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ABSTRACT 

'---------One of the objectives of tbe United Nations Development Progr1.1111e 
(UNDP> project "Pesticides Development Progrmiae in India" (DP/IND/80/037) is 
tbe iaproveaent of tbe countrr's pesticide foraulation capabilitJ through 
conducting training courses on vario~s aspects of foraulation technology. 

A UNIDO consultant in the quality control of pesticides: chre>11ato
graphic aetbods of analysis was in India froa 25 Karch to 2• April 1985 to 
give lectures and deaonstrations o~ the applications of gas chroaatography and 
high-pressure liquid chroaatographJ to the analysis of pesticides. Three 
papers presented during the Training Progr....ae on Quality Control of Pesticide 
Foraulations are annezed. 

This report includes the consultant's c011ments and suggestions on the 
iaprovement of ezisting facilities for quality control testing available at 
the Pesticide Development Progrmmae in India (POPI) Centre. 
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INTRODUCTION 

A. Scope of the alssion 

The project "Pesticides Development Progruame in India" (DP/IND/80/037) 
is a aultipronged activitJ geared towards the strengthening and iaproveaent of 
tbe pesticide foraulation industrJ in the countrJ. Established with UNDP/UNIDO 
assistance. this project began in JulJ 1981 and is being iapleaented bJ the 
Hindustan Insecticides Ltd. <KIL) on behalf ~f the Governaent of India. Its 
centre is based at Udyog Yihar. Gurgaon. Harfana. soae 25 bl from Delhi. and 
is equipped with research and technologf developaent facilities in the aanJ 
aspects of pesticide foraulation. 

One of its objectives is tbe training of aanpover for the pesticide in
dustry with special eaphasis on the saall-scale sector. To this end. the Pes
ticides Developaent Progruiae in India (PDPI) conducted two training pro
gr...es especiallJ designed to benefit the saall-scale fonaulators: Pesticide 
Fonaulation Development (18-22 FebruarJ 1985) and Pesticide Foraulation Manu
facture (18-22 llarcb 1985). Since it was found that the qualitJ control 
testing facilities of saall-scale industrial units were in need of iaprove
aent. and since qualitJ control was iaportant in pesticide developaent. a 
third training prcgraaae was planned for qualitJ control personnel. 

For this reason an expert in qualitJ control of pesticides: chromato
graphic aethods of analysis was sent to India for the period of 25 Karch to 
24 April 1985. Tbe expert•s duties were: 

(a) To assist the scientists/engineers of the PDPI Centre in organizing 
a practicallJ oriented training progra1111e on qualitJ control of pesticide for
aulations for technical personnel froa the Indian pesticide industry; 

Cb) To give lectures and demonstrations on the application of gas chro
aatography and high pressure liquid chromatographJ for the analysis of pesti
cides; 

(c) To train available HIL/PDPI staff in the operation and maintenance 
of the gas liquid and high pressure liquid chromatographs; 

Cd) To co11Dent and suggest laprovements on existing facilities for qual
itJ control testing available in the Centre. 

B. Background 

,,._ prndurt.inn of pesticides in India is lar~elJ in the hands of the pri
vate sector. 1t ls built around 32 large industrial units engaged in the aan
ufacture of about 50 technical grade pesticides and over 400 ••all-scale for
aulators. An estiaated total annual formulation capacitJ ls of tbe order of 
t.6 alllion t of formulated products. Tbe ••all-scale sector accounts for SS 
to 90 per cent of the total fonaulation capacity. 

The .. jor producer of pesticides in the public sector ls Hindustan In
secticides Lialted. It ls under the adainistration of the BlnlstrJ of Cb .. -
lcals and Fertilizers and has aanufacturlng units in Delhi, Cochin and 
la1a1anl. These units are well-equipped research and development facilities 
for technical and foraulated pesticides. 
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Dusts constitute lhe largest volume of pesticides used in the country, 
followed by emulsifiable concentrates CECs), wettable powders CWPs) and gran
ules. WP formulations are al11e>st exclusivelJ used in public health prograaaes. 

Quality control faciliti•s are fairly adequate in tbe case of aanufac
turers, especiallJ of the large industrial firas, vbich aaintain their own 
laboratories and have developed qualitJ control systeas. The qualitJ control 
facilities of the small-scale foraulators, however, need improvement, if not 
aodernizing, in some cases. 

The PDPI has established tbe necessarf infrastructure and facilities for 
the qualitf control of pesticides and has foraulated training capsules to 
cater to different needs of the pesticide foraulation industrJ. It is vith 
tbe training of persunnel and vith aaking available the services of sensitive 
sophisticated anal1tical inatruaentation that PDPI can assist the small-scale 
foraulators. 

Whereas other testing laboratories, such as the Central Insecticides 
Laboratorf, the Sri Raa Test House and the Industrial Testing and AnalJtical 
~aboratories Pvt. Ltd. are in existence, thef are 11e>re or less confined to 
regulatorf and/or routine COll9ercial testing and are, therefore, product 
oriented. The goals of the PDPI are 11e>re ln depth and ambitious, and vbile 
individual aspects of pesticide formulation are given impc.rtance as seen from 
the training courses, the approach, froa the point of viev of industry, ls 
realistic. This should not, however, deter froa interactions vith technical 
personnel of these institutions for exchange of information on aethodology, 
advances in the field of instrumentation, and other similar aspects. 
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I. l!COPU!ENDATIONS 

l. In future training programaes, boaogeneitJ of participants' qualifications 
should be strived at, where possible. 

2. If the POPI Centre is to function as a training base for pesticide analysis, 
an analrtical development group should be constituted, with qualified, experienced 
pesticide analrsts. 

3. Since accurate and reliable analrtical data depend on the proper operation 
and aaintenance of analrtical instruments, an intensive residencr traini~g of 
at least one aontb for a aember of this analrtical development group should be 
proposed and undertaken in a laboratorf where such facilities exist. 

4. A .. jor shifting of instrument locations will have to be aade, taking into 
account facilitJ of use and safetJ requirements. 

5. Additional equipment essential for the proper functioning of the analJtical 
lnstruaents bas to be purchased. 

6. A strong safetJ awareness progra1111e should be iaplemented, with tbe usual 
laboratorJ safetJ equi.,.,ent - safetr goggles, gloves, protective clothing, 
first aid tits - provided and fuae hoods and fire extinguishers installed. 

7. As the non-availability of pure analJtical standards ls a .. jor constraint 
in qualitJ control, the generation of sufficientlJ pure analrtical standards 
of pesticides frOll technical .. terials, as originally planned bJ POPI, should 
be pursued and resultant purified standards made available to industrial lab
oratories. 

8. All of tbe above-mentioned points are training aspects and priority train
ing of centre personnel - present and to be hired - should first be accom
plished before another progr&llllle for outsiders is considered. 

9. If pesticide residue analysis is to be conducted in support of the Centre's 
bioefficacy trials, the purchase of gas chromatographs equipped with electron 
capture, flame photometric and nitrogen phosphorus detectors should be 
co~sldered. 

10. The library should be stocked with boots, journals, periodicals and other 
reference literature pertaining to pesticide analysis, instrument1tion and ap
plications. 

I I I 
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II. WORK CAiRIEO OUT 

Training progranme 

A training prograJIDe on the qualitJ control of pesticide formulations was 
conducted bJ POPI for a group of 20 participants fro• the pesticide industry 
at the Management Development Institute, Curgaon, Harfana frOll 15 to 19 April 1985. 
Practical de11e>nstrations vere held at the POPI Centre at UdJog Vihar, Gurgaon. 
T!ae programae capsule ls given in annez I. During this course, the UNIDO 
ezpert delivered three lectures on international specifications, gas liquid 
chre11atographJ (CLC) and high pressure liquid cbroaatograpby (HPLC) and was 
involved in practical demonstrations on CLC and HPLC techniques. These 
lectures are given in ann&zes II to IV. 

For this training course, the analytical instruments mentioned had to be 
checked and operating conditions opti•ized. Kinor adjustments in the opera
tion of tbe gas chromatograph were .. de since the instrument was already op
erational. The unsuitability of the available stainless steel coluans for 
routine analysis of pesticides was stressed. The recomnended column •aterial 
is glass since ezposure of ••nJ pesticides to bot aetal surfaces causes decom
position. This is especially true of the tbiophosphates and 11e>st organo
chlorines because they are very labile in contact with bot metal surfaces 
resulting in breakdown and poor quantitation. 

Kore time was spent in aaking the HPLC operati~nal. Since the instrument 
bad not been set to proper running after installation some tiae ago, problems 
ranging from column blockage to fluctuating flows and pressures were en
co~ntered. Leaks in the systea caused by loose fitting connections in the 
different llOdules of the instrument had to be corrected. Availability of HPLC 
grade and sufficiently pure solvents proved yet another problem. In due tiaae, 
however, test runs were ••de and conditions optimized for some applications. 

During the conduct of the course, particularly the practicum sessions, 
the participants' background and ezperience were a limiting factor. While 
SOiie were interested in the basics, the operation and manipulation of the in
struaent, a few with more ezperience wanted a discussion of problems encoun
tered during an instrumental run of a particular pesticide. Considering the 
limited time allotted for these sessions, a more hOllOgeneous grouping, by way 
of background and experience, would benefit the participants 11e>re. 

Analytical development group 

The PDPI Centre i~ equipped with top quality analytical instruments. It 
would, therefore, be a pity ~~t.to •ate ~•e. of such sophisticate~ equi1>11ent. 
If the POPI Centre is to function as a training base for pesticide anal1sis, 
then the analytical development group, as presented in the POPI organizational 
charl, should be constituted. This group can then aake wort plans for the 
utilization of tbe equipment in the instrument room. The present contingency 
of two in the instruaent room could be absorbed by this group. 

Since accurate and reliable analJtlcal data are dependent on the proper 
operation and .. intenanc• of analJtical instruments, an intensive residenCJ 
training of at least a 11e>n~h sho~ld be proposed for a ... ber of this group to 
be undertaken ln a laboratorJ where such facilities exist. Such aspects as 
Instrumental .. thods or pesticide analysis, basic gas chromatography, ba•lc 
high pressure liquid cbroaatography, trouble-shooting and aalntenance, basic 
.. nlpulatlon•, and safety should be covered by such a course. 
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If the testing facilities of the POPI Centre are to be made available to 
the pesticide industrJ and others, then the need for trained aanpower is un
derrcored. This is a prioritJ area and should be given much attention before 
another training progranne for outsiders is even considered. 

Rearrahgement of instruments 

A aajor shifting of instrument locations will have to be aade to ensure 
facilitJ of use and safetJ. HPLC s1steas, because of the nature of solvents 
used, should not be operated in areas where open flames, sparks or excessive 
beat aaJ be present. The GLC, vbicb is equipped with a flaae ionization de
tector, is situated facing the HPLC. As the GLC is ideallJ located by virtue 
of the easy access to the gas cylinders outside the window, it follows that 
the HPLC may bave to be moved. The four electronic balances aay be placed 
beside ear.b other in a designated weighing corner. The two UV spectropho
toaeters and two IR spectrophotoaeters a&J be placed alongside each other. 

Short siaple operational instructions should be typed and taped on one 
side of the instrument as an aid to users of the instrument. 

It should be stressed here that sensitive laboratory equipment needs reg
ular service and maintenance. In aan, cases, this can be done by well-trained 
laboratorJ staff. A correct "user's attitude" could add aileage to the op
erating life of an instrument. It is as easy as reading the operating aanual 
first. 

It must be adaitted that proper instrument service may be difficult to 
obtain since many local representatives of foreign companies are sales repre
sentatl ves who may have neither knowledge nor facilities to repair instruments 
sold by them. These foreign firms, however, have area representatives who 
visit the c~untry at certain times during the year. It would be useful to get 
a schedule of these visits and have the area representative do a check and 
perhaps, recondition the instrument. 

Additional eguipment 

Additional equipment should be purchased. Glass columns, as mentioned 
earlier, are a aust in pesticide analysis. Solvent cleaners, filtering sys
tems and sample clarification tits are needed to ensure quality solvents and 
trouble-free operation of the HPLC. Gas/liquid tight syringes aust be pur
chased for HPLC. In addition, an explosion proof laboratory refrigerator with 
freezer is needed to store pure analytical standards and prepared standard 
solutions. A list of these equipments is gi~en in annex Y. 

Saf etx awareness prograane 

Laboratory safety is the responsibility not only of the individual ana
lyst but also of the a1nageaent. POPI aanagement should focus on a safety 
awareness progrlllllle to keep the personnel properly informed and trained in 
safe laboratory practices. Not only should the usual laboratory safety equip
aent - safety glasses, gloves, gowns - be provided, but also, fWl8 hoods and 
fire extinguishers should be installed. HPLC solvents must be prepared in a 

, well-ventilated laboratory hood to ainialze toxic vapours in the laboratory 
, air. First aid kits are aisslng unfortunately. 
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Laboratory helpers should be made to realize the potential explosion haz
ards of filled gas cylinders and not allow them to dump these cylinders o~ the 
g~ound like bags of cement. 

A clean uncluttered working area is not only healthy but will produce re
liable results. 

Pure analytical standards 

The fact that pure analytical stand~rds are not available is s aajor con
straint in quality control. Tbe POPI shoul~ take tbe lead in the generation 
of sufficiently pure analytical standards from technical materials. Tbese 
purified standards could tben be aade available to the aany quality control 
laboratories of t~e small-scale formulators, which are otherwise forced to use 
technical aaterials as standards for quality checking. 

These purified standards could be checked against pure analytical st&nd
ards for quality and content. Several standards were brought over from the 
expert's laboratory: aalathion, alpba-endosulfa~. beta-endosulfan, mixed en
dosulfans, monocrotophos, butachlor and 2,4-D IBE. 

Training of available staff 

Two analysts were trained in the fundamentals of GLC operation and manip
ulation and one in HPLC. The training was, however, by no means extensive 
since the expert was busy making the HPLC operational in time for the training 
course. 

Pesticide residue analysis 

If pesticide residue analysis is to be conducted to support the Centre's 
bioefficacy trials, gas chromatographs equipped with electron capture, flame 
photometric and n;trogen phosphorus detectors should be purchased. These gas 
chromatographs should be for the exclusive use of residue analysts and under 
no circumstances should formulation analysis be allowed therein. 

However, before any residue activity bas been started, the analyst(s) 
should have undergone ade~uate training since the rudiments and basic con
siderations of residue analysis is an entirely different field from formula
tion analysis. Further, the need for a dust-free, iaaaculately clean working 
environment free of dust ls essential. Under the present circumstances, this 
may be difficult to achieve. 

Reference material 

The library should be 1tocked with boots on the latest developments in 
pesticide analysis, lnstrument&tion, application, journal• of chromatography, 
periodicals and other literature that would serve as ready reference for the 
analyst. Suggested literature reference• are given in annex VI. 

Interactions 

A list of contacts made during the ai11ion visit ls found in annex VII. 
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Annex I 

TRAINING PROGRAllME 

15 April 1985 

Factors responsible for quality of 
pesticide fonaulations 

Quality of raw materials 
S. I. lhetan, N. I. Pillai 

i>·~· .. duction process and equipment 
'. If. Dutta 

Packaging, storage and transportation 
V. C. Bhargava 

Training of the production and quality 
control personnel 
R. L. Bakshi 

Welcome by S. P. Dhua, CIU> 
Hindustan Insecticides Ltd. 

Inaugural address 
by P. v. Shenoy, Addl. Secy., 
Kin. of Agriculture 

ley note address 
by S. l. Mukherjee, 
IARI 

16 April 1985 

Pesticide formulation specifications 

Indian standard specifications 
i. N. Sunder 

International specifications 
Thelma Antazo 

Sampling and methods of testing. 
for physical characteristics of 
formulations 
D. I. Sharma 

Shelf life of pesticide formulations 
and statutory requirements 
l. D. Paharia 

Practical demonstrations 

17 April 1985 

Methods of analysis 

Chemical methods 
D. Sengupta 

Chromatographic methods 

Gas liquid chromatography 
D. Sengupta, Tbelaa Antazo 

Course faculty-participants 
interaction 

Demonstration 

lE April 1985 

High performance liquid 
chromatography 
s. Mohan, Thelma Ant•ZO 

Spectroscopic method~ 
A. S. N. Kurthy, P. I. Ramdas 
Practical demonstrations 

19 April 1985 

Biological methods of quality 
control of pesticides 
B. P. Shrivastava 

Requirement of quality control 
laboratory for pesticide 
formulations 
M. L. Kumar, Thelma Antazo 
s. Mosinski 
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Annex II 

INT!RNATION&L SPECIFICATIONS !I 

bf 

T. A. Antazo 

Jntroduction 

Specification~ are standards against vbicb products are measured. Spe
cifically, they are allowable liaits within which certain characteristics of a 
product aay vary end still aaintain acce~tability of qualitJ and performance. 

In the field ol pesticides, specificaU011s have been set up as guideposts 
not only for manufacture, formulation and transport but also as guarantees 
when these products are sold, distrib~ted and used in international coanerce. 

Specifications for insecticides and for spraying and dusting apparatus 
were first published by the World Health Organization (WHO) in 1953 to cover 
all the principal compounds used in controlling insects of public health im
portance. In 1956 the first edition of ~pecifications for Pesticides was pub
lished. 

Extensive revisions, due in part to updated methods for quality control 
and considerable increase in the use of pesticides in public health, have led 
to the publication of the latest edition, the fifth, now titled Specifications 
for Pesticides Used in Public Health. 

A decade later, the Food and Agriculture Organization of the United 
Nations (FAO) Working Party on the Official Control of Pesticides was created. 
One of its tenns of reference was to produce specifications for pesticides 
used in agriculture analogous to those prepared by WHO for public health 
purposes. Today, this group is called the FAO Panel of Experts on Pesticide 
Specifications. Uegistration Requirements and Application Standards. 

This Group of Experts has established liaison with scientists of the pes
ticide industry and with such organizations as WHO, the Collaborative Inter
national Pesticides Analytical Council Limited (CIPAC), the Association of 
Official Analytical Chemists (AOAC), and the International Standards Organi
zation USO). 

Keth~ds of analysis that have been critically examined by interlaboratory 
r~ll•horative trials are preferred for adoption and incorporation in the spec
ifications. CIPAC and AOAC hAve both freely made available method~ of analy
sis they have adopted after collaborative testing. The ISO standards for ap
paratus and co111110n names for pesticides have been adopted. 

Although the WHO specifications were designed specifically to meet the 
requirements of public health progr&111Des for the control of vector• of human 
disease, theJ are in certain asr,cts similar to those required tor plant 

!I Presented during the training course on QualitJ Control of Pesticides 
conducted bJ Pesticide Development Progr&1111e in India at the Management Devel
opment Institute, Curgaon, ffaryana, India, lS-19 April 198S. 
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protection. So. where appropriate. FAO has adopted suitable WHO clauses in 
FAO specifications for those pesticides of mutual interest. 

LargelJ. however. WHO specifications are not necessarilJ suitable for 
plant protection. even where the ingredients are identical. In aanJ respects, 
these differ from the requireaents for pesticides used in agriculture, partic
ularlJ in the performance requirements and in the content of active ingredient 
in the various foraulations. 

In a collaborative effort in 1979 tbe FAO and WHO published specifica
tions for rodenticides entitled Rodenticides: Analyses, Specifications. For
mulations. 

Requirements for specifications 

Specifications are designed with the obj•ctive of ensuring that pesti
cides complJing with them ere satisfactorJ for the purposes for which they are 
intended. An emulsifiable concentrate should fora a stable eaulsion under the 
conditions of the aethod of testing and re-emulsify easily after long stand
ing; water dispersible powders should pass realistic suspensibility tests; 
dusts should have particle size requirements. Acidity. alkalinitJ, presence 
of water. impurities, compaction, stability at elevated temperatures and other 
variables need to be considered. Physical appearance, colour, flowability 
need to be esaained. Needless to say, active ingredient content should be 
given prime consideration. 

The FAO specifications include the following physical and chemical prop
erties: 

Description: 

Active ingredient: 

Impurities: 

Physical properties: 
for dry products: 

for l!quid products: 

Storage stability: 

Containers: 

colour, physical state 

content. incl. tolerances 
identity 

acidity, alkalinity, insolubles. 
water. other critical impurities 

(es applicable) 
particle size and range, 
suspensibility, foaming, 
wettability, dustiness 
emulsion stability, 
re-emulsification, miscibility 

low temperature stability, 
beat stability 

stability, performance 
requirements 

A su.nary of the above properties and a list of available CIPAC methods 
are given in appendis I. 

lspression of content of act~ve ingredient 

The content of nctive ingredient of agricultural pesticides and plant 
protection products is expressed on a per cent weight/weight or g/l ,at 2o•c 
basis. For solids, liquid technical active ingredients, volatile li,quids 
C•aximua boiling point so•c> and viscous liquids Clower limit 1,000 ,centipoises 
at 2o•c>, the active ingredient content is expressed in per cent vei,ght/weight. 
For other liquids, the active ingredient content is expressed in g/l at, 2o•c. 
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Tolerances for content 

These tolerances take into account the difficulties likely to be encoun
tered in aanufacture and analysis. For consignaents up to 5,000 kg, tolerance 
guidelines are presented in appendix II. For larger consignments. tbe toler
ances in appendix II applf to individual samples, but where tbere are a number 
of samples, the negative tolerances should be halved. 

For exaaple, for a 50 per cent product, the 
ingredient of all samples taken shall be between 
units (i.e., 48.75 to 52.57.). 

Tests for product stability 

average content of active 
50 - 2.57. units and 50 + 2.57. 

2 

Heat stability. Generally, products should be capable of being stored 
for at least two fears in unopened containers. notwithstanding the conditions 
of this storage. Products shipped to the tropics aaf have to withstand tem
peratures of 5o•c or more for considerable periods of tiae. Soaetiaes, a slow 
turnover of stocks aaf coapound this problea. 

A abort heat test (54 ± 2•c for 14 days) bas proved aost useful in elim
inating aanf products that do not aeet an acceptable level of storage stabil-
ity. 

In certain instances, after a beat stability test, there aay be an inevi
table loss of active ingredient, a reduction in suspensibility and perhaps a 
change in acidity or another variable. A deterioration in tbe properties of a 
formulation is allowed by ~ per cent where ~ is normally not more than 10. 
This loss is based on the content of active ingredient found. 

In the case of a newlf developed product, the "heat stability clause" is 
regarded as "for information" for tue first three fears of the original pat
ented life of the product. This allows information gained in the heat stabil
ity test to be supplemented wit~ practical experience in field storage and 
other data on the stability of tbe formulation. 

Where, owing to possible decomposition, products are tested for 14 days 
at less than 54 ~ 2•c, a statement should be made on the label that the prod
uct shall not be stored above a specified temperature (often 20• or 3o•c). 

Low-temperature stability. Siaiiarly, products intended for use in the 
tropics may have to withstand low temperatures since they are often shipped 
froa cold climates. Thus, products undergo storage tests at 0 + l•c for seven 
days. -

llDulsion stability. The stability of the diluted emulsion is determined 
in CIPAC Standard Waters A (20 ppm hardness) and C (500 ppm hardness) after 
the heat storage test, unless other Standard Waters are specified. This test 
is conducted at 3o•c, but to• or 2o•c aay be used in certain countries. 

roaming. Thi• test is a check to avoid excessive foaming when filling 
the spray tank. A liait of 25 al foam was adopted. 

Impurities 

The production of technical grade pesticides aay result in the introduc
tion of saall quantities of other c011pounds sucb as: (a) basic starting aa
terials, including their impurities, used in the synthesis of the active lngre-
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dient; (b) side-reaction products formed during synthesis, e.g., isomers; 
(c) partial decomposition products of the a.i. arising from the working up of 
the final product; or (d) traces of sol~ent left from synthesis or the 
purification stages in the manufacture of the product. 

These impurities are undesirable since they aay influence the quality of 
the formulation by inducing the chemical decomposition of the active ingre
dient or the deterioration of packaging during storage. They aay give rise to 
pbytotoxicity in treated plants. lead to toxic residues in food crops or pre
sent an undue risk due to a change in the toxicological property of the prod
uct. 

The nature of such impurities should be stated and aaxiawn acceptable 
levels should be fixed in tbe specifications of the active technical aaterial 
and its corresponding formulations. Where a a1n1mua and aaxiaua are used, 
they are absolute and no tolerance is permitted. 

Examples of impurities for which liaits have been established in relevant 
specifications: 

TCDD, very toxic and teratogenic, li•ited to ppm 0.1 in 2,4,5-T 
formulations 

Water in some dithiocarbamates, leads to decomposition of a.i., limits 
imposed 

Free phenols in phenoxyacetic acid herbicides, causes taint in foodstuffs, 
liaited in MCPA and 2,4,5-T to 1.5 per cent and in 2,4-D to 
1 per cent 

Packing of pesticides 

A pesticide product consists of the pesticide and the container. The 
aanufacture~ of the product is responsible for the quality and performance of 
both. The importance of the container cannot be overemphasized. A good pes
ticide may be ruined by an unsuitable container. 

Working on the philosophy that detailed requirements might hinder the de
velopment of novel packing materials, the FAO Group of !xperts proposed only 
general advice in the specifications on packing. Where there are known pre
cautions to take in packing a particular product (linings, •oisture barriers. 
tight seal, polyethylene inserts etc.), these are incorporated in the specifi
cation requirement. Otherwise, only a general clause is given. 

Labelling 

Th• label is another iaportant element of every pesticide product. Labels 
aust be of such design and quality and aust be affixed to the container in 
such a vay that they do not deteriorate, become illegible or separate fro• the 
container, even under the rigours of international transport and storage, and 
hot and huaid cllaatic conditions. Further, a physically satisfactory label 
aay still be useless unless it ls written in the language of the user. 

Labelling recOlllMtndations have been issued by the FAO Group of Experts on 
Registration lequlre .. nts. As aany pesticides are highly toxic to man and an
laal, it ls essential that labels on the containers carry a clear warning of 
the hazards, vith instructions for safe handling, and an indication of .. as
ures to be taken in case of accidental intoxication. Kinimwa state11ents of ' 
caution are included ln the specifications. 
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Biological properties 

In addition to the alreadJ mentioned requirements. certain bioloiical 
properties are also verJ important to satisfactorJ product performance. 

Phytotoxicity. A standard test to evaluate ph1totoxicitJ is not J~l 
available to the Group of Experts. Therefore. this clause is at present in
cluded in the specifications "for inforaation" purposes. 

Vetting of crop. The optiaua wetting of the crop for .. xiaua biological 
efficacf vill var1 vith the er~p. the pesticide, the volume and the 1K>de of 
application. Infonaation on suitable tests for evaluating vetting of leaf 
surfaces is given in an "information" clause, where applicable. 

Mechanism for developing/adopting specifications 

FAO issues three tJpes of specifications: 

(a) Draft specifications: those submitted for consideration; 

Cb) FAO provisional specifications: those that may require further vork; 

(c) FAO specifications: those that are fullJ acceptable on the basis of 
evidence presented. 

Draft specifications are submitted bJ &DJ organization or person for con
sideration by the Group of Experts, vbo assign a prioritJ to it. The draft is 
circulated among the Group and GIFAP (pesticide industrJ) if it is a co11111<>ditJ 
product or to the concerned •anufacturer if it is a patented product. At its 
annual meeting, the Group of Experts considers coaaents on the draft specifica
tions and takes appropriate action, such as promotion to provisional or FAO 
specification. 

FAO specifications are intended to: 

(a) Provide basic standards of quality for the buying and selling of 
pesticides; 

Cb> Provide an international basis to assist and simplify the official 
approval and acceptance of pesticides; 

Cc) Provide standards of quality on which residue limits and safetJ 
measures may be based; 

(d) Give an international official acknowledgment of the acceptability 
of a pesticide; 

(e) Help protect the responsible vendors against inferior products. 

Specifications for each pesticide are published as smal: booklets, while 
the corresponding methods of analysis are published in the CIPAC Handbook. 



URHdll I. 

AIM or THI PHYSICAL rlOPllTIIS AND AVAILABILITY OP CIPAC MITHODS 

Applicable to Avallabllltr of 
PbJ1lcal propertJ Al• of property fonaulatlona fl CIPAC Mthod1 Nor•al ll•ltl 

-
1. Material 1olublel To determine th• purltJ TC,SL Soluble: MT.•, !t, 6, Dependlng on th• 

lHolllbl• la a or l•purltJ of th• 7, 9, 71, 76, 17, 90 actlv• lngredleat1 
aolveat product Un1oluble: MT.I, 10, 

11, 16, 21, 3!t 

2. Acldltr-•ltallaltJ-pH To aacertala TC, DP, WP, GI, Depending oa th• 
decompo1ltloa of th• IC, SL, UL, SC MT. 31, 66, 7!t actlv• lngredlent1 
actlv• lagredlenta, 
deterloratlon of 
phy1lcal propertlea, 
daager of corroalon 

3. Water content ld. TC, DP, WP, 01, lfr, 17 1 JU, 4'0 Depending on th• 
IC, SL, UL fonaulatlon 

•• Drr 1l•v• tHt To ll•lt partlclea of DP, 01 MT. 59 Ma1.: non 150 u• .... 
unwanted 1 l&• !tt. on n 11• '° 

- - - - 5. PlowabllltJ To aacertaln th• fr•• DP, 01 MT. 4-t reviled 
flowing nature of th• (for DP) no .. th~d Mn.: 12 
product for GI 

6. Duatabllltr To aacertaln th• DP No CIPAC .. thod but 
- - - - abllltr of duet to b• WHOllQPIU2 

dllparHd 

1. Wet alev• teat To avold the blockage WP, SC MT •• ,,,3 Ma1.: non 75 11• 
of aprar nozzl•a 

- - - - •• IHpeaalbll:tJ To detenaln• that a WP, SC MT. 15 (for WP) Mln. 50'I. but 
aufflclent ..aunt of ••lnlr dependln1 
of a.I. 11 1tlll ln on th a.l. 
auapenalon to 1lv• • 
1atl1factorr, h0110genou1 
and effectlv• aprarlng 

9. w.ttebllltr To a1cert1ln the product WP MT. !t3 "11.: l•ln 
la rapidly wetted when wlthoul awlrllng 
added to water 

continued 



&p.,.ndla I tSJlll.lnu!l> 

PbJ•lcal pro.,.rty 

10. Per•l•~•nt to .. 

11. Ph•b ;'lOlnt 

12. Vhco• i tJ 

13. lllul•lon •tabllltr 

14. le-e11Ul•lflcatlon 

lS. Pour-tap bulk 
daHltJ 

16. Dl1.,.r1abllltr 

17. Cold tHt 

11. Heat 1t.ablllty 

Al• of pro.,.rtJ 
Applicable to 

for•uhtlon1 Al 

To avoid eace11lv• to.. WP, IC, SC 
when flllng the 1pra1 tack 

To evaluate the danger of IC, SL, UL 
n .... bllltr 

To evaluate the flow UL, SC 
pro.,.rtl•• of llquld 

To evaluate th• IC 
1tabl11 tr of th• 
••ul1loa oa 1tandlng 

To •v•l~ata the abllltr IC 
to be ra-amul1lflad 
after 1tandlng 

To provide lnfonaatlon 
for packaglng and 
appllcatlon raqulre .. nt1 

To a11ura that th• 
product 11 adaquatalr 
dl•per1ed throughout 
th• 1prar tank 

To evaluate the danger 
of crr1talll&atlon or 
••paratlon of lngradlent1 
ln cold cll•ata 

To evaluate the influence 
of t••P•ratura and tl .. 
on the che•lcal and 
phJ•lcal 1tablllty 

DP, WP, 01 

WP, SC 

IC, SL, UL, SC 

DP, WP, IC, UL 
SC, <ii, SL 

----·-----------------
!.I Coc:e of fonaulatlon1: TC Technical 

DP Du1tlng powder 
WP Wettable Cw1ter-dl1per1abl•> powder 
IC !llul1lflable concentrate 

AvallabllltJ of 
CIPAC .. thod1 

"'· 47.l Kr. 47.2 Cror SC) 

"'· li. 

"'· 22 

trr. 36, 20 

"'· 36 

"'· 33 

Kr. 160 Cfor IC) 

"'· 39 

"'· .. 

SL Soluble concentrate 
UL ULV fonaulatlon• 
GI Granulu 

Normal ll•lt• 

Nu.: 2S •l 
after 1 •ln. 
Dapandlng OD aat. 
or intern 
ragulatloH 

Depending OD th• 
fonaulat lone 

era .. : •••· • •l 
attn 2 houn 
frH oll: nll 

era .. : •a•. • •l 
oll: •••· O.S •l 
after 30 •ln. 

Depending on lh• 
foraulatlon1 

Not yet fl11d 

Saparatlon la11 
than 0.3 •1 at 
o•c tor 7 d1y1 

Noraal condlt.lon1 
s••c for u day1 

SC 1u1pan1lon concentrate 

~ 



Declared~ of a.i. 
in formulation 

in ~ v/v in g/l 

50 and n.a. 
above 

a.a. 500 or 
higher 

25-50 250-500 

10-25 100-250 

2.5-10 25-100 

0-2,5 0-25 
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CONSIGNKENTS UP TO 5 0 000 IG 

Tolerance guidelines 

Liaits 

:t 2.5 percentage units 

:t 25 g/l 

a.a. 

a.a. 

n.a. 

n.a. 

Liaits on ~ of declared 
a.i. content 

a.a. 

a.a. 

:!:. 5 

:t 6 

:t 10 

:t 15 

Note: In each range. the upper value is not included (e.g .• 25-50 aeans 
from 25 up to, but not including. 5~). 
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Annex III 

GAS LIQUID CHROKA.TCCP..APHY 
IN PESTICIDE FORMULATION ANALYSIS !I 

by 

T. A. Anta%o 

Introduction 

James and Bartin introduced gas liquid chroaatographJ in 1952 and since 
then it has become the aost extensively used technique in analytical che•is
try. Gas chromatography bas made a marvellous dev~lo1>11ent and expansion as a 
reliable separation method in various fields, such as chemical and petroleum 
industries, biochemistry, medical sciences, pharmacy and pollution monitoring. 

In the field of pesticide residue chemistry, the gas chromatograph is the 
instrument of choice for the separation, identification and measurement of 
pesticidal coapounds. Sensitive and specific detectors, such as the electron 
capture, thermionic, flame photometric and microcoulometric units, have al
lowed determination in the subnticrograa range. 

In contrast, the quantitative determination of pesticides in technical 
materials and formulations bJ gas chromatography is a aacromethod and neces
sarily, accuracy and precision become fundamental factors. Accuracy expresses 
the correctness of the measurement. Precision expresses the reproducibility 
of the measurement. The same gas chromatographic principles used for residue 
methodology apply to formulation analysis but the demand and need for greater 
accuracy and precision are more acute. 

The purpose of this paper is to present the mechanics, instrumental as
pects and techniques that are considered essential and practical for the anal
ysis of pesticide formulations. This paper does not go into the details of 
the theory and other aspects of gas chromatography. 

Instrumental aspects 

Detectors 

The two types of detectors most connonly used in formulation analysis are 
the thermal conductivity, which detects changes in the thermal conductivity of 
the gas stream as solutes are eluted, and the flame ionization detector, in 
which the· eluting s:olut~s a!:'e hur!!ed if! a hyd,.neP.n .fleme, producing a small 
electrical current, which after amplification, is measured by 11eans of a suit
able electrometer. 

The thermal conductivity detector, although relatively simple and inex
pensive, has several disadvantages: (a) it is non-specific; (b) it lact3 
sensitivity; and (c) it is sensitive to changes in operating parameters, sucb 
as te11perature and carrier gas flow rate. 

!I Presented at the Pesticides Development Progr .... e in India: Training 
ProgrlJlllle on Qu11.ity Control of Pesticide Formulations at the Kanag•"'8nt De
velopment Insti ·,, Curgaon, Haryana, India frora lS to 19 April 1985. 
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Although most of the fixed gases (carbon dioxide. hydrogen sulfide. am-

11<>nia. air. water or catbon monoxide) produce no response with this detector. 
the flame ionizatio~ detector has become the most popular choice for the anal
ysis of organic compounds. The detector is stable, relatively insensitive to 
flow and temperature changes, linear over a wide range and applicable to a 
wide range of solutes with high sensitivity. 

Except for the flaae photometric detector, the specific detectors used 
for residue analysis find little application in formulation analysis. The FPD 
is siailar to the FID in operation and characteristics. It is based on the 
emission of light at 526 ma for P and at 394 nm for S when compounds contain
ing these species are burned in a hydrogen rich flame. This light is col
lected with a airror. filtered to a specific wavelength and measured by a 
photomultiplier lube. The response is dependent upon flame-fuel aixture, flow 
rate and temperature. The exact hydrogen-air-carrier gas ratios are critical 
in deteraining aaximua sensitivity, selectivity and flaae stability. 

The sensitivity and selectivity of this detector makes it preferable to 
the FID for the analysis of formulations containing very low concentrations of 
organophosphorus or organosulpbur compounds. 

Columns 

The column is lhe most important part of a gas chromatograph, the 
"heart", as chromatographers usually put it. The right choice of column ma
terial, liquid phase and support determines the efficiency of separation and 
quantitation that can be achieved with a gas chromatographic system. 

Column requirements associated with resolution in pesticide residue anal
ysis or resolution and efficiency in complex multicomponent mixtures are m1n1-
&al in the gas chromatographic guantitation of formulations which are simpler 
mixtures. 

When looking for a suitable column, the practical chromatographer must 
consider efficiency, resolution, separation, materials, and such factors as 
column dimensions and operating conditions that are necessary to give the 
shortest residence time possible of the compound on the column (many pesti
cides are known to be heatand metal-sensitive). 

The recoamended colwnn material is glass since exposure of many pesti
cides to hot metal surfaces causes decomposition. This is especially true of 
the thiophosphates and most organochlorines, which are very labile in contact 
with hot metal surfaces resulting in breakdown and poor quantitation. 

Pesticides are separated on primarily silicone liquid phases. Connon 
nonpolar phases include DC-200, Sl-30, OY-101, and OY-1. Kore polar phases, 
such as OY-17, QP-1, OY-210 and OY-225 or •ixtures of these, are sometimes 
used to analyse for a multicomponent formulation. The more commonly used 
liquid phases for pesticide analysis are found in appendix I. 

Recent f lndings recoamaend the use of liquid phases that can take high 
teaperatures with low bleed rate, thus •ini•izing detector contamination. In
stead of DC-200, it is advisable to use OY-101, which has a aaxi•um tempera
ture li•it of 35o•c as compared to 2so•c for DC-200. QF-1 can be replaced by 
OY-210, which displays less bleed than the former. OY-17, a aethyl silicone 
of moderate polarity with 50 per cent phenyl groups, has proven to be an ex-
cellent liquid phase for pe1tlcld••· 

1 
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It is important to use a very inert silanized support to minimize absorp
tion problems, since a liquid phase loading of 5 per cent or less cannot cover 
all the active sites on a non-inert or non-silanized support. Adsorptive and 
catalytic sites should be rractivated to avoid tailing and decomposition of 
the components to be separ4ted. Conaercially available supports that meet these 
requireaents are chromosorb W HP, chromosorb G HP, gas chrom Q, diataport s or 
anakroa ABS. The aesh size of the support should be about 80 to 100, coated 
with a liquid phase of 3 to 5 per cent. 

A liquid phase loading of 5 to 10 per cent on a chr0110sorb W support is 
commonly used in pesticide analysis. However. there are aany advantages in 
using lower liquid phase loadings such as 1.5 to 3 per cent. Lower loadiags 
aean lover column temperatures for equal retention times resulting in less 
colWDD bleed and ainimua detector contaaination from the bleed. 

Low coatings, when used with higher flow rates are very efficient and 
give well-resolved peaks. The result is very short residence of the compound 
on the column, ainiaizing decomposition. Decoaposition. if instantaneous, 
will yield eztraneous peaks. If it takes place slowly as the solute passes 
through the column, a low-topped curve either directly preceding or following 
the aain peak will be obtained. In either case, the validity of the analysis 
is suspect. 

Optiaization of gas chromatographic conditions 

Carrier gas flow rates are optimized at the selected operating column 
temperature so that peak broadening is ainiaal and the separation efficiency 
greatest possible. Analyses of pesticides are usually performed isothermally, 
i.e. with column maintained at constant temperatures. This mode of operation 
ls preferable to prograaned temperature gas chromatography because of baseline 
stability and the ability to control and more accurately reproduce column tem
perature conditions. 

If quantitative results are to be obtained, the factors that influence 
the response of the detector, such as variations in sample size, flow rate, 
and colwnn and detector temperatures, must be controlled. 

Quantitative analysis 

Internal standard technique 

Formulations are considered simple miztures whether they ~ontain one or 
more pesticides. The use of the internal standard technique is ideal and ap
plicable to such systems. 

Using this technique, a known amount of a standard substance is added to 
a known concentration or voluae of the fonaulation sample before it is chro
.. tographed. The ratio of the peat height (or area) of the insecticide com
ponent to the peak height Cor area) of the internal standard is .. asured. The 
concentration or percentage component present is then determined by comparison 
to a calibration curve or to the peak height (or area) ratio of a solution of 
the pure standard and the internal standard prepared to approziaate the con
c,ntration in the formulation. 

Choice of internal etandard 

AD internal standard should be selected with care and should ... t the 
following requir ... nts: Ca) it must not be present in the original saaple; 
Cb) it aust elute close to the component of int•~•st; Cc) the ratio o! the 
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peat height (or area) to that of the component should be close to unity; 
(d) it should be inert; and (e) it should be completely resolved from all 
other peats. 

A satisfactory quantitative procedure involves preliainary screening of 
possible internal standard candidates under the gas chromatographic conditions 
and column chosen for the pesticide to be analysed. A listing prepared by the 
United States Department of Agriculture Pesticides Regulation Division is giv
en in appendix II. 

Possible sources of error 

The possible areas where errors can be introduced in the chr<>11atographic 
technique are: (a) saapling technique; (b) saaple adsorption or decomposition 
in the chromatograph; (c) detector performance; (d) recorder performance; 
(e) integration technique; and (f) calculations. 

The gas chroaatograph ls a quantitative device with variable precision 
depending on the handling or interpretation of the results. In aany cases, 
the physical measurement of the peak area is the limiting factor in the pre
cis lon of the results. 

The aost collDOn aelhods for peak area measurement are: (a) peat height; 
(b) height x width at half-height; (c) triangulation; (d) mechanical or elec
trical integrator and (e) computers. 

Analysis of formulations 

Sampling 

For a valid analysis, a representative portion of the gross sample aix
ture must be obtained. It is as likely that there are as many incorrect de
terminations resulting from improper sampling as there are from the combined 
errors of manipulation, measurement, and calculation. An improper sample 
mates a subsequent analysis practically worthless. Valid and official methods 
for sampling formulations are described in Official Methods of Analysis of the 
As;ociation of Official Analytical Chemists, 10th ed. and Scotts Standard 
Methods of Chemical Analysis, vol. II. 

Sample preparation 

Choice of solvent 

The velidity of any gas chromatographic method is dependent on the abil
ity to quantitatively extract the pesticide from the s&111ple .. trix. No .. tter 
bow selective and precise the gas chromatographic para.eters and measurement 
conditions may be, when applied to standard pesticide solutions, if the pes
ticide ls not completely e1tracted frOll the fonaulation •atrlx, then that pro
cedure is worthless for that sample. 

In choosing the proper solvent for the analysis, the following factors 
aust be considered: (a) ability to extract the pesticide efficiently; 
(b) solvent •ust elute rapidly frOll the colWlll; (c) solvent aust be free of 
impurities that aay have the saae retention time as the pesticide or internal 
standard; and (d) solvent should not react with any of the fonaulation com
po~ents in a manner that would affect the assay results. 
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Typical examples ~f sample preparation before gas chromatography 

Some general procedures are given, which include separation of the pes
ticide from the formulation ingredients or merely a dilution of the sample 
with a suitable solvent. 

Aerosols. The container and contents are weighed, then cooled in a 
freezing compartment for approximately 30 ainutes. A very small hole is 
punched at the top of the container, which is allowed to stand in a fume hood 
while the propellant gas escapes. After the propellant bas volatilized, the 
top of the container is carefully cut off. The container is then warmed on a 
steaa bath to expel all the volatile solvents. After cooling to room tempera
ture, the container with the nonvolatile material is weighed. This material 
is transferred to a suitable container and retained for analysis. The aerosol 
container is rinsed with ether, dried, and weighed. The difference between 
these weights represents the weight of nonvolatile material in the aerosol. 
The top of the container, which bas previously been removed, is weighed. This 
weight is added to that of the empty dried container. The original gross 
weight of the aerosol minus the combined weight will give the net content. 
The percentage of nonvolatile residue in the aerosol is then calculated. 

A weighed portion of the nonvolatile well mixed residual concentrate 
equivalent to 0.5 g of pesticide is transferred to a 50 ml flask (final con
centration to be 10 ag/ml), and diluted to volume with solvent after addition 
of internal standard. The per cent pesticide in the concentrate is calculated: 

average peat height (area) sample 
average peat height (area) standard 

x weight (g) standard x purity of standard = 
weight (g) sample 

pesticide in concentrate (~) 

The per cent pesticide in the aerosol is calculated: 

weight of concentrate x pesticide in concentrate (~) x 100 
weight (g) of contents of container 

pesticide 
= in aerosol 

formulation 
(~) 

Solid samples (wettable powders, dust concentrates, baits and granules). 
A sample size equivalent to 2 g of pesticide is transferred to an empty 
20 ID x 400 111 chromatographic colwnn and the extrcction solvent is percolated 
through the column at a drop rate of 1-2 drops per second until exactly 100 ml 
of the effluent is collected. A portion of the effluent to give a final con
.centration of 10 ..111g/ml is taken .and .JDixed vi th a predeterminec' volume of in
ternal standard. 

Liquid formulations Cemulsiflable concentrates, oil solutions, ultra lov 
volume concentrates, water-miscible liquids, water soluble concentrates). A 
sample slze equivalent to O.S g of the pesticide ls transferred to a SO al 
volumetric flask (final concentration to be 10 ag/ml), the appropriate volume 
of internal standard ls added to the flask and the s .. ple diluted to volwne 
with the proper solvent. 

The advantages of gu liCJuid chromatography as th• aethod of choice for 
formulation analysis are speed of analysis, siapllclty of operation, blgh : 
sensitivity, selective detectors, hlgh separation etficiencJ, versatility ,and 
small sample size needed. Pesticide formulations that can be chromatograp,hed 
directly need very little sample preparation. In •ost cases, one general pro
cedure csn be applied to all formulation typ's without prior clean-up. 



Liquid phase 

QF-1 

Silicone oil DC-200 

Silicone oil DC-550 

Silicone gum 
rubber, SE-30 

OV-17 

OV-22 

OV-101 

OV-210 

QF-1 plus 
s!!;rn"p n;J 
DC-200 Cl: 1) 

DIGS 

Reoplex 400 

Carbowu 20M 
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~ppendix I 

LIQUID PHASES USED IN PESTICIDE ANALYSIS 

Chemical 
composition 

Tripropyl fluor
s ilicone 

Kethyl silicone 

Methyl phenyl 
silicone 

Methyl silicone 

Methyl phen;l 
( 25!.) silicone 

Methyl pheny::. 
(65!.) silicone 

Methyl silicone 

Ketbyl, trifluol"o
propyl (50f.) silicone 

Fluorosilicone plus 
methyl silicone 

Diethylene glycol 
succlnate polyester 

Polypropylene 
glycol adipate 

Polyethylene 
glycol 

Class of pesticide 
detected 

Organophosphates, 
chlorinated hydro
carbons 

Chlorinated hydro
carbons, organo
phosphates, 
chlol"opbenoxJ 
acids and estel"s, 
thiocarbamates, 
dinitro herbicides 

Ol"ganophosphates 

Ol"ganophosphates, 
chlorinated hydro
carbons, 
chlol"opbenoxy acids 
and esters 

Ol"ganophosphates 

Ol"ganophosphates 

Organophosphates 

Ol"ganophosphates 

Chlorinated hydro
carbons, 
chloropheno1y 
acids and esters, 
triazine herbicides 

Organophosphates 

Organophosphates 

Trlazlne herbicides 



EGGS-I 

KGCS-Y 
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Ethylene glycol 
succinate vitb S~ 
11ethyl silicone in 
chain 

Ethylene glycol 
succinate vitb 3~ 
11ethJl silicone in 
chain 

Organophosphates 

Organophosphates 
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INTERNAL STANDARDS EMPLOYED lN PKSTICIDI ANALYSIS 

- Pesticide 

- Bal an 
Caplan 
Daconll 
Daclhal 

- Dasanll 
o.p-DDT 
p,p'-DDT 
DDVP 
Dlchlone 
Dleldrln 
oi .. thoate 
Dlarston 
Dyrene 
Fa•phur 
Fenilrothion 
Lanslan 

- Llndane 
Malathion 
Malathion 
MelhJl parathion 
MetbJl parathion 
Naphthylacetaalde 
Parathion 
Parathion 
PCNB (pentachloronltrobenzene) 
Phorate 
Phorate 
Tedlon 
Terrazole 
Trithion 

Retention 
till'le 

<•inutes) 

4 .01 
4.4 
2 .1 
6.0 
9.4 
6.5 
8.3 
4.2 

8.5 
2.9 
3.4 
5.5 
3.0 
2.8 
2.8 

6.2 
1.0 
2.5 
1.9 
2.17 
8.3 
3.9 
3.11 
8.5 
2.5 
2.5 

10.3 
2.3 
3.6 

Internal standard 

Llndane 
Dleldrin 
Aldrin 
Dleldrln 
Dleldrln 
Dleldrln 
Dieldrln 
Methyl nonyl ketone 
Aldrin 
Methoxychlor 
Dlbulyl 1eb1c1te 
Aldrin 
HEOD 
Dl-n··octyl phthalate 
Dlbutyl sebacate 
n -Chlorololuene 

Heptachlor 
Dl11ethoate 
Dlbutyl sebacate 
Dieldrln 
Dibutyl sebacate 
Dieldrin 
Dieldrin 
Dibutyl eebacate 
Pho rate 
Benzyl benzoale 
Llndane 
Dieldrln 
Fluorene 
Heplachlor 

---------------- --------------------

Retention 
tlme 

(minutes) 

4.83 
1.0 
4.1 

11. 5 
8.0 
5.1 
5.1 
5.6 

18.0 
5.9 
5.8 
8.5 
8.5 
5.5 
4.7 

10.6 
3.4 
4.5 
5.1 
5.2 

18.0 
7.0 
5.5 
5.2 
3.5 
3.5 
,. • 1 

5.4 
1.0 

_ -· __ ...•... !'.!QJY!'.!IJJ . ..s.cm4Hh>ru. __ _ 

Substrate 

lot. SK-30 
101. Sl!:-30 
101. S&:-30 
101. S!·-30 
101. S!-30 
101. SK-30 
101. SK-30 
101. SK-30 
21. SK·-30 
101. SK-30 
St. DC-550 
101. SK-30 
10!. SE-30 
0.25!. DC-550 
St. DC-550 
51. DC-550/0.2!. 
Venamld 900 

lot. SK-30 
51. OV-22 
0.25!. DC-200 
lot. S!-30 
0.25!. DC-550 
101. S!-30 
lot. Dl-30 
0.25!. DC-550 
0.251. DC-550 
St. DC·-550 
51. DC-550 
lot. SE-30 
0.251. oc .. 550 
10!. SE-30 

Temperature 
(•C) 

186 
210 
190 
210 
210 
208 
208 
120 
198 
210 
170 
205 
215 
200 
165 

10 

195 
180 
160 
208 
160 
215 
195 
160 
130 
165 
155 
235 
100 
170 

- --------··- ------------· .. ··---- ---R ... -- 0 

~~'!.~~'-: U.S. Department of Ag·lculture, Pesticide Regulation Dlvlslon (now Knvlronmontal Protection Agency) and Pasarela 
-(1910). 

I 
w 
0 
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Annex IV 

A PRACTICAL APPROACH TO 
HIGH PRESSURE LIQUID CHROl'IA.Tt'GRAPHT !I 

bJ 

T. A. Antuo 

Introduction 

Kany of the disadvantages of colWID chroaatographJ. such as low effi
ciencJ. long analysis tiae. non-reusable colU11Ds and poor quantitative repro
ducibilitJ. have been resolved by innovations ln coluan and instruaent tech
nology that have given rise to the technique of high pressure liquid chroaa
tographJ CHPLC). 

The fundaaental theorJ behind HPLC ls not new but it vas not until 1969 
that HPLC. as we know it today. was developed. In its slaplest fora. it oper
ates on the saae principle as traditional colWID chr011atograpbJ. In this tJpe 
of analysis. the aobile phase i~ a liquid that is pumped at relativelJ high 
pressures through a narrow bore coluan. The stationarJ phase consists of 
solid particles of very saall size and large surface area. The use of aicro
particulate packings and narrow colU11Ds gives separation efficiencies auch 
greater than those of any other chromatographic technique. 

The decrease in column 
in solvent flow resistance. 
liquid puaping sJsteas were 
proved with valve injectors 

packing diameters created proportional increases 
As a result. constant flow and constant pressure 

developed. Saaple introduction systeas were i•
and liquid syringes. 

The basic equipment necessary for HPLC are a pump to force the solvent 
over the stationarJ phase. an injection s1ste• to introduce the sample to the 
column. a column where the separation takes place. a detector and a recording 
device. 

The acronym HPLC should be explained. High pressure liquid chromatog
raphy is also known as high performance liquid chroaatographJ. high speed 
liquid chroaatograpbJ CHSLC). high efficiencJ liquid chromatography CHILC>. or 
siaply. liquid chromatographJ (LC). A new definition bas now been put for
ward, that of HPLC being high price liquid chromatography. 

Considering this aspect. this paper will focus on critical points of the 
Hfi.C ayale• - vbich. if lgncred aay create probl'!lll~ - bP~au•P it i~ ;•pnrtanl 
to get good returns frOll this ezpensive investaent. 

llobile phase 

All chr09atographers know that the quality and proper handling of the 
carrier (gas, aobile phase, developing solvent) are as iaportant as anJ other 
part of the chr011atographic systea. Yet it is all too c011110n that they take 

!I Pre1ented at the Pe1ticlda Develop11ent Progr .... in India Training 
Progr .... on Quality Control of Pesticide ronaulations at the Kanage .. nt De
velop119nt Institute, Curgaon, Haryana, India frOll 15-19 April 1915. 
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the carrier for granted. It is very easy to take a bottle of reagent grade 
solvent. pour it into the reservoir and start the chroaatograph. However. 
when a problea develops witb the 110bile phase. it aay not be easily or iaae
diately identified. and once it bas been. tbe entire systea is already af
fected. causing a considerable waste of tiae and effort. 

The aost frequently encountered probleas .. y be avoided or reduced bJ 
careful handling of the choice of solvents and 110bile phase preparation. 

Choice of solvent 

The choice of solvent is crucial. Purity is a very important factor. 
Since large volu.es of solvent are puaped through tbe colUJ111 0 trace solvent 
iapurities can easily concentrate in tbe coluan and produce detriaental re
sults. Spectrograde or HPLC-grade solvents are highly recom11ended. 

Preparation of the 110bile phase 

Filtering. 
aobile phase is 
introduced into 
solvents should 
size. 

The 110st iaportant consideration for the preparation of the 
for all solvents to be free of particulates before they are 
the cbroaatographic system. To reaove these particulates the 
be filtered using an inert porous aaterial having a 0.2 u pore 

Degassing. All solvents should be degassed before use. The basic reasons 
for this is to prevent gases dissolved in the liquid froa coaing out of s~lution 
in the systea and disturbing the chromatographic perforaance. While under 
high pressure. gases cause fewer probleas since they remain dissolved. Upon 
exiting the coluan. the pressure drops draaatically. causing the dissolved 
gases to leave the solvent and fora bubbles. When these bubbles pass through 
the detector cell. signals to the recorder can become erratic. giving 
inaccurate results. 

Solvent degassing can be done in three ways: beating. vacuua degassing 
and ultrasonification. Heating the solvent reduces gas solubility and the 
dissolved gases siaply bubble out. Vacuum degassing does not extract all of 
the dissolved gases and for this reason. it should be repeated during the day 
to insure that gases do not redissolve during operati~n. Ultrasonification 
gives aore rapid degassing. With this method. the container of solvent is 
placed in an ultrasonic bath for about S ain. 

Saaple preparation 

Solid saaples have to be di~1olved before int~oducing into thP. HPLC sys~ 
tea. Tb• choice of solvent ls laportant. Ideally. the saaple should be dis
solved in the aobile phase. priaarilJ to avoid precipitation ln the colwan. 
If precipitation takes place before or on the column, unknown and randomly 
eluting peaks will be observed. These peats aay cover the peat of interest. 
Precipitation can also occur at the bead of the column, clogging the inlet. 
increasing the coluan back pressure and restricting the flow. 

Li~uid saaples should be dissolved in the aoblle phase. If not, the saa
ple aay be evaporated to dryness and reconstituted vitb the aobile phase. 



Filtration 

It is just as iaportant. if not aore so. to filter the saaple prior to 
injection as it is to filter the aobile phase. As against the aobile phase 
which .. y have a solvent reservoir filter and an inline puap filter before the 
saaple inlet and coluan. the only filter of the saaple is the coluan itself. 
Insoluble .. tter building at the bead of the coluan can lead to restriction of 
the aobile phase flow. increasing the coluan back pressure. decreasing the 
coluan efficiency and producing split pesks. 

Degassing 

For quantitative analysis. the saaple should not be degassed. 
causes solvent evaporation, vbicb changes the saaple concentration. 
the solvent ausl be degassed before preparing the saaple. 

ColUllD 

Degassing 
However, 

As in gas chroaatograpby, the colWlll is also the heart of the HPLC. Column 
selection is not always straightforward and no established set of rules exists 
that would apply for every separation problea. The selection of a column for 
a chroaatographic separation requires consideration of the functional groups 
on the aolecules to be separated and a knowledge of the characteristics of the 
various column stationary phases. It is iaportant to know the 110lecular weight 
and the range of solubility of the saaple. Then a mode of separation based on 
the 110lecular structure of the saaple is chosen. 

"Lite associates with like" is a useful rule. Once the aatch bas been 
aade. a trial separation is attempted and followed by optiaization of the 
chromatographic conditions. 

Interactive cbroaatography involves four distinct 110des of separation: 
partition, adsorption. ion exchange and exclusion. In HPLC the applicability 
of partition chromatography covers a wider range of samples because of the 
developaent of packing .. terials that have the liquid phase permanently bonded 
to a solid support. preventing inactivation of the column due to stripping of 
the liquid phase. Reverse phase partition chromatography. in which the bonded 
aaterial is a l~ng chain of nonpolar substance (e.g. octadecylsilyl), is used 
extensivelJ because its selectivity for solutes can be adjusted over a wide 
range bJ varying the polarity of the llObile phase. 

A coluan selection guide is given in appendix I. 

Choosing separation conditions 

I1ocratic conditions of operation are those where the c011po1ition of the 
aobile phase is aaintained during the entire analysis. Isocratic analysis is 
often tbe 110st suitable condition for quantitative analysis by HPLC. 

Gradient elution, also called solvent progr ... ing, ls used when the re
tention range is 1ucb that c011ponents cannot conveniently elute via isocratic 
conditions. It is eaployed in order to reduce analJsls tiae. 

Control of tbe 110blle phase flow rate allows the operator to adjust the 
coluan efficiencf. Plow rates priaarilJ dictate anal11i1 ti .. with slower 
flow rates giving rise to longer analysis ti .. s. But increases in flow rates 
cause increases in coluan inlet pressure 10 this should be done with the other 
operating controls in aind. A tJpical flow rate for analrtical 1epar1tion1 ls 
O.S to 2.0 al/ain for a •.6 .. l.d. alcropartlculate colwan. 



- 35 -

A 11<>bile phase nonaallJ consists of two components: the weak component 
and the strong component. An increase in the strong component causes peaks to 
elute earlier. 

The effect of changing aobile phase coaposltion on capacitJ factor values 
in reversed phase chr011atographJ is seen in appendix II. Kethanol is the 
strong co•ponent. water the weak componenl. Al 70 per cent aethanol. there is 
little resolution between the peaks. The chroaatographic systea requires ad
justaent. With 50 per cent aethanol in the 11<>bile phase, resolution is 
achieved between the five c01Rponents. A further decrease in strong coaponent 
yields no advantage. At 30 per cent aethanol. the last peak has become exces
sivelJ broad. These effects are typical and applJ to all llOdes of interactive 
chroaatographJ. 

These saae aaterials separated at different teaperatures with 11e>bile 
phase flow rate and composition re .. in constant. Peaks becOlle sharper as te•
perature is increased. This observation is fairly general. 

Applications 

Kost classes of pesticide~ are amenable to HPLC analJsis. With certain 
pesticides or groups of pesticides. HPLC •ay be the preferred aethod for quan
tification because it overcomes the liaitations of gas liquid chromatographJ 
of thermal breakdown and lack of volatility of compounds. 

Lawrence and Turton have reported HPLC data for 166 pesticides including 
37 carbamates. giving the conditions. i.e. packing materials. column dimen
sions. mobile phase compositions. injection volumes. types of samples, detec
tors used for analysis. 

The latest volume of the Analytical Kethods for Pesticides and Plant 
Growth Regulators is devoted to applications of HPLC both for formulation and 
residue analysis. 

A aajor potential advantage of HPLC is the feasibility of direct carbamate 
analysis without derivatization. HPLC procedures have been reported for a 
wide range of carbamates both in the combined form by UV detection and after 
derivatization by fluorometric detection. 

HPLC is findinJ increasing application in the analysis of substituted 
ureas since degradation. which occurs at normal gc conditions. is practically 
eliainated. 

In contrast to the well-developed GLC.metbodology for.the determination 
of OCL and OP pesticides, the HPLC analysis of these classes has not been ex
tensively explored. This aay reflect, in part, the lack of available selec
tive detection methods for these compounds. The utilitJ of HPLC would be fur
ther extended if el ... nt-selective detectors were available, comparable to 
those in current use in GLC. As it ls, only the UV and fluorescence detectors 
find wide applications in pesticide analysis. 

It should be recognized that not all pesticides aay be resolved and anal
ysed by HPLC and that GLC or TLC or even spectrophot011etry aay even be 110re 
u .. efficient and 'suitable for the solution of particular probleas in pesti
cide analysis. However. it should also be recognized that aany pesticides and 
their aetabolltes c'ould not have been easily analy1ed were it not for high 
~ressure liquid ch~Ollatography. 



- 36 -

Bibliography 

Bater, P. "High performance liquid chromatography: a practical approach". 
1984 (Health Aspects of Cheaical Safety: Interi• Docuaent 14). 

"Chromatography, Part B: Applications", Journal of Cbroaatography (Alnsterdaa), 
vol. 22 B. 

Du Pont. LC Report: Belhods Development Guide. 

Lawrence, J. and D. Turton. Journal of Cbroaatography (Aasterdaa), p. 159, 
1978. 

lunser, D. Baintaining and troubleshooting HPLC systeas. New Tork, Wiley and 
Sons, 1981. 

Schraa, s. The LDC basic book on liquid chroaatograpby. Florida, Kilton Roy 
Co., 1980. 

Zweig, C., ed. Analytical aethods for pesticides and plant growth regulators. 
Vols. V, VII, XII. New York, Acadeaic Press. 



Molecular 
~=t.l"plr. weight 

' 

MW< 1001 

. • 

l· 

MW> 1000 

- 37 -

Appendix I 

TYPICAL COLUMN SELECTION GUIDE 

Sample solubility 

Water insoluble 

(ionicl 

Water soluble 

(nonionic) 

Water soluble 
(ionic) 

Water soluble 

Water Insoluble 

Mode of 
separation 

Typical 
mobile phase 

liquid-liquid panition CHCl3 • EtOAc 

Normal phase (nonpolar 

· Liquid-solid adsorption 

Normal phase (polarJ 

liquid-liquid panition 

Reverse pnas11 

Cation exchange 

(basic) . 
Anion Exchange 

(acid I 
Gel filtration 

Steric exclusion 

• 

-~uffers (P04 -. 802 -, 

f . . 
I 

pH 2-9 (acid modifiers • 
e.g., HOAc. HNOJI 

.H2 0. ROH 

· THF, CHCl3 • toluene 
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Appen6 . _fl 
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Annex V 

LIST OF EQUIPftENT 

A. Suppleaentary equipaent 

1 Billipore's Billi-Q water purification system 

1 Billipore filter purification set 

1 Billipore saaple clarification kit 

1 Ultrasonic bath, for solvent degassing 

1 Laboratory refrigerator with freezing compartment, explosion proof, 
self-defrosting Clef: -10 to 7C; Freezer: -10 to -lC) 

2 Gas/liquid tight syringes, 50 ul capacity 

6 Glass coluans, empty, 3 .. i.d., 1.0 a., for Perkin Elmer Sigma 2 B gas 
t:hroaatograph 

6 Glass columns, empty, 3 llD i.d., 2.0 a., for same equipment 
Packing aaterials: 

20 g 1.5!. OV 17 on Chroa G HP 100/120 aesh 

20 g ~ OY 101 OD Chrom w 100/120 aesb 

20 g 1.5!. OV 17 + 1.95!. QF 1 

20 g ~SE 30 
Silanized glass wool 
Assorted lab glassware 

1 First aid cabinet 

B. Safety equipment 

l Fume hood, with sliding doors, exhaust fans, with water and air outlets 

2 Fire extinguishers, cheaical type 
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M. Gupta, lab assistant 
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