
  

A review of pyrethroid and mitin analysis in environmental matrices by sample extraction & preparation, 
ELISAs with a unique focus on GC/NICI-MS
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Introduction
Since the 1980s, pyrethroids, such as permethrin and cyfluthrin, have replaced other more intransigent and unreliable pesticides/insecticides as proofing agents for a range of applications, for 
example, to protect fabrics against moth invasion and bed net materials for employment in African countries in prevention of invasive mosquito attack.
A number of analytical techniques have been used to monitor these pesticides, including chromatography mass spectrometry and ELISAs.  Correlation between these techniques has been 
successfully investigated by researchers in the 1990s in relation to determining the levels of these pyrethroids in water courses, flora, fauna and in bed net materials. Parallel techniques have 
been used to analyse for mitins in environmental samples but employing LC/ESI-MS-MS.
This review outlines thiis earlier work to highlight the research work undertaken with a unique focus on the utilization of GC/NICI-MS in conjunction with ELISA for pyrethroid analysis in 
environmental samples and for LC/ESI-MS-MS for mitins in water environments. Selected and representative figures and tables are featured in the papers described to highlight the results 
obtained.
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GC/NICI-MS
GC/MS analysis in NICI mode was used for the analysis of pyrethroids because the negative ion observed is specific to the target analyte of interest and more so than for Electron Ionisation ( EI), which produces the 
considerably less diagnostic phenoxybenzene carboxylate positive ion fragment. Also cis and trans isomer negative ion fragments and isotope ratio profiles assist in positive identification of the target analytes.  Quantisation of 
the ions is conducted using these isomer and isotopic ratio profiles. Furthermore, the sensitivity is enhanced over EI-MS, which assists in complying with detection limits as required by legislation. The general reactions for the 
formation of negative ions are as follows:

Reagent gas reactions CH4 +e-   CH4
+ + 2e- ; CH4

+ + CH4 --> CH3 + CH5
+    PICI mode

Pyrethroid target ROR’ + e-  [ROR’]--  R + [OR’]--     NICI mode, dissociative electron capture

Where [OR’]--  is the diagnostic negative ion fragment for the target pyrethroid for which the structures are of the form, R’’dimethylcyclopropanecarboxylate anion, m/z 207, 209, where R’’ is dichloro vinyl end group for 
permethrin, cypermethrin and cyfluthrin pyrethroids being considered.  Deltamethrin, undergoes dissociative electron capture to produce the isotopic profile for Br— although m/z 137 can also be utilized in analysis (dissociation 
energy dependent).  λ-Cyhalothrin yields m/z 241, 243 and fenvalerate, m/z 211, 213.

Compound Characteristic Ions, m/z Quantification Ion

Permethrin 171,173,207,209,211 207
Cyfluthrin 171,173,207,209,211 207
Cypermethrin 171,173,207,209,211 207
Deltamethrin 79, 81, 137 79, 137
Fenvalerate 167, 169, 211,213 167
Mirex, standard 366,368,370,402,404,406 368 or 404

DCBP, standard 496,498,500 498

Scheme for the sample preparation and analysis of 
pyrethroids by GC/NICI-MS  
NOTE  water samples are analysed using LLE/SPE

Meltham Catchment of the River 
Calder with sites identified for  
sampling water, sediment, moss, fish.

NICI mass spectra (A/B) and TIC 
(C) for permethrin and cyfluthrin 
analysed by GC/NICI-MS, 
dissociative electron capture 
occurs at the PBA - CPA bond 
link, see A.

Total ion chromatogram (TIC)  for pyrethroids 
and internal and volumetric standards: 1 
mirex, 2 and 3 cis/trans permethrin, 4, 5, 6, 7 
cyfluthrin (R + S), 8, 9, and 10 cypermethrin ; 
11, decachlorobiphenyl (DCBP) ; 12 and 13, 
Fenvalerate ; 14 and 15, deltamethrin.

Structures of pyrethroids investigated

Sample GC/NICI-MS
(µg kg-1)

ELISA
(µg kg-1)

Fish 1 3900 3000
Fish 2 2290 1600
Fish 3 1420 900
Fish 4 1950 1100
Fish 5 670 1100

GC/NICI-MS ELISA Correlation for Fish Tissue. Water and sediment samplesPolyclonal Antibody Production for Permethrin, IC -ELISA

Quality of analysis by GC/NICI-MS

Regression equation Correlation 
coefficient

10 x LOD

Pyrethroid & 
Standard

Concentration (ppb)

Permethrin cis y = 0.0002x + 0.0003 r2 = 0.999 0.012
Permethrin 
trans

y = 0.0021x -9 x 10-5 r2 = 0.996 0.22

Fenvalerate cis Y = 0.0517x + 0.0237 r2 = 0.997 4.4
Fenvalerate 
trans

Y = 0.0117x + 0.02094 r2 = 0.998 0.85

Cyfluthrin Y = 0.01344x - 0.0024 r2 = 0.995 1.4
Cypermethrin Y = 0.0046x + 0.0351 r2 = 0.998 0.69
Deltamethrin Y = 0.0718x - 0.1909 r2 = 0.997 4.3
Mirex, standard Y = 0.02175x + 0.4717 r2 = 0.998 0.85

Regression analysis for the pyrethroids analysed

Correlation between GC/NICI-MS 
and ELISA for permethrin in trout  
(salmo trutta)

PBA and CPA conjugate structures 
for antibody production for 
permethrin by IC-ELISA

Site
GC/NICI-MS

(µg l-1)
ELISA
(µg l-1)

C25007 NDa ND
C25008 0.047 ND
C25009 0.025 ND

C250010 0.607 0.28
C250011 0.035 ND
C250013 0.289 0.13

aNot detected

Site
GC/NICI-MS

(µg kg-1)
ELISA

(µg kg-1)
C25007 3.0 NDa

C25008 878 750
C25009 134.4 85

C250010 2936 3100
C250011 31.6 12.5
C250013 928 820

aNot detected

GC/NICI-MS
(µg kg-1)

ELISA
(µg kg-1)

0.0 0.0
2.6 NDa 

19.2 ND
26.0 17.5
31.6 150

201.2 820
NDa None detected

Data Correlation between GC/NICI-MS 
ELISA  for permethrin in water samples 
taken from River Calder Catchment

Data Correlation between GC/NICI-MS and 
ELISA for permethrin in sediment samples 
taken from River Calder Catchment

Data Correlation between GC/NICI-
MS and ELISA for permethrin in 
spiked fish tissue (gadus  morhua) 
from the River Calder Catchment

Concentration, ng l-1
Sampling 
Site

National LLE SPE

Grid 
reference

Sulcofuron Flucofuron Sulcofur
on

Flucofuron TCC recovery 
(%)

Blank N.D.* N.D. N.D. N.D. 105
BDI SE 102098 N.D. N.D. N.D. N.D. 107
BDII SE 102100 N.D. N.D. N.D. N.D. 100
BDIII SE 103101 4.1 N.D. 6.0 4.2 95
BR SE 111112 2.0 1.8. 6.9 4.3 102
HR SE 110113 6.7 3.8 2.7 3.8 93
STW SE 114117 3.1 N.D. N.D. 4.5 99
HHB SE 118122 8.5 N.D. N.D. 5.7 110

 
*N.D.= not detected (less than the LOD)

Recovery (%)
Cartridge pH Sulcofuron Flucofuron TCC

CH 2 49.7 63.6 N.D.*

CH 7 74.0 129.1 83.1
C8 2 47.3 124.6 N.D.
C18 7 74.3 127.3 59.3
C18 2 49.3 86.1 50.7
C18 7 70.7 113.1 86.3
ENV+ 2 N.D. 120.2 115.7
ENV+ 7 N.D. 105.8 68.5
ENVl-CARB 2 N.D. N.D. N.D.
ENVl-CARB 7 N.D. N.D. N.D.
*N.D. = not detected (less than the LOD)

LC/ESI-MS-MS analysis of sulcofuron and flucofuron in water samples from the River Calder Catchment

Elisa response for permethrin

Conclusions
Although not widely employed, GC/NICI-MS, in correlation studies with ELISAs, has been uniquely applied to determine pyrethroid residues in environmental systems from the 1990s to early 
2000s. In addition, the employment of LC/ESI-MS-MS in the quantification and monitoring of selected mitins in water courses is an instrumental technique, which is shown to be of high quality in 
this review.   An update of papers reported indicates that this premise remains and it can be concluded that the earlier research is still of current relevance.

 A full review of this earlier work with an update has been accepted for publication  in Current Trends in Analytical and Bioanalytical Chemistry on line.


