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Application of clean-up and determination techniques for
analysis of organochlorine pesticides in different matrix

SONG Shuding®  RAO Zhu
( National Research Center for Geoanalysis Beijing 100037 China)

Abstract: Different clean-up methods including packing column solid phase extraction gel permeation
chromatography sulfonation mixture solid phase disperse and so on were introduced. Then the utilized
of those clean-up techniques in the residue analysis of organochlorine pesticides( OCPs) in water soil
sediment tea-eaf Chinese medicine and fatty sample were introduced according to the type of the
matrix after consulting lots of literatures and author’s work experience. It was believed that various
purification techniques could be well combined with extraction techniques or detection techniques. This
is useful to increase the whole analysis speed and will be the development trend of purification
technique for OCPs.
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1
Table 1 The comparison of different clean-up method for OCPs residues in vegetables
Methods Advantages Disadvantages
2 (20 ~50 g) (20 ~100 mL)
Packing column Big bearing capacity low cost and multisorbent Low automation and high solvent cost
13-15 C=C C€=0
Sulfonation Complete clarification Not applicable to compounds with C =C or C =0 group
16-17 ( 20 g)
SPE Automatable less solvent and good reproducibility High cost and small capacity
18-19 ( )
MSPD Easy operation and less solvent Applicable to sample with low moisture content
20-21
SDME Easy operation and less solvent Applicable to simple matrix and reproducibility
22
GPC Separating compounds by their molecular weight Apply with other techniques and use lots of solvent
SPE
MSPD  GPC . SPE ;
o - ( GCECD)
Florisil\ C g~ Cg
N “NH,.SAX( strong anion exchange) .PSA ;

( primary and secondary amino)  GCB( graphatized
carbon black) . Florisil. C,3  C4
; 1.2
'NH,-SAX  PSA :
GCB e

NH,.SAX PSA

25-26

o
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No.5
( USEPA) EPA3620B ~ 15 ( limit of
EPA3640A ** detection LOD) 0.25~0.72 ng/g
OCPs  Florisil GPC 68% ~130% ( relative standard
SPE SPE o deviation RSD) <25.5% .
» OCPs OCPs
( polychlorinated biphenyl PCBs) SPE o
: ( accelerated solvent 1 N
extraction ASE) GCB(0.5 g)
Florisil( 3 g) 2 SPE . o EPA3660B *

o

15
13
1.1
09
0.7
0s5*
03

#/min

1 (A) (B)
Fig.1 The comparison of chromatograms of sample with ( B) or
without ( A) copper sheet during extraction
" Marked difference of baseline.
1.3 0.01 ~0.008 pg/kgo Jacobs 77
N N OCPs SPE
( N . N
) o SPE o
(85.9% +1.7%
\ 120.7% +10.3%) LOD pg/L o
0OCPs ( dispersive solid phase extraction
DSPE) *  MSPD ¥, Maria
GPC OCPs MSPD
o OCPs 2 lg 2¢g 200 mg
OCPs GPC 2¢g
SX3 Florisil 5 mL
- GCECD 20  OCPs
o GPC LOD <0.5 ng/gs
( ) Florisil  Cyq
SPE 3+ 3738 . Florisil ~ C 4
(AOAC) 0OCPs o Barriada—pereira ~ *

SPE OCPs MSPD

* >95.0% RSD<5.0% LOD  SPE ENVI-Carb N
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ENVI-Florisil N - (8:2 o
) . 1.6
(LOD <300 pg’kg) - OCPs
SPE *  MSPD **®
SPE GPC
° OCPs
1.4 GPC
o Minh GPC
( .C;SPE ) OCPs Florisil
36 mL - (1:3
OCPs o ) -
Cis N OCPs (1:1 ) GPC
N N GPC
10 ~100 mL/min ( Florisil( 8 g)
) 5 ~20 mL LOD 0.1 ng/g( ) o
o . - OCPs
- 2 =%, Rathore
6 :
o “ 2 mL 5 mL - (1:1
) 5¢g (
OCPs  PCBs 1:1 -
70.7% ~109.2% - 1% )
OCPs o
SPME 1.7 N
N OCPs
o -SPME ( superecritical fluid
e extraction SFE) OCPs o
1.5 OCPs Florisil
OCPs
OCPs SFE o
SPE .
GPC ®0 spE % . © OCPs  ASE
Florisil ( 5¢) GPC  SPE( Carb-NH,-¥lorsil)
; e ;Chen OCPs
N -DDD.DDT. ; SPE :
s N GCB + Florisil
- Barkatina 7 6 mL - (2:8
DDD.DDT o ):Guo @ Herba epimedii
GpC ¥ 20 OCPs SPE
OCPs . Spicer 7 GPC - ( GCNCI-MS)
OCPs ; Van der Hoff LOD (LOQ) 0.056 ~
¥ GPC 5.88 ng/g 0.12 ~17.93 ng/g. Abhilash
; GPC SX3 * 8  OCPs
2 000 amu - MSPD 'S5 ¢ 0.5¢
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No.5
Florisil( 3% ) 3 min lg OCPs o SPME
0.5¢g ; N ; SDME
2 ¢ 0.5¢
10 mL x 2 -
(7:3 ) ; GC-ECD
MSPD .
N MSPD.ASE DMAE
o OCPs . MSPD  ASE
1.8 (PCBs)
OCPs . DMAE N
PCBs o Chen *
o OCPs OCPs DMAE
N N o SPE
PCBs  OCPs
0 SPE
30 m RTX-CPPII PCB138 p p’- - ( HPLC-UYV) o
DDT.PCB101 - ; 2.2
VF4701 PCB153 p p”-DDD OCPs
; DB5 PCB118  p pDDD. - ( GCECD) . -
PCB138 p p"-DDT o (GC-MS/SIM) . -
PCBs  OCPs o Russo ( GCNCIMS) . - (GCMS/
SPE oCps  MS) “® - ( GC-HRMS)
PCBs N SPE o 2 12 0CPs
: GCNCIMS.GC-MS.GC-MS/MS  GCECD
NH, NH, . NH, C 0,
25 mL.  60% GCECD (LOD 107" g)
SPE PCBs NH, 0OCPs o
NH, Cis ; 500 wL 1) ( LVI)
NH, Cy PCBs  OCPs, SMPE
PCBs  OCPs N o 0CPs e LOD
pg/L ~ng/L ;2) MSPD
2 0CPs Abhilash
o MSPD
N GCECD LOD
0.05 ng/gs
o GC-MS/SIM
2.1 (LOD 107" g) .
o Barriada-pereira SBSE-LD ( stir bar sorptive
SPME.SDME.MSPD. extraction with liquid desorption) 4L.VI GC-
ASE MS/SIM OCPs
( dynamic microwave assisted extraction DMAE) , LOD peg/kg o
SPME SDME GC-MS/MS(LOD 107" " g) .GCNCI-
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MS(LOD 107" " ¢) \GC-HRMS( LOD OCPs ¥ ;  DSPE  GC-MS/MS
10777 g) ( GC-TOF- OCPs*; SPE  GCNCIMS
MS) (LOD 10727 g) . OCPs ®: GPCDSPE  GC-
o TOF-MS ocpPs ™ .
N OCPs LOD
N N OCPs HRMS TOF-MS
LOD o GPC GC- OCPs o
MS/MS GPC LOD TOF-MS
HRMS OCPs o
GC-MS/MS
2
Table 2 The comparison of detection limit of OCPs by different detecting techniques
GCECD GCEIMS GCNCIMS GC-MS-MS
Compounds LOD on GCECD LOD on GCEIMS LOD on GC-NCI-MS LOD on GC-MS-MS
/( ng/mL) /(' ng/mL) /( ng/mL) /( ng/mL)
a- a-BHC 1.0 10.0 0.10 0.10
y- y-BHC 1.0 10.0 0.10 0.10
B- B-BHC 2.0 10.0 0.10 0.10
8- 5-BHC 1.0 10.0 0.10 0.10
HCB 1.0 3.00 0.05 0.05
Heptachlor 1.0 10.0 0.10 0.10
4 4- p p”DDE 1.0 10.0 0.10 0.10
4 4- p p”DDD 1.0 10.0 0.10 0.10
24— o pDDT 1.0 10.0 0.10 0.10
4 4- p p*DDT 1.0 10.0 0.10 0.10
y-  y—chlordane 1.0 10.0 0.10 0.10
a-  a-chlordane 1.0 10.0 0.10 0.10
2.3
SPE.SPME.SDME.MSPD DSPE 1 HE J BALASUBRAMANIAN R KARTHIKEYAN S et al.
Determination of semi~volatile organochlorine compounds in the
o N atmosphere of Singapore using accelerated solvent extraction J .
SPE.SPME SDME Chemosphere 2009 75(5) : 640 —648.
2 NIKANOROV A M KOROTOVA L G KLIMENKO O A.
° Estimation of long—erm trends in the discharge of organochlorine
pesticides into seas by rivers of Russia J . Water Resources
N 2007 34(4) :415 —422.
. 3 SUAY S HUNG H L BLANCHARD P et al. A circumpolar
perspective of atmospheric organochlorine pesticides ( OCPs) :
] SPME ’ GCECD  GOMS results fmn'l six arctic monitoring stations in 2000 — 2003 J .
Atmos Environ 2008 42( 19) : 4682 —4698.
GPC GC-MS/MS SPE  GCNCI- 4  WURL O OBBARD J P. Organochlorine compounds in the
MS o marine atmosphere of Singapore J . Atmos Environ 2005



No.5

445

10

11

13

14

15

16

17

19

39(38) : 7207 -7216.
BATTERMAN S A CHERNYAA S M GOUNDEN Y et al.
Organochlorine pesticides in ambient air in Durban South Africa
J . Sci Total Environ 2008 397( 1 -3) : 119 —130.
LOGANATHAN G B KANNAN K. Global organochlorine
contamination trends: an overview J . AMBIO 1994 23(3):
187 - 190.
JONES K C VOOGT P D E. Persistent organic pollutants
( POPs) : state of the science J . Environ Pollut 1999 100( 1 -
3) 1209 -221.
KADOKAMI K TAKEISHIM KURAMOTO M et al. Maternal
transfer of organochlorine pesticides polychlorinated dibenzo-p—
dioxins dibenzofurans and coplanar polychlorinated biphenyls in
frogs to their eggs J . Chemosphere 2004 57(5) :383 —389.
KRAUTHACKER B  ROMANICAS H REINER E.
Polychlorinated biphenyls and organochlorine pesticides in
vegetation samples collected in Croatia J . Bull Environ Contam
Toxico 2001 66(3) :334 -341.
BARRIADA-PEREIRA M  GONZALEZ-CASTRO M ]
SOLEDAD M L et al. Organochlorine pesticides accumulation
and degradation products in vegetation samples of a contaminated
area in Galicia( NW Spain) J . Chemosphere 2005 58( 11):
1571 -1578.
ZHANG H LU Y L. DAWSON R W et al. Classification and
ordination of DDT and HCH in soil samples from the Guanting
Reservoir China J . Chemosphere 2005 60( 6) : 762 —769.
QUAN L LI S F TIAN S J et al. Determination of
organochlorine pesticides residue in Ginseng Root by orthogonal
array design soxhlet extraction and gas chromatography J .

Chromatographia 2004 59( 1 -2) :89 -93.

TAO Chuaniang( ) ZHENG Shan-shan( ) LIU
Wei( ) et al. J . Pestic
Sci Admin ( ) 2001 22(2):18 -20.
SUN Jun( ) PAN Yu=iang ( ) DONG Jing(
) et al.

J . Inspec Quar Sci ( ) 2007 17(1 -
2) :89 -90.
GB/T 5009.19 — 2003 Detection of HCH and DDT residues in
foods( N ) S .2003 -08 -
11.

GB/T 14550 - 2003 Method of gas chromatographic for
determination of BHC and DDT in soil(

) S .2003-10-11.
ZAWIYAH S CHEMAN Y B NAZIMAH S A H et al.
Determination of organochlorine and pyrethroid pesticides in fruit
and vegetables using solid phase extraction clean-up cartridges

J .J Chromatogr A 2006 27( 1 -2) :254 —261.

SUN Yan-yan( ) WANG Han( ) CHEN Xiao-hui
( ) et al 11

J . Modern Sci Instru ( ) 2009(3):
55 -57.

CHEE K K WONG M K LEE H K et al. Determination of

20

21

22

24

25

26

27
28

29

30
31

32

33

organochlorine pesticides in water by membranous solid-phase

extraction and in sediment by microwave-assisted solvent
extraction with gas chromatography and electron-eapture and
mass spectrometric detection J . J Chromatogr A 1996 736
(1-2):211-218.

ZHANG M S HUANG J R WEI C L et al. Mixed liquids for
single-drop microextraction of organochlorine

vegetables J . Talanta 2008 74(4) :599 -604.
ELSHAHAWIM S HAMZA A BASHAMMAKH A S et al.

pesticides in

Analysis of some persistant organic chlorinated pesticides in
marine water and food stuffs by different pulse-chathodic
stripping voltammetry J . Talanta 2010 80(5) : 1587 —1597.

ANTONIO G BEATRIX P SIMONA T et al. Multiresidue
analysis of pesticides in fruits and vegetables by gel permeation
chromatography followed by gas chromatography with electron—
capture and mass spectrometric detection J . J Chromatogr A

1997 782( 1) : 105 - 122.

SONG Shu-ing ( ) LI Chong-jiu( ) MA Xiao-—
dong( ).
J . J Instrum Anal( ) 2008 27(8):
795 -799.
SONG Shu-ing( ) LI Chongiu( ) MA Xiao-
dong( ) et al.
J . Chinese J Anal Chem ( )

2008 36( 11) : 1526 - 1530.
ZAWIYAH S CHEMAN Y B NAZIMAH S A H et al
Determination of organochlorine and pyrethroid pesticides in fruit
and vegetables using SAX/PSA clean-up column ] . Food
Chemistry 2007 102( 1) :98 —103.
BEYER A BIZIUK M. Comparison of efficiency of different
sorbents used during clean-up of extracts for determination of
polychlorinated biphenyls and pesticide residues in low-fat food
J . Food Res Int 2010 43(3) :831 —837.
US. EPA 3620B Florisil cleanup revision 6 S .2004 —11.
US. EPA 3640A Gel-permeation cleanup revision 6 S .2004 —
11.
TONG Ling( ) HUANG Yuan-ying ( )
) et al -
J . Phys Test: Chem Anal (
) 2009 45(7):858 -861.
US. EPA 3660B Sulfur cleanup revision 6 S .2004.

KANG Qing-he( ) WU Yan( ) GAO Kai-yang(

ZHANG
Ling—jin(

) et al. - - /
28 J .
Chromatogr ( ) 2009 27(2):181 -185.
WANG Yun-eng ( ) CHANG Chun-yan ( )
CHEN Qi-yong( ) et al. -
27 15

J . J Instrum Ana(
253 -256.
CHEE K K WONG M K

) 2007 26( Suppl) :

LEE H K. Determination of

organochlorine pesticides in water by membranous solid-phase



446

34

35

36

37

38

39

40

41

42

43

44

45

extraction and in sediment by microwave-assisted solvent
extraction with gas chromatography and electron-eapture and
mass spectrometric detection J . J Chromatogr A 1996 736
(1-2):211-218.

SCHENCK F J CALDERON L PODHORANIAK L V.
Determination of organochlorine pesticide and polychlorinated
bipheny! residuces in fatty fish by tandem solid-phase extraction
cleanup J . JAOAC Int 1996 79(5) :1209 -1219.

SAITO K SJODIN A SANDAU C D et al. Development of a
accelerated solvent extraction and gel permeation chromatography
analytical method for organohalogen

measuring  persistent

compounds in tissue

Chemosphere 2004 57(5) :373 -381.
RUSSO M V. Fast solid phase extraction of polychlorobiphenyls

adipose and organ analysis J .

and chlorinated pesticide residues from mussels using sep-pak
cartridges J . Chromatographia 2000 51( 1 -2):71 -76.

JACOBS M N SANTILLO D JOHNSTON P A et al
supplements:

1998

Organochlorine residues in fish oil dietary
comparison with industrial grade oils J . Chemosphere
37( 9-1):1709 - 1721.

BARKATINA E N ZASTENSKAYA I A
SHULYAKOVSKAYA O V et al.

Simultaneous determination

of residual polychlorinated biphenyls and organochlorine
pesticides in fish and fish products by gasdiquid chromatography
J . J Anal Chem 2007 62(9) :868 —871.
WALORCZYK S. Development of a multiresidue screening
method for the determination of pesticides in cereals and dry
animal feed using gas chromatography-riple quadrupole tandem
mass spectrometry J . J Chromatogr A 2007 1165(1 -2):
200 -212.
BARKER S A LONG A R SHORT C R. Isolation of drug
residues from tissues by solid phase dispersion J . J
Chromatogr 1989 475(2) :353 -361.
KRISTENSON E M BRINKMAN U A T RAMOS L. Recent
advances in matrix solid-phase dispersion J . Tr Anal Chem
2006 25(2):96 —111.
MARIA F A LLOMPART M LAMAS J P et al. Development
of a matrix solid-phase dispersion method for the simultaneous
determination of pyrethroid and organochlorinated pesticides in
cattle feed J . J Chromatogr A 2009 1216( 14) : 2832 —2842.
BARRIADAPEREIRA M  GONZALEZ-CASTRO M ]
MUNIATEGUIHLORENZO S et al. Sample preparation based on
matrix solid-phase dispersion and solid-phase extraction cleanup
for the determination of organochlorine pesticides in fish J . J
AOAC It 2010 93(3) 1992 -998.
SONG Shu-ing( ) RAO Zhu( ) MA Xiao-dong(
) et al.

J . J Instrum Anal ( ) 2011 30(1):108 —114.

WANG Yu( ) ZHI Xin=in ( ) ZHANG Lingin
( ) et al. C18 -
12 J . Rock Miner Anal ( ) 2006

25(4) :301 —305.

46

47

48

49

50

51

52

53

54

55

56

57

58

59

Vol. 13
WANG Yan-jie( ) LI Li( ) MA Xin-dong(
) et al. -
J . Environ Moni China ( )
2009 25(5) :39 -42.
LI Xiao-ing( ) HUANG Cong( ) YU Hong(
) et al
- J . J Environ Healih ( )
2006 7(26) :626 —629.
DONG Chun—~hou( ) WANG Wen-fang( ).
J .

Chem Anal Meter( ) 2006 15(1):27 -29.
DYMENT P G HEBERTSON L M GOMES E D et al. Absence
of polychlorinated biphenyls in human milk and serum from
Texas and human milk from New Guinea J . Bull Environ
Contam Toxicol 1971 6(6) :532 —534.

YAO Z ZHANG Y JIANG G B. Residues of organochlorine
compounds in human breast milk collected from Beijing People’s
Republic of China J . Bull Environ Contam Toxicol 2005 74:
155 -161.
SCHADE G HEINZOW B. Organochlorine pesticides and
polychlorinated biphenyls in human milk of mothers living in
northern Germany: current extent of contamination time trend
from 1986 —1997 and factors that influence the levels of
contamination J . Sci Total Environ 1998 215(1 -2) :31 -39.
AZEREDO A JOAO PM T MARLON F F et al. DDT and its
metabolites in breast milk from the Madeira River basin in the
Amazon Brazil J . Chemosphere 2008 73( 1) :246 -251.
KALRA R L BALWINDER S BATTU R 8. Organochlorine
pesticide residues in human milk in Punjab India J . Environ
Pollu 1994 85(2):147 -151.

KRAUTHACKER B. Levels of organochlorine pesticides and
polychlorinated biphenyls ( PCBs) in human milk and serum
collected from lactating mothers in the northern Adriatic area of
Yugoslavia J . Bull Environ Contam Toxicol 1991 46 ( 6):
797 - 802.

BARKATINA E N PERTSOVSKY A L. MUROKH V I et al.
Organochlorine pesticide residues in breast milk in the republic of
Belarus J . Bull Environ Contam Toxicol 1998 60( 2):231 -
237.

NEOGROHATI S SARDJOKO UNTUNG K HAMMERS W E.
Impact of DDT spraying on the residue levels in soil chicken
fish-pond water carp and human milk samples from malaria
infested villages in Central Java J . Toxicol Environ Chem
1992 34(2 -4) :237 -251.

SPICER P E KEREU R K. Organochlorine insecticide residues in
human breast milk from a remote area in Papua New Guinea J .
Bull Environ Contam Toxicol 1993 50(4) : 540 —546.
SCHOULA R HAJSLOVA J BENCK V et al. Occurrence of
persistent organochlorine contaminants in human milk collected in
several regions of the Czech Republic J . Chemosphere 1996
33(8) : 1485 - 1494.

VAN DER HOFF G VAN ZOONEN P. Trace analysis of



No.5

447

60

61

62

63

64

65

66

67

68

pesticides by gas chromatography J . J Chromatogr A 1999
843('1 -2):301 -322.

MINH T B WATANABE M KAJIWARA N et al. Human
contamination and

blood monitoring program in Japan:

bioaccumulation organochlorines

2005 51(2):

of persistent in  Japanese
residents J . Arch Environ Contam Toxicol
296 -313.

BUSH B SNOW J KOBLINTZ R. Polychlorobiphenyl ( PCB)
congeners p p -DDE and hexachlorobenzene in maternal and fetal
cord blood from mothers in upstate New York J .Arch Environ
Contam Toxicol 1984 3(13) :517 —527.

RATHORE M BHATNAGAR P MATHUR D et al. Burden of
organochlorine pesticides in blood and its effect on thyroid
hormones in women J . Sci Total Environ 2002 295( 1 -3):
207 -215.

HU Beizhen( )

SHEN Guo—un( ) SHAO Tie-

feng( ) et al. - -
Chinese J Anal Lab( ) 2009 28(1):80 -83.
CHEN F CHEN L Z WANG Q et al. Determination of
organochlorine pesticides in propolis by gas chromatography—
electron capture detection using double column series solid-phase
extraction J .Anal Bioanal Chem 2009 393(3):1073 —1079.
GUO Q DENG M YU B et al. Analysis of the residues of
20 organochlorine pesticides in Herba epimedii a Chinese herbal
medicine by solid-phase extraction with gas chromatography/
negative chemical ionization-mass spectrometry J . JAOAC Int
2010 93( 1) :295 -305.

ABHILASH P C SINGH N.DDT DDE and DDD in human milk
from South Africa J . Bull Environ Contam Toxicol 2008
81(6) : 604 —607.

CORTADA C VIDAL L TEJADA S et al. Determination of
organochlorine pesticides in complex matrices by single-drop
microextraction  coupled to  gas
spectrometry J .Anal Chim Acta 2009 638( 1) :29 -35.
CHEN L G DING L JIN HY et al

chromatography-mass

The determination of

organochlorine pesticides based on dynamic microwave-assisted

69

70

71

72

73

74

extraction coupled with ondine solid-phase extraction of high—
performance liquid chromatography J . Anal Chim Acta 2007
589(2) :239 -246.

AHYA R T MOHAMMAD F Z THAER A B. Simultaneous
identification and quantitation of selected organochlorine pesticide
residues in honey by
spectrometry J . Analytica Chimica Acta 2006 558(1 -2):
62 - 68.

full scan gas chromatography-mass

SONG Shu-ing( ) RAO Zhu( ) HU Kou-kou(
).
J . Rock and Mineral Analysis( ) 2009 28(1):
21 -24.

CONCHA-GRANA E  FERNANDEZ-MARTINEZ G
FERNANDEZ-VILLARRENAGA V et al. A study of large—
volume on-column injection GCECD for the ultratrace analysis
of organochlorine pesticides in water J . Talanta 2009 78(3):
764 -771.

QIU C R CAI M G. Ultra trace analysis of 17 organochlorine
pesticides in water samples from the Arctic based on the
combination of solid-phase extraction and headspace solid-phase
microextraction-gas detector
J .J Chromatog A 2010 1217(8) : 1191 - 1202.
BARRIADA-PEREIRA M SERODIO P GONZALEZ-CASTRO

M ]

chromatography -electron-ecapture

et al. Determination of organochlorine pesticides in
vegetable matrices by stir bar sorptive extraction with liquid
desorption and large volume injection-gas chromatography-mass
spectrometry towards compliance with European Union directives
J .J Chromatog A 2010 1217(1) : 119 - 126.

MARTIJN K VAN D L GUIDO V D W e al. Qualitative
screening and quantitative determination of pesticides and
contaminants in animal feed two—

using comprehensive

dimensional gas chromatography with mass

spectrometry J . J Chromatog A 2008 1186( 1 -2):325 -
339.

time-of-flight



