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~ ARSTRACT

“
peaitw ol the structural nlmllnrl!’ to- DDT-related
..ﬂ'nmwh. 1] pinsticivers were testixd for their toxicolog-
ool inweaction with dieldrin and DT, Many of these

' b hiphenyl comp Is were toxic to Droso-
phile melawogaster Meigen anet howse Dicw, Muisca domes.
wa L, It to & Joser extent than dicklrio or DDT.

wilely ditribuied In the cnvironment (Rischrough
atal, 1968) . Widmark (1967a) “rcported that extracts
ol “'“ﬁ s, pike, and salmon contained polychiori-
naeil biphenyl

sepoated that polychlorinated Fl\cn I compownls
ol been tletacted fo Beltish wildlife. They alo stated
shat “lis bircs’ livers and g{m]lhcy are often in greater

Masticiers such as polychlorinated hi{»hcnyln are

- gm daily was h
plasticizers (I‘CB%;'Hnlmclcl al, (1967),

Their toxicity Increased with a decrcase In their chiorine
content,  Morcover, sublethal dosages of several of the
glaultlmn increased the toxicity of dieldrin and DDT.
ince plasticlzers are in the chvironment, thelr potential
effccts on biological systema, cspecially in combination
with other synthcric chemicals, should not be disrcgarded.

The toxicity of polychlorinated biphenyl com-
pounds was briefly reviewed by Von Octtingen
(1955) who rcroncd that “feeding rats about 0.8

ighly toxic when given over a period
of six days and that cven 0.05 ?m T rat was dcfi-
nitely toxic, cawsing injury to the liver,” AccoﬂllnF
to the same source, the toxicity to rats of chlorodi-
phcuyl‘ by inhatation was already studicd in 1957 and

s than ory

Rueman et al, (1069) found chlorinated biphenyls in
ok, musseln, and birds from the River Rhine and the
Nethertanls constal nteas and stated that the PCB
swmpounds, “besicles being a hazard in their own
nelit” abo “interfere with the detection of organo-
thinine insceticides such as DDT.”

Tolychlorfnnted b(")hcnyll are produced by various
mnu’m-lumn in different countrics. Some of them
ae marketed utider the name of Aroclor® by the

some action was found. ‘The threshohd
limits llowabl ation for an 8.hr
working day) was sct by the American Conlerence of
Government Hyﬁlcnim (1953) a3 1.0 to 0.5 mg of .
polychlorinated biphenyl compounds/m* of air. The
present study was conducted to investigate the effects
of some plasticizers on insects. hoth singly and in

‘combination with dicklrin or DDT.

MareriALS AND MeTHops.—The insceticides and in-

‘secticide metabolites |.u‘ed in this study were analytical
hl

Bexed 1

aldrin,

Mousante Chemicpl Co., St. Louis. They rep
. " xerles of inert, Hy-resi fi

tals

'\dmklu‘u compatible with u’ wide variety of resing,

vary from mobile, oily Ilrlnhll to white cr
‘l

ann) haril transy resing’ 1968) ,

tubbers, cellihose: resing, paint, varnish, wax, asphalt,

hey.
e asexl in synthetic resing, syntheric and natural .

g 2 I i

dicldrin, o, DDT, pp"DDT, pp-DDE, and p,p-
TDE. Eleven polychlorinated bi- or triphenyl stand-
ards were obtaned through the courtesy of br. R, F.
Thomas, USDA, Deltsville, Md. They are referred to
in this study. as plasticizers A through K and are iden-
tificd in Table 3 with various Aroclors according to
their Monsanto identification number. The plasticizers

. awb ih allyl stavch, They aiso fingd applications for n
. dut i proofing, scaling, lmgrcg— A through H col\(nin 2 phenyl rings, and their chlo-
oy “metloss el vapor suppression (o' prolong the reskdual rine content increascs from A to H. Plasticizer I is a
e fite of nlwu.-mc., "Chiorinated polyphenyls” were - mixtute ol chlorinated biphenyls and chlorivated tri-
" ommended in 1958 for “improving lindane reai-. phenyls (60:40), and J and K are chlorinated tri-
' doee” (Horastein and, Sultivan 1058).. The awthors  phenyls. - .
Wy sated (bt “lindane residucs can -be made to last’ Dionssay Procedures.~The cffects of the 11 plasti-
bgrr al Jook hetter” 3 applied with chlorinated  clzers, dicldrin, and DDT on insects were tested with
e "“"I"""'Vh» . . K . .. Drosophila- melanogaster Mcigen and with house flics,
oy A RN 1" Musca. domestica L., DDT-susceptible,  CSMA-148
o u‘-"w g Bmbon, %l-mm': o 'm;:')" In 1 serics of experiments, the cffccts of cach
) X 3
Vil feble licakh Seavice Rewearch getnt ¢ ?ﬁ?}"m chemical on inicct mortalities were investigated.
! R e the Winenaln Aupicyiyral Experiment n%l 2 3 cplisbo;. When D. melanogaster were used, 8 mi of hexane
o S K o T e '} "".‘:'?';".).‘.., sttt containing either D.1 g of dicldrin, 3.0 xg of DDT,
L[ ¥ el Coemias in-he Favtonmene “The-cot 200 or 800 up of piraicizen A, B, G, and D, and 2006
A o o Bt o olemton Age. 14, e, sgolp hrough K were pipetted into 4.0z
W Sy 761 .
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. tion of the abdomen with

. treated
- Ales had beeh treated with each

. gnrpo-e. D,
" 8.0 ug of DDT.
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l;li;.u.u»y, jars - (Edwards et al. '1957). Solvents were
‘then .evaporatéd and fifty 8.day-old D. melanogaster
were introduced into each of duplicated test jars that

. now contdined the dry residuc of the various chemi.
cals. Moriality. counts were performed after 24- and

48- hr c:‘:'rowre times, .
In addition to thesc tesis, 2-day.old adult female
use flics were treated logkully on the ventral por-
aliter of acctone contain-
ing either 0.02 4 of dicldrin, 0.5 upy of DDT, or 10
and 20 ug of each of the plasticizers. Controls were
;‘ilh 2 aliter of acctone only. Alter 30 howse
the chemicals as
dexcribed, they were held in 2 groups of 15 within 2
bioussay jars for 24 hr, then mortality counts were

- wade.

- (b) . The 2nd scries of bioassays was designed to

", test the combined, and pouib'l} synergistic, effects of
eldr

in or DDT. For this
4 flics were ¢ d to either
00 »g each of dic plasticizers, 0.1 ug of dicldrin, or
hen insecticides only were used
(controls), 0.1 ml of hcxanc containing 250 wg of

the plasticizers with either di

,* corn oil was added to the insecticide solution in the
. bloamay jars to climinate loss of dieldrin or DDT
. from the glass surfaces.

In addition, Rlies were ex to the combincd dry

" residue of 0.1 g of dicldrin and 200 ug of either 1 of

the plasticirers, or to the combined residie of 3.0 ag

- of DDT and 200 sg of J of the 11 plasticizers. These
- experiments were replicated 4 times, each replicate
. isting of B0 D. mel Mes. .

With howsc flics, 2 aliter of acctone containin,
either 0.013 ug of dicldrin, 0.3 xg of DDT or 10 ug of
the pimticizers A, B, C, D, and E were applied topi-
cally to the ventral portion of 45 Insects which were
kept in groups of 15 within '3 bioassay jars. In addi-
tion, 2 uliter of acetone contrinin, th “dieldrin
0.015 ug) and 1 of the plasticizers (10 xg), or DDT

.3 xg) and 1 of the plasticizers (10 ug) were ap-

fed as deacribed. The treated house flies were then
cld for 24 hr when mortiality counts were made.

" Statistical analyses of the data were performaed with

Anakrom AS,-80- to 80-mesh, was conditioned for 7
days at 250°C beforc use. A column pressure of 16
‘r' of nitrogen gave a flow rate of 100 ml/min. The
njector temy W, intained at 250°C, the
d!:lcr.clor cell ‘at 210°C, and the oven temperature at

Onc aliter of hexane containing a mixture of insec-
ticides (8% 10 ug of lindanc, 510" ug of heptachlor
and uldrin, 1%10°¢ (1] of heptachlor cpoxide, DDE,
and dieldrin, 210" »g of DDT and TDE) was in.
jected onto the column in each of the 2 gas chroma.
tographs. Aficr all of the insccticide peaks had been
recorded, 2 wliter of hexane containing 1 of the 1
plasticirers (210" ug of A, B, C, D, E, or F, 5x 10+
sgof Gor H, 5x10* ug of 1, |, or K) werc injected
and tested in the same way. To compare the resle
ing chromatograms, rctention times of the various

aks were caleulated in ref 10 the
time observed with aldrin.

For tests by TLC, 10 ug of cach of the 11 plasi.
cizers were spotted on aluminum oxide (;-cmmrxtau
plates (20520 cmz, 2.5 ¢cm above the lower edge. In
addition, 10 ug of each of the insccticides and some
of their metabolites were also spotted for reference,
The chiromatograms were ihen developed with 1%
acelone in n-heptane, sprayed with ‘reagent as de
scribed by Mitchell (I!l5g) and exposed 1o UV light
for 30 min.

REsuLTS AND DiscussioN.—The Effect of Plasticizers
on Insects.~Since the polychlorinated biphenyls are
of 1oxicological interest, both their toxicity to insects
and their interaction with insecticides were studied in
2 serics of as previously described

(a) Dicldrin, DDT, or any onc of the less chlori-
nated and more volatile plasticizers (A, B, C, D, E)
were toxic to both test insccts (T'able }). While these
polychlorinated biphenyls contain increasing amounis
of chlorine, their toxicity towards the inscets decreased
(A>B>C>D>E). Diecldrin was the most toxic of

‘Table 1.~Effect of plasticizers or Insccticides on Invect
mortalities.

The 2nd instrument was & Jarrell-Ash gas ch

the ttest.
Chromatographic Rel of Plasticizers~To ob-
.taln some knowledge about the d\romll?rlphic be- . House fics
havior of the 1L plasticizers, they were dissolved in D. melanog
- redistilled hexanc and analyzed by gasliquid chro- % mor.
. n‘mo&rq.nhy (GLC) and thin layer chromatography Applicd* % mortality  Applicd® 1ality
AL ety comparon purposes the abovemen:  yyennt g B ke GE/gfy)  Mbe
' pamc way, ! -
For tests by GLC, 2 iiml:ln:menu with 2 different g:’,',‘;',.,, 0.1 ,? .‘: 10 ,2
were employed in these investigati e .p,p".DDT 0 2 8 B0 »
-imtrument was a Packard gas chromatograph, Model gltlllclwn‘
10!1.;&-! with a 150mCi tritium electron affin- A 200 0 500 .
-lonization- detector operated at 50 v. A 1.88m 800 57 92 1000 43
jumn (4.0 mm 1D) containing 5% SE 30 on B 200 0 0 1m 1o
. 60/80 Chromosorb W AW-DMCS was conditioned for c 200 ’% ’1 % 1
. 7 days at 250°C belore ‘wse. A column pressure of 800 © . 1000 4
- 25 psi of nitrogen resulted in a flow rate of 125 mi/ D 200 0 500 11
- min._The injector temf ire was intained at 800 5 4“5 1000 It
240°C, the detector cell at 215°C, and the oven tem- ] 2000 [4 [ 1000 0
perature at 190°C. : F-K 2000 ° o 1000 0

Fraph, Model 28.700 equipped with a 100.mCi tridum
700 equippe hum

al a
20v.A I.!!-m’ lass ‘column (4.0 mm 1p) containing

s L:l'mixture of 5% QF 1 and 5% DC 200 coated on

S Applicd in 8 mi hexanc 10 ¢-08 glas Jars, D. melenagaster ¢x-
PN e FEICHy to howse Mles In B alter of ncriome, WeM
ol nme .

-

. ted wi s only,
AT e e Al S 1 T,
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when J T was applicd in combination with any one .

of these plasticirers. The polychlorinated biphmyll
 sho increased the toiic effect of DDT with D. melan-
 agasier; but 1o & lum extent. - The most mihinx ef-
feet was obsci with compound ‘A, Plasticirers F,
G, H 1), and K a &plled wld\ dieldrin or DDT to
||nu |||r(|oq| to.which D. melanogaster were exposed

reduced the' toxicity of the lnuplddc, resulting in
numlldu of 30% (0 nonc within48 hr.

In the ab of data, no
should be drawn concerning the combined effects of
. plasticizers. and imsccticides in lissues of highcr ani-

© o Refers 10 Asotlors (A to E) 3 lh‘id in Ta

I In 768
. nds, a8 measured by the percent mortality - Table h-('mnbhed effects of iceers and Insectl
d the Imn within a 24 or yﬂ-hr exposure period.. cides on plan
Appmima(el 25 ;v;w times more l}D‘I"tdnn dicl. -
rin, an an times morc plasticizers than
hldrlndhud to be ued to obuln lin':ilnr moﬂnlltlcu * mortalitics of Insects after
.( D. melanogaster or of srespectiy vcy. ‘ Laid
“ within & given time of (o llme Plastl- © Noinsee . .
The more highly chlorinated and less valul"e plnd cleenst ticide Dicldrin #.°-DDT
girers were nonioxic even when used a
2000 ag with' D, melanogaster and 20 P!/ﬂY (1000 .. D.melanogastcy after 48 hre
. ,./ 7 wllh l-omc fNics. “ Nonet 0 + 5026
‘able 2 ircs the mulu btained after 4”0 0 TR Froeg
nw‘cu,;lnd l;em 10 Il . l; )‘ £ eithe e Y ney A
or D). melenogaster, house fly) of either € 2. 7% 9 83260
Fmrhcplulldmn A BC 1 .‘g E and in combina. D [] 72+ 4 7749
tion with dicldrin ‘or DDT" Though no appreciable E o jox 3¢ Les
Ilm‘u mortalitics were observed with plasticizers alone, House fliess after 24 hr
olgninmml increascd the toxic ‘efieccts of both N ° P 2828
dl rin and: DDT, This eflect was most noticeable ", 4 s 8 1000
[, with I D'l' on ‘housc flics and differcnces observed . g 4 2t 5 100
" were highly significant. Alter a 24-hr éxposure period, ¢ ° o 5 9849
ll% of the howse flies had dicd alter only DDT had D '3 BBE11 100°
ied.” However, all the Insccts were killed E 0 U6 100

ble 8.
* D, melanogaster site Jans to the lrr

4-08
surface dcp.ll of lh.:a-k-ln planicivers, 208 ag; dickdrin, 9.

"l {’.,_.} Wi withowt pl-lldl!n contained 250 g of corm o)

n.nm with the I-ndkll-
aer are ll.nllml o 1l

Iy In ® atiter of acetone

o Itld.:ln; P.P ;:‘ ua‘ m DDT. u

aldrin, dieldrin, DDT,

“mals, However, &mkhm are in the

(nolma et nl 3] 7, Risebrough ct al.. 1968, Kocman Dﬁl’.. nnd Tlil!. 'l’ha rn;ecuon of ncurl, all of the
‘ot al, 1060) and their haza in th & multi-
combination with ol.hcr lymhellc dmnical-. should tude of peaks, wme(inm as many ms 15, Photographs
not be disregarded. * ‘ . of thin'Jayer platcs, prepared as picviously deacribed,

Ch pluc :Bohavior of Plastici Results are p d in Fg 1 and 2 slnce ‘analyscs of most
binined lons of  the 31 plastici: had * plastici with

| betn umlyud wllh '2 different columns in scparate gas

fred in Table 8, The ob-
wrved membn umu were compared as described
"with |lme olmlned llm the in Ion of lindane,

mnny peaks, (t h mncelvlble ﬂm ench of these Pplasti-
“cheers

ds that were

of
not np-med by Tm as described, thus resulting in

¥ or 2 spots only.

Table 3.~Comparison of _' tsers and insecticklcs by OLC.
, (2730 cLCIr

Plasticizer . . No. ol

Aroclor - Tdentical withe peaks Identical with®
1921-2¢ A None s L

1an-g B L1, HE.AL. DE, DI, 'I'D. nT 5 L1, HE, HO, DE

1n4e-2 € - LI, HE, AL, DE D1, T| 14 L1 HE, HO,DE
Ne-R D Ly, ll!. AI.. DE, DI, 'I‘D, 15 L1, HE, HO, DE, DT
12542 . E. AL,DE, I, TD, DT 10 HO,DE, TD,DT
1m60-2 - ‘R .TD,D - 18 DI,'TD,DT
12022 -G 18 . DI, TD,DT
1208-2 H. None . None

- 4465-2, 8 1 .TD A | DI !
pez-8 {( . None L 1 L1, HE,HO

$400-3 . None 0 None

- 190°0.

"n?"m""«"‘ - M‘r’m
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Bﬁ'ect of Temperature on the Progeny Production and Longévity of

Lespesia archippivora' in the Laboratory®

D. E. Pavan, C, G, Jacnson, and RAymonn PATANA

e " Entomology Rescarch Division, Agr. Res, Serv., USDA, Tucson, Arizona 85719

ARSTRACT

The vreproduction and the lifeapan of the  female
tachinld parasite Zespesia ln'hi{»ﬂwn (Rilcy) in _the
vy werd divectly related to temperature,  The
nimber .of off-sprin ‘4!5) was oblained from

a fermale hekid at 30°C; the means of tntal produc.
tion safged from 33 to 13°C w0 225 at 25°C. When

reproductive activity ‘was -measired #¢ the mean number .

Lespesia archippivora (Riley)- i a widely dintrib-
wied Indi 1 ite of man Jepid

of puparia produced mllrwlllon day, activity appeared
10 ';:e[-'k (lg.s at 30°C. Mean lcmllz lon| vlyprv:n d
from 40 to 83 days at 15°C to 12 to 16 days at 85°C

pernling on the length of the dally avipmition period
4 or 65 hr). Most oviposition occurred Uefore the 15th
ay afier cclosion.

In the Jat test (1967), the pairs were placed in
i intained ac¢ 18, 20,

terows pests of crops in North America, among which
the bollworm, Meliothis zea (Boddic), and the to-

bacco budworm, K. virescens (F). arc clearly the -

wmos( fmportant. The prevalence and apparent cli-

" matic adaptability of* this tachinid scem to give it

‘ml potential as a biological control agent if enough
ies ean be made available at a given time.

In our previons work with L. avchippivora (Bryan
o.al. 1968) we describeit a rearing technique, ro
ported the tinies required for development at several
temperatures, and discussed the poum:.;y of produc-
Ing the parasisc in the Iaboratory. The present paper
describes rescarch on larval procuction and length of
female fly life, 2 factors which arc of obviows impor-
tance In & mass.renring program that would be neccs-

' um It inundative relenscs are undertaken. .

evitons AND MATERIALA.—Adult L. erchippivor

were obtaiued by the rearing techpique described by
Pryan et al, (1968) with beet armyworms, Spodopiera
exigua (Hilbner), as the laboratory ‘host. Pairs of
Ries were removed from the rearing cages the day of
cclosion and as they were mating. To facilitate deter-

* mination of femalc longevity, the males were marked
with a fi pi dimolved in-alcohol, and
cach pair was placctl in  separate cage. These cages
were the Jower halves of 3.8-liter caritboard food con-
tainers that had both ends screened with nylon (17X
17 mesh/R34 cmf). A picce of spon Imo(utncd
dally 10 provide water) and ;3 sugar cube were placed
In each cage and fasiened to the botiom.

ot ) inl 3 i M . ' ~ .
R T A ST
\\“ N A N R .

25, 80, or 85::1°C immediately after they were caged.

“In the 2nd test (1968), each pair was caged, and all

airs were held at room temperature (25.6-27.8°C)
or 2 days to permit odgenesis 1o proceed at the same
pace. Then the pairs were placed in constant-tempera-
turc cabincts as beforc. In both tests, 4 replicates
were testedd si ly at each

The 4th day after the flies became adults and daily
throughout the lifespan of the female, 20 4th. and/or
Sth.instar beet armyworm larvac were placed on the
upper (screencd) surface of each cage and confined
there for 6.5 hr (lat test) or 4 br (2nd tem) by
placing the lid of a 150.mm-diam giass petri dish over
them. The female Mlies oviposited through the nylon
screen.

Alter each daily exposure the beet armyworm lar-
vac were removed and placed in individual %e-0z
clear plastic ucamcwmly filled with lima bean-
agar diet (Shorey 1968, Botger and Patann 1066)
that were then covered with rapﬂ lids, Records were
made daity of the life of the Rics, the number of
host larvac offcred for and the
of host larvac recovered. (dccnionnll&mm were lost
beeause of cannibalism or because they escaped.)

- The creamers containing the host larvac were
held at room temperature for 14 dnzl. Then the
degree of parasitization was d § b
ence or shacnce of fly puparin. The number of puparia
produced was used as the measure of fecundity, be-
cause counting the cggs as they were laid was impos-
sible, and dissecting each host arva to determine the
J d was impractical. ‘This

probably i i the

of
,mcthod of

y the pres-

Vo
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