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ABSTRACT

Objective: The information on the presence of toxic heavy metals in pharmaceutical starting materials and finished product is very crucial from the
viewpoint of human life and its hazardous impact on the worldwide environment. The present work deals with the detailed quantification of the toxic
heavy metals, namely, V, Co, Ni, Cd, Hg, Pb, and As, present in colic acid using quadrupole inductively coupled plasma mass spectrometry (Q-ICPMS)
with prior microwave-assisted digestion. Moreover, the preliminary characterization of commercially available cholic acid by FT-IR, NMR (1H and
13C), SEM-EDAX has also been carried out.

Methods: Cholic acid of synthesis grade, Nitric acid (65%) AR. grade, ethylene diamine tetra acetic acid sodium salt AR grade, and certified reference
metal stock standard solutions (1000 mg/L) of multiple elements prepared in 2-3% HNO3 of analytical grade were purchased from Merck (Darmstadt,
Germany). All the samples were treated with nitric acid and microwave-assisted digestion. For the accurate determination of the elemental amount,
variousdigested and p dil were tested. The linearity, accuracy, precision, limit of detection (LOD),andlimit of quantification
(LoQ) ofche analytical technique were evaluated in accordance with the United States Pharmacopoeia 233 standard.

Resultsand : The Q-ICPMS-based analytical method was validated for specificity, LOD, LOQ, linearity, accuracy, precision, and uncertainty.
The estimated detection limits of the toxic heavy metals in cholic acid were in the range 2-180 ug/L. The quantification limits were in the range of
1.5-60 pg/L. Mean recoverieststandard deviations at different spiking levels were in the range 75.3+2.1-104.9+8.5%. The coefficients of variation
were in the range of 0.5-8.1%.

Conclusion: The precision of the analytical method, in terms of relative standard deviation, was below 1.95%. The uncertainty in the quantification
of all the validated elements was found to be <1.70% for Sample 1.

Keywords: Cholic acid, Metal impurities, Heavy metals, Quadrupole inductively coupled plasma mass spectrometry, Analytical method development
and validation, Microwave acid digestion.
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INTRODUCTION agencies have set the permitted levels of heavy metals in medication,
which are consistently monitored using limit tests. These tests confirm
that no inorganic impurities are introduced into the medications during
any of the manufacturing phases. The USP, the British pharmacopeia,
the European p peia, and the Jap: phar peia are all
jointly monitoring the total metal impurity contents in pharmaceutical
products. However, the procedures adopted are non-specific,
i ive, and time-c i needing i in accuracy
excepting the few new legislations namely USP 232 and 233. Thus, very
sensitive and selective procedures are urgently needed for determining
trace toxic heavy metals in pharmaceutical compounds, not only to
meet the demanding regulatory criteria but also to ensure the safety
and efficacy of medi ded for human [13].

Cholic acid is a primary bile acid. Bile acids are biological compounds
belonging to the steroidal family generated in humans (liver) and the
majority of animals [1,2]. Lipid-rich diet may be the source of the
accumulation of toxic elements, such as Zn, Cu, Cd, Mn, and Ni in the
liver, that produces bile acids. As a result of the accumulation of toxic
heavy metals in the liver, the enzymatic activity is inhibited and the
metabolic pathways are altered. Moreover, the presence of such toxic
heavy metals increases the risk of tumor formation [3].

Monitoring and quantification of the presence of toxic heavy metals
in the liver or the byproducts of the liver like those of bile acids is a
necessity from a health perspective. Though a web of science search
with the keywords, namely, cholic acid and toxic heavy metals shows
four results, none of them match with either the objective or the
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outcome of the present study. The aim of this work is to have the
complete information on the amount of toxic heavy metals present
in cholic acid-containing drugs which are consumed by humans in
everyday life and to ensure whether it is under the permissible limit set
by the United States Pharmacopeia (USP) 233 standard.

Harmful effects of the presence of toxic heavy metals, such as vanadium
(V). nickel (Ni), cadmium (Cd), mercury (Hg), lead (Pb), and arsenic
(As) in water, food, drugs, and environment are well known and
mankind is no stranger to bearing the heat of such contaminants and
this needs no elab introdt [4-12]. Phan I regulatory

(Q-ICP-MS), the energy source, namely, plasma is advantageous over
other energy sources, such as flame ionization, because it allows
ionization to occur in a chemically inert environment, preventing oxide
formation and the ionization is more complete. Q-ICP-MS analysis
of toxic heavy metals is superior to other methods such as atomic
absorption spectrometry, X-ray fluorescence spectrometry, and ICP
optical emission spectrometry owing to exceptionally low detection
limits for alarge range of el Some can be

to the billionth of a trillionth of a trillion [14]. Many researchers have
previously applied this sophisticated analytical technique of Q-ICP-MS
for bioanalytic purposes successfully [15-17].
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In additon to QICP-MS of the toic heavy metals in cholic acid, for
comparison, 1CP-OES analysis was carried out. Moreover, cholic acid
commercial sample was ematically characterized using.
SEM-EDAX to know the purity of the sample Fg, 1

“The goal of this study is thus to develop 3 fast, effective, simple, and
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preparation
Weighed accurately about 100 mg of chalic ackd

commercial sampie
into a 15 mL calfbrated plastic tube. e 3 it of (6590 N0 o,
into 3000 mL. volumetric sk containing 1000 miL of deionized water

mixed well and diluted up 1o the mark with water, and shaken weil
Added 3 mL of concentrated nitric acid to the sample in the sample
AR

METHODS

Materials and solutions
Cholic ackd of synthesis grade used in the study Is procured from
Suvidhinath aboratories. Nitric acid (65%). ethylene diamine tetra
acetic acid sodium salt AR grade. and certfled reference metal
stock standard solutions (1000 mg/L) of V, Ca, N, C4. Hg, Pb, and
As prepared in 2-3% HNO, of analytical grade were purchased from
Merck (Darmstade, ) Delonized water was prepared using
a MillQ plus water purification system from Milipore (Bedford.

centrifuge tubes.
20% v/v HNO, mrymu rade reagn for 4 b followed by rnsing
EBlement

€010 mL mark with water:

Microwave digestion
There are open and closed vessel 3pprosches t microwave assisted
digestion. A closed vessel method s appropriate for a majarity of
pharmaceutical applications. Digestion was performed using Mth
3010-00L 570 75 mamabced by Pcalimer 16 pokion wk

microwave digestion system. Weighed accurately 0.2 § -...l.
ot 10 mL vohumetrc sy and aed K with 7.0 L Con.

transferred into 10 mL vohmetric flask and made up with purified

inTable S1.

‘Standard stock solutions for calibration

iyt mbof

1CH Q3D,Standard 1 (containing 15 ppm of Arsenc (A5).5 o
of Lead (Pb) and Cadumium (Cd), 30 ppam of Mercury (Hg). S0 ppm of
Cobalt (Co). 100 ppm of Vanadium (V). 200 pprm of Nickel (N) and

other elements Le., 150 ppm each of Selenium (5¢) and Silver
(Ag) and 8 ppm of Thallium (T1) muli standard were procured from
Sigma-Adrich.

200 ppen of Nickel (N1). S ppen of Cadmium (Cd). 30

(Hg). 5 ppom of Lead (Pb) and 15 ppem of Arsenic (As) (Table 52). The
standard stock solutions were then difuted to 20 mL with 2% ntric
add Then

levels of standards for calibraticn (Table 1)

Bemex Weight% Atomic% Netlw. Emor% Kmo Z R A F

cK 4 $321 148 3 060 1o 1 0% 1
MK 040 021 233 2% 000 0 104 06 1
(3 047 015 1996 L2 000 O0® 108 104 1

Fig, 1: SEM-EDAX analysis of chollc acid (commercial sample)
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e of Make up
name (%) stock solution (mL) ‘volume (mL) ) " ™ o s e
L0Q(30) 03 50 E3 15 3 15 %0 15 s
05 50 50 2 1 25 15 25 75
80 o8 50 8 160 40 2% 40 12
100 10 50 100 50 50 30 50 15
120 12 50 120 3 20 60 36 60 18
200 20 50 200 100 10 @ 10
T0Q Lt of quamification

Spiked sample

Weighed accurately about 100 mg of sample nto 15 m calbrated
plastic tube. The amount of standard stock solution 2 to be added s
in Table 2. Added 3 mL of conc. HNO,

become clear and al the fumes of nitric acid ceased t evolve
from the sample tube, the digestion was made up to the mark with
deionized water

o digest with intemitent shaking, A sample digestion when the
sample

Instrumentation

Iy g Wecols 110 K13 The gty of by i
-n,vummu;m

preparation (%)
LOQ (30%) 03
100% 10
150% 15
10 Uik of guaiicmion
RESULTS AND DISCUSSION

internal standard for the detection of toxic heavy metals
s, select

qupped with  Cll Collson Reaction Cll APID . with 3 quarcs
spray chamber. gass concentric nebulizer. online internal standard
(1STD) addition k.

accuracy and precision ofthe results.

s and
makeup gas should be adjusted to ensure the stabilty of the plasma.
QUICP-MS was allowed to stabilize for 1 h and the performance was

the

po
control software, and A tune B solution. the quadrupole fon deflector
Voltages were optimized stepwise (o find the sectings that maximi

Method validation
In analytical chemistry, method validation is one of the technical
aspects of the overall quality assurance scheme. Selectivity
and specificity are determined by the ele

ssible potential interferences. It s always about

of14.Co. I Ba G Bl and U, sampling depth argon fw rae. collson

i.qﬂ-ﬂn-i:lnrhumkdvhmmuunau

Criteria for validating the analytical method
For method validation. several criteria such as linear dynamic ran
ethod insrty. sy, prncin, kit of deecion (100) n-nu
of quintifiction (LOQ). 3nd measurement
Mﬂmmdhm«m!uqiﬂl}qulﬁ

The extnt o which theapprosch may be emplered to determine
the specific analytes in mixtures or matrices without interferency
from othe componentsthat behave similry [18]. The ukmmy
ofthe

achelement o oo 8 g, Pb, a0d "As A validation
Soady was conducted 10 determing and prove the method's

approach.

Ca NLCd Hg PdandAs.
15 known a5 the LOD.
QUICPMS analysis determines whether 3n analyte & above or below 3 certain threshold
Six replicate readings of range with
for each mass per 2 ypical
method of tion followed by rinsing with 2%

HNO, was done for 60 5. For running the instrument in KED mode,
434 mL min-1 of He gas was used.

Charactertzation of Cholic acid
Fourier transform infrared spectra o the samples were recorded at

room temperature on a Perkin Eimer, USA (Model:
Spectrum GX).The due 10 i was measured. the dsorbent

330
1o0-32 ®

‘where, o is standard deviation
$1s slope dertved from the calfbration curve

‘The estimated LODs were found to be 0.01, 0.01, 0.18, 0.002, 0.02,
0.02, and 0.10 ug/L for V, Co, N1 Cd. Hg. Pd. and As. respectively.

he minimum practical concentrations of tested elements i the
mayua ;.-,m ik G be darmined whh scopiile

range of 400-4000 car”. *H and
2 Bruker

{coa solver

of the samples was carried out on Philips, Netherlands Model ESEM
and

2015 wa/i for Ca The estmted LODS were found 5 gty
$18,6002 042,602 nd 410 /L o ¥.Ca ML CA B P mnd

The minimum practical concentrations of tested
lements in he antysed samples, which can be determined with
‘acceptable accuracy, were performed by analyzing 3 replicates at
30 pg/L for V. at 15 ug/L. for Co, at 60 g/l for Ni. at 15 pg/L for.
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‘Table 1: Dilution of standards for calibration

Solution o Make
name (%) stock solution (mL) volume (mL) 5 ~ - = . % =
L0Q (30) 03 50 30 15 @ 15 %0 15 g
50 05 50 50 2 100 25 15 75
80 08 50 % o 40 B 40 12
100 10 50 100 50 0 50 30 50 15
120 12 50 [EI "] 20 60 36 a0 18
200 20 50 200 100 0 10 © 10

TOQ Limit of quamificaion

Spiked sample solution
‘Weighed accurately about 100 mg of sample Into 15 mL calibrated
plastic tube. The amount of standard stock sclution 2 to be added s
specified i Table 2. Added 3 L. of

2 dgrt it it shking, AR e dgrsion whe e
all the fumes of niri

from the sample priv the digestion was made up to the mark with

delonized wat

Instrumentation

by Aglen Tcoologies 5110 ICPMS The quatty o hewy el

RESULTS AND DISCUSSION
Internal standard for the detection of toxic heavy metals

g coMLOL T md e

equlped with Q el Collsion Reaction Cll RAPD s, wth 3 quarts
spray chamber, ghass tric nebulizer, online internal standard

accuracy and precision of the results

s and
makeup gas should be adjusted to ensure the stability of the plasma.
QICP-MS was allowed to stabiize for 1 h and the performance was
optimized based on radio frequency powes, 3uto tune function in the
control software, and A tune B solution, the quadrupole ion deflector
voltages were optmized -pmumbdlk!mb’lhxm

Method validation
In analytical chemistry. method validation is one of the technical

Sopica’ ot il v iy [ e st ety
28 spctcky are dowrmined by the dement cheaen 114 e

ofU.Co.In B Ce B ad U sampling depth,argan lw e, collson

e KD mode e syt . N C g,

Crteria for validating the analytical method
For method validation, several crtera such 3 lne range.
. pecision, kit of lm S e

method linearsy.
of quintification (LOQ). and measurement
investigated and evaluated. mmu...mmcuqmunuus

e povemal erereces 813 s sbo
he enent o which the pprosch ey b empleyed 10 deermine
the specific amalytes (n mixtures or matrices without interferen
from other components that behave similarly (18], The u\-«mry
ofthe

exchelement. 1 "o L 204 =g 70 0 "As A vilidation

€ NLCA Hg Pd and As.

QICHMS analysis
Six repiicate readings of 30 sweeps over the analyte mass range with
a dwel time of 40 s for each mass per sweep were used n a ypical
mechod of analyss. Sample aspiration folowed by rinsing with 2%
HNO, was done for 60 5. For running the instrumens n KED mode,
434 L min-1 ofHe gas was used.

ion of Cholic acid
Nt o faed pacy o the ssmpes wre recueded
ature on a Perkin Eimer. USA.

spectrometer; (Model:
Specirum C), The background due s ws easured th adsorbent

tudy was conducted to determine and prove the method's
approach.

5 known as the LOD.
determines whether an analyte is above or below 2 certain threshold

from the calbration function using Equation (1) 19}

100332 0]
where, o sandard
St slope derived from th calibation curve

The ecimated LOGS wars omd t be AL 001, .38, 0002, 42
0,02, nd 0.10 wg/L for V, Co, M. Cd. Hg, Pd. respective
gt bbbty e e oo d

analyzed samples, which can be determined with acceptable

range of 400-4000 ca”. *H and
 Bruker Model: mummmmmnl»«mﬁ-mm
[coc)
nppm weh reapect o te THS el efrence. SE34 SOAX nay

the samples was carried out on Phillps, Netherlands Modek: ESEM

the field electron source was scanned at a resolution of 2 nm.

accuracy. for V.
at 15 ug/L for Co. The estimated LODs were found to be 001, 001,
430,006,002, 042, md 10 /L o Y. O . CA H, P smd

e minimum practical concentrations of tested
elements fn the andyzed sample. which can be determined with
acceptable accuracy, were performed by analyzing 3 replcates at
30 ug/L for V. at 15 ug/L for Co, at 60 ug/L for N, at 15 ug/L for
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CA&.2t9.0 ug/L for Hy, 3t 1.5 ug/L for Pb, and at 45 ug/L for As. The
results were reported in Table 4

Estimated 10Q

The lowest concetration of an anayte in 3 sample that can be

St Speatees oo s = L) T o
10.
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Method lincarity

‘The Hoearity of a test process i s ability (within  certain range) to
deliver results that are direct jomal to the concentration of
analyte in the sample, according to the CPMP guidelines (21). If the

than 0.995, the quantification result will be accurate a5 analytical
n-wwllkhnur over certain o cocemmionrangs The method

b030,15,60,15,90, x_\-utsuml-rvummu',nmln
respectively. The results are reported in Table 4 [20].

‘Table 3: Typical Q-ICP-MS instrument parameters for the
analytical

method
Parameter Setting
R power (W) 1600
R matchi 180
Sumplog deps () 45
s (Lmin) 102

ey Gmberteuperows(Q 2
Kbt g et e o ) o
Emnzel 13.(9) “100
Einzel 2 (V)
Gell ntrance (V) ,
Cell exit (V) -42
Plate blas (V) 43

P biss e
OctP RF (V) 190
OatPbias (V) 70

concentraions ofrelervace standards.

Linearty of the callraion curves

The dynamic inear range was found to be linea from 30 o 150 ug/L
for ™, 15-75 ug/L for Co, 60- for “NL 1575 pg/L for
5, 9-45 ug/L for Mg and 15-12.5 P and 45-225 /L for "As
(P 1) for Sample 1.

Method lineartty

at.0,30, 50, 100, 150, 200, and 250 ug/L for ™, 0, 15, 25, 50, 75, 100,
125ug/Lfor "Co, 0,60, 100, 200,300, 400,500 ug/L for *NLO, 1.5, 25,5,
7510125 /L e VG 0.915.30.45.60 T or g 1d
30,375 ug/Lfor MAs.
lnhlu.'mmlmv 301640 L4 418 md 45 g e
V.G L 1CA, % He, P, and "As (Pl 2) for Sample-1

Method accuracy
In the contet of an syl mehod, sccrdog (o (CH guidlioes.
accuracy “Is sometimes termed as trueness” The trueness of an
analytical procedure reflects the closeness of agreement

Sample-

Element V3% Maximum permissible imits (4g/L)
Standard deviation (D) LOD (/L) LOQ(ue/L) Mean concentrationsSD Egypian  EU wio

v o016 30 3092032 103 -

@ 0003981 0005803 15 1521029 1

N 003359 01795 60 598131 219 20 20 m

o 000393 15 161007 7 3 H 3

W 0004465 w271 90 974035 361 1 1 6

" o. 002066 15 152001 os1 10 10 10

A 0008723 009737 45 472032 68610 10 10

L0Q: Limit o quantification, LOD, Lt of deection.

a o s

e () Co (1.

me /1)
),

(0 Pb (0.15-1.2:
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Table $4. Precision test of toxic heavy metals (V, Co, Ni, Cd, Hg, Pd, As) from Q-ICP-MS analysis.
Sample sample wt. (g) Conc (ppb) cps Int.Std.cps  cps ratio Calculation based on cps ratio Calculation based on cps.
Result  Mean Result (ppm) SD %RSD Result Mean Result (ppm) SD  %RSD
(ppm) (ppm)
1) Precision in the quantification of V.
As such-1 0.1019 J 8484257686 1355290.6 0.062601022 0.07 0.07 0003 456 0.27 027 0002 0.61
As such-2 0.1019 o 8712667839 1371981.5 0.063504266 0.08 0.28
As such-3 0.1019 I 8581870966 1361540.6 0.063030592 0.07 0.27
100% spiked-1 0.1018 10 3262920367 1406230 2320331928 9.44 8.967 0285 317 8.70 827 0286 3.45
100% spiked-2  0.1022 10 3114073807 1387849.2 2243812805 8.96 838
100% spiked-3  0.1016 10 309670006  1404991.6 220407016 8.97 8.28
100% spiked-4  0.1025 10 302586433  1410965.1 2.144535205 8.68 7.99
100% spiked-5  0.1031 10 3040183.287 1420922.6 2.139584019 8.67 7.92
100% spiked-6  0.1008 10 311091256 1405752 221298818 9.08 838
2) Precision in the quantification of Co
As such-1 0.1019 J 362059626  1355290.6 0.002671454 -0.02 -0.02 0001 -333 0.08 0.08 0001 0.71
As such-2 0.1019 0 3930.673464 13719815 0.002864961 -0.02 0.08
As such-3 0.1019 J 3440551401 13615406 0.002526955 -0.02 0.08
100% spiked-1 0.1018 5 1664934.767 1406230 1.183970451 4.58 4.498 0097 215 4.23 415 0.106 2.56
100% spiked-2  0.1022 5 1674632317 13878492 1.206638529 4.59 429
100% spiked-3  0.1016 5 1661582263 1404991.6 1.182627899 4.58 423
100% spiked-4  0.1025 5 160759159  1410965.1 1.139356027 4.39 4.04
100% spiked-5  0.1031 5 1647933.727 1420922.6 115976319 447 4.09
100% spiked-6  0.1008 5 1578386.173 1405752 1.122805568 4.38 4.05 g
3) Precision in the quantification of Ni g
Assuch-1 0.1019 J 2368041713 1355290.6 0.017472575 0.13 0.13 0003 261 0.54 054 0003 048 a
As such-2 0.1019 J 241011056 13719815 0.01756664 0.13 0.54 3
As such-3 0.1019 4 2425145472 1361540.6 0.017811775 0.13 0.54 =
100% spiked-1 0.1018 20 1765044.143 1406230 1.255160353 20.36 19.504 0471 242 18.74 1798 0474 264
100% spiked-2  0.1022 20 1691073.777 1387849.2 1.218485248 19.42 18.13
100% spiked-3  0.1016 20 1696093257 1404991.6 120719103 19.60 18.07
100% spiked-4  0.1025 20 1658666.853 1410965.1 1175554841 18.99 17.45 B
100% spiked-5  0.1031 20 1685167.79  1420922.6 1.185967336 19.19 17.50 i
100% spiked-6  0.1008 20 1671783.257 1405752 11892448 19.47 17.95 -
4) Precision in the quantification of Cd 3
Assuch-1 0.1019 0 130.1355718  1355290.6 9.60204E-05 -0.01 -0.01 0000 -523 0.00 0.00 0.000 2479 g
As such-2 0.1019 0 140.1459446 13719815 0.000102149 -0.01 0.00 3
As such-3 0.1019 J 100.1037279 1361540.6 7.35224E-05 -0.01 0.00 2
100% spiked-1 0.1018 0.5 2362792 1406230 0.016802315 0.53 0.516 0011 220 0.48 047 0013 2.74 3
100% spiked-2  0.1022 0.5 2353111 1387849.2 0.016955091 0.52 0.49 5
100% spiked-3  0.1016 0.5 2326361333 14049916 0.016557831 0.52 0.48
100% spiked-4  0.1025 0.5 2280577333 1410965.1 0.016163244 0.50 0.46 §
100% spiked-5  0.1031 0.5 2272555667 1420922.6 0.015993522 0.50 0.45 a
100% spiked-6  0.1008 05 233305 1405752 0.016596455 0.52 0.48 >
5) Precision in the quantification of Hg 5
Assuch-1 0.1019 4 6361783352 102671235  0.000619627 0.27 0.27 0007 257 0.20 0.19 0007 398 :
Assuch-2 0.1019 [ 608158011 101943058  0.000596566 0.26 0.19 N
As such-3 0.1019 0 6051.66617 10336583 0.000585461 0.26 0.18 §
(Contd...) Y
g
¥ §
o S
Table S4. (Continued)
Sample Sample wt. (g) Conc (ppb) cps Int. Std. cps  cps ratio Calculation based on cps ratio Calculation based on cps
Result  Mean Result (ppm) SD %RSD Result Mean Result (ppm) SD  %RSD
(ppm) (ppm)
100% spiked-1 0.1018 3 7476646 112268467  0.006659614 3.03 3.037 0058 192 279 278 0068 2.46
100% spiked-2  0.1022 3 7596635333 112349826 0.006761591 3.06 2.83
100% spiked-3  0.1016 3 75393.62333 112984473  0.006672919 3.06 2.81
100% spiked-4  0.1025 3 76167.69667 114833874  0.00663286 3.06 276
100% spiked-5  0.1031 3 7321523 114461109  0.006396516 293 2.65
100% spiked-6  0.1008 3 7562492667 113250186  0.006677687 3.09 2.83
6) Precision in the quantification of Pb
Assuch-1 0.1019 I 193738.0744 102671235 0.018869752 0.69 0.69 0006 081 071 070 0011 150 =
As such-2 0.1019 [ 193948.3042 101943058 0.019025161 0.69 0.71 g
As such-3 0.1019 4 191196.1575 10336583 0.018497037 0.68 0.69 g
100% spiked-1 0.1018 0.5 3290149 112268467  0.029306083 119 1.195 0022 181 111 111 0022 195 a
100% spiked-2  0.1022 0.5 326491.8567 112349826  0.02906029 117 110 Y
100% spiked-3  0.1016 0.5 332611.2967 112984473  0.029438673 1.20 112 *
100% spiked-4  0.1025 0.5 333765.2767 114833874  0.029065054 119 110
100% spiked-5  0.1031 0.5 332678.45 114461109  0.029064759 118 109
100% spiked-6  0.1008 05 339113.0467 113250186  0.029943708 123 115
7) Precision in the quantification of As B
As such-1 0.1019 J 1811229 1355290.6 0.013364138 0.42 0.42 0011 262 0.43 042 0013 3.00 E
As such-2 0.1019 o 1733115 1371981.5 0.012632204 0.40 0.40 =3
As such-3 0.1019 I 180623 1361540.6 0.013266075 0.42 0.42 3
100% spiked-1 0.1018 15 9435808 1406230 0.067100033 232 2.130 0.104 487 212 195 0098 5.02 §
100% spiked-2  0.1022 15 8727244 13878492 0.06288323 2.14 198
100% spiked-3  0.1016 15 8281521 1404991.6 0.058943562 2.04 1.87 2
100% spiked-4  0.1025 15 87187.7 1410965.1 0.061792953 213 1.94 ;
100% spiked-5  0.1031 15 84163.11 1420922.6 0.059231312 2.04 1.85 2
100% spiked-6  0.1008 15 84734 1405752 0.060276635 2.10 1.93 E
=
2
g
~
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1. Poster Presentation: International Seminar on “Advanced Materials and Applications”
Meetkumar Thakar, Pankaj Sharma’; held on (18" July, 2022); Organized by Applied
Physics Department and Applied Chemistry Department, Faculty of Technology and
Engineering, M.S.University of Baroda and Luminescence Society of India. (Regd. No:

GUJ/1156).
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2. Participated: International E- Conference on Recent Advances in Chemical, Physical

and Biological Science (RACPBS-2021) on 29™-30™  June 2021organized by

Department of Chemistry, Nabira Mahavidyalaya, Katol and Association of Chemistry
Teachers (ACT), C/o Homi Bhabha Centre for Science Education (TIFR) Mumbai.
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3. Poster Presentation: National Conference on “Modern Evolution in Material &

Chemical Sciences (MEMCS-23)”

Meetkumar Thakar, Pankaj Sharma*; held on (6th and 7™ January, 2023); Organized
by Parul University, Vadodara.

AR & University

PARUL VERS

CERTIFICATE

OF APPRECIATION

National Conference on

MEMCS-23

Modern Evolution In Material &
Chemical Sciences

This is presented to

Meed kumar...K.... Thekar

from....M.5.....Cdnisers i-l—tf,

has presented a Poster (Ph.D Category) in the National Conference on
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held at Parul university during 6th and 7th of January, 2023.
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4. Participated: National Level Online Workshop on “Virtual Chemistry Learning for
Higher Education”

Held on (18-01-2021 to 19-01-2021); jointly organized by Department of Chemistry,
School of physical Sciences, & Pandit Madan Mohan Malaviya National Mission on
Teachers and Teaching and School of Education, Central University of Kerala,

Kasaragod, Kerala.

National Level Online Workshop
on
Virtual Chemistry learning for Higher 7
Education
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has participated in National Level Online Workshop

on Virtual Chemistry learning for Higher Education
jointly organized by Department of Chemistry, School of Physical Sciences, & Pandit Madan
Mohan Malaviya National Mission on Teachers and Teaching (PMMMNMTT),
School of Education, Central University of Kerala (CUK), Kasaragod 671320, Kerala
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Head, Department of Chemistry, Department of Chemistry, School of Education, Department of Chemistry,
SPS, Central University of Kerala SPS, Central University of Kerala Central University of Kerala Central University of Kerala
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5. Poster Presentation: National Conclave on “ Promotion of Millets (Shree Anna) for
Sustainable Agriculture and Nutritional Security Towards Global Prosperity : Key

Challenges and Future Prospects”

Meetkumar Thakar, Pankaj Sharma ; organized by Sardarkrushinagar Dantiwada
Agricultural University in collaboration with Gujarat Society of Genetics and Plant
Breeding (GSGPB) & Deendayal Research Institute (DRI) held at Sardarkrushinagar
Dantiwada Agricultural University (Gujarat) during (30" October- 1** November,2023).
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during 30" October-1* November, 2023.
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1. Indian Pattern Published: On “Method for Determination of Toxic Metals in Cholic
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Pankaj Sharma, Thakar Meetkumar, Vaishali Suthar, Sheth Jateen, Indra Neel
Pulidindi; Issue No: 32/2023, Application No: 202321038908 A, Publication Date:
11/08/2023.
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(19) INDIA
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(57) Abstract :

ABSTRACT METHOD FOR DETERMINATION OF TOXIC METALS IN CHOLIC ACID ANALYTE The present invention is related to a highly
simple, quick, easy, cost effective, and reliable, method for detection of toxic heavy metals in cholic acid analyte samples. The method comprises
microwave assisted digestion of the analytical sample followed by sample preparation in conjunction with Q-ICP-MS for accurate determination of
mentioned toxic heavy metals impurities in oral medicinal products, or cholic acid containing samples in a single test.
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