L SHIMADZU

Analysis of Organochlorine Pesticides (OCPs) present in Ayurvedic Churnas using Multi Dimensional Gas Chromatograph Mass Spectrometer (MDGC/GCMS)

Aarti Bujone'”’, Deepti Ranadive'”, Ajit Datar'’, Jitendra Kelkar'”, Zhan Zhaoqi*”
(1) Shimadzu Analytical (India) Pvt. Ltd., 1 A/B Rushabh Chambers, Makwana Road, Marol, Andheri (E), Mumbai-400059, Maharashtra, India.
(2) Shimadzu (Asia Pacific) Pte. Ltd, 79 Science Park Drive, #02-01/08, Cintech IV, Singapore Science Park |, Singapore 118264, Singapore.

‘2‘

1: Introduction

Herbal medicine, also known as alternative medicine, is used to prevent and treat various aillments.
Various herbs are known for having amazing medicinal properties. Use of herbs has been practiced
for several centuries to cure a number of iliness. Herbal medicine is one of the oldest forms of health
care in India. Today, people around the globe are giving preference to alternative medicines such as
Ayurveda, Naturopathy, Homeopathy and herbal medicine. Herbal medicines are safe, non-allergic
and cost effective in comparison to Allopathic medicines.

The use of traditional Herbal medicines has started increasing from a past few decades and hence
the safety has become a major concern for health authorities and for general public. The World
Health Organization (WHO) has developed the strategies on traditional medicines. In India, The
Govt. of India has formed a Department AYUSH (Department of Ayurveda, Yoga & Naturopathy,
Unani, Siddha and Homeopathy) in Nov. 2003. AYUSH has come out with protocols'” for pesticide
residue analysis.

In this article, we have evaluated Herbal Churnas (powder) available in medical stores for analysis of
Organochlorine Pesticides (OCPs) residue by developing a method on Multi Dimensional Gas
Chromatography Mass Spectrometry (MDGC/GCMS) in Negative Chemical lonization (NCI) mode.
MDGC/GCMS helps in reducing matrix interference within one single run. This helps in high-
throughput and multi component analysis. Using NCI in Single lon Monitoring (SIM) mode further
enhances specificity and sensitivity.

2: Method of Analysis

2-1: Extraction of OCPs from herbal Churnas

lerbal churnas namely Nityam Churna, Sitopaladi Churna and Hingashtaka Churna were procured
from local medical stores and the pesticides were extracted from the Churnas by the Liquid Liquid
Extraction method as per the following flow chart. The Churnas were spiked by known quantity of
standard OCPs and then extracted.

Weigh 159 of Churna and add 15mL of 1% CH,COOH in CH,CN.

Add 75uL of OCP stock solution (each at 20ppm in Toluene)
Allow it to stand for at least 2 hours.

<

Shake well, add 3g MgSO, + 1.5g NaOAc + 10g NaCl.
Shake well till the mixture mixed properly using Vortex mixture.

<

Shake well and centrifuge at 1000rpm for 3mins.

<

Add 200mg of Primary-Secondary Amine + 250mg of MgSO, + 50mg C18.

Shake well.
N
v

Centrifuge at 1000rpm for 3mins.

S

Take 2mL aliquot of extract and purge with slow stream of Nitrogen gas till 0.1mL of
sample remains.

<

Reconstitute to 1mL with Toluene. Used this extract as sample for analysis.

2-2: Analysis by MDGC/GCMS
The analysis of samples were carried out by MDGC/GCMS-QP2010 Ultra as per the conditions given

in Table 1. MDGC is equipped with multi-Deans switching system™, which allows the unresolved
components of the mixture to introduce in the second GC column for further separation and then
detection by MS in NCIl mode. Figure 1 shows the working for multi-Deans switching system
used for heart-cut. Figure 2 shows the photograph of Multi Dimensional GC/GCMS system.
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Figure 1. Diagram of multi-Deans switching mechanism during Standby mode
and Switching mode

Figure 2. Multi-Dimensional GC/GCMS system

Key Features of MDGC/GCMS-QP2010Ultra

# High-Speed Scanning Control (Advanced Scanning Speed Protocol, ASSP
# High-Speed Scan Rate 20,000 u/sec

# Overdrive Lens (Noise Elimination Technology)

# Energy Saving- Ecology mode

Table 1. Analytical Condition for MDGC/GCMS

TM)

« 1% GC (GC-2010 Plus)

Column Rtx-5Sil MS (30m L x 0.25mm |.D. x 0.25um)

Column oven program Ramp rate Temperature Hold time

110°C S5 min

15°C/min 200°C 0 min
8°C/min 300°C 5 min

Injector temperature 280°C

Detector temperature 300°C

Detector Current 0.5nA

APC1 Pressure 200 KPa

Detector ECD (Electron Capture Detector)

« 2" GCMS (GCMS-QP2010 Ultra)

Column Stx-CLPesticide (30m L x 0.32mm [.D. x 0.5um)

Column oven Ramp rate Temperature Hold time

150°C 0 min

program 5°C/min 250°C 5 min
10°C/min 300°C 2 min

lon source temperature 200°C

Interface temperature 300°C

Additional heater 250°C

lonization mode NCI (Negative Chemical lonization)

Acquisition mode SIM (Selective lon Monitoring)

Carrier gas Helium

Reagent gas Methane

3: Results

First instrument was used as GC-ECD followed by GCMS in NCI mode with SIM. Figures 3 and 4
show the GC-ECD chromatogram and TIC of OCPs. Table 2 gives the results of GCMS analysis.
Figure 5 gives the switching program for heart-cut of GC-ECD chromatogram where matrix
interference were observed. These heart-cuts were switched to NCI with different switching timings
for checking the presence of residual pesticide in matrix. Table 3 displays the quantitative results of
pesticide residues presentin Churnas.
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Figure 3. 1° Chromatogram of 19 OCPs using GC-ECD

1.75
1.50 7 l <
1.25 -
\O
] —
1.00 —

s oo ! ]

o ~

0.00 L JUL )\ N A2 - A_J\_}‘Uj A(_: JMG UC_L_ J\ - ) ﬁ?_
*

i i i i i i i i i i i i i i i i
11.5 12.0 12.5 13.0 13.5 14.0 14.5 15.0 15.5 16.0 16.5 17.0 17.5 18.0 18.5 19.0

18

i i i i
20.0 20.5 21.0 215

Figure 4. 2" Chromatogram of 19 OCPs using NCI-MS
Table 2. Results of GCMS analysis for OCP standard

%RSD (n=6) Linearity LOD LOQ
1D Compound name :
RT(min) Area (10-250 ppb) | (PpPb) | (ppb)
1 alpha.-BHC 0.013 0.48 0.998 0.34 1.13
2 gamma.-BHC 0.014 0.45 0.997 1.35 4.50
3 beta.-BHC 0.011 0.22 0.997 0.72 2.40
4 delta.-BHC 0.005 1.08 0.998 0.68 2.26
5 Heptachlor 0.013 0.27 0.998 16.28 54.27
6 Aldrin 0.011 0.11 0.998 10.63 35.44
I Heptachlor-epoxide 0.002 0.43 0.998 14.78 49.26
8 trans-Chlordane 0.007 0.11 0.995 13.93 46.43
9 cis-Chlordane 0.003 0.14 0.996 19.59 65.30
10 p,p'-DDE 0.008 0.07 0.998 32.95 | 109.83
11 Endosulfan-I 0.006 0.12 0.998 32.03 106.78
12 Dieldrin 0.005 0.15 0.996 45.42 151.40
13 Endrin 0.011 0.17 0.996 7.65 25.49
14 p,p'-DDD 0.004 0.16 0.999 7.65 25.49
15 Endosulfan-I| 0.013 0.11 0.997 7.45 24.84
16 p,p'-DDT 0.013 0.05 0.998 4.65 15.50
17 Endrin Aldehyde 0.005 0.11 0.998 26.40 87.99
18 Endosulfan sulfate 0.005 0.09 0.997 2.57 8.55
19 Endrin ketone 0.011 0.10 0.999 11.20 37.06

LIt 00 0007 Max Intensty - 1,504 025 O
5 .00 W Rl MDD S e b A TG LD G T [ o P ashise g - - - - - - -1 - - - - ——1- - - - - - - ETETETEETS JEymy S S 7 T S Sy = =, ey gy, sy -
- : | : ' : : : : : : : : . : t=Catiormrerrsm Temperatore— - 300
= D_: ____________ I 1 o o E : — — : : : 2nd Column Owen Tempesature|
==
iy N p=1
14.0
2nd GCHMS 1=t GC
bAethod File : GCMS-»ATH GC CUTS-1104-1.ggm Fethod File : GC-CUTS-0304-GC CUTS-REDOME . gcgn Load Data. .
S aveds. | Fefresh S aveds. . | Fedraw
Floss Colurmm l Flonw Swikching l Fressur = ] Switching Becowver I
H ate Temperature| Hold Time . From To 100,00 =
0 - 150.0 0.a0 1|+ | 10.70 11.73
1] =500 250.0 5.00 _ 2| | 13.40 14.04
2] 10,00 300.0 2.00 3|~ | 18.9& 19.749
3| 0.00 0.0 0.a0
e om [ oo Lo
Tatal Program Time : 32.00 nin Ok
Cancel
Help
/ / \
(x10.000) V (x10,000) \ (x10.000) \ x1.000) /
171.00 (1.16) 6.0 330 00 (1.50) 60{386.00 (8.30 {Tie
4547300 (1.79) 1210.00 (12.75) e .0-|308:00 (1.00
1253.00 (5.11) c o P35.00 (1.47) S 1272.00 (1.90)
40- . 5.0 7.0
3.54 ) 0_3 1
3 9 4.0- 6.0:
3.0 ! ]
] 3 30: g 5-04:
2.5 \ ] 3.0 i
/| 4 i - 4.0
2.0 of | A 2.0 ]
I L, S D S i m—— 2.0+ 3.0 =)
1.5~ ] ] —
= R 1 . - S 20 VAU
s 1.0
~) "\ i _— - I = - Mg - - - j ~ I\ e b aha
0.54 N g —— e 1.0
] ' “-,." o ] U.O—: e e -~ - im—mw-fk-‘ Mt N
0.0 - — - - 1.0] | 0.0 ]
|||||||| Y . ] J ’ : ' 1 ¥ A 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1

llllllllll

' 1 i ] 0 N g 7 SN
12.0 125 13.0 14.50 14.75 15.00 15.25 e 0 21.0 21.5 22.0

Figure 5. Switching program (Nityam Churna sample) for heart-cut to NCI-MS displaying mass chromatogram of
gamma, beta, delta-BHC, Aldrin, Endosulfan sulfate and Endrin ketone respectively

Table 3. Quantitative results in mg/kg for different Churnas using 2" GCMS

Compound RT AYUSH Nityam Churna Sitopaladi Churna | Hingashatak Churna
ID Name (min) Limit | Conc. % Conc. % Conc. %
(ppm) | (ppm) Recovery | (ppm) | Recovery  (ppm) Recovery

2 gamma.-BHC 12.08 | 0.60 0.03 109.75 0.02 109.75 0.05 113.64
3 beta.-BHC 12.32 0.30 0.03 107.07 ND 107.07 0.01 84.91
4 delta.-BHC 12.76 0.04 01.27 ND 91.27 0.04 95.64
6 Aldrin 14.80 0.05 ND 106.16 ND 106.16 ND 101.61
18 'Endosulfan sulfate| 19.95 | 3.00 ND 81.36 ND 81.36 ND 94.36
19 Endrin ketone | 21.47 - 0.04 104.77 ND 104.77 0.03 110.08

4: Conclusion

« GCMS in NCIl mode gave excellent %RSD for all 19 OCPs for retention time and area with good
linearity.

« Multi Dimensional GC/GCMS is useful in reducing matrix effect by heart-cuts using
multi-Deans switch and can be extended for testing herbal medicines.

« Analysis of residues in complex matrix can be carried out using MDGC/GCMS without any
interference; so that false positive & false negative results are avoided.

« The Churnas tested were found to have pesticides within permissible limits as per AYUSH
guideline.
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