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REVERSED-PHASE LIQUID CHROtMATOGRAPHY OF SOME PESTICIDES 
AND RELATED COMPOUNDS 

SOLUBLLITY-RETENTION RELATLONSHLPS 

The liquid chromatogrrtphic retentions of 17 pesticides have been studied on 
V-dx rwcrsed-phase in \~ater-methanol and \vttter-ethanol mixed solvents. The 
logarithm of the adjusted retention rclrttive to methosychlor correlated linearly \vith 
Berozn partition p-~tlttes recorded in hrptanc-90 II,:; ethanol (correlation coefficients 
greater than 0_95)_ The resultin e relationship could hav-e value in the choice ofelttting 

solvent rrttia :tnd prediction of rclatke retentions in the separation of mistttrcs. and in 
dcfning the polarity of unknowns in mixtures_ Retention chttrscteristics of some poly- 
rhlorinated biphcnyl mixtures m-e given for illustration. Relative responses of the 
pesticides to the 254~ntn ttltraviolet detector \vet-e tabttlatcd 10 allow cstimarion of 
limits of dttectability for individual cotnpo~tt~ds_ 

INTRODUCTlOX 

Liquid clit-t~tilato~r~tpll~ (LC) has lbund incrcasin g List’ t-at- the scparrttion of 
pesticides and their conversion products’. Liquid-solid_ nornxtl phase liquid-liquid. 
and ion-eschan~c systems have prcdominatcd in applications to formttlation’-J and 
residue’--7 analysis. A major application lies in separation of heat-lttbile or non- 
wlrttilc cornpounds. often following conversion to UV absorbing“.’ or tluorescit$-to 
derivatives l-or enhancertm~t of detectability. A fttrther ttdvsntagc of LC mtly lie in 
the need for less cstcnsive clcan~tp than required with gas-liquid (GLC) or thin- 
ktyer chromzltographic (TLC) nxfhods’-9-“. Ready availability of LC retention and 
response chtu-acteristics with several mohile-stationtlr_v pll:lsc combinations and dc- 
tecfors should hasten further applications in the pesticide field. 

Reversed-phase (RP) chromatography has sho\vn excellent promise for reso- 
lution of compounds of low and medium polrtritv”. Anions pesticide-related corn-- 
pounds, RPLC retention data have been repot-&i for a few chlorinated hydrocnr- 
bon?, cm-bamate insecticides” and herbicides’, and chlorinated dibcnzo-II-di- 
osins3- Generally carried out on chetnicaIly bonded octadecylsilancs such as C,J 
Corasil, Permttphme ODS. and Vydac revet-scd-ph:lsc, RPLC separates primarily by 

solubility characteristics. For esample, the logarithm of the c;lp;tcity factor WIS show!z 
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to increase linearly with the carbon number of polynuclear aromatic hydrocarbons on 
RPLC. reflecting their decreasing solubility in water-methanol with increasin_e molec- 
ular weight’5_ Pesticides represent too structurally diverse a class of chemicals for a 
similar simple correlation to hold. Ho\veuer. relative solubilities for a Iarse number of 
pesticides have been tabulated by Beroza er c~i_‘~ as partition ~walues. a measure of 
per cent of solute distributed in the non-polar phase of an equivolume immiscible 
solvent pair_ It was of interest to determine the relationship, if any. between II-valuts 
and high-pressure LC retention data developed with similar solvent systems. 

EXPERIXlE;\;TAL 

The liquid chromatographwas assembled from parts purchased from Laboratory 
Data Control (LDC) (Riviera Beach. Fla.. lJ_S.A.). These included a Milton-Roy mini- 
p~rmp_ an LDC Model 709 pulse dampener. a 1 m :- 2.1 mm l-D_ precision-bore stain- 
less-steel column. and an LDC Model 1205 254-1~~~ IJV detector_ The column was dry- 
packed in a vertical position with Vydac reversed-phase (The Separations Group. 
Hesperia. CaliC, U_S_A_) with gentle \-ibration. The packed column \vas jacketed for 
&sating its temperature with water circulated from a thcrmostatted bath. 

On-column injection ~1s follo\ved by a stop flop technique_ Stirred solvent 
mixtures \vcrs dtgassed prior to LIX by simultaneous xtrrning and moderate evacu- 
ation for several minutes. Pesticide standards. all anal_vtical grade or cquiwlent, 
were made to kno\vn concentrations in methanol_ Collected Arochlor 1154 fractions 
were extracted with hesane and the hesane extract analysed by coupled GLC-mass 
spectrometry using a I.1 m :-- 2 mm I.D. I 4ass column containing 2 y;, OV-f on Chro- 
mosorb G and a FinniSan Model 3000 peak identifier. 

RESULTS AND DISCUSSION 

To compare retentions_ Ril .\-alucs (adjusted rctcntion relative to nxthosy- 
chlar) \verc used. such that 

where R,_ and R, are the retentions (mettsttrtd in \olu~mc or time units) of the com- 
pound concernrd and that of an unretained component, respectively. Metliosycl~lor 
was selected as a reference. having retention. p-utilise. and response intcrmcdiatc 
among the pesticides studied- 

Of the six solvent systems for which p-values have been tabulated. hcptane-90 :‘,. 
ethanol ( f : 1) appeared closest to the octadecylsilane-aqueous alcohol partition system 
present in RPLC_ R’.,l \-alues \vere obtained under two conditions: In one. A. the 
solvent \ms aqueous methanol at 50’: conditions recommended for RPLC”. In the 
second. B_ the solvent was aqueous ethanol at 25”, this system was chosen to more 
closely approximate the conditions under which the p-values were esperimentally 
determincd’h, although it leads to less ethtient chromatography than the first_ For 
each solvent mixture, t\vo proportions of water and the alcohol were used. to elute all 
17 compounds in a convenient time. The literature p-values and experimental R’.,\I 

values are listed in Table I_ A Ieast squares plot of lo r g R’.,\, IX p-values (Fig. 1) shows 
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TABLE I 

RELeATIVE RETENTION AND UV,, RESPONSE OF SOME PESTICIDES ON VYDAC 
REVERSED-PHASE LIQUID CHROMATOGRAPHY 

Carbaryl 
Methyl parathion 
Azinphusmcthyl 
Malathion 
Dyene 
Dicapthon 
Ethyl parathim 
Diazinon 
Mctllosyciltor 

p,p--DDD 
Dieldrin 
HcprachIor cpnxidr 
Xzobcnzenr 
p.p’-DDT 
o.p-DDT 
Trinuralin 
p&-DDE 

a- h_> 0.06 
150 0.1 I 
3s 0.11 

3 O-1-1 
300 0.17 

75 0.25 
105 0.30 
75 0.39 

100 o_-l-l 
76 O_-Ki 

1 0.54 
1 0.57 

59 0.59 
Zh O.&l 
17 0.6s 

110 0.71 
‘60 0.76 

A--’ 

0.94 1.6 
3.17 7.0 
3.10 1.6 
6.1s 6.1 
1.00 6.0 

10.3 21.6 
16.0 x0 
305 27.0 

100 LOO 
196 249 
113 1-w 
97 137 
64 YS 

595 655 -- 

639 565 
190 2-w 
sz9 S60 

Log R'&, = 0.06 + 3.73 IP) 

A 

” 0 

I I I 
Al 

0.0 0.2 0.4 0.6 0.8 B- , 1 1 I I 

0.0 0.2 0.4 0.6 0.8 

p-value 

Fig. I. Plots of the Iog.arithm of rhc adjusted retention relxive tu rncthosychlur 1 R,‘,) 2nd p-v;lIue 
theptnne-9011:. ethanol) in 1.1) 19 7: and 50:; aqueous methanol at 50“ . tmd (B) 29 “L and 50 1’;; aqucuus 
ethanol at 25;. Lines drawn by method of least squztrts. 
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rhs linear t:&nd t~dlo~1~3 lxtwccn the tnw_ The correlation coclkients WCK! O-Y57 
and 0.959 t-or systems A and B_ respectively (standard terrors of- estimate 0256 and 
0.X2_ respectively: probttbility -;O.OOl t-or both)“- 

The prcsonce of individual &vi:\tiotls of the linear rclntionship is not SCK- 
prising_ given the structural divtMt_v :tn~c>tl~ the cl?mpOunds studied and the tkt that 
the heptanc-90 y;; ethttnolp-value solvent pair only npprosimntes in polarity the KPLC 
systems. Some deviation may ttlso arise from dcparturc frotn pure partition in the 
column: while the dominant rctcrttkn mcchnnism in\*olving hotldcd phases is un- 

doubtcdl~ partition in wturc_ the possibility of adsorption_ at the polymer surface or 

at unrertctcd sites on the solid support_ cannot be excIudCd’s. A certain ttmom~t of 
imprcckion_ of cottrsc_ csists in both the R '.,f and p-\‘aluss. Errors in both should in- 
crc;tsr‘ ;tt hi& and low values: this was anticipated and led to choosing more cotn- 
pomids for data points at the two extremes. With these considerations in mind_ the 
dcsrcc ol~corrclrttion was rcasonttbly good. Furthermore. the correlations for systems 
A ;tnd 5 xet-e :tpprosimatcly cqual: therr-‘ appears to be tll> advantage tl> using the ICSS 

ctlicicnt B system then applying the reltttionship. 
Bcrtcr correlations \vt’rc- expected \yithin series of clossl; t-&ted compounds. 

Indeed. fk thlophosphatcs (methyl parathion. azi!lpt;l~~n~~tllyf. dicapthon. ethyl 
pnr;tthion_ and dittzinon) in system A. ;t hi& correlation cwtlicient (O.YY3) resulted. 
Tllc cn&icient \v;ts. hwvcvcr. considerably lwvtx- (0X45) for thr- s;tmt series in svstcm 
5: furthsrmorc, the correltttion t-or DDT rekttivr‘s (methos_vchlor_ ~>.p’-DDD. ~?.l>‘- 
DDT. o.p’-DDT_ and p_~‘-DDE) \v;ts no bcttet- in either system (0.964 in A. 0.925 in 
B) t!xtn that for the total group. Visual inspection of the points fix the DDT rslativcs 
suggests that :t non-linear function might better describe their relation to I)-xtl~rcs- 
!klorc cc-rmpoimds must be examined to pursue this possibility. 

The rcizttionship described herein can hxv_c practical value in s~~‘t‘rrtl \v:t?;s. 
Selection of optimum solvetlr ratios for elution of single compounds or misturcs may 
be facilitated. Relative elukw orders of compounds of rqwrted or txpcrimc’ntally 
dcttrmincd p-val~tcs may lx predicted. An idea ofthc polarity. L -tnd thus the n;tturc_ of 
unknowns can lx obtained lx comparing their retentions with those of a few t-&crcnce 
standards_ 

Typical chrom:ttoprttms of some pcsticidcs in s;v2;tcm A arc given in Figs. 2 
and 3. Supcrimposcd i= Fig. 3 is :t chromtttogtxm of At-ochlor 1254. :I pol~chl~~rit~:tt~d 
biphsny! (PCB) often encout~~~r~d ;ts ;\ txnt;tmin;tnt in r&due ttna!ysis ofchlorinuttd 
insccticidcs”_ Usin g the solubilitv ct-ittxion. it \v;ts cspr‘ctcd that retention of PCB 
components should increase with incrcasitig chloritw tiumbcr. Six fractions wet-t’ 
colIected at the peak areas indicated on t hc chror~~ato~ram and anttl~zed by coupled 
GLC-mass spectromctry. 50th the GLC rctcntian times mid tll:lsS spcctromctric 
molecuittr ions ccntirmed the expected clution order: LC ptak A had :t mrtjot- Cl, 
component_ peaks B-D \vere enriched in Cl, compont-nts. and fractions E and F 
contained primarily Cl, components. Further LC rmnlysis under the samt‘ conditions 
of:\ series of Arochlor PCB’s ofincrt~~ing cl~lorinc percentages sholvcd major (getttcr 

than YO:.‘,) eiitrioti of _Arochlor 1221 \yithin 5 min. At-ochlot- 1232 wirhin 10 min. 

Arochlor 11% from IO-50 min. and Arochlor 1260 from 7040 min of injwjc’ction. 
These results art‘ En agreement Gth those reported for migration ofvarious chlorinated 
aromatics, including PCB’s. on RPTLC”. and t-or clutian of chlorinated dibenzo-I>- 
diosins3. chlot-inatcd benzencs’3, and constituents of tosaphrnc” on RPLC. Further 
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0.016 ABS 

1 

TIME (min) 

Fig. 3. Chromaropran of six pesticides on Vydac reva-srd-phasr. \vith elution protile ot‘ Xmchlor 

1154 suprrituposed and marked f-or frxtion colktion. Solvent. 50 I’;, a~~ttrotts 1mr1imoI : tmlpeta- 

fttr13, 50’: 119w-raw, 1 mlimin: pressure. S50 p.s.i_ 
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definition of the relationship between retention and chlorine 
components could be of use in contirmatory residue analysis_ 

in the course of this study. relative responses for the I7 

J. N. SEIBER 

number among PCB 

pesticides to the 254 
nm UV detector were obtained (Table I). For compounds absorbing strongly ztt 254 
nm- such as Dyrcne and p-$-DDE, the limit of detectability (peak height twice back- 
ground) was approsimateIy 10 ng, providing the solvent mixture was adjusted to allow 
complete elution within 10 min. The limits will vary with the background from one 
insfrument to another: they may be significantly improved for many compounds by 
adjusting t!lt \vavelengh of detection to the compound‘s UV absorption maximum_ 
The limitations of the 254~nm UV detector are apparent from the wide range in the 
observed responses: clearly a more satisfactory detection system is desirable for broader 
applicability in pesticide analysis_ 

RPLC represents an escellent choice for resotvins many pesticides of low and 
medium polarities_ Choice ofelutin g solvent ratio and prediction of relative retentions 
in the separation of mixtures may be facilitated by reference to Beroza IJ-nlues for 
heptane-90::,: ethrtnol. Other relationships of predictive value may be found within 
related groups of compounds, or in normal phase LC partition systems. Resulting 
compilations of retention for Itlrse numbers of chemicals should encourage further 
tlpplications of LC in pesticide fkmulation and residue analysis_ 
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