of both organic and inorganic pollutants. For example, nZVI
can effectively degrade chlorinated hydrocarbons and organochlorine pesticides
(Singh et al., 2011; Zhangiang, 2010). Carbon nanotubes have been demonstrated to
be a feasible remediation material because of their large sorption capacity for metal
lons (Rao, Lu and Su, 2007), radionuclides (Ren et al., 2011) and organic compounds
(Pan and Xing, 2008). Integrated approaches and emerging technologies, such as
electrokinetic  remediation, enzyme-mediated - bioremediation, multi-process
phytoremediation and vermiremediation have been employed in the treatment of
PAH-contaminated soils (Kuppusamy et al., 2016). The selection of the best available
techniques and their success in remediating polluted soils will depend on physical,
economical, regulatory and technical factors (Figure 21) (Kuppusamy et al., 2017)

The critical factor affecting remediation of PCBs, PAHs and PBDEs is the strong
sorption of these molecules on soil and sediments, as demonstrated by their long
persistence despite heavy restrictions on their use for over 30 years. The ability to
desorb these contaminants determines, in most cases, the effectiveness of remediation
technologies (Gomes, Dias-Ferreira and Ribeiro, 2013). The most commonly used
remediation technique for these polluted soils is “dig-and-dump,” but this is not
sustainable. Other techniques such as bioremediation, thermal desorption, and
anaerobic dechlorination have been tested in recent years with good results (Gomes,
Dias-Ferreira and Ribeiro, 2013). The technologies previously described, although
aiming to destroy or transform PCB, operate in very different ways and consequently
have different clean-up times, costs, breakdown products and environmental impacts.
Their effectiveness is also site-specific, since each technology depends on the
contaminants, the aging of the contamination, the type of soil and geomorphologic
conditions, and other environmental factors such as mobility of the contaminants or
sorption to soil particles (Gomes, Dias-Ferreira and Ribeiro, 2013; Wang and He,
2013).
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CASE STUDIES ON SOIL POLLUTION AND
REMEDIATION

REMEDIATION BY ENHANCED NATURAL
ATTENUATION OF POL POLLUTED SITES IN UN
FIELD MISSIONS: A CASE STUDY ON THE
UNITED NATIONS OPERATION IN COTE
D’IVOIRE (ONUCI)18

- The consumption of petroleum oil and lubricants (POL) in field missions is inevitable
due to their use in generating electricity and operating mechanical equipment to
support peacekeeping operations. Through these processes, which have a major
environmental footprint, the potential of soil contamination arises. This section
presents a case study of remediation work conducted by Global Service
Centre/Environmental Technical Support Unit on POL polluted sites during the
liquidation of a United Nations field operation in Cote d’Ivoire (ONUCI)

The goal of the project was to reduce the level of total petroleum hydrocarbon (TPH)
in polluted soil (36 000 to 75 000 mg/kg) to a background TPH level of 400 to 1 000
mg/kg, providing an enabling environment for revegetation of plants. The project
entailed the removal of over 1 200 tonnes of POL contaminated soil from sites and
replacing it with fresh soil. The excavated contaminated soil was treated using
naturally occurring materials derived locally.

The contaminated soil was deposited in a large concrete mixer to tumble and aerate in
order to promote microbial growth and the breaking down of POL. Two ingredients
(poultry waste and naturally occurring surface active materials (NOSAM) or palm
~ash soap (also known as black soap)) were added to the mix to improve the condition
of the soil and to accelerate the microbial remediation.

The result showed a reduction of over 95 percent in TPH levels immediately after
remediation, with natural microbial activities ensuring more reduction in TPH within
a 14-day period. Native grasses were planted in the restored areas. The case study
highlights the importance of implementing low cost remediation techniques in
mitigating POL polluted sites within the UN field missions
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CONTEMPORARY APPROACHES TO
REMEDIATION OF OIL-POLLUTED LANDS IN
THE TAIGA ZONE OF WESTERN SIBERIA19

The Russian Federation occupies one of the leading places in oil production over the
globe. More than 70 percent of Russian Federation oil is extracted in the Taiga zone
of western Siberia. In the 1990s oil-production enterprises of this region experienced
a drastic increase in pipeline accidents and oil pollution of ecosystems. Under
conditions of insufficient state control over statutory compliance of environmental
protection legislation, this led to a significant number of oil-polluted lands that have
not been remediated for a long time, forming a so-called “historical heritage” for new
companies that are currently producing oil on this territory.

Oil companies have made significant efforts (o restore oil-polluted lands in the last
10-15 years, but this problem has not been completely resolved. This is mostly due to |
the special environmental conditions of the region: the average annual temperature
ranges from -0.1 °C to -5 °C, the average temperature in January is -18 °C to -24 °C
(with the recorded minimum as -62 °C); the duration of the period with a stable snow
cover achieves 180-200 days; and precipitation significantly exceeds evaporation.
The West Siberian lowland is a vast, weakly dissected plain, which experienced
active development of swamp formation during the Holocene epoch: in some areas,
swamps cover 50 percent of the territory. Spills therefore occur mainly in wetland
ecosystems, which greatly complicates the use of machinery for reclamation
operations.

Not only were there unfavourable weather conditions, but remediation technologies
were applied that were not appropriate for wetland soils, as they were originally
developed for mineral soils. Basic technological solutions included surface oil pickup
(if any), agrotechnical practices (liming, mineral fertilization), biostimulation
(activation of native oil-oxidizing microorganisms) or bioaugmentation (application
of commercial bio-products with oil-oxidizing action), periodic loosening and phyto-
melioration (sowing of meadow grasses). However, for remediation of oil-
contaminated peat bog soils, some other approaches were needed.

Peat soils have a very high sorption capacity to oil. It is therefore difficult to collect
spilled oil even immediately after the spill, and after thickening of the oil it is
impossible. At the same (ime, the concentration of oil hydrocarbons in the upper,
most contaminated part of the peat bog soil profile can reach 80 percent or more,
~ which is significantly higher than the levels that oil-destructive microorganisms can
consume. The above-described traditional technological solutions are therefore
ineffective, even after being repeated for several processing seasons >
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Effectiveness of reclamation is significantly increased if mechanical removal
(shearing) of the uppermost contaminated layer (usually 10-15 cm) is performed in
the oil-contaminated area first. In this layer, in addition to heavy oil hydrocarbons, a
large number of resins and asphaltenes accumulate. This accumulation effectively
seals the soil, preventing water and gas transfer. This in turn drastically decreases
microbiological activity in the contaminated soil. At the initial stage of
implementation of this technological operation, manual labour was used. This
explains why despite the high efficiency of remediation on certain oil-contaminated
sites, the total area of reclaimed land remained low.

Later, when this technological operation started being conducted using excavators
(Figure 22), it became possible to multiply the total area of oil-contaminated lands
reclaimed annually. After the removal of the upper layer, the concentration of oil
hydrocarbons in soils usually does not exceed the levels at which activity of
microbial oil destructors is impossible; this allows using the traditional methods of
biological reclamation. However, a further decrease in oil hydrocarbons
concentration up to acceptable levels is still a difficult task. One of the most
important problems is the optimization of soil acid-base regime. It is known that the
optimal pH values for the activity of bacterial oil destructors are 6-8. But peat soils,
as a rule, have pH values of 3.5-4.5 and are characterized by high values of
exchangeable and pH-dependent acidity. The amount of lime that must therefore be
added to achieve optimal pH values is so great that it makes this task technically and
economically unfeasible and unreasonable.

One of the ways to solve this problem is by using biodegradation agents, which are
capable of oxidizing hydrocarbons at pH 4-4.5. For effective oil destruction,
however, it is necessary to provide a proper aeration of bog peat soils, which is
extremely difficult to achieve in practice. To overcome this problem, it seems very
promising to use a combination of bioaugmentation and phyto-melioration
technologies (Glick, 2003; Khan et al., 2013). This combination will provide a
symbiotic interaction between microorganisms in biodegradation agent and bog
" plants, which have an ability to transporl air to the root system via arenchyma,
followed by diffusion of air oxygen into the rhizosphere, which would provide the
possibility for oil oxidation by oil-destructive bacteria

In addition to providing oxygen, plants can stimulate functioning of microbiota in the
rhizosphere via root exudates (Bais et al., 2006). In turn, bacteria can stimulate plant
development by producing various phytohormones and anti-stress substances
(Safronova et al., 2006), thus allowing plants to grow even in conditions of heavy oil
pollution. Moreover, bacteria can fix molecular nitrogen, mobilize hydrolysable
phosphates, and produce siderophores, which can also promote plant development.
Currently, however, the biodegradation agents possessing all the above functions
have not been produced. This makes the task of development and practical
implementation. of appropriate biodegradation agents extremely urgent, as is the
development of seed breeding of bog plants typical for the Taiga zone of ‘Western
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CONCLUSION

In Muzaffarnagar, Uttar Pradesh, the paper industry plays a significant role in the
local economy, providing employment and contributing to industrial growth.
However, like many industrial sectors, it also brings challenges related to
environmental impact, particularly concerning soil pollution. The chemical
remediation methods employed by the paper industry aim to manage and reduce
these 1impacts, yet they themselves can introduce complexities and risks to soil
health.

Throughout this exploration, we have delved into various aspects of chemical
remediation and its effects on soil in Muzaffarnagar. The paper industry utilizes
chemical processes that generate effluents containing pollutants such as organic
compounds, heavy metals, and other contaminants. These effluents, if not properly
managed, can lead to soil contamination through leaching and runoff, affecting
agricultural productivity and posing risks to human health and ecosystem integrity.
Chemical remediation techniques such as neutralization, precipitation, oxidation-
reduction reactions, and adsorption are commonly employed to treat industrial
effluents before discharge. These methods are designed to remove or reduce the
concentration of pollutants, thereby minimizing their impact on the environment. In
Muzaffarnagar, these practices are essential for compliance with environmental
regulations and for maintaining operational sustainability. However, the
cffectiveness of these remediation techniques can vary depending on several factors,
including the specific pollutants involved, the efficiency of treatment processes, and
the characteristics of the receiving environment. While they mitigate immediate
pollution risks, they can also introduce new challenges. For instance, the use of
chemicals in remediation processes may alter soil pH levels, leading to soil
acidification or alkalization. Additionally, the residual by-products of treatment
processes, if not managed properly, can themselves become sources of secondary
contamination.

Furthermore, the presence of heavy metals in industrial effluents poses a significant
concern. These metals, such as lead, cadmium, mercury, and chromium, are
persistent in the environment and can accumulate in soils over time. Their toxicity
can adversely affect soil microbial communities, plant growth, and ultimately,
human health through food chain contamination. Effective remediation strategies
must therefore focus not only on removing pollutants but also on preventing their
long-term impact on soil quality and ecosystem resilience.
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In Muzaffarnagar, the integration of sustainable practices and technological
advancements in chemical remediation is crucial for addressing these challenges.
Innovations such as bioremediation, which utilizes biological organisms to degrade
or immobilize pollutants, offer promising alternatives to conventional chemical
treatments. By harnessing the natural processes of microorganisms and plants,
bioremediation can enhance the efficiency of pollutant removal while minimizing
environmental disturbance.

Moreover, the monitoring and assessment of soil quality are fundamental aspects of
sustainable remediation practices. Regular soil testing and analysis provide insights
into the effectiveness of remediation efforts and the persistence of contaminants in
the environment. This data-driven approach enables stakeholders, including
regulatory bodies, industries, and local communities, to make informed decisions
regarding environmental management and policy development.

Community engagement and public awareness also play pivotal roles in promoting
responsible environmental stewardship. By fostering dialogue and collaboration
among stakeholders, including industry representatives, government agencies,
academia, and civil society organizations, it becomes possible to implement holistic
solutions that balance cconomic development with environmental protection.
Education initiatives aimed at raising awareness about soil health, pollution
prevention, and sustainable practices can empower individuals to contribute to
positive environmental outcomes.

Furthermore, regulatory frameworks and enforcement mechanisms are essential for
ensuring compliance with environmental standards and holding industries
accountable for their environmental footprint. Effective regulation promotes
transparency, accountability, and continuous improvement in industrial practices. It
encourages the adoption of cleaner production technologies and the implementation
of pollution prevention measures, thereby reducing the need for remediation and
minimizing environmental impacts. Looking forward, the future of chemical
remediation in Muzaffarnagar and similar industrial regions lies in innovation,
collaboration, and adaptive management. Embracing emerging technologies and
best practices will enhance the efficiency and cffectiveness of remediation efforts
while safeguarding soil health and ecosystem integrity. Integrating principles of
circular economy and resource efficiency can further minimize waste generation and
maximize the reuse of materials within industrial processes. |

In conclusion, the chemical remediation of the paper industry in Muzaffarnagar,
Uttar Pradesh, India, presents both challenges and opportunities for environmeptal
management. While remediation techniques are essential for mitigating polltion
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and ensuring regulatory compliance, they must be implemented with caution to

prevent unintended consequences such as soil contamination and ecosystem
disruption. Sustainable remediation practices, informed by scientific research,
technological innovation, and stakeholder engagement, offer pathways towards

achieving environmental sustainability and resilient communities. By fostering
collaboration among stakcholders and promoting responsible environmental
stewardship, we can collectively work towards a future where industrial
development coexists harmoniously with ecological preservation in Muzaffarnagar

and beyond.
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. :%T%BJECT« Proposal acceplance letier of a project with the partnership of our industry,
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| Er. Rajdeep Saharawat |

Basic Science Department
(Shri Ram College Muzaffarnagar)

i r;‘ =

PSR e

With reference 1o the proposed project scope that you have shared after a meeting held between us
on May, 10 2022 about a project you decided to deliver with the partnership of our industry named
“as “CHEMICAL REMEDIATION OF PAPER INDUSTRY AND EFFECT ON SOILY we
| mositively accept the proposal according to the term outline within. Kindly commence the work

" ~..pon the delivery of 1,05000/- as the settlement of advance payment as per the project terms and
condition , project should be initiate from 12/july2022 & completed up to 12/january2023 within
a time period of 6 months as per the terms and conditions discussed.

Thanks BN ‘
& \‘\ o -‘
| 3 Direc BINDLAS DUPLUX
. Pyt Lid, Muzaflarnagar

Co-ofdnator : ST Ram oot
‘ . WUzaffa Oliege
IQAC. Shri Nar College, ' affarnagar 0
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(Affiliated To CCS University, Meerut & Approved By NCTE) CIRCULAR ROAD, MUZAFFARNAGAR
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PROJECT PROPOSAL LETTER

DATE-9/JUNE/2022

SUBJECT- Proposal letter of a project in district Muzaffarnagar with the partnérship oi‘ymir

industry. -

Dircctor BINDAL DUPLEX
Py, Ltd. Muzaffarnagar

With reference to the proposed project scope that we have shared during z meeting held between
us on May, 10 2022 & a careful studying and considcration by my team visited in your industry, I
want to inform you about the innovative and affordable project we decided to deliver with the
partnership of your industry named 5s “CHEMICAL REMEDIATION OF PAPER
INDUSTRY AND EFFECT ON SOIL™ kindly accept the proposal according to the term outline

within. ;
Work will be commencing upon the delivery of 1,60000/- and the settle
and condilion looking forward. We assurc you that the project will be ina

will be completed in the time

ment of advance payment
as per the project term
clean manner and under the guidance principle investigator & surcly

period of 6 months as per the terms and conditions discusscd.
We are positively waiting for you response and willingly looking forward as a future partner.

e .
(2 o

Er. Rajdcep Saharawat
Basic Scichee Department
(Shri Ram College Muzaffarnagar)

Regards

Co-qtkinator

IQAC. Shri'Ram Coliege.,
Muzaffarnagar




statement of thc expenditure. to the off ce of the under51gned as ear ly as p0551ble

‘We wish all the verv best to the Shn Ram Colleoe and the Investloatms of the
research.
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| Date: 09-11-2022

To '
The Secretary IIA
Muzaffarnagar Chapter

Respected Sir

With reference to your letter dated 31, October 2022, it gives mﬁe immense pleasure
to informed you that Shri Ram ‘College will be grateful to jparticipate in social
contribution with |IA through the conduct of this research. We nominate
Dr. Ashfaq Ali & Dr M S Khan Associate Professor in the Deparftment of Commerce,

as the Principal Researcher for the research. |

Both is distinguished academician with extensive experience in teéching and research.
His expertise in research "Accounting, Finance, and Huméuj Resources aligns
perfectly with the objectives of this project. As the Principalﬁ Investigator & Co
Investigator, they will responsible for overseeing the project, énsuring adherence to
the proposed timeline and objectives, and contributing to the advancement of
knowledge in the field. You are also requested to discuss regarding project expenses
duration and total expected budget with him. ~

i

We extend our best wishes to him for the successful execution of this research

endeavour.

‘ Regards,

)

[\‘/ﬁ
e NP
| \L/;}/' e .
. (Dr I?rerna Mittal)
Principal, SRC

Co-orglhator ‘[t
IQAC. Shri Rem College,
Muzaffarnagar L Ch&irman
IQAC, ShriRam College,
Muzaffarnagar

Contact @ 9927028908, 9927011422
Website : www.srgcmzn.com E-Mail : src_mzn@rediffmail.com
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AN APEX BODY OF MICRO, SMALL & MEDIUM ENTERPRISES.

(IN THE SERVIBE E‘f MSEME SINCE 1985)

- Muzaffarnagar Chapter 159/A-8, 15, Prakash Market Lala Lajpat HatChuwk Muzaffarnagar-251001 (U.P) ;
Tel. : 01312623762 o Emall jia. mznchaptm@gmall com '

To,

31-10-2022
The Principal i’
i I

Shri Ram College, Muzaffarnagar

Respected Madam,

The ITA (Indian Industries Association) Muzaffamagar chapter isja local branch of the

national industrial organization. It is involved in various act1v1t1es including promoting :

industry and providing resources for busmesses in the Muzaffarnagar region. The IIA
Muzaffarnagar chapter also includes a'b'Qard of patro.ns’-,con_iprised of prominent industrialists

and ITA members. i.

In continuation of the varlous outreach act1v1tres IIA offermg the Shri Ram College,

Muzaffarnagar to conduct a mini research to assess the 1mpact of micro-finance on the

| :
development of the MSMES belongmg to the Muzaffarnagar reglon The findings of the

research may be beneﬁc:lal for the future planmno for the sustamable development of the
MSMEs, academicians and as well as for the society. IIA is also ready ’g‘o bear the expenditure

for conducting this research.

We are waiting for the positive response from your side. :

ITA, Muzaffarnagar Chapter

R
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tmpact of Microfinance on Devetopment of
Micro & Small Business Enterprsses in
Muzaffarnagar

' Dr Ashfaq Ali & Dr M S Khan
Associate Professor, Department of Commerce Shri Ram College, MZN

ABSTRACT
This paper will analyze the important role of microfinance in fosterlng business development in
small businesses. Microfinance in Muzaffarnagar, as a financial servrce aims at extending credit,
savings, and insurance to people without access to conventional banking; it is proving to be a very
powerful tool for entrepreneurship and economic empowerment.%~ This paper discusses the
transformational effect of microfinance on micro and small businesses with regard to resultant
opportunities and challenges. Accordingly, this paper aims at analyzing the role of microfinance as
|

regards its contribution towards propelling the growth and sustainability of micro and small
: i

enterprises. It reviews and analyzes the financial constraints from among such firms and shows

how microfinance helps raise a capital of an enterprise to begin, “!expand and invest in their
companies. It also researches on the role of MFls in delivering approprlately developed products

including microloans, and business training that addressed the respectrve specific needs of the
micro and small business owners. The paper also explores the extended impacts of microfinance
on micro and small business development. Thus, it moves on to examine how microfinance could
help trigger job generation, poverty reduction, and economic growth through its benefits of income
generation and entrenchment of local economies. On the social and empowerment effects of
microfinance, the social paper engages in discussions around frnancral inclusion expansion,

mprovement of livelihoods, and enhancement of gender equality. HOV\/é;ever, this paper addresses

challenges and limitations of microfinance in micro and small business dévelopment The issues are
1

on high interest rates, constrained access for capital to specific sectors and lack of efficient skills
in the management of business by entrepreneurs. Strategies suggested in overCO/ng the

microfinance would include enhanorng financial hteracy among ergﬂﬁ"epﬁedqeurs

7hallenges

Ca-Orthe: " w/. n College,
strengthejtjtn the capacrtles of MFIs, and encouraglng collaborative serv ‘Zesraf)etwsen
mrcroﬁnaneé"pro(nders and relevant stakeholders. In 2 nutshell, this paper concludes that
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microfinance actually acts as a bridge in helping micro and smalf—scale businesses to sustain
< . i‘.

growth and development of Muzaffarnagar. It provides access to financial resources and further
entrepreneurial activites as a critical determinant of opportuniﬁes, poverty reduction, and
eventually economic empowerment. Thus, the outcome of this p:;;per continues to emphasize
support and innovation of microfinance for maximum impact in the development of micro and small
businesses.

Keywords: microfinance, micro and small businesses, entrepreneurship, economic empowerment,

financial inclusion, microfinance institutions.

INTRODUCTION |
|

A. Background and Context of Micro and Small Businesses .1
Micro and small businesses constitute a significant segment of eé:onomies worldwide. These
enterprises are often characterized by their limited size, local opereétions, and diverse range of
activities. They play a crucial role in generating employment, fosteringﬁ innovation, and contributing
to local economic growth. In many developing economies, micro and small businesses serve as the
backbone of the informal sector, offering essential goods and services %o communities.

B. Importance of Micro and Small Businesses in Economic Develoﬁment

The vitality of micro and small businesses in driving economic development cannot be overstated.
These enterprises contribute to GDP growth, enhance income distribu;r:ion, and promote grassroots

entrepreneurship. Furthermore, they facilitate regional development by reducing regional disparities

- |
and encouraging rural-urban migration. In addition to economic benefits, micro and small businesses

often reflect the cultural and social fabric of their communities, erhbodying local values and

traditions.

C. Introduction to Microfinance and Its Significance

| J
Microfinance, a financial service catering to the financial needs of Iow—income. individuals and

mlcroenter_prsh ‘fg?g. emerged as a potent instrument for fostering |n¢lusnve ec@hpmdmgrowth It
m Coi am(

i IQL W CSI l: '?’: ] \J\} 1Ty
%ncotﬁp&ss@ks"‘» mab§l|€9f financial products, such as mlcroloansly savmgg;,_&a@cglggtﬁ and

Jhar

}'mcromsurance tailored to the unique circumstances of marglnallzed. populations. Microfinance
\



institutions (MFls), non- governmental organizations (NGOs), and cdmmunity—based initiatives are

at the forefront of delivering these services to the underserved.

D. Research Objectives and Questions
Against this backdrop, in this paper seeks to explore the role of nﬁicroﬁnance in promoting the

l

development and growth of micro and small businesses in Muzaffamagar The research aims to

address the following questions: !’

|
1. How does microfinance facilitate access to capital and financial | lserwces for micro and small
businesses in Muzaffarnagar? v
2.To what extent does microfinance contribute to the expansionﬁ and sustainability of these
enterprises? |
3. What are the socio-economic implications of microfinance-driven business development,

particularly in terms of job creation ana poverty reduction?

|
By delving into these questions, this paper aims to shed light on the ihtrica‘te relationship between

microfinance and the empowerment of micro and small businesses, %thereby offering insights for

policymakers, practitioners, and researchers alike. !

LITERATURE REVIEW

A. Definition and Characteristics of Micro and Small

Businesses

Micro and small businesses hold g vital place in economies, particularly in developing countries,

due to their potential for employment generation, local economic jevelopme{t//}yd poverty

reduction (Arun, 2018). These enterprises are often defined by factors such as hmlted capital small

114 W, & ul'l ’“’r“m CO”ege;
NO[FfPLCé q 7 é@ket focus, and varying degrees of informality (Mead & Liedholi, (A99nagar
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B. Theoretical Frameworks for Understanding Microfinance Impaét

1. Financial Inclusion Theories

Financial inclusion theories emphasize the importance of providing access to financial services to
marginalized populations, including micro and small businesses. Thié access is seen as a means

to enhance economic opportunities and reduce inequalities (Beck et al 2007).

[i

2. Agency Theory and Borrower-Lender Relationship

Agency theory highlights the dynamic between borrowers and lenders, emphasizing the role of
|

information asymmetry and moral hazard. Microfinance transactions ‘are shaped by the borrower's
|

need for capital and the lender's concern for repayment (Armendariz & Morduch, 2010).
i‘

3. Social Capital and Community Development L
|
Social capital theories emphasize the role of social networks and relationships in economic

development. Microfinance institutions often leverage social ties wit\pin communities to facilitate

credit access and promote entrepreneurial activities (Saxton et al., 201?).

C. Historical Development of Microfinance and lts Evolution

The origins of modern microfinance can be traced back to the pioneering work of Muhammad Yunus
and the Grameen Bank in Bangladesh in the 1970s. Yunus's innovative approach of providing
small loans to impoverished individuals without collateral challenged conventional banking norms

(Yunus, 2003).

D. Microfinance Models and Institutions

1. Grameen Bank Model

L
The Grameen Bank model, characterized by group-based lending and social collateral,ﬂ'has/inspired

numerous microfinance initiatives globally. It aims to empower borrowers through seffs ielp groups

L ' i ibili 1G4C. 8hef Ram College,
nd foster a'g; ollective responsibility (Khandker, 1998). Muzaffarnagar
\QAC. ShriRam College, : B '
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2 Village Savings and Loan Associations (VSLASs)
VSLAs operate on a communal savings and lending model, relying on regular contributions from

members. These associations offer a simple yet effective mechanism for pooling resources and

providing‘acoess to credit (Dichter & Harper, 2007).

3. Non-governmental Organizations (NGOs) and Microfinance Institutions (MFIs)

NGOs and MFIs have emerged as key players in microfinance delivery. Their diverse approaches,
: !ﬂ

ranging from subsidized credit to sustainable lending, cater to the financial needs of micro and

small businesses (Armendariz & Labie, 201 1).

E. Empirical Studies on the Impact of Microfinance on Small Business Growth

Numerous empirical studies have explored the impact of microfinar{'jce on business growth. For
instance, a study by Karlan and Valdivia (2011) in Peru found that access to microloans led to

increased business investments and higher revenues among small entrepreneurs.

f

F.Criticisms and Challenges of Microfinance in Small Business Development

1. Over-indebtedness and Repayment Challenges

i
Over-indebtedness among borrowers, often due to multiple loans from different sources, has raised

concerns about repayment capacity (Bateman & Chang, 2012). Borrov!\/ers may face challenges in

H#

managing multiple debts, impacting their business sustainability.

2. Interest Rates and Sustainability
High interest rates charged by some microfinance institutions have sparked debates about their

impact on borrowers' financial viability (Morduch, 1999). Balancing financial sustainability with

|

affordable credit remains a critical challenge.
|

| va/
3.Gender D rities in Access to Microfinance , . 'd’rma”
Co- | ator !Df Ii ~am \/Q”E‘O@
Gen(ﬂ@r&&@séﬂt éfpéréiéftmyaccess to microfinance, with women often favlng barriers }’a iAied
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mokility, social norms, and biases (Duflo, 2012). Efforts to address these disparities are essential
for promoting equitable business development.
METHODOLOGY :
This research utilizes a secondary data analysis approach to investig%te the role of microfinance in
micro and small business development. Secondary data refers to p?refexisting data collected by
other researchers or organizations for purposes other than the curren’ﬁ study. The data used in this
research is derived from reputable sources, such as academic arti(;les, reports, and databases,
which provide valuable insights into the subject matter. The secondail’"y data analysis approach is
chosen for its cost-effectiveness, efficiency, and the ability to leverage existing data to answer
research questions.
Study Area: Muzaffarnagar diétrict, Uttar Pradesh. ' |
Sample Size: Approximately 200 MSEs across various sectors. ’
Insights for Muzaffarnagar Context |
» Micro Loan: A strong positive correlation (r = 0.789) with ente!;rprise growth suggests that

access to micro loans significantly enhances business expansion

i

« Micro Savings: Also positively correlated (r=0.756), indicating},‘ that savings programs help

build financial resilience among MSEs.

e Micro Insurance: While the correlation is slightly lower (r = 0.67y0), it still plays a vital role in
mitigating risks and ensuring business continuity. |

» Demographics: A significant proportion of MSE owners are male (65%), aged between 41—

50 years (40%), and have less than 2 years of businesé experience (80%). This

|
demographic profile may influence the types of microfinance ser\{ices needed.

A. Data Collection

* Jfairman

= « . % ALY i B Calls
1.Source Selection: The selection of appropriate sources is paramount to ensuke"*‘fhew'q@ghﬁ}%h@"59
- riuzatfarnagar

reliabiﬂty?JCb Waadata. Reputable academic databases, research institutions, and government
'AC, Shri Rem Coliege 1;
agencié&Jméfélﬁﬁa'%ﬁ;ma?y’sources of data for this study.
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2. Data Identification: Relevant datasets, reports, and scholarly'artic;es focusing on microfinance's
impact on micro and small business development are identified jthrough systematic keyword

searches and review of academic literature. ‘

B. Data Evaluation and Selection , !“

1. Inclusion Criteria: Only studies that provide comprehensive insights into the role of microfinance

in micro and small business development are included. Studies must have a clear focus on
:

empirical analysis, methodology, and findings related to the research 6bjectives.

i
!

I
2.Exclusion Criteria: Studies lacking empirical data, those with insufficient methodological details,

|

and those not directly aligned with the research questions are excludei&l.

li
;;‘
C. Data Extraction and Processing - h

i;

i

1.Data Extraction: Pertinent information, such as research methodo?logy, sample characteristics,
|

key findings, and statistical analyses, is extracted from the selected sources.

2.Data Synthesis: Extracted data is organized and synthesizec{ to address the research
objectives. Themes related to microfinance impact, challenges, and dutcomes in micro and small

business development are identified.

D. Data Analysis
|

1. Content Analysis: The synthesized data is subjected to content e?nalysis to identify recurring

patterns, trends, and thematic insights related to the research questioné.

2. Quantitative Analysis: Where applicable, quantitative data from the selected sources are

aggregated and analyzed to generate quantitative insights into the impact of microfinance) on micro

: _ ‘ /
and small businegs development. L _(,\.@\aiurman
IQAC, Shri College, T SHE Ram College,
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MICROFINANCE IMPACT ON MICRO AND SMALL BUSINESS DEVT:ELOPMENT

!

A. Financial Inclusion and Access to Capital i

Numerous studies demonstrate that microfinance has significantly ennanced financial inclusion for
micro and small businesses (Gonzalez et al., 2019; Ledgerwood, 2018). Access to microloans,
sav’ings accounts, and insurance products has enabled entrepreneurs to overcome capital
constraints and invest in their businesses. .This increased access toi capital has led to improved

business stability and the ébility to exploit growth opportunities.

B. Entrepreneurial Skills Development and Training

Microfinance institutions often offer targeted training programs to enhance the entrepreneurial skills
of borrowers (Sinha & Ghosh, 2020). These programs cover various aspects of business
management, market_ing, and financial literacy. The acquisition of tl:nese skills has empowered

entrepreneurs to make informed decisions, optimize resource utilization, and adapt to changing

market dynamics.

C. Business Growth and Expansion

Empirical evidence suggests a positive correlation between microfinance utilization and business

L

growth (Karlan & Valdivia, 2011). Microfinance borrowers frequently lexperience higher revenue
|

generation, increased production capacities, and expanded product lines. The provision of timely

i
and affordable credit has allowed these businesses to invest in ‘machinery, inventory, and

marketing, thereby fostering growth.
!
D. Job Creation and Poverty Reduction :
Micro and small businesses supported by microfinance initiatives have contributed significantly to
job creation and poverty reduction (Banerjee et al.,, 2015). As businesees expand, they hire more

employees from the local community, thereby contributing to employment generation. This, in turn,

aids poverty reduction by increasing household income and improving living standards. /
; U/
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Microfinance interventions have demonstrated the potential to stirﬁulate social and community
development (Hossain, 2007). By empowering individuals to estéblish and grow businesses,
microfinance indirectly enhances social capital within communitiesf. Borrowers often engage in
collaborative initiatives, share resources, and support local de\‘{elopment projects, thereby

contributing to a sense of community cohesion. ‘»

F.Case Studies lllustrating Successful Microfinance-Driven Business Development

1
-

Several notable case studies underscore the transformative impact ﬁ)f microfinance on micro and
small busi}ness development. For instance, the Grameen Bank's rjnodel of group lending has
empowered women entrepreneurs in rural Bangladesh, resulting in ihcreased incomes, improved
living conditions, and the creation of a thriving local economy (Yuﬁus, 2003). Similarly, Village
‘Savings and Loan Associations (VSLASs) in sub-Saharan Africa have %acilitated cooperative efforts
among community members, leading to the growth of various micrc}enterprises and agricultural

ventures (Dichter & Harper, 2007). |

1
Variable Mean Standard Deviation ! Interpretation
Micro Loan 3.07 0.85 High level
Micro Savings 3.15 0.83 High level
| |
Micro Insurance 3.32 0.93 Very high level
N ;
Enterprise Growth 3.27 0.74 \ Very high level
|

it

- | -
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IQAC, ShriRam College. | :
Muzaffarnagar
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: Table 1: Descriptive Statistics of Microfinance Variables
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* Construct Micro Loan | Micro Savings | Micro lnsurénce Enterprise Growth
Micro Loan 1 - 0.676** 0.754** ; 0.789**
Micro Savings 0.676** 1 0.416** l‘ - 0.756*
Micro Insurance 0.754** 0.416™ 1 ) 0.670**
|
Enterprise Growth 0.789* 0.756** 0.670** | 1

Table 2: Correlation Matrix of Microfinance Constructs and Enterprise Growth

*Note: *Correlation is significant at the 0.01 level (2-tailed).

Source: Adapted from a study on Pune's MSEs

!.

Model Summary V:glue
R 0.863
R (Adjusted) 0.743
F-Statistic 303.592
p-value 0.000
Table 3: Regression Analysis Summary f‘
Demographic Variable Frequency | Percentage
Gender
- Male 205 \ 65%
- Female 110 ‘ 35%
Age Group | L~
| A
- 21-30 years 32 10%= ol oale Colleas
Co-\ fnator . IQAC, Shri Ran Colleg:
RIAC Shmrga C\/-";-:j'w
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Demographic Variable Frequency | | Percentage
B - 31-40 years 95 ; 30%
- 41-50 years 125 1 40%
- Above 50 years 63 20%
Education Level :
- Higher Secondary 296 94%
- Graduation 18 ;‘ 6%
- Master's Degree 1 0.003%
-PhD 0 '_ 0%
Experience in Business T
- <2 years ‘ 252 | 80%
- 2-4 years 44 14%
- 4-6 years 12 { 4%
- >6 years ' 7 [ 2%

Table 4: Demographic Profile of MSE Owners
Source: Adapted from a study on Pune's MSEs.

CONCLUSION

A. Summary of Key Findings

The analysis of existing literature on microfinance and its impact oni micro and small business

i

development has revealed a range of significant insights. Microfihance plays a crucial role in

’ promoting financial inclusion and providing access to capital for entrepr:eneurs. It contributes to the
:
development of entrepreneurial skills and fosters business growth, I;eading to job creation and

poverty reduction. Additionally, microfinance initiatives have demonst_rai%ed the potential to enhance

social capital within communities. Case studies highlight the successfui integration of microfinance

4 ; -/

in various regions, showcasing its transformative effects on businesses and Iivelihood's;/
: { - Cpalrman

B. Revisitingiigisearch Objectives and Questions i fedw. 33, r[; Ram College,

This stuq\w@mpﬁsfﬁgﬁy addressed the research objectives by examining the multifaceted impact of



=!
microfinance on micro and small business development. The role Ff microfinance in providing
financial resources, enhancing skills, and fostering growth has been exfplored comprehensively. The
empirical evidence and theoretical insights presented contribute to a n;uanced understanding of the
intricate relationship between microfinance and busine_ss developmentj;,j

C. Contributions to the Understanding of Microfinance Impact on Small Business

Development

|
!

This paper has contributed to the literature by synthesizing and analyzmg existing research to prowde
a holistic view of microfinance's impact on micro and small busmeES development. The paper
highlights the multi-dimensional advantages of microfinance, emphe‘zsizing its potential to drive

economic growth, reduce poverty, and enhance community development. By identifying challenges

and opportunities this study oﬁ'ers practical insights for policymakers, 'p;ractitioners, and researchers
interested in harnessing the potential of ‘microﬁnance for sustainable blijsiness development.

D. Future Research Directions [

While this'paper has shed light on-various aspects of microfinancie and its impact on small
business development, several avenues for future research remain. open. Future studies could
delve deeper into the specific mechanisms through which microfinance; influences different types of
businesses, industries, and geographical contexts. Furthermore, reseaffch could focus on exploring
innovative approaches to addressing the challenges associated with microfinance, such as over-

indebtedness and gender disparities. Comparative analyses of varic')u]'s microfinance modeis and

their effectiveness in diverse settings could also contribute to a more nuanced understanding of this

field. | |

In conclusion, the findings presented in this paper underscore the substéntial role of microfinance in

empowering micro and small businesses, thereby making notablefncontributions to economic
development and poverty reduction. With ongoing research and policy isupport, microfinance holds
the potential to continue fostering sustainable business growth ana community well-being in
various parts of the world. k

RECOMMENDATIONS FOR MUZAFFARNAGAR MSES '1 W/
. TaL@re ] HH Fial Products: Develop microfinance products‘ that cater tdf\"the
\, Sh“ ‘ U‘ nrl o
Oneagl_s,a@‘f:xMSE@ in Muzaffarnagar, considering factors like busn]]ess type srz@ faﬁjﬂcﬁwner

,.J

vx

pao ifige,




¢ ‘demographics. ‘
i

< 2. Financial Literacy Programs: Implement training sessions to enhance the financial literacy
of MSE owners, enabling them to make informed decisions regarding loans, savings, and

insurance. 3

3. Risk Mitigation Strategies: Promote micro insurance scheme:‘é to help MSEs manage risks

associated with unforeseen events. :1

4. Gender Inclusivity: Encourage female entrepreneurship by pr‘ioviding targeted support and

resources, addressing the gender disparity observed in the curr;ent demographic data.

i
t
It
i
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1. Title of Project: “Impact of Micro Finance on Developihg Micro and Small
55

|
|

Business Enterprises in Muzaffarnagar”
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Micro Finance on Developing Micro and Small Businelss Enterprises in
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Muzaffarnagar” is done by Dr. Ashfaq Ali, Principal lnvestlgator & Dr. M S
Khan, Co-investigator, during the academic year 2022- 2023 This project has
not previously formed on the basis for the award any sdegree, diploma,

associateship or similar other titles and that is an independent work done
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investigators.

I wish him every success in life.

Dr. Prerna Mittal)
' Principal, SRC
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Request Letter

! Date 6-10-2022

To,
The Director
IIMT, Saharanpur

Respected Sir,

With due respect and honour it is to state that as you know |this era is an era of
modernization. We have to meet up with the existing standard and for, that reason personality
is must to professionally develop our students for better placements and to meet the

[1

mdustrles demand. i

We wish to collaborate with you in organizing a Course of 30 Hours (?O days) on Personality

Development. We assure you that expert in this area will guide our studentq in such a way
that will surely develop their personality. The contents of the course are enclosed for your
1etelence
Thank you. ’
With Regards
\\ ’l %
j Principal
Shri Ram College,
Muzaffarnagar
"y
irman
. Co-ordator Igac. sh
' Ram Colle
IQAC., Shri m Coliege, Y i ge,
uzaffarn
Muzaffarnagar agar

Contact @ 9927028908, 9927011422
Website : www.srgcmzn.com E-Mail : src_mzn@rediffmail.com




Institute of Mana%ment & Technology

Counsent Letter

Date 8-10-2022
To,

The Principal _

Shri Ram College, Muzaffarnagar

Subject: Consent regarding conduction of personality development course

Respected Sir, :

We feel privileged to associate with you for conduction of a Personahty Development
Course for the students. Thank you for the conference schedule and the information packet
that you sent me.

Dr.. Subhash Yadav, Associate Professor and expert in this field will be¢ available as resource
person for this program. Please share with us the schedule dates of the course.

| Thankyou
With Regards

q\lﬁ yd

| Dlrectow
Indraprastha Institute of Management & Technology
District Saharanpur

Co-olhnator
I0AC. sy am Colle

Muzaffdf’nagar

3i‘r'"nnﬂ

HQAC, Shri Ran Colisg
MN. ffarnagar

ege,
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Shri Ram College, Muzaffarnagar

Notice

Date 10-10- 2022
All the students of Shri Ram College are hereby informed that Dep artment of Commerce is

organizing 30 Hours (30 Days) value added course on “Perso‘hahty Development” in

collaboration with Indraprastha Institute of Management & Technologfy, District Saharanpur on
Personahty Development”. Interested students may give their name to the coordinator on or
before 17 Oct. 2022 through their Head of Department. It is further informed that seats are

limited to 50 and will be allotted on first come first serve basis. The cdntent of course and other

information is displayed on notice board of the IQAC. For any query st udents may contact to the

IQAC office of the college.

e

Course Coordinator : Coofdinator, IQAC
Department of Commerce -Shri Ram College, Muzaffarnagar
Copy to: |

Principal, Shri Ram College, Muzaffarnagar

HOD, Department of Business Administration

HOD. Department of Journalism and Mass Communication
HOD, Department of Computer Application

HOD, Department of Basic Science

HOD, Department of Physical Education

HOD, Department of Agriculture I Ch%fﬁa n

HOD, Department of Bio-Science Q q C Sh! I Ra,n COHG .
HOD, Department of Technical Education - Mu Zaffar hagar .

HOD, Department of Fine arts
C O-@D ator

IQAC. ShriRam College,
Muzaffarnagar : . !




A
VALUE ADDED COURSE
ON \
PERSONALITY DEVELOPMENT

Code: BB2204PB
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“Success is a Journey and it is not the destination. Disappointm(l.-nfs, Rejections,
Unsuccessful attempts and Criticisms dre not failures to the Successfull people. Failures are
the Part of success. Winners use failures as stepping stones to success. This is the only

difference between people who win and people who don’t:

(Session 2022-23)
Organized by

Department of Commerce
Shri Ram College, Muzaffarnagar

In collaboration with Indraprastha Institute of Management & ’\l’echnology, Distt

Saharanpur

Chgirman
QAC. Stifi Ram College,

Co.g jnator Muzaffarnagar

iQAC. Shri Ram College,
Muzaffarnagar




Value Added Course Value Added Course
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on . on
Personality Development Personality Development
Registration Form |
Student's Name: ....................................
Father's Name: ...
Mother's Name: ...........coccooovovmivoimvoeeeeeeeoeeoe
e e e
AATESS ..ot e,
MODIIE NO: ..o,
BB scressionsiomess s ssmsnmmrmmsmmseessss seremmessonsissss Ees ea iRt
Muzaffarnagar
in Co with
Indraprastha Institute of
Date: weceeerrerassseeeneeee Student's Signature @%@ﬁgggm@ 1t and ’?g@%@ﬁ@ﬁ@gg

District Saharanpur
| ‘
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IQAC. Shri Ram College, : . 10AC. Shri Ram College,
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shiri Ram College, Muzaffarnagar

SRC is a part of Shri Ram Group of Colleges, which
the culmination of the dream of one man who had the vision
reform destiny, an eminent educationalist Dr. S.C.

Kulshreshtha. He formed 'Shri Ram Charitable Trust, with an
aim of promoting quality education at an affordable fee. SRGC

one of the leading educational institute of West UP of India.

>RGC has more than 13000 students with great brilliance,
cademic vigor and competitive spirit. SRGC caters to the
nowledge and skill set as per the industry needs and in tune with
time. In this regard college has collaborated with the leading

ernational Institute MIT (US) and ITB, Ireland.

SRGC has built up the world class learning resources

hich consists of the focused learning space in the form of
cture halls, series of computer centers, digital centralized
ibrary, laboratories, residential accommodation in campus for
oys and girls, sports facilities, cafeteria, canteen and Wi-Fi
ampus with 24x7 Internet facilities. SRGC is running 5 distinct
ampuses at Muzaffamagar. SRGC institutions have brilliance
nd believe in igniting minds, making Independent and learned
tellectuals. SRGC has been acclaimed and honored at

various events and occasions with numerous awards which

speak volumes about the brilliance thatis taught at SRGC.

Course Description

only

Personality development plays an essential role not

in an individual’s professional but also personal life. It

makes an individual disciplined and an asset for the

organization. Personality development teaches you to respect

~~

no

only your teachers, boss and fellow workers but also family

members, friends, neighbours, relatives and so on. With this

course you can literally stop wondering about why you or

someone you know behaves a particular way. By the time you

complete this course, you will know how you can develop your

own

personality.

Co-Drdator
IQAC. Shri Ram College,
Muzaffarnagar

Contents of a;@ug{;se

!
> Introduction tcL Personality Development

The concept of i)ersonality _

Dimensions of lersonality

Significance of
The concept o
What is succes

bersonality development

F success and failure
37

Hurdles in achieving success

Overcoming hu

dles

Factors responsible for success

What is failure

Causes of failure. SWOT analysis.

Attitude

Concept, Signifi

i .
cance

i
[

i
Factors affecting attitudes

Positive attitude-— Advantages

Negative attitud

e- Disadvantages

I
Ways to develop positive attitude

Motivation

Concept of moti
Internal and ext
Importance of s
Factors leading

Duration of Course -

30 Hours

Number of Seats -

50

Eligibility -

i

vation, Significance
arnal motives
2lf-motivation

to de-motivation

The students will have to fill the registration form and

come, first serve basis. |

submit it to the departme‘nt. The criteria of the selection will be first
| ‘

g
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- |QAC. SherRam College,
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Course Contents

> Introduction to Personality Development

The concept of personality _
Dimensions of personality
Significance of personality development

» The concept of success and failure

What is success? - Hurdles in achieving success - Overcoming hurdles -

success —
What is failure - Causes of failure. SWOT analysis.

> Attitude

Concept - Significance - Factors affecting attitudes —

Positive attitude — Advantages

Negative attitude- Disadvantages

Ways to develop positive attitude

Diﬁerenées between personalities having positive and negative attitude
>  Motivation
» Concept of motivation - Sign'ificance — Internal and external motive

motivation- Factors leading to de-motivation

Total Duration of the course: 30 Hours (30 Days)

Co-Oyudihator
[QAC. Shri am College,
Muzaffarnagar

¢ Hours

s Hours

Factors responsible for

8 Hours

8 Hours

i
S - Importance of self-

Chzéman
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Certificate of C

This is to certify that Mr. /Ms. ‘
S/D/O | AT Student .of this
college successfully completed a 30 hours Value Added Course on
Personality Development organized by the Department of Commerce,
Shri Ram College, Muzaffarnagar in collobration with illW' Saharanpur

- From 18 of October, 2022 to 24 of !\!ovember 2022.

We wish him/her the best of success in his/her future endeavors.

(Dr. M. S. Khan) (Dr. Saurabh Mittal) | (Dr. Prerna' Mittal)
Course Cocgfo‘h atpr Head, Department of Commerce PrincipaCpairman
I0AC, s, y mator . ‘ IQAC, Shri Ram Collage,

MdZa barn S?OHeg . | : : : Muzaf farnagar




In Collaboration with Indraprastha Institute of Manage

Shri Ram College, Muzaffar#agar

Internal Quality Assurance Céd
List of Enrolled students 2022-23

Value Added Course On Personality Developm

h1ent & Technology

|

ent

L

S.No. Students Name Father's Name ! Course
1 YASHTI VERMA Mr SOMPAL SINGH B.COM m1
2 MOHD SHAKIB Mr YASEEN ,; - B.COM I
3 MOHD JAVED Mr SHAMEEM ‘ B.COM 11
4 VISHAL SINGH Mr KUNWAR PAL B.COM Il
5 RITIKA PAL Mr ANIL PAL . | B.COM It
6 MOHD SALMAN Mr MOHD ISLAM B.COM Il
7 ARYAN Mr AJAY PAL B.COM 11
8 SANSKAR VERMA Mr RAKESH VERMA B.COM 1T
9 AASHISH DAGAR Mr JUGMENDRA B.COM I
10 MOHD AHATASHAM Mr MEHRAZ ALI B.COM 11
11 ADIL Mr UMARIAN - B.coM I
12 VISHANK Mr YOGENDRA B.COM 11
13 MERUL KHAIWAL Mr AJAY KHAIWAL B.COM 11
14 UDIT KUMAR Mr OMPAL B.COM I
15 MOHD SHAHROOKH Mr JAMIL B.COM I
16 SHAILI CHAUDHARY Mr SHEESH PAL SINGH B.COM I
17 ANUJ RATHI Mr MUKESH RATHI B.COM 11
18 TUSHAR Mr VIJAY PARTAP B.coM 11
19 TANIYA TYAGI Mr RATKUMAR TYAGI B.COM III
20 MOHD SAHIL Mr MOHD JAVED B.COM 11
21 ANKUSH Mr DEVENDRA B.COM III
77 ASHU Mr SANJAY KUMAR B.COM III
23 ANJALI GIRI Mr SUNIL GIRT B.COM 11
24 GAUTAM KUMAR SAH Mr SIKINDRA SAH BCA I
_ BRAHMDEV CHOURASHIA Mr HARI KRISHNA CHOURASHIA BCA 11
26 AJEET KUMAR Mr HARISHCHANDRA SHAH BCAIII
5 MOHD SUHEL Mr VARISH AHMAD ‘ BCA 11
28 JITENDRA KUMAR Mr ANIL CHAURASIYA H BCA III
29  JMITHUN KUMAR Mr RANGIL SINGH A III
Co-oraygator | CUhafrman
IQAC. Shri REm College, | IQAC. Shri Ram College,

Muzaffarnagar

i

|

b

Muzaffarnagar



Course Coordinator

Co-qrginator

IQAC. Shri\Ram College,

Muzaffarnagar

30 HARSH RAJPUT Mr ANIL KUMAR | BCA TII
31 SANJEEV KUMAR MEHTA Mr DILEEP KUMAR MEHTA f BCA III
37 RUPALI KUMARI | |Mr ASHOK KUMAR PRASAD | | " BCATI
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SHRI RAM COLLEGE, MUZAFFAR NAGAR
VALUE ADDED COURSE ON PERSONALITY DEVELOPMENT

ATTENDAN CE SHEET (SESSION 2022- -23)
Time: 02:30 PM To 3:30 PM
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SHRI RAM COLLEGE, MUZAFFAR NAGAR

VALUE ADDED COURSE ON PERSONALITY DEVELOPMENT
ATTENDANCE SHEET (SESSION 2022-23)

Time: 02:30 PM To 3:30 PM

Muzaffarnagar
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SHRIRAM COLLEGE, MUZAFFAR NAGAR
VALUE ADDED COURSE ON PERSONALITY DEVELOPMENT

ATTENDANCE SHEET (SESSION 2022~23)
' . Time: 02:30 PM To 3:30 PM
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SHRI RAM COLLEGE, MUZAFFAR NAGAR
VALUE ADDED COURSE ON PERSONALITY DEVELOPMENT

ATTENDANCE SHEET (SESSION 2022-23) .
' Time: 02:30 PM To 3:30 PM
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SHRI RAM COLLEGE, MUZAFFAR NAGAR
VALUE ADDED COURSE ON PERSONALITY DEVELOPMENT
ATTENDANCE SHEET (SESSION 2022-23)

Time: 02:30 PM To 3:30 PM
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SHRI RAM COLLEGE, MUZAFFAR NAGAR

VALUE ADDED COURSE ON PERSONALITY DEVELOPMENT
ATTENDANCE SHEET (SESSION 2022-23)

Time: 02:30 PM To 3:30 PM

Sr. Lecture-11 | Lecture-12 Lecture-13 Lecture-14| Lecture-15| Lecture-16 Lecture-17 | Lecture-18 | Lecture-19 Lecture-20
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SHRI RAM COLLEGE, MUZAFFAR NAGAR
VALUE ADDED COURSE ON PERSONALITY DEVELOPMENT

ATTENDANCE SHEET (SESSION 2022-23)
= ' Time: 02:30 PM To 3:30 PM .
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SHRI RAM COLLEGE, MUZAFFAR NAGAR

ATTENDANCE SHEET (SESSION 2022-23)

VALUE ADDED COURSE ON PERSONALITY DEVELOPMENT

Time: 02:30 PM To 3:30 PM
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SHRI RAM COLLEGE, MUZAFFAR NAGAR
YVALUE ADDED COURSE ON PERSONALITY DEVELOPMENT
ATTENDANCE SHEET (SESSION 2022-23)

' . Time: 02:30 PM To 3:30 PM

Sr. “ Lecture-21{ Lecture-22 Lecture-23 | Lecture-24 Lecture-25| Lecture-26 Lecture-27 Lecture-28( Lecture-29 | Lecture-30
Student Name Class
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47 |MONIT KUMAR BIMCII | ponid | Mokt Mo | Mohd Mobit | Mohit | o Pohit | Pehi | Mohi}
48 |TANUJA KUMARI BIMCTI e |“Tantjor Tawja Ty Ty | Tanvja Tanyja T | Tanvda | Tanugon
49 |ant | BMcIm | v | AvD fw | A [P | | B T oo A | Any
50 [NIRAJKUMAR RAM [ BIMCII | vy |A) X 1\)53@ N | A W | Niwg Nivyg Miyad N | Nisgg
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Shri Ram College, Muzaffi‘rnagar

Internal Quality Assurance
Oral Test for Certificate Distribution-2022-23

Cell

Value Added Course On Personality Devel(npnient

In Collaboration with Indraprastha Institute of Mandgement & Technology
S.Ne. Students Name Father's Name Course Grade
1 YASHTI VERMA Mr SOMPAL SINGH B.COM Il At
5 MOHD SHAKIB Mr YASEEN /B.COM IiI 23
3 MOHD JAVED Mr SHAMEEM B.COM IIT pt
4 VISHAL SINGH Mr KUNWAR PAL j{:B.COM i1 A
£ RITIKA PAL Mr ANIL PAL B.COM I Q"B’
6 MOHD SALMAN Mr MOHD ISLAM B.COM 11 i
7 ARYAN Mr AJAY PAL B.COM III A
8 SANSKAR VERMA Mr RAKESH VERMA B.COM III Ry
9 AASHISH DAGAR Mr JUGMENDRA B.COM Il A
10  [MOHD AHATASHAM Mr MEHRAZ ALI B.COM III P2
11 |ADIL Mr UMARJAN 3.COM III A
12 VISHANK Mr YOGENDRA "B.COM Il At
13 MERUL KHAIWAL, Mr AJAY KHATWAL B.COM III I8
14  |UDITKUMAR Mr OMPAL B.COM III @%’
15  [MOHD SHAHROOKH  |MrJAMIL B.COM IT At
16  |SHATLICHAUDHARY  |MrSHEESH PAL SINGH T;B.COM i A
17  |ANUJRATHI Mr MUKESH RATHI B.COM III 1
18 |TUSHAR Mr VIJAY PARTAP B.COM III nt
19 |TANIYA TYAGI Mr RATKUMAR TYAGI B.COM III AR
20  |MOHD SAHIL Mr MOHD JAVED B.COM Il At
21 |ANKUSH Mr DEVENDRA B.COM III R
220 |asHU Mr SANJAY KUMAR B.COM Il pt
23 |ANJALIGIRI Mr SUNIL GIRI 'B.COM I 2
24  |GAUTAMKUMAR SAH  |Mr SIKINDRA SAH BCA III A
A EWSE}\I’I i Mr HARI KRISHNA CHOURASHIA BCA III 5:% 4
26  |AJEETKUMAR Mr HARISHCHANDRA SHAH BCA III !
27  |MOHD SUHEL Mr VARISH AHMAD BCA III @7‘%
55 gﬂiﬁi@;ﬂm Mr ANIL CHAURASIYA "BCAIII A
-Qrdinator )
\QAC.CSOh}\%gm SR, Sebiman

Muzaffarnagar

i

IQAC, Shri Ram College,
. Muzaffarnagar




29 MITHUN KUMAR Mr RANGIL SINGH BCA I B%
30 HARSH RAIPUT Mr ANIL KUMAR BCAIII i

31 SANJEEV KUMAR MEHTA |Mr DILEEP KUMAR MEHTA BCAIII R

32 RUPALI KUMARI Mr ASHOK KUMAR PRASAD “BCAIII £

33 ANISH KUMAR Mr MITHILESH KUMAR BCA III A i
34 DHIRAJ KUMAR Mr RAJENDRA DAS BCA III 3

35 BIPIN KUMAR Mr YOGENDRA MAHTO BCA III {
36 SRINATH KUMAR Mr PASHUPATI MANDAL BCA III 0

37 ROSHAN KUMAR Mr JITENDRA SINGH _ | BCA T At
38 SACHIN PUNDIR Mr NARENDRA SINGH " BCATI )

39 SHUBHAM SHARMA Mr SHIV SHANKAR KUMAR BCA III At
40 ANANT TYAGI Mr PRADUMAN TYAGI  BCATH 0

a1 RITTIK KUMAR Mr DEVI SINGH BCATI py
42 |ANKUR KUMAR Mr MOHAR SINGH BCA Il A
43 KAREENA Mr JARNAIL SINGH BCA III N+
a4 HARIOM SHARMA Mr RAVINDER KUMAR SHARMA BCA III 2
45 AYUSH GOYAL Mr VINAY KUMAR GOYAL BCA III 5%%3’
46 MOHANTI Mr DESHBANDHU BCAII A
47 MOHIT KUMAR Mr SUSHIL KUMAR BIMC III At
48 TANUJA KUMARI Mr ASHOK KUMAR GUPTA jBJMC 11 R
49  |ANU Mr PRATAP SAINI - BIMC Il Y
50 NIRAJ KUMAR RAM Mr RAMAKABAL RAM BIMC 111 0
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Shri Ram College, Muzaffarn
Internal Quality Assurance Ceil

Certificate Distribution Sheet 2022-23

Value Added Course On Personality Development

&
i
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In Collaboration with Indraprastha Institute of Management & Technology

S.No. Students Name Father's Name Course Signature
1  |YASHTI VERMA Mr SOMPAL SINGH B.COMII Y @A/\h
2 - |MOHD SHAKIB Mr YASEEN B.COM|II nak b
3 |MOHDJAVED Mr SHAMEEM B.COM|II LA\%\X
4  |VISHAL SINGH Mr KUNWAR PAL B.COM [T R/ia
5 |RITIKA PAL Mr ANIL PAL B.COM [II ( Q\@Q
6  |MOHDSALMAN Mr MOHD ISLAM BCOMIT |4
7  |ARYAN Mr AJAY PAL B.COM
8  |SANSKAR VERMA Mr RAKESH VERMA B.COM hI % PR
9  |AASHISH DAGAR Mr JUGMENDRA BCOMMM | A/,
10 |MOHD AHATASHAM Mr MEHRAZ ALI B.COM [ AR
11 jabn Mr UMARIAN BCOMI | A v, 4
12 |VISHANK Mr YOGENDRA B.COM Il ( })a«mf
13 |MERUL KHAIWAL Mr AJAY KHATWAL B.COMI |( M Dp
14  |UDIT KUMAR Mr OMPAL B.COM III
15 |MOHD SHAHROOKH Mr JAMIL B.COM IIT
16 |SHAILI CHAUDHARY Mr SHEESH PAL SINGH B.COM HI
17  |ANUIRATHI Mr MUKESH RATHI B.COMII | N\
18 |TUSHAR Mr VIJAY PARTAP BcoMll |} 9
19  |TANIYA TYAGI Mr RAJKUMAR TYAGI B.COM I Hﬁ
20 |MOHD SAHIL Mr MOHD JAVED B.COM 2.k AN
21 |ANKUSH Mr DEVENDRA BCoMI | A,
| 22 |ASHU Mr SANJAY KUMAR B.COM Ih A &}% a
23 |ANJALI GIRI Mr SUNIL GIRI B.COM III Anial;
24 GAUTAM KUMAR SAH Mr SIKINDRA SAH BCA Ili 6/ " y
75  |BRAHMDEV CHOURASHIA  [Mr HARI KRISHNA CHOURASHIA BCA III‘ @
26  |AJEET KUMAR Mr HARISHCHANDRA SHAH BCA I /C% ) @E,
27 ;4:;1:; }s:;}fsM . Mr VARISH AHMAD BCA HI e p;_;;,,\,_:;%,__
28 |cHaurAsIYA Mr ANIL CHAURASIYA BCA I I j g Am—
o g@)am\’ :
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“zaliai 130 1gac, ShriRam C0 £%
Muzaﬂa\’ nagar




79  [MITHUN KUMAR Mr RANGIL SINGH BCA il }@(

30 |HARSH RAJPUT Mr ANIL KUMAR BCA III /f@jff;i

31 |SANJEEVKUMAR MEHTA  [Mr DILEEP KUMAR MEHTA . BCAIN | Cg;);w’
39 [RUPALIKUMART Mr ASHOK KUMAR PRASAD BCA I . (R _
33 |ANISHKUMAR |Mr MITHILESH KUMAR BCA Il | /Qnég/i
34 |DHIRATKUMAR Mr RATENDRA DAS BCA I:ﬂ | EN,
35 |BIPIN KUMAR Mr YOGENDRA MAHTO BCA 11 | (ﬁ@f/
36 |SRINATHKUMAR Mr PASHUPATI MANDAL BCA III ot~
37 |ROSHAN KUMAR Mr JITENDRA SINGH | BCATI {]?&gﬁ":f
33 [SACHINPUNDIR ~ |MrNARENDRASNGH |  BCAII -

39 |SHUBHAM SHARMA Mr SHIV SHANKAR KUMAR BCA Il AX

40 - |ANANT TYAGI Mr PRADUMAN TYAGI  BCAII Drort-
41 [|RITTIK KUMAR Mr DEVI SINGH BCA I]I Rtk
42 |ANKUR KUMAR Mr MOHAR SINGH BCA III -\
43  |KAREENA Mr JARNAIL SINGH ks BCA Kereora
44 HARIOM SHARMA Mr RAVINDER KUMAR SHARMA BCA HnI MO..N\ 040
45 |AYUSH GOYAL Mr VINAY KUMAR GOYAL  BCAII | A‘j’ﬂé)f)
46  |MOHANTI Mr DESHBANDHU BCAT | )

47  |MOHIT KUMAR Mr SUSHIL KUMAR | BIMC-II /*’?:Olewiﬁ%
48  |TANUJA KUMART Mr ASHOK KUMAR GUPTA BIMC Iﬁ TaJA
49 |ANU Mr PRATAP SAINI .~ BIMCII - Aw
50 |NIRATKUMAR RAM Mr RAMAKABAL RAM BIMC 1[I N) Yo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>