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;_ GAS CHROMATOGRAPHIC IDENTIFICATION OF SOME ORGANOCHLO-
RINE PESTICIDES - AND THEIR PHOTOALTERATION PRODUCTS BY
'MEANS OF KOVATS’ RETENTION I‘NDICEq

F. I ONUSKA a.nd M. E: COMBA

Canada Cenire Jor. Inland Waters, Analyiical Methods Resean:h Sectmn, P Q. Box 5050, 8§67 Lake-
 shore. Road, Burlington, Ontario L7R 446 (Canada) .

‘, (Recelved August 22nd i875)

'SUMMARY

-Kovats’ retention indices and temperature coefficients for some chlorinated
methanonaphthalene and methanoindene pesticides and their photoproducts were
determined on an OV-17 silicone liquid phase at three different temperatures. A de-
. tailed procedure for the off-line calculation of the retention indices, 87/0T and 7

values are described. The program, written in BASIC, calculates the indices at three
different temperatures and provides a computer-written report.

) N’I‘RODUCTION

Qccurrence of photoaltered species of bridged polycyclic chlonnated hydro-
carbons in the environment is of considerable importance and often goes undetected
due to a lack of structural information. Several methods are available for their deter-
-mination but these are either time-consuming, or highly specialized, and noi normally
performed in routine monitoring laboratories. In view of this, we focused our atten-
."tion on the determination of Kovats’ retention indices of some previously identified

metabolites and organochlorine pesticides' . Standardization of retention data in
the form of a retention index system was proposed by Kovats* and Ettred. The re-
tention index (Z) of the substance eluted from a column relates its retention time to
the retention times-of a series of n-alkanes on the same stationary phasé and thus
becomes independent of other experimental parameters. Furthermore, it has been
shown that identical structural differences between pairs of compounds lead to prac-
tically identical retention index differences®. Takacs and coworkers’~1° have shown
that Kovats retention indices may be predlcted and are directly proportlonal to the
_ free_energy of solution of a compound in a stationary phase, which, in turn, caa be
related to-the functional groups constituting the molecule. ’
, “Thus, retention indices are not only useful as compound-speclﬁc data, but may
prowde structural mformatxon also. L



’ Apparatus . N ' s o : g

- The work was performed using a- Perkm-Eimer Model 990 gas chroma.tograph

with a flame ionization detector. As the temperature scale on this instrument could

not be read to better than -+ 0.5°, this temperature error was e.aken into’'account. A

20-min waiting. penod for column equilibration was consuieted to- be suﬂiment for

accurate retention times within the error limit. -

. A glass column (184 cm % 2.1 mm L.D.) packed w1th 3,‘7 0V-l7 sxhcone oil
on Chromosorb W-HP was used. The carner gas was helium at a ﬁow—rate of about
30 ml/min. : .

Determwanan of retention ‘indices :

Retention indices were calculated using a Varian 620L-SS 160 MS computer
or Wang 600 calculator. Retention times were measured by means of a stopwatch ’
A program was written in BASIC and is detailed in Appendix L.

The particular phctoaltered product was mixed with an appropnate number of
n-alkanes, or when overlapping prevented this method, the sample and mixture of
n-alkanes were run alternately. The gas hold-up time was evaluated by injecting me-
thane. The difference between the value thus obtained and the true gas hold-up time
was insignificant in the present instance as’ the lowest retention indices determined
were as high as 2008. The three standard temperatures used for measurement of re-
tention indices were 190, 200, and 2106°. In addition, the retention indices of the photo-
endrins were measured at 210, 220 and 230° and retention mdlces were obtamed at
lower temperatures by extrapolation.

RESULTS AND DISCUSSION

The photoisomerization of heptachlor, chlordene and I-hydroxychlordene cor-
responded to the photo-conversion of endo-dicyclopentadiene derivatives to penta-
cyclodecanes and resultant caged structures. The chromatograms of irradiated hepta-
chlor and chlordene (Figs.'l1 and 2) showed both completely converted to their re-
spective full-caged isomers. 1-Hydroxychlordene formed two photoproducts, which
are well separated by gas chromatography (Fig. 3). Peak 1 represented a dehydro--
chlonnated product of 1-hydroxychlordene with subsequent formation to a half-

~caged ketone structure. The lower value obtained for its retention index can be at-
tributed to the presence of the carbonyl functional group and dehydrochlonnatlon '
as compared to the caged photoisomer (peak 2), where the hydroxyl group was re- -
tzined and the index much higher. These vahies are summarized i in Table I w:th the
retention data obtained for heptachlor and chlordene. | E

Dieldrin formed one photoisomer, as demonstrated i in Fzg. 4 and exinbxted a .
large A7 in comparison to the other photoproducts observed. This may be attributed
to the formation of the caged structure with retention of the epoxxde functional group.

- - Incontrast, six photoproducts were observed on the chromatogram of irradi-
ated aldrin (Fig. 5). The isomer of aldrin’ formed, repmented by peak 5, accurred in.

a very low yield and displayed a difference of AJ*'® = 15 in Kovats’ refention index -
compared toa standard of photoaldrm ‘The major product ehcerved was a hydto- :
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FxOVATS’ REEENTION DATA FOR H.EPT ACHLOR CHLOR.DENE, I-HY DROXY CHLOR-'
) DENEANDTHEIRPHOTOPRODUCIS e - E T T T
l’f—Netre:entzonvolume SRR R

\ Compound” -~ Peak No. I'™ EIV(QIVO?C) 41 - - V. - Stuciure

Heptachlor 21258 32 .. 08 700

Photoheptachlor - =~ -~ = .2308.6 = 17.7. 182.8 - 943 R e
' : — B ) Ci :

Chlordene 2067.8 29.9 00 319

Clr 7 H

Photochlordene = 2305.8 15.2 2380 934 . _ A "

Ci Cl‘* ) H

-~ 1-Hydroxychlordene - 2832 133 00 965

oa . AR

Photo-l-hydroxy— 2 .~f_2®4.0 88 3208 2698 - [
. -chlordene .. : - : : - : , g

) AR
SRR ot SEEIN = L

1-Hydroxychlordene . 1 21927 639 . . —905 704 -
L photopreduct oo
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2 KOVATS’ RETENTIO\I DATA FOR ALDR[N DIEEDRINAND THEIR PHO’EOPRODUCIS

' »Comowzd ﬂ* S Peak Fm . 21(10"(,‘) Ar EE A Slructure

Dieldrin S 24662 160 - 00 11952

 Photodieldrin -~ 29080 95 a8 1192
Aldrin ' 22062 56 00 550
‘Aldrin photoptb;iuct 1 21293 44.5 —76.9 473 " unidentified
Aldrin photoproduct 2 = 23679  47.4 1617 ~ 1209 unidentified
Aldrin photoproduct 3 24659 23.9 2597 1764 unidentified
Aldrin photoproduct 4 - 2589.7 46.2 383.5 281.0 unidentified
Aldrin photoproduct 5 26369 524 . 4307 3354 CpoHlCl (caged)
Aldrin photoproduct 6 27328 634 526.6 4754

genated, half~caged 1somer of aIdnn The retentxon data for the remammg umdetm- '
ﬁed aldrin photoproducts are given in Table TI with the data found for dieldrin: -

_ -cis-Chlordane formed one photmsomer after UV irradiation While tnms— .
chlordane formed two 9hotoproducts as shown in Figs: 6 and 7. From the data in .
_T sble III, cis-chlordane had an increase in retention index of AP — 28, 5 compared,_
“to. trans—chlordane, for. the erzdo—exo ch_onnc—hydrogen ‘atoms. on ‘the. < posxtxon..:,_
7 'Whereas czs—clﬂordane formed the Cz to Cs or Cs caged photo:comer, tnms—chiordane'l
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"TABLEm :

PRODUCI‘S

Compound - - }
BN S B No.*‘

Pea!c pw ." : 8I{IO°C} ‘:"A'_'(i[' V_ j_f;-,- ;

cis-Chiordane | 24085 199

Photo-cischlordane ~ 2600.9 14.1

trans-Chlordane 23800 249

trens-Chlordane 1 12247.2 38.5

photoproduct

Photo-trans—chlqi’dane_' 2 2731.5 185

o0 24

1924 3407 .

00 1352

—138.8

3455

83.1

4520




TABLEIV

RETENTION DATA FOR frans-NONACHLOR AND ITS PHOTOPRODUCTS

Compoand - Peak

Lpe . 2I(10°C) - AX .

Pa

~Structure

 trans-Nonachlor:

'Ht:;'a.n;s%-Néx'Jach!bt R
- photoproduct .

- trans-Nonachlor - 2
photoproduct .

- trans-Nonachlor 3
- photoproduct :

: trqzis-Nogachlof ' 4
photoproduct

trans-Nonachlor 5

photoproduct

Photo-tra”&nonachlot 6

- -2397.1

2159.5.

2285.2

2309.0

1 232%.0

2459.1

. 2576.6

24.2

18.0

17.7 .

21.0

16.0

- 0.0

_238.6

~111.9

— 88.1

62.0

©179.5¢

136.6 .

70.0

98.3

110.0

1158

179.0

2764

Cly

Cig

photoheptachlor

Cly

Ci H

Ct

Ct
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) fermed the Q to Cs or Cs cazed structure WIth a dlﬁ'erence of almost 50 / in retentxon '
:muts mdlcatmg the significant change in caging. posmons for the -chlordane stereo- -
isomers. The ‘second frans-chlordane photoproduct (peak 1) was a dechlorinated, -
full-caged product of trans-chlordane, having a moleculat’ composmon of CmI{sCl5 g

Peaks i and 2 in the gas chromatogram of lrradJated trans-nonachlor {Fig. 8)
were dechliorinated products with respective molecular composmons of CyHsCh
and C,;HCl;, with no apparent intramolecular- bndgmg in their structures. Peak 3
was confirmed to be photolieptachlor, while peaks 4 and 5 were identified as’ dechlo-
rinated C;oHCl, and C,;,HsCls caged photoaltered products Peak 6 was a frans--
nonachlor analog with intramolecular bridging similar to that found for trans-
chlordane and one of the four C, or C; to C; or C, isomeric possibilities. Table IV.

TABLE YV )
KOVATS’ RETENTION DATA FOR EN'DRIN AND ITS PHOTOPRODUCYS
Compound - Peak PP ar(iocc)y Al V. = Structure -

: No. : : o
Endrin ‘ 25219 246 00 2223
Endrin photoproduct 1 224703 42 . —2809 — unidentified
Endrin photoproduct 2 2436.0 80 - =919 — C1HsCl
Endrin photoproduct 3 - 24700 16.0 - —579 182.7 dieldrin
Endrin photopreduct 4 2619.5 250 916 — caged isomer

' \ Z°

Endrin (aldehyde) 5 26683 145 1404 3880 ¢
. A l\

Endrin (alcohol) .~ 6 27046 174 1764 —
Endrin (ketone) 7 28225 235 2946 —
Endrin photoproduct | 8 - 2844.8° 247 - - 3169 77300 nidentified

Endrin photoproduct |9 . 2877.2 256 . :_’4_,?349 30— . unidentified .
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' summanzes the Kovats retentlea data and the structure found for the photoproducts
- of: tmns-nonachlor. The retention. data obtained for endrin and its photoproducts
(T able V) was ‘quite reprcduclble, although structural changes were observed to occur
- by mass spectrometry This was probably due to the metal connectors in. the gas’
5 chromatographlc manifold although endrin itself was not found to thermally decom-
- pose on the gas chromatograph. Peak 2 in the gas chromatogram of irradiated endrm
: (Fxg 9) ‘was'an unaaged CuHsCls product

. Ehcrin

G * * THAE (mim) : 50
—l—g N 1 1 J
7247 2436 2410 2620 266812705 2823 2845 2877

Fig. 9. Gas ch;qmatogram of irradiated endrin.

‘Peaks 3, 4, 5, 6 and 7 were isomeric forms of endrin. Peak 3 was established
to be dieldrin; peak 4, although not confirmed, was highly suspected to be a form
of endrin aldehyde; peak 5 was in agreement with data obtained by Harrison et al.lt
for endrin aldehyde; peak 6 was identified as the endrin alcohol, previously reported
by Nash et ¢l.*?; the major product (peak 7) was identified as endrin ketone.

APPENDIX I
Descnptton of program used to calculate Kovats® retention indices (Figs. 1() and 11)

This program has been writien so that the user may enter his data by uvsing the

- conversatzonal mode of the program. :
- -The program will calculate the retention index number of any compound sepa-
' rated by gas chromatography by using the followmg formula.

(logt. — log ¢ ")
I‘T = 100 < -i— 100 z
X . R (IOg tcni—l IOg tcu) )
’ whete t,, is the retennon tlme of a particular compound aud £,y aNd f.,;; are the reten-
- tion times for. the hydrocarbons of two consecutive n-alkanes with carbon numbers

 nand n--1, respectively, and which bracket the compound x.



10 bm
20

" 30
32
1314-
35
36

14
60
.70
-.80
- 90
100
140
© 420
130
140
© 150
155

157

1€0
163

165

200

210
220

230
240
250

260 -

270
280

‘REM_TO- cadcnzams KOVATS IND;C&S
CERINT T o e B S
PRINT fﬂ']'“ I R e *T:j ;':;’f;:
'PRINT WPRINT # OF SEMPLES TO BL RUN"‘: R

DIH D(‘SO 10) G(ZG 6) A(‘!O) I(‘ID 10}

INPUT V‘l

-FOR L=1 TO Y‘l

PR.LN".‘ "?‘RINT # OJ: TEHPERATURES USED“ s )
INPUT T B
PRINT "PRINT T“HPERATURLS"

‘FOR I= % TO-T

INPOT B( 1.1)

NEXT T . : : .
PRINT "PRINT ® OF RETENTION TIMES & # OF COMPOUNDSY
'PRINT "RETENTION TIMES FOUND AT ONE TEHPERATURE“ o
(INPUT N1,M2 . ,
" PRINT "PRINT # OF € ATOHS & RETENTION TIMES IN s»conns"
PRINT “FOUND AT EACH TEMPERATURE" .

"FOR I= 1 TQO N1

EOR d= 1 TC T+ »1‘

INPUT C(I,J) "

NEXT J :

CNEXT I

" PRINT "PRINT RnTEN“ION TIME IN SEC FOR EACH COMP AT EACH TEHP"
FOR I= 2 TO N2+ 1

FOR J= 1 TO T

INPUT D(I,J)

NEXT J

CNEXT I

FOR J= 1 TC T

FOR ‘I= 2 TO N2+ 1

L‘ET-'K= 1

Fig. 10.
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::ﬁIF ples J))G(K 3e 1) ”EDN<J35

310 LET K=K+ - '

330, GOTO 300 : :

335 IF. D(I J)> (C(K+ 1,3+ 1)) THEN 310 i

340 LET Bi= 1/ 2.30257 ' :

- 342 18T B2=L0G(D(I, 3BT

34k LET B;—LOC(C(K J+. 1))*31

. 346 LET B&—LOG(G(K+ A,J+ 1))*B1

350 ' LET I(I- 1,3)= 100'((39-33)/(3&-33))+ 100°C(K, 1)
360 NEXT I

370 mNEXT-I L

380 FOR I= 1 TO N2 S -

/390 FOR J= 1 TO T- 1. '

‘40O LET I(I,J+T)=I(I,J+ 1)—1(1 3) -

410 NEXT J

k20 NEXT I :
430 DRINT M KOVATS' RETENTION INDICESY
kk6 PRINT v ' R
450° PRINT : :

460 PRINT "GOLUMN USED :" .

470 PRINT "SAMPLE ANALYZED :"

430 . PRINT

490 PRINT o

500 PRINT ™ - RETENTION INDICES"

510 PRINT 114 , N o CEEREXXEES L ESEESES T E T
' 520 ERINT '

530»'ERINT TAB( 1%) ;"I TAB( 27)3"I2";TaB( 40);"I3"

‘540 PRINT “COMPOUND“;TAB( 14);"g";TAB( 27);"@";TAB( 40);"g"

550 PRINT TAB( 12)3;D( 1, 1);TaB( 25);D( 1, 2);TaB( 38);D( 1, 3)
600,5PRINT' ' o

sio‘fﬁox I= 1 ‘70 N2 :

640 PRINT TAB( 43);I(I, 1)-"AB( 26)5I(I, 2); PAB( 39)5I(I, 3)5TAB( 52);
6&1 PRINT I(I 4);TAB( 63);I(I, 5)

660 ‘NEXT I

670 . NEXT. L

'Flg. 10 BASIC p—ogram wlcz.latmg Kovats’ retentxon indices. For vanables see the list on p. 398.

L and; ¥ are index counters for the variables Y and T for values of (1 to Y1) and (1 to T+1) Bl =
'Convercxcn factor to natural loganthms Bz =tz B3 = tc,., B4 = tc.+..



g "I'hese indices wi]l be aaiculated for &ch compound at one particular tempet-
. ‘-atu e A maxlmum of ten compounds -and’ twenty hydmmrbon retention times can be-
entered: As well as calculating-the index numbers; the’ program: calcu!at&s and. ptmtsv
‘the dlﬁ"erences between the partlcular compounds of mterest at the dzﬂ'erent temperr
B atures. Lo N

Annotaued for. the 'oadm§ -

{ meur DATA : ‘of word A into mémory via o
l SR theteletypereade. R
“Z=n_ |} - ] i 'v.""‘Functmnmomtedtothe Co

Z1=n+1 L. ) compuf.et
- Annotatedtashowadecxswu

basedonaneqmlxtycompanson
,ofva!uestx ta,q,t,,, -

CALCULATE

. log t_—.——!oﬂ‘fcn o SR .’, 'Funéﬁbnannotatédtothé
I=100X — = = . 1+100Z B} R . > o < e
e [,Og tenmei —10 fen I+1 T besie mgthemaﬁml equation ‘

CALCULATE DIFFERENCE
- BETWEEN
AT AT DIF. TEMPERATURE

]

PRINT RESULTS

Designate theend of a
flow chart

Fig. 1i. Flo»w'chart.
VARIABLE LIST ‘

A ( ) contains-the names . . :

C ) contains thé number of carbon atoms and the retenhon txmes of these hydro-
- carbons -

D ( ) contains’ the values of the temperatures and the retentlon tlmes for the com--
pound under study . . - S ; L

I ( ) contains. the mdex numbers and dxﬁ‘erencea

'K couater Ll

N -counter : . o
N 'mxmber of mrbons in a hydrocarbon retentzon tlmes
“MN; - number of. compounds under study "etent[on nmes
ST numberoftemperatures T E T

CYy f‘f,mxmber of sampl&s e
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