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This SOP outlines the procedure for using High-Performance Liquid Chromatography (HPLC)
quantification to measure the chemical content of incorporated Insecticide Treated Nets
(ITNs). Methods for the quantification of both surface-active ingredient (A.l) and total A.l. are

outlined below.

Quantification of surface and total A.l. is an important tool in monitoring the chemical

properties of a net.

Total A.l. refers to the total dose of insecticide that is present in the net when manufactured.
WHO specify that for prequalified nets, total A.l. must be + 25% of the target dose. The HPLC
method for total A.l. quantification outlined below has been developed due to a need for a
more high-throughput method than previously outlined by the Collaborative International

Pesticides Analytical Council (CIPAC). It has been validated for pyrethroid and pyrethroid PBO

1 Historical versions of SOPs can be found on the 12| website (https://innovationtoimpact.org/)
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nets’. This enables more samples to be analysed in a shorter time period and with reduced

cost, without reducing the validity of results.

Surface A.l refers to insecticide that is present on the surface of the net, as an oppose to
incorporated in the polymer fibers. Recent work has been done to develop a method for
quantifying surface A.l. irrespective of total A.l., as this should be more relevant to the bio-
efficacy of the net. Though optimisation work has been done in developing the method, a
true validation has not been performed and so this method should be treated as still in

development.

— Scissors

— Gloves

— Lab coat

— 10ml glass tubes

— Internal standard dicyclohexyl phthalate (DCP)
— Methanol

— Sonicator (Ultrawave u500h Sonicator)

— Pipette

— Compressed air

— Acetonitrile

— Vortex

— Eppendorf tubes

— Centrifuge

— HPLC vials

— 10% 1-propanol:heptane

— Heating block (Techne Driblock DB100/3)
— Dionex Ultimate 3000 HPLC System

— Hypersil GOLD C18 column (250 x 4.6 mm)



Surface active ingredient

1.

9.

A representative sample of net with an area of 32.17cm2 (~0.160g) is cut in

triplicate and placed in a 10ml glass tube.
A surface extraction solution of 100ug/ml DCP in methanol is made up.

Add 5ml of the surface extraction solution and sonicate the sample for 15

minutes at ambient temperature.

Following sonification, remove the net and was with cold methanol before placing
into a second glass tube ready for total Al extraction (to continue with total Al

extraction at this point, refer to section below).

Pipette Tml of the sonicated extraction solution to a new glass tube and

evaporate to dryness under compressed air at 60°C.

Resuspend the evaporated sample in Tml acetonitrile, and vortex for Tminute at

2'500-3'000 rpm.
By hand, transfer the solution to a 1.5ml Eppendorf tube.
Centrifuge the sample for 15minutes at 13000 rpm.

Pipette 80pl to a HPLC vial ready for injection.

Total active ingredient

A total Al extraction solution of 100ug/ml DCP in 1-propanol:heptane (1:9) is

made up.

Add 5ml of the total Al extraction solution and heat the samples at 85°C for

45minutes.
Remove the sample from the heat block and allow to cool.

Pipette Tml of the solution to a new glass tube and evaporate to dryness under

compressed air at 60°C.



5. Resuspend the evaporated sample in Tml acetonitrile and vortex for 1 minute at

2'500-3'000 rpm.
6. By hand, transfer the solution to a 1.5ml Eppendorf tube.
7. Centrifuge the sample for 15 minutes at 13’000 rpm.

8. Pipette 80ul to a HPLC vial ready for injection.

Notel: to confirm all Al present is extracted, steps 2-7 can be repeated a further four times to

fully remove any remaining Al.

Note 2: Depending on the chemistries associated with the net, the composition of the surface
extraction solution may vary. This is usually a mix of methanol:water. The sonification time can

also vary depending on the chemistry of the net and whether it is coated or incorporated.

HPLC analysis

HPLC analysis is performing by injecting 20ul of the sample on a reverse-phase Hypersil
GOLD C18 column (75 A, 250 x 4.6 mm, 5-um particle size; Thermo Scientific) at room
temperature. A mobile phase of 70% acetonitrile in water is used at a flow rate of 1

mL-min-1 to separate the insecticide and internal standard. Chromatographic peaks of the
insecticide and DCP are detected at 226 nm with the Ultimate 3000 UV detector (Dionex) and

were analysed with Dionex Chromeleon software.

The quantities of insecticide were calculated from standard curves established by known
concentrations of the insecticide authenticated standards and corrected by internal standard
readings in each sample relative to control. Final insecticide content in gram per kilogram (%)

net material was estimated using the following equation:

[=(x/a) x (0.0005/m) x C

Where [ is the insecticide content in %, x is the insecticide peak area at 226 nm obtained
from HPLC, a is the slope of insecticide standard curve, m is the mosquito net sample mass
in gram and C is the internal standard correction factor calculated from dividing the peak

area of 100 pg/mL DCP by the DCP peak area obtained for the unknown.



5. Additional data collection

6. Deviations from standard protocol



°C Degrees centigrade

Al Active ingredient

cm Centimeter

DCP Dicyclohexyl phthalate

g Grams

HPLC High-throughput liquid chromatography
121 Innovation to Impact

LSTM Liverpool School of Tropical Medicine
ml Milliliter

rpm Rotations per minute

soP Standard operating procedure
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