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Method Development of the Determination of Organochlorine

Organophosphates and Polychlorinated Biphenyls in Milk by GC-MS/MS

Tipsuda Wanna-im  Thawida Muangtrirat ~ Wiphada Sirisomphobchai

Abstract

The study method development of the determination of organochlorine (OCPs),
organophosphates (OPPs) and polychlorinated biphenyls (PCBs) in milk by GC-MS/MS.
A suitable extraction and clean up method was studied for for 13 OCPs, 2 OPPs and 7
PCBs were studied. The raw milk samples were extracted with 1% formic acid in
acetonitrile and compare the clean up methods between QUEChERS techniques and
solid-phase extraction technique with silica type (silica-SPE) and analysis by GC-MS/MS
(triple quadrupole). The study found that extraction and clean up by QUEChERS method
using PSA 100 mg, C18 100 mg, magnesium sulfate 100 mg, activated florisil 100 mg were
the most effective in fat removal, and followed by clean up with silica-SPE. As for the
%recovery test, it was found that clean up with silica-SPE had %recovery in the range of
70-120% which was acceptable. The limit of detection and the limit of quantitation of

each analytical was 1 and 3 pg/kg, respectively.

Keywords: organochlorine, organophosphates, polychlorinated biphenyls, raw milk,

GC-MS/MS
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1. Inguszasd
Wowu1IsNsainanswagInTIEasiyanA1engy OCPs, OPPs, PCBs Tutuufumae
walla GC-MS/MS 1a

2. YaUUY

Wauismsatnansuarinsedasivandng ludusiuiemaia GC-MS/MS Tngansd
ABINITIATIZALALA

- Ny OCPs d1u3u 13 %ila Laln alpha-HCH, beta-HCH, gamma-HCH (lindane), aldrin,
dieldin, heptachlor, cis-heptachlore epoxide, o,p’-DDD, o,p’-DDE, o,p’-DDT, p,p’DDD, p,p’ DDE
e p,p’DDT

- Ngy OPPs 9113 2 il louA diazinon uag chlorpyrifos

- Ny PCBs 311w 7 vila lawn PCB 28, PCB 52, PCB 101, PCB 138, PCB 153, PCB 180
ey PCB 118

3, Uselpaifinnadnazlesu

3.1 lensnnsaninansngu OCPs, OPPs wag PCBs Tutfuayanansoinsgidemain
GC-MS/MS

3.2 Wudeyaifieldlunsasisaeuniildldvesisnaaeuasfivannangu OCPs, OPPs

wag PCBs Tuthusufusmemaia GC-MS/MS aald

4. gUn3aluazIsnIg
4.1 gunsnluaziAasiie

4.1.1 Centrifuge tube kA2 AU 15 mL

4.1.2 Centrifuge tube wana®n via polypropylene (PP) 19 50 mL

4.1.3 Adjustable pipette wu1m 10-100 pL, 100-1000 pL, 500-5000 pL

4.1.4 Pasture pipette

4.1.5 Syringe membrane %A nylon (0.2 um)

4.1.6 Solid phase extraction (SPE) column i@ silica U384 500 mg U9 6 mL
4.1.7 Vacuum manifold

4.1.8 Volumetric flask
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4.1.9 Vial vu1a 2 mlL @ w5uldiu Automatic injector 894A309 GC-MS/MS
4.1.10 1583 GC-MS/MS (triple quadrupole)

4.1.11 p3esdamuagiden 0.001 N3

4.1.12 wieadumies (centrifuge)

4.1.13 gunsalanUsunsansazanglaanisidinieuialulasiau (N-Evap)

4.2 @151l
4.2.1 Acetonitrile (AR grade)
4.2.2 Formic acid (AR grade)

4.2.3 Magnesium sulfate, MgSO, (AR grade)

4.2.4 Sodium acetate (AR grade)

4.2.5 Primary secondary amine (PSA)

4.2.6 Octadecylsilane (C18)
4.2.7 Florisil YuU1m 60-120 mesh, for residue analysis w3y activated florisil

a

Tnen florisil figmmndl 650 = 20 °C Wunailidesntr 4 $alus wdalalwnian Meuszneld
Tumenuszana 3 $alus udnihluouiigamgll 130 = 10 °C litfosndt 48 Halus udrdsdne
florisil ldluvindyUagn uaniulilu desiccator augamgives florisil anadvingnmgiiesds
ansaldaula

4.2.8 @13aza1enay 1% formic acid lu acetonitrile w3elagn150e acetonitrile
Useana 20 mL LA formic acid 1 mL udusudTuinsae acetonitrile auasy 100 mL 1u
volumetric flask

4.2.9 Iso-octane (PR grade)

4.2.10 Argon gas (ultra high purity) 99.999%

4.2.11 Helium gas (ultra high purity) 99.999%

4.2.12 Nitrogen gas (oxygen free nitrogen, OFN) 99.995 %

4.3 #713U1M331U
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4.3.1 ansaranganAsg NGy OCPs 1nsaTandnade¥uses Bve DrEhrenstorfer oA
o,p’-DDD, o,p’-DDE, o,p’-DDT, p,p’DDD, p,p’DDE, p,p’DDT, alpha-HCH, beta-HCH, lindane,
aldrin, dieldin, heptachlor Wag cis-heptachlor epoxide

4.3.2 ansaraneunsgIuNgs OPPs 1nsaTandnade¥uses Bve DrEhrenstorfer oA
diazinon &y chlorpyrifos

1,33 @NsaranaInIgIunga PCBs insnianssdsiuses B4 DrEhrenstorfer

PCB 28, PCB 52, PCB 101, PCB 138, PCB 153, PCB 180 ey PCB 118

5. N1TANAF1IA9E9
nsafindiegenuuliusul9Inisves (Kuang, et al, 2020) lnavinisdaiiagnauiuy
Autmin 1 ndu adlu centrifuge tube WWIA 50 ML LANETazaUKEY 1% formic acid Tu
acetonitrile U311m3 5 mL wehimensosvglagldninung 300 seuseundl 11a1 15 il udage
dlaaslu centrifuge tube Tntaunn 50 mL wavainasiieg1eE1dnseu
WA MgSO, 0.4 nSU wag sodium acetate 0.1 n3u asluaIsaranefI0e1e LUEIABLATON
' ¥ <3 J = S Y o . < | =
wen lagldanuida 300 seudeudl 111 1 wiinaluly centrifuge AIM1L52 10,000 S0UABUNY

gaunnl -20°C 1A 15 Wil nasantugeasavateviaiualy clean up sely

6. N3 Clean up
6.1 A5 Clean up #2835 QUEChERS

1a1585a196188199199 5 nadlu centrifuge tube AWM 50 mL wazuly
clean up lnenaiiudesagadu 3 sUuuy fail

6.1.1 PSA 250 mg, C18 250 mg, MgSO, 250 mg (35 (a))

6.1.2 PSA 100 mg, C18 100 mg, MgSO, 100 mg, Activated florisil 100 mg (35 (b))

6.1.3 PSA 150 mg, C18 150 mg, MgSO, 150 mg (35 (c))

iluweldanud 300 seudeund 1ian 3 Wil wdnhlU centrifuge finNisa
10,000 s9UADWIT aaumnil -20°C Wuwian 15 unil wEansazanefegnsiilinsossiu syringe

membrane %3n nylon aslu centrifuge tube vuA 15 mL uldasarane@mingns 5 mL waa

UnlUszmewiainenia N-Evap aangiiliiiu 40°C
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6.2 115 Clean up #2835 SPE column
78 SPE column ¥ila silica (35 (d)) W1iUYA vacuum manifold U5uann SPE e
a1sazauNan 1% formic acid Tu acetonitrile Usuias 5 mL whansavangsiegisinasliu SPE
column uaUaseliiarsazaiunenas centrifuge tube WAIIUIA 15 mL AIwERIINSivG 1 v

Aol withlusemeuiesmeises N-Evap aamaillidifiu 40°C

7. N15AsdaUUsEANS AMNA1sNIARFIsUNUTUTURBUNISENA

'
=

dasumunddgilutuneunisainaisiiegefe sunaluiuivioogndatunaunis

[

clean up AstuNIIATIRERUUSEANSAINNNTATR lUTUNAITURBUATT clean up AR

S o 1 v A v S ) v
%Uigaw%ﬂqwiuﬂqiﬁq%’ﬂlmﬁu _ (WMUNNaBALAT + 16U3JUV]@ULLV\7) — UNrUNUasnLing

- - X 100
YNLNAIDE19UIUN

8. NMsNAaaUsarazn1SNAUAULRAY (Yerecovery)

8.1 tsreg1afisemenisusuUsuInsaiy iso-octane Wu 1 mL warihldinsneiaae
383 GC-MS/MS 7139980UAT %recovery wazANTeauuuInIgIudunns (relative standard
deviation, %RSDr)

1y Y%recovery = ﬂ x 100

CA

dlo CF = avududuvesansfiinszsilélu spiked sample (conc found)
CU = AMuuTuve3ansiu sample balnk (conc unspiked)
A = anududuresansfiivasiuluy sample blank (conc added)

%RSDr = (standard deviation (SD) / mean conc) x 100

8.2 USUMIan17¢ua9AI8d GC Al

YRAVDI column - DB-5MS Ul %138 18UL¥I
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YA GC column  durugudnangly 0.25 fadiuns
ANETY 30 LUAT

¥UAYDY carrier gas : Helium %ila Ultra High Purity

Flow rate 984 carrier gas : 1.0 mL/mim

wiave4 injection port  : PTV s Split/Splitless

gaunnived injection port : 290 °C

USuns7ian 1l

gaunnivee column oven : 100 “C (0.50 min) , 20.0 °C/min to 280 °C

(1.50 min), 10.0 “C /min to 300 °C (3.00 min)

8.3 USUMIanN1IzdIU mass spectrometric detector Al
lon source : El+
Source temperature : 250 °C

Transfer line temperature  : 290 °C

9. NAEAU Limit of Detection (LOD) Limit of Quantification (LOQ)

ann spiked sample MFuasuInsgIvadtuipgIuLTATANTNTY 10 pg/ke B8
108 5 91 LA ILATILIABLATET GC-MS/MS LaZUIANAMNULLLTUANSIAELAIBUAU matrix match

standard solution finaududu 1, 5, 10, 15, 20 pg/kg AIwIRIAT LOD wag LOQ INENT
LOD = 35 WA LOQ = 105,
dlo s = s ww S =D

Vh

N = UGV T NaaaUluIuUsEIN (n=1)

||O

10. N158UGUAT LOD wagA1 LOQ
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Yn1snadey spiked sample auA1 LOD way LOQ firwiadldlude 9 egretesniny
Wuduay 5 91 Ussidiunanismedeudn LOD Tagfinnsanainandyaiavesansiinsiadioutu
Sy1ausUnau (signal to noise ratio, S/N) wnawifiweusulde S/N =3 luduvesr LOQ tu
Fosfimdevaznsnduiiuaie (%mean recovery, MR) LLawhLﬁmwummgmé’uﬁwé (%RSD,)

13 CODEX (2017) fam15797 1

A1317 1 InawiAnSesazn1snauAuaasLasA e wUUIIRSEIUFNRmMEAY CODEX (2017)

Usunasanslusnedn Relative standard Range of mean%
(Concentration, mg/kg) deviation,%RSD;, recovery
< 0.01 30 60-120
> 0.01 20 70-120
NANIINAEBY

1. UsEaNSATWANSNIAAFITUNIUNITIATICH
Tun1sasraaeuuseansnmlun1siIndasuniunisiasies neussliunussansainlu
n1smanludunudinig clean up 9835 (b) Tuseansamlunmsidaludulaanaauassesassn

fon"s clean up #3833 (d) AsguAmA 1

UszanSamlunisinanludiunds clean up (%)

(a) PSA 150 mg + C18 150 mg + MegS0O4 150 meg 99.84

(b) PSA 100 mg + C18 100 mg + MgsO4 100 mg

99.96
+ Activated florisil 100 mg

(c) PSA 250 mg + C18 250 mg + MgSO4 250 mg 99.89

(d) SPE colurmn %il@ silica 99.93

JUN 1 UsgdnSamlunismindesuniunisiieseilaguseiduilssavsam
Tunsmdnlutiunds clean up

2. %recovery
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nagau spiked sample @13ngu OCPs, OPPs wag PCBs lTufagaiiuufuiseauning

NI 10 pg/kg LazlUIHUTIBUNG %mean recovery #adn1T clean up $#319A15 clean up

[

A1875 (b) A 35 (d) WUIKATS (b) Ana %recovery ¥03a15 heptachlor, dieldrin wag p,p-DDT

Liegluinausifivensuls daun1s clean up 878 (d) tuldna %recovery agluinasizeniulann

€

v =

813 (70-120%) MUM15199 2 A9UUTIINITNAdaUAT LOD way LOQ A18A1s clean up #le7d

(d) sald

M1599 2 LUSBULiBURNAN1INAERU %recovery 5¥1319N13 clean up A2e35 (b) AU 35 (d)

Gompoud pr — :/ome ) —
ean yp I (b) dean Y6 (d)

dpratHH 104.00 8608
betaHIH 010 0) B2

Lindene B3 81

Daznon 7533 &40
=832 800 9720
Hyptahar 6700 7740
RE2 9700 3
QGlapyrifos A0 NHA
Adin A0 8360
astHyptada gooadide B33 A3
op1E XR67 8686
RB101 10800 o181

pp-E 10067 8436
Dddin 14967 830
op-Db A0 B 01

RIBI118 833 10836
pp-Drop-L0T 10067 a2
RIBIS3 V67 8187
pp-LDT 12033 8711

RIBI38 101.00 7828
RI180 111.00 7943

3. A1 Limit of Detection (LOD) Limit of Quantification (LOQ)
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Nan1sVAdeU spiked sample inududy 10 pg/ke S1uan 5 91 @nansaAUIAAT LOD
way LOQ s 1.05 — 2.45 way 3.52- 8.17 pg/ke mua1du fms1ad 3 3eldnaaeunis

Y

fudfusn LOD waz LOQ fimnududu 1 uaz 3 pe/ke muddusioly

ms’]\‘i‘ﬁ 3 Wanedau Limit of Detection (LOD) L@y Limit of Quantification (LOQ)

Qrpud T g To s JRTo o
(o

dpre-CH 9113 0817 245 817
betaHH 9761 05/ 173 576
Lindere 8375 0B 106 3
Deziron 8841 a4 217 72
8 9067 042 130 4
HptaHor 8447 06 208 64
RER 8650 0817 245 817
Clopyifos o477 06% 206 6%
Adtin 8425 070 216 720
dsHptatiorepoide 820 0633 190 633
opIE 8773 0571 171 571
RB101 9740 06% 188 626
ppIE 8951 0715 215 715
Deldtin 937 068 200 6%8
opID 928 0650 1% 650
RBI18 a7% 08P 241 8@
ppIDrop T 10083 062 1D 62
RBI53 704 051 1% 521
ppDr 8408 059 180 59
RBIB 80 078 212 708
RBIQO 765 05 165 55
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4. N158UgUAT LOD waz@A1 LOQ

NANIINAEDU spiked sample NAUTNTY 1 ey 3 pg/kg 91U 5 91 LeBUdUAT LOD uay
A1 LOQ U TngReulvveswanisnadoufs S/N U94A1 LOD Aesdal > 3 waz LOQ Uudesilal > 10
@1 %MR fotegluyae 60-120 % uaz %RSD, fosliiiu 20% Fawanisnaaeusglunaeineausulayn

ANSAUANTN 4

AN 4 Naneaaun1studuan LOD way LOQ

Grpord G _OBidlg .
(wae) JRovery (1wée) /R SN(w&e)

dpheHH 11457 1069 147 13401
betaHH 7987 20 103 16680
Lincere 10749 1ds?) 1333 17042
Dezinon 1153 7883 1974 4265
REBS8 20430 N5 653 45324
HptaHor 278 7967 1675 620
FER 2007 7683 1519 48072
Giamyrifos 13688 14 1015 11328
Adin £ e10¢] 8197 947 AP
dsHptahor epodce 7030 7577 1364 24001
op-1E 25191 &% 1% 2601
RB101 V4] eple]] 1316 P
pp-E 17853 63 1160 333
Deldin 301 729 951 6437
op-0D 13000 7B 1066 20142
RBI18 15866 881 106 16241
pp-ODrop-Lor 608 %13 1439 1205
RBIS3 1R 7215 1760 27053
olegBD} 10454 0B 63 13360
RBI3B 11680 73D 949 11581
RBI0 11473 BD 1106 21088
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ayduaziansalnanimaass

MnMsiuTIssatnansuayiinsziasiuanAnangu OCPs, OPPs, PCBs Tutuufudeds
GCMS/MS  Hlgasnsaraimnzanlneldansazaranay 1% formic acid lu acetonitrile {usayi
avaneuazng clean up AiUseanEamlunsidalasiuléfAeds QUEChERS Al4USunas PSA 100 me,
C18 100 mg, MgSO, 100 mg, activated florisil 100 mg LaZIBIAIMNIABAT clean up AIY silica-SPE
wikileviinis spiked ansaslufiegnaiuuAunuIn % mean recovery 183m3 clean up lagld silica-
SPE ﬁ?uaeﬂumm%ﬁHam%’ulﬁnﬂmsﬁﬁmmﬁmaaumu CODEX (2017) lnailAn LOD A 1 pg/kg wag
A1 LOQ A 3 ug/kg

VDLAUDLUY

1. prsvinsvegeumildliveisnaaeudeliluowian tiaiuaudeiiuvluisneaauniden
warfiuseansamlaunsguduiivensuluszavana
2. vaurveINsiauIslinseunquasuynaislungu OCPs, OPPs, PCBs %3luaunnena

QI a d' 4 1 1%
Wuynansnasinisnaaausalulea

AnRNssuUsZNIA

v ¢

YBUDUANKSIUIEN1TA1UNATIVFRUAMNINFUAIU AR INatTvayunsAnw luasall sauns

Y 9

v o

WhnthiiesufiRnsaualianms asandsuazansuulau nguamaaa LA L dnuazNanas
andnd drinnsraaeununNERANUAGRT Tliautiewde Tuausnwiaiwivins weda gunsal
Tunswmuisnagevaiseasnilurassiu oasnluneanauazindnassiunaaluiida Tudusdusie

wiAtA GC-MS/MS
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