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ABSTRACT

Fifty-two compounds were tested for their effects on
embryos of the hard clam, Mercenaria mercenaria, and
the American oyster, Crassostrea 1Jirginica, and on their
larvae. The pesticides included 17 insecticides, 12 her­
bicides, one nematocide, four solvents, and 18 miscel­
laneous bactericides, fungicides, and algicides.

Most of the compounds affected embryonic develop­
ment more than survival or growth of larvae. Some,
however, drastically reduced growth of larvae at con-

The extensive use in ree-ent, yenrs of highly
persistent pesti('ides for eontrol of certitin insects
n.nd undesintble phtnts, not only on ngric.lllt'llral
bnds but nlso on reerelttionnl iU"eltS, bkes, streilms,
and mnrshes, hiLs mnde impernti\ce nn evnluntion
of the effec.ts of t,hese e-ompounds on fish and
wildlife. The eventual gOll.! is to eontrol undesimble
spedes, with the lenst hnrm to the desimhle
members of the ecosyst,em. Att,nillll1ent of this gOltl
req'.tires extensi\ce knowledge of how eltch pest,idde
nffects eltch speejes or representltt,ive speeies of
the system. Also, the pestieide must be highly
spe('ifie 01' be n.pplied so thn.t its dispersion is
strict.ly limited.

Pestieides mlty enter the hnbitnt of shellfish in
several Wl\YS. One is by being enrried there in
l'llllOff wMer from trented !nnd ltrens. CottniH
(1960) st,iLted tllil.t, :3 to 3 billion pounds (9.07 to
13.61 x lOs kg.) of pestieides iLre used lLnnuit.lly in
the United Sttttes on nbout 100 million neres
(40.5 x lOG hIt.) of bnd. Thil1111-l1ll (1964) stltted
thnt the United Stntes used 175,000 short tons
(158,760 metric. tons) of inseet.ieides in 1962 and
about hnlf that muc.h of fungicides nnd herbicides.
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centrations that had relatively little effect on embry­
onic development. It is necessary, therefore, to evaluate
the effects of pesticides on all stages of the life cycle of
an organism befQre the pesticide can be considered safe.
Nevertheless, differences in toxicity to bivalve larvae
among compounds of each category of pesticide are
large enough that it should be possible to select com­
pounds to control pest species without serious damage
to commercial shellfish.

Doudoroff, Knt.l<:, and Tnrl<:well (1953) Il1nde
Inbomtory tests of soils eolleeted fl'om t.oxrLphene­
treltted fields and eondudell thnt st,renll1 wltt.ers
cnn be made t.oxie t.o fish by the drainnge from
sueh fields. 8ueh runoff water may ('1tl'I'Y the
pestiddes in sol.ution, adsorbed on suspended
pm·tides, or ineorpomt.ed in plit.n ts a.nd tLnil11ills
in. the WI1.t.er. Certainly, In.rge qUl1.ntit,ies of the
vesticides thnt lerLch from the soil must eventunlly
reiLch constnl marine wiLters and sediments.

A seeond, more direet" nnll perhltps more
ensily regubted method by which pestic.ides I11ny
enter the estuarine environment, is the use of
inseeticides ltnd herbieides on slth lllnrshes and
estUluies to eont,rol mosquitoes ll.nd undesimble
plants. In some regions lit.rge areItS nre slH"nyed
neit.1' shellfish beds. Pestieides used in this wny
probltbly erent,e higher concentmtions of the
ltetive ingredients in the estunrine \Htter thltn nre
nehieved hy nny other method.

LooslLnoff, ~/IltcKenzie, 111111 Shearer (1959 2
),

Loosnlloff et It.!. (1960), nnd LOOSil.noff (1961)
proposed the lise of se\"eral pesticides for (,he
eontrol of eertll.in predators lmd eompet,itors of

::: LoosnnoJT, v, L., C. L. i\'Ial'K('nzil!, JI'" and L. W. Shean'}', Inf.!I. PSI)
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eommercinl shellfish. The methods of ltpplicn,tion
proposed by these nuthors, however, were de­
signed to restrid the dispersnl of the pesticide.
Compounds reln.tively insoluble in wnter were
dissolved in polychlorin:tted benzenes, which nre
themselves virtually insoluble in wnter-n chnmc­
teristic tl1ltt further limited t,he solubility of the
pesticide. l\.fore<wer, the polychlorinll.ted bem:enes,
whieh llre heavier thll.n sen water, were mixed
with dry sand to nnchor the pestieide to the
bottom of the particulltr shellfish bed tl'e:tted.
This essentinUy two-dimensionnl treatment of
limited ll.l'eltS with a control pesticide hnd little or
no effect, on pelll.gie or pln.nktonic org:l.Ilisms.

Butler, Wilson, nnd Rick (1962) presented dlttn
on the effeet.s of some pestieides on ndult oysters
and Do,vis (1960) reported the effects of 31 com­
pounds, including seveml types of pesticides, on
fertilized eggs nnd larvne of bivnlves. The nuthors
of the two pnpers considered the effeet, of pesti­
cides on growth to be the most sensit,ive index for
these mollusks.

The highest, conccnt,mt,ion of nny pesticide thll.t
cnn be cl)nsidered "siLfe" for use in WItters in
which vnluable species of bivnlves reproduce is
the highest concentm tion th:tt hIlS no nppreeiitble
effeet. on survival of the develoFing embryo or on
growth nnd surviva.l of the fully formed veliger
larvne. It. is also necessll.ry to determine the con­
cent,rat,ions tolerat,ed by spa,wning individlilds nnd
by orgltnisllls that serve llS food for larval nnd
adult bivnlves (Ukeles, 1962).

A distinction is mnde between effects on devel­
opment of the embryo nnd on survival and growth
during t,he brvitl stage becll.use tolemnces of t,hese
two pelngic stnges to n given toxiclwt nre often
mltrkedly different. Growth of the veliger bryne,
moreover, mlty be drasticll.lly retarded Itt con­
eentmtions of toxieltnts t,oo low to Cltuse direct
mortnlity of either embryonic or htrval st,ages.
Such n retnrdlttion of growth, however, serves to
prolong the pehtgic life of Lhe Inrvne and, thus,
increases the chnnce for their loss through predlt­
tion, disense, ltnd dispersion.

This report Sl1l11mluizes the dnta. obtnined nt
the Burenu of Commereinl Fisheries Biological
Labomtory in Milford concerning the effects of
various compounds used in control of vnrious
types of undesimble org:tnisms, on the develop­
ment of fertilized eggs of hard clams, lIfel'ccnal'ia
meJ'C.enm"ia" and Amerir,an oyst,ers, Crassostl'ca
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vil'gtlltca, nnd on the survivnl nnd growth of the
lllrvae. The datlt, unfortunltt,ely, are not complete
for nIl of the eompounds tested. The work on
pesticides at the hbomtory in Milfol'(l has been
terminated by tmnsfer of pestidde work to the
Bureitu's Biologiclll Laboratory at Gulf Breeze,
FIn. In the eltdy experiments the effects of the
eompounds on development of fertilized eggs were
not deteI'mined nnd mlWY wer'e t.e:o;t.ed in only tt
single experiment. Furthermore, for some experi­
ments in whieh growt,h of larvae in ('.clI1t.rol eul­
hires wn,s not sn.tisfnetory, we Cltn give only t.he
dnt:t on development. of fertilized eggs. The effects
of a number of these pestieides on some of t.he
algal foods of bivnlve brvne Illtve iLlso been
determined (Ukeles, 1962).

METHODS
lVrethods for spitwning oyst,ers out of season

and st.nndnrd methods for eult,uring the htrvne
hnve been desel'ibed in det.nil by Loosnnoff llnd
D:tvis (19ll3). These met.hods were followed
t.hr')uglllmt the present series of expel'iments.

In most experiments nIl pestieides were testecl:tt
eoncent,mtions of 0.25, 0.50, 1, 2.5, 5, nnd 10 p.p.m.
(parts per million), with duplieate cultures itt e:tCh
eoncent.mtion. If a toxie range wns not. est.ltblished.
in Lhe first experiment, these eoneentrations were
increased or deereased by n fnetor of 10 in the next
experiment. UsuiLlly, howe\·-er, the mnge of 0.25
to 10 p.p.m. included eoneent.mtions thnt had no
effeet (md coneentmt.ions that. cnused 100 pereent.
mortnlity. Stock solutions of wnt.er-soluble pest,i­
cicles were made up in wat.er; nIl others were mnde
up in neet.one, except for n very few thn't were in­
soluble in either wnter or acet,one. The Intt,er were
used as wItter suspensions.

Fol' observlttions on development of embryos,
fert,ilized eggs were introduced into the test, eon­
eentmtions soon nft,er rele:tse nnd fertilizlttion,
usunlly when the eggs were in the t.wo-cell st,nge of
development,. Qllltntitittivc smnples were t'ltken 48
hours Inter to determine the pereentiLge of t.he
fertilized eggs in ench eulture that. hnd developed
to nOlIlllU straight-hinge veliger IlU'Vlte.

For tests to det.ermine t.he elleet of compounds
on survival nnd growth of veliger htrvtte, we used
cultures of 2-dny-old lnrvo.e thnt httd been renred
to the st,raight-hinge stnge under normal eondi t,ions.
These lnrvlte were then reared, in t.he different.
coneentrations of substnnces being tested, for n
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period of 10 days foi' dillll In.I'\·ne fir I~ dn.ys for
f,yster l:ll,\·t\.e. Thus, when ths' qUimtit'Il.t.h-e
snmples \H'Te laken at. the end flf tile pel'iod, the,
In.rvae ,,'ere I ~ nnd 14 (by,:; old, respeet-ively.
These periods represent the normal t.ime or sett.ing
"fnr the two speeie::; under g')I)d eIl\'irOlllllen tnl
condit.ions at. the' tempemt.ures used (24°±lO C.).

Vve fed the test hITV,lea mixt:l.lrf' of live flll.gellntes,
genemlly itt n rate of 0.01 ml. of piteked (··ells t.o
each I-liter culture per day. Sea water lmd t.est.
eom pound ,,"ere renewed in t.he l'-ultures e\'ery
second (by, The ('''Int,ent.s of It l'-ultlll'e \'essel were
\\"itshed onto It shtinless steel screen t.hitt retained
the l:uvn.e but. illlo"'ed t.he seiL Witter und dis­
soh-ed pesticide tn PIl.SS t.hrongh. The Pyrex 3

l'.nlt.l.lre vessels used in t.he experiments were l.hen
thoroughly ,,"ashed before the lan-ae (tnd the fresh

solution of pest.ieide in sea water were agll.in ndded,
The renewal of the culture medium every seeond
day in t.his manner minimized t.lle buildnp (,r
hanllful rnetlLbolit,es and: made it possible to
lIIaint.ain nl'l;lIl'lttely the c.oneel~t.ration of test
eornpollnd Itt, t,he desir.ed le\'el.

Quantitnt.ive samples, consist,ing of 1.6 pereent
or the t,ot,al larvnl populn.t.ion of n. eult.ure, wel'e
taken at. the end of the 2-day nnd the 1:3- or 14-day
experinLental periods n.nd preserved for miero:';l'opie
eXiLluination. 'We determined the survivill by
eount;ing t.he number or Inrvne t,hnt had been
living at, the time of pre.<;ervation. SurviVit.l vnlnes
(tnble I, eols, 1, :!) are expressed us n pereent.nge
(R) or t,he survival in r.ontrol (~1l1t.llre~ and were
('alculated as follnws:

H.=An.'l'fi.ge 1l1\lIlber of br\"t\." ~1I (,xp('rin"·Ill.all'lllt.llr•.'s:-: IUU
Aver:IWJ number of I:lI'val' Il'I cnnt.rol cllll.llrl'~

mean lengt,h of larvn-e in con (,1'01 eu It," res ltll d was
calculated as follows:

Gruwt.h, ('1' il\('rease in mean lengths in the 1:3­
and 14-day experiment.s (t.n-ble 1, col. 3), is
expressed as It pereent.n.ge (G) of the inc.ren-se in

... _ !VI(':l1l 1"'lIgt.h of Jarvfi.(' ill eXpl.'!'illll.'llt:tl cIIJl.llrl.''''-III1~an kllgt.h at. :! day~ \IIU
l, - !\'leall h'lIgt.h of l:lrvfi.e ill COllI',I'nl Clllt1\res 1I1l':l.1l I'.,ngt.h at :} day", .:,
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t.his ('.eutral t,elldelH'y to it I11l1eh les~er degree.
Figure 1 shows t,he 95 perc'ent eonfidenee limits of
the lIlea-1I (±:3 SEm) in mie/'IJlIS, wit.h N = 100 for
oyster b,'vae and N=50 ror dnm In.t'vl1.e, at tIle
Vat'I'.HI" IIlCan lengths el\('O lin t.el'ed ill 0111'

experiment.al ('1I1t,me".
Aft.er (,oll~idet'ing t.he va/'hLt,ions enl'lIuntered,

in uddit.inn to snmpling etTOt's, we believe 0111'

- t.on
Z
0
0: 0
U ° °i

0°
on 0
z °00

~ ° 0
;;: °..
0 -.

• Trade n.n1<'8 refl',wd to in this public.tion do not imply endorsement of
commcrci.l prodllctS.

j\:[eun length was determilled by measlll'ing: the
maximum leJlgt" 1.11' t-he shell, parallel to t.he "inge
line, of 100-oyster Jnrva.e or nr 50-dnm l:u','ne
fl'om t-he prc~el'ved Sll-lll)lles. TIle expression Ill'
l'esults as pet'een t.age~ Ilr tILe illl'rensc in tlleil·n
lengl,1t and slln,iva) of larvnc in eOllt.I'ol l'ult.llres
mude possible l.he dit'eet, ,:ompal'is.)n or data rt'nll\
(,"e diffet'ent. expet'iments.

?vleasul'etllcnl.s of elIeds Ill' t-oxi('allt.s on growt,"
and slIrviv:ll or In,'vlle al'e sllbjed, t.o '.'ollsidel'able
elTOt' due t.orandolll sampling el'rot'Hlld varial,ions
in trod u('ed by t,he sligh t, lllH:on t,wlled envirnn­
menl.al <.IifIerences between eultul'e~, In addit,ioll,
ehanges in Sell. wat.er and food q II ll-li t.y bet.weell
slwl'essive expel'iment,s undoubt,edly mnsed v:ll'ia­
t.ion in nb~erved effeds. These factol's mllst, be
t:lken int.o eOllsidern.t.ion in jlldgillg reliiL.bility of
t.he dllt,a iLnd in nscert.aining safe and harmflll
levels of the t.est compoulld.

The st.andard error in measurements of gmwt."
is considern.bly gren.t.er for oyst.er huvae t.hlln for
clum Inrvite. A lengt.h-frequency dist.ribution of
dam lnrvne rec.eiving n. given tren.t.ment is highly
kurtotic, wheren.s t,hn.t for oyst,er htrvlle exhibit.~
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transformed values (0) for measurements of
growth ll,re genemlly aecurate to about ± 10 per­
cent for oyster larvae nnd to about ±5 percent for
dam larvae. The confidence limits for oyster lllrvae
were not narrowed nppi'eciitbly even by increasing
N to ~OOj therefore, it wn,s. considered imprnctical
to incren,se the number of mensurements of oyster
hlrvae suffieiently to reduce the error to that of
measurements of chtm larvne.

Errors involved in our techniq ues for determin­
ing numbers of larvll,e developing from fertilized
eggs to straight-hinge. htrvite or the. number sur­
viving in growth experiments htwe been found to
be about ± 10 perecnt.

In any event, the effect,s of test compounds on
lnrvnl growth ll,nd survival nre rendily distin­
guished, from random variation, by the regular
stepwise reduction at each successive inerease in
concentmtion of the test chemical.

EFFECTS OF DIFFERENT COMPOUNDS
ON EMBRYOS AND LARVAE

Tn,hle 1 shows the rehttive pereentage of fertil­
ized oyster nnd dam eggs that developed through
normal embryonic stnges into stm.ight-hinge
larvne, the relative percentnge of htrvn,e thnt.
survived, nnd the relative percentage increase in
mean length when exposed to vltrious pesticides
and chemicals. 'We cttlcuhtted the rehttive per­
centttges, ns hns been previously stated, by using
the survival nnd rate of growth of htrvne in the
control cultures of each experiment as 100 percent.
The values given (except where noted) Itre aver­
ages for duplicate cultures o,t each concentl'll,tion
in each experiment. When more thnn one experi­
ment was run, we combined the reSults of nll
experiments.

Some compounds were more toxic to embryos
than to larvae (despite the much shorter exposure
period of the embryos), although the reverse is
generally indicated in our tests. The differenees
between the tolerallee of developing embryos and
lnrvae of oysters to the same pesticide Me strik­
ingly evident from the effects of the weedieides,
Amitrol and Endothal (t.able 1). Embryos de­
veloped normnlly in higher coneentrations of
Amitrol (500 p.p.m.) than those at which larvae
showed good growth (100 p.p.m.). In eontrast"
eggs could tolerate only 10 p.p.m. of Endothal,
whereas lnrvae showed about normal growth nt
concentrations as high as 50 p.p.m.
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The compounds we used in our tests differed
widely in chemieal composition and presumably
have different modes nnd sites of nction. It. is not
too surprising, therefore, thitt Itlthough the toxic
levels of most compounds are about the same for
clams and oysters, some are apprecill,bly more
toxic to one than to the other. The tolemnee of
oyster huvae to Endotha.I, for example, was con­
sidembly gl'E.'l"tter than that of clnm larvae (Id­
though oyster embryos were slightly less tolerant
than were dam embryos). Oyster lorvae showed
fair surviva.l and normal gl'owth at 25 p.p.m.,
whereas this concentration enused 100 percent
mortnlity of dnm larva,e. In genernl, however, the
rates of growth of clam larvne are less llJfeeted by
toxiCltnts than growth of oyster larvo,e.

As has been reported previously (DONis, 1960),
some of the lower concentrations of certain eom­
pounds significantly aceelernt.ed growth of lo,rvne
(notably Sevin, Endothal, 2-4-D Sttlt, phenol, and
Sulmet,-table 1). AIt.hough the reasons for this
phenomenon ore not clear, we believe it is the
result of the bac.teriosta,tic or, possibly, chehtting
effect of these eompounds. BeCltUSe growth of
clam huvae is less ttffected by bnc.terittl and
algal toxins tlmn is growth of oyster larvae, any
baeteriostatie or c.hehtting effect these compounds
might lmve would be expec.ted to have It less
marked effect on growth of dam larvae than on
growth of oyst,er larvae.

Synergistic Action of Solvent With Some Compounds

Wit.h r.ertain pesticides, the solvent mity act
as It synergist and inc-rease the toxicity of the
compound, but with other pesticides the same
solvent may show no such aet-ion. Acetone ap­
pe.a.red to act as a synergist with Co-Ral but not
with Di-Syston and Phygon. In experiments
when the stock solutions of these three water­
iJ~soluble compounds were made up in lteetone
(appendix), the pltir of control cultures receiving
100 p.p.m. aeetone (the. maximum eoncent,ration
used in any of the experimental cultures) showed
no significant reduction in growth or survivitl of
either dam or oyster larvae. Survivalltnd growth
of clam larvlte reeeiving Di-Syston and Phygon
cleC',reased progressively ItS t,he concent.rations of
these eompounds increased, just as it did in
various eoneentrations of the water-soluble toxi­
cants (table 1). The toxic effects of Co-RaJ, how­
ever, show a definite break in the middle of the
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series that eorresponds to the break in aeetone
coneent,mtions.

To obtain the six concentrn,tions of these
iteetone-soluble compounds, from 0.25 t,o 10 p.p.m.,
we usecl two stock solutions. The concentmtions
of 0.25,0.5, and 1 p.p.m. of toxiennts were obtn.ined
by increasing volumes of the less eoneentrat.ed
stock solution so thn,t the concent.rations of
n,eetone were 25, 50, n,nd 100 p.p.m. The C0l1­

eentrnJ.ions of 2.5, 5, n,nd 10 p.p.m. were nchieved
by ineren,sing volumes of t.he more concentnit,ed
stock solution, n,gnin giving enncent,rations of
/teetone of 25, 50, and 100 p.p.m.

The stepwise deerense in survival and growth
of clnm brvn,e nt 0.25, 0.5, and 1 p.p.m. Co-Rnl,
followed by better survival nnd growth nt 2.5
p.p.m. nnd step\\'ise reduction at, 5 nnd 10 p.p..m.
indieates tohn,t, the aetion of Co-Rnl WitS being
synergi,,;ed by the neetone solvent (the netion of
Di-Syston nnd Phygon wns not). The effect of
Aldrin nn clnm embryos shows some evidenee of

.simi1llr synergism.

Variable Effects of Endrin and Dieldrin

Results IIf different experiments ",it,h t,hese
two compounds vnried e()nsidembly even when
neetone stod\: solut.ions were used. The results
given for endrin and dieldrin, therefore, are the
itvernge vitlues of it number of experime.nts but
in some experiments tolem,nees were significantly
below these iLVel'itges. We n,ssume thn,t the varin­
tion in the severnl experiments wns eaused by
differences in pn,rtie1e si,,;e nnd degree of suspen­
sion n.t,tnined in the test eulture, since these
ef,mpouncls nre essentinlly insoluble in wat,er. We
would expeet field observnt.ions on eommercinl
applicn.tions to yield conflicting dntn, depending
upon the degree of dispersion nttnined when the
pestidde renehes the wnt,er.

Possible Indirect Effect of Compounds Throu~h Food
Chain

Ukeles (1962) showed thn,t t.he toleranee for
pesticides of some of the best algal foods for
bivalve. la,rvn,e WitS considembly lower thnn the
toleranees of the larvn.e. Therefore, even a eon­
centrn.tion of n, pesticide that showed no effect
on eggs or In,rvne might, indirectly, if used in the
field, mn,rkedly reduee the growth of bivalve
In,rvae by killing or preventing reproduction ,A
the algae that serve as foods.

We believe the results given in tnble 1 are,
at least primarily, t.he direct effect. of these com­
pounds"· on t.he· 'clilbryos or larvae themseln~s

because we are not dependent. upon reproduction
of t.he algae in ottl' larvnl cultures. We add the
food cells t.o oLJr experiment'ill eult.ures daily, nnd
the pesticide would have an indirect effect. through
the food. chain only if it destroyed t.he food cells.
The coneent.ration of Sulmet (sodium sulfltmeth­
azine) used rimt.inely: itS a bitcterieide'.. iil mil'
larvi~l eult.ures, for example, is suffietient to inhibi'~

or prevent reproduct.ion of the i~lglle used,for food,
yet. it has no ndverse effect. on growth of lll,rvltc
under our laborllJ.ory condit.ions.of·!ee.diilg.

Si~nificance of TLm Values

In table· 2 we have listed the 24-honr TLm (t.he
concent.ration. in p. p.m. t.hat would CI1-USe an
approximate 50-percent reduction in the number
of eggs devel~)ping into I1lll'lnal st,wight-hinge
h1-rvae) for oyster and clllm eggs. Also listed are
the 12-dllY TLm for elnm htrVll,e llnd t,he 14-day
TLmfor oyst,er larvne. We believe the TLm vnlues
list,ed nre of value only for rough eomparisons of
toxicity beeause some eompounds drastienlly rc­
duee the rnte of growth of larvl1-e 11-t eoneentrn,tions
too low to enuse nppreeiable mort,ality or may kill
embryos at lower eonecntrations than twe required
to llffec.t growth or survivnl of larvne. Both' endriu
n,nd dieldrin, for exnmple, hnd 14-dny TLm's for
oyster huvne greater than 10 p.p.m., yet either I)f
these compounds, Ilt conc.ent.mtions (.f only 1
p.p.m., reduced t,he rat,e of growth of t,hese brvae
drasticnlly. Other compounds, such as Nemngon,
Aldrin, nnd toxaphene, permitt,ed development of
embryos at considerably higher eoneent,rat,ions

. than those nt which the h1-rvae eould survive and
grow. Conversely, other compounds, such as
griseofulvin (on clnms) and Endothal (011 oyst,ers),
almost eompletely stopped embryonic. develop­
ment at, eoneentrations too low to affect seriously
survival and growth of the larvlle.

In eompnrison with the TLm vnlues given for
other speeies, the mnkings of Amitrol, EndothnJ,
Omnzene, and Phygon are the snme for cln,m and
oyster larvne as Bond, Lewis, nnd Fryer (1960)
found for hlrgemout,h bnss, lUiaopteru8 8almoide8,
and two spedes of sllimon, Oncol'hynchu8 kl"8utch
and O. t8hd.wyt8cha.. The medillll toleranee limits
for the lenst tolemnt st,nges in the life eycle of
dams nnd oysters for t.hese compounds, however,
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were lower t.han the values given for fish. The
96-hour TLm for bluegills, Lepamis maerochir1l8, to
Co-Ral and Di-Syston, report.ed by Henderson,
Pickering, and Tarzwell (1960), was also higher
than that. for the least tolerant stages of clams.

NEED FOR FURTHER STUDY

The example~ cited indicate the need for evalu­
ating all aspects of toxicit.y on rapidly growing and
changing animals at each stage of their life cycle.
The high tolerance of bivalve larvae to some of
these pesticides also suggest.s that compounds can

be chosen to control pest species without serious
damage to commercill.I shellfish. Within the series
of inseeticides, for example, Davis (1960) showed
that DDT was much more toxic to oyster larvae
t.han lindane. Similarly, within the seriel? of herbi­
cides t,ested, Amitrol was "safe" at 100 p.p.m.,
whereas MCPA caused a significant reduction in
the rate of growth of oyster larvae at all concen­
trations above 0.25 p.p.Ill. We believe, as Thimann
(1964) suggested, that emphasis should be placed
on developing "substll,nces whose action is selective
and on those which decompose quickly."

TABLE I.-Percentagc of eggs of American oyster and hard clam that developed normally, percentage of larl'ae that survived,
and pcrcentage increase in mean length, ill the presence of dljJerfllt concentrations of chemicals 1

Concentration Eggs
d0veloping

-------gg--------------iii------- - -- -98-------
9'l 81 96
80 67 74
75 q \4
52 0 . _
16 0 _

Clams

Eggs Survival 01 Increase in
developing larvae length 01

larvae

Ptrttnl Ptrtfflt Ptranl
96 • 75 220
00 , 37 '9
71 0 --_. -- - _. _. - - _..
[l6 0 ----------_.----
83 0 -_ .. _--._-_._---
64 0 ------"----_.-.-

Compound

Insecticides:
Aldrin (2 experiments; acetone solution)

Co-Ral (2 experiments; acetone solution)

DDT (1 experiment; water suspension)

Dicapthon 1.1 experiment; water solution)

Dieltlrin 3 (4 experiments; 1 water suspen­
sion and 3 acetone solution)

Dipterex (1 experiment; water solution)

Di-Systoll (2 experiments; acelone soln­
MOil)

Endrin' (5 e,pe.rimenls; 2 water suspen­
sion and 3 acetone solution)

Scc footnot(>s n.t (>nd of table.

P.p.tn.
0.25
.50

1.00
2.50
5.00

10.00
.00"..5
.0050
· 01
· 6'J6,
.050
.10
.25
.50

1.00
2.m
5.00

10.00
.025
.050
.10
.20

1.00
2.00

\0_00

.025

.05

.10
· ~5
.50

1.0
2.5
5.0

10.0

· 0'~5
.050

1.00

.025
.050
.100
.205
.50

1.00
:!.50
5.00

10.00

.025

.050

.100

.25

.50
1.00
2.5
S.O

10.0

Perct1lt

8Y
100
103
111

98
55
o
o
o

95
75
74
67
60
29
46
40
31

110
98
96

103
82
75
53
56
21

103
91
g~

52
58
44
44
4~

48

Oysters

Survival 01
larvae

Ptrctm

74
66
87
91
00
95

\04
9IJ
75

80
o

69
68
66
58
59
63
9\
84
80

50

\03
99

115
97
9\
76
64
34
o

79
67
70
67
66
50
78
;9
83

Increase in
length 01

larvae

Pt.rcml

83
105

92
88
n
61
49
38
17

54

95
79
67
30
42
35
37
27
13

67
78
j)4

106
116
117
101
80
51
9
2

111
70
61
38
20
30
35
\~

11

95
97
99
88
87
42

112
91
95
60
o

87
72
44
74
52
5

9\
88
89
94
o

89
67
39
57
44
14

89
87
59
65
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TABLE I.-Percentage of eggs of American oyster and hard clam that delleloped normally, percentage of larvae that IItl.Tllilled,
and percentage increase in mean length, in the presence of different concentrations of chemicals I-Continued

0 0 -.. _- ... _----.--

100 101 80
91 93 70

100 101 61
74 90 41

Concentration Eggs
developing

Clams

Eggs SurvivaloC Increase in
dcveloping larvae length oC

larvae

P"rmt Perrent Perrwt
106 81 95
109 81 95

31 38 98

-.. ----85---- -- ---- ----30---- ---

21
5

30

92

86
98
101

10i
71

33
11
o
o
o
o

5
o

103
67

o
o

117
102
100

103

o
o

97
112
111

84
91
51
39
37
o

106
60

o
o

85
97

100
77
91
94
77
64
48
o

241

116
107
109
105
99

108

911
95
89
70

100

117
III

96
117
112
116
71
36

86
90
77
74
72
41

Percent

103
87
22

109

119
124
106

72

Increase in
length oC
larvae

o

90
88
66
52
:lO
3

o
o
o
o
o
o

P"rwt

99
94

100
80
80
96
51
5
o

91
89
97
96

104
78

95
97
80

102
98
o

111

113
117
119
135

Oysters

SurvivaloC
larvae

o
o

101
911

103
95

104
104
104
94

2

93
100
48
93
89
88

90
89
80
89
85
27

11

Perrrat
91
65
o

82
43

88

127
114
84

104
95

101
89
85
42

o
o
o
o
o
o

96
104
106
90

.02

.025

.050
.10
.20

1.00
2.00
2.50
4.00
5.00

10.00

1.00
2.50
5.00

10.00

.25

.50
1.00
2.50
5.00

10.00

.50
1.0
2.5
5.0

1.0
10.0

.0'25

.050
1.00

.25

.50
1.00
2.50
5.00

10.00

P.p.m.
.25
.50

1.00
2.50
5.00

10.00

.25

.50
1.00
2.50
5.00

10.00

2.50
5.00

10.00
25.00
50.00

100.00
250.00
500.00

1,000.00

.25

.50
1.00
2.50
5.00

10.00

.025

.05

.10

.25

.50
1.00
2.50
5.00

10.0

Lindane (I ~xperiment;wat~r solution)

Amitrol-T (I experiment; water solution)

2-4-D ester (I expel"imcnt; acetone solution)

TEPP (I experiment; water solution)

Malathion (2 experiments; acetone solu­
tion)

Toxaphene (2 experiments; acetone solu­
tion)

Parathion (I experiment; water solution)

Compound

Sevin (3 experiments; 1 water solution ami
2 acetone solution)

N-3452 (I experiment; water solution)

N·3514 (I experiment; water solution)

Herbicides:
Amltrol (2 experiments; water solution)

Insecticides-Continued
Outhion (I experiment; water solution)

8~e foot110t"8 at end of table.

ElfFECTS OF PESTICIDES ON DEVELOPMENT OF CLAMS AND OYSTERS 399



T.\RLE I.-Percelltage of eggs of Americall oyster and ·hard clam that developed normally, percentage of larllae that survived,
and percelltage increase in mean length, in the presence of different cOlleentrations of chemicals I-Continued

Clams

Compound Concenl.rntiQn Eggs
developing

Survival 01
lal"l'30

Incn.~;}se in
I~ngth 01

larvae

Eggs
developing

Survival 01
lal'vue

Increase in
length of
l:lrva~

103 119
101 9:!
107 95
101 106
1111 106

YO 98
2 01
0 11
0 0

~15 97
]1)8 98
lOl 97
91 111

102 109
94 109
57 74
1 48
0 2

98 100 104
80 1114 10~

85 103 104
98 !t~ 99
9;1 91 ~Il

89 rofl 64
." II -_._----._--_.--
51 I) -. ~ -. ---. -. -. - - -
0 0 .------------

Ill() 9~ G'if•
100 53 'lj.\
100 1;9 • 38, 91 80; , 1111

j 9~ , 75 ' 115•., 9S ,., 95 '.' 119
G9; '0 6U
G98 '0 60
; 95 , 115 'lOll

, 115 60 60

Herl,icides-Continued
2·4·D salt (2 experiments; water solution)

Diuron (1 experiment; water solution)

EMID (4 ~xperiments; water solution)

Endothal (2 expelilllCnts; wMer solution) __

Fenuron (2 exp~rimonls; water solul.ioll) __

~'ICPA (2 eXJlorim~nts; water solution). __

Monuron (1 experiment; water solul.ion) __

N ebUl"On (1 experilllOllt; wat~r solution) __

Silvex (1 experimenl.; acetone solution) _

N~muto~ide:
Nmnngon (:! ')xpel'imCilts; acetone ~olutioll)

Solvents:
Acetone (1 experiment; conlirme•.! I'Y

others)

f::cc footnot"s:lt "nd 0)( lubl.,.

P.p.,..
.025
.05
.10
.~5

.50
1.0
2.5
5.0

10.0
:!5.0
50.0

10(!. 0

.25

.50
1.00
5.00

.25

.50
1.0
:!.5
5.0

10.0
25.0
50.0

100.0

. ~5

.50
1.00
2.50
5.0\.1

10.0
25.0
50.0

100.0

. 025
•OliO
.~u

. :.!5

.5n
1.00
:!.(M)
4. no
5.00

10.00
.~5

.5n
1.00
~.50

5.00
10.00
25.00
50.00

100.00
.~5

.50
1.00
5.00
2.4
4.8

.025

.05

.1

.25

.50
1.0
~.5

5.0
10.0

.25

.50
1.00
2.[,0
5.00

10.00

10.0
25.0
50.0

100.0
250.0

Perrellt

------·84·------
91
8~

78
79
88
29
32
o

100
103
119
94
96
80
o
o
n

----··iiiii----···
81
75
78
56.,.,

162

1'-"1

158

Perrellt
54
9S
93
9:!
89
10"~

103
112
97

104
52
45

75
8\.1
S~

88
80
89
64
8
o

89
101
99

102
85
o

Percmt
148
194
134
124
111
119
8a
86
7i
I.i~

39
8

81
99
87
94
8~

78
47

1

1~4

148
129
1:ln
129
119

91i
(lfl

IS

69
99

110
S6
77
61
ao
14

128
108
91
94
38

Parmt

9::!
91
81
o

93
119
91
9'~

I)

o

100
98

100
98
95
86

91
107
~
93

Ptrrl'1lt

128
11~

1:)7
'tOO

l~O
1{1'lI

I~S

III
o
o

116
97
14

<1
o
o

100
100
lOO
100
100

99
101
94
tj~

114
109
S6
93

75
30
21
4

110
104
~1

91
87
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TABLE I.-Percelltage oj eggs of American oyster and hard clam that developed normally, pel'centage of lan/ae that s1trv·iued,
and percentage -increase -in mean length, -in the presence of different concentrations of chemicals I-Continlled

Incl'e.~lS€' in
IClIgth or
hlrvae

Compound Concentration Eggs
developing

Oysters
------

Survival of
larvae

Eggs
dOVl'loping

Clams

8lU"viv~d of
larvae.

JIICl"l~ase ill
length uf

!ai·vafl

umazone l~ experiments; water solution)

Nltl'Olumzonc (I expcl'iment; water solution)
2.50
5.00

10.00
25.00
50.00

100.00

.025

.05

.10

.25
.50

1.00

106
101
102
100
\Ii
g3
66

9

96
42

9
8

97
83
75
53
45
~3

104
104

9R
74
33

101
100
109
!IS

103
101

95
98
92
9;
94
86

114
119

102
104

111
117
104
101
81

Pacrlll

118
102

o
o
o

94
101
101
87
93
RO

93
91
93
90
12
o

108
1)9

121
111
12'&
107
107
82

97
104
84
87
90
o

70
13d

o
o
o
o
n
o
o
o
o
o

106
~4

!.Ill
101
105
86

~I~I

103
108
116
85
92
82
I

117
'88

o
o

p"rrelll
o
o
o
o
o
o

36
o
()

o
o
o

72
58

101
97
21
o
o
o

108
103

114
1
o
o
o
o
o
o
o

104
111
111
119
103
102

104
l'l6

102
100
!I4
55

n
o
o
o
o
o

108
111
106
100
107
30

107
94
99
94

106
79

Par/'Ill
95
;6
51
o
o
o

89
50

PcrcC'IIl

94
9
o
o

PfTCC11f

n
o
o
o
o

87 107 122
iO 103 123
34 84 112

0 76 22
0 0 . ~ ----. ~ ----.. --
0 0 .-----.-------.-

59
21

Perrelli

.~5

.50
1.0
2.5
~.O

11),0

.025

.050

.10

.~5

.50
1.00
2.50
5.00

10. 00

.25
.50

1.00
2.50
5.00

10.00
25. nn
50.00

100.00

.5
1.0
2.5
5.0

10.0

• :·?5
.50

1.00
2.50
5.00

10.00

1.0
10.0

.25

.50
1.00
2. ~O
5.00

10.00

.1

.2
1.0
2.0

10.0
100.0

.01

.05

.1

.2

P.p.71l.
.25
.50

1.0
2.5
,~.O

10.0

Dowicide G (J experiment; watersolul.ion)

Dowicide A (I experiment; water solution)

Delrad (l experiment; water solution)

PVP-Iodine (~"xl-'l'riments;wall!rsolution)

Griseofulvin (I expe.riment; watersoJntion)

Nabam (l e.xperiment; water solution)

OrthodichlorohcllZcne (1 experiment; ace­
tone solution)

Trichl...roben.ene (I experiment; acetone
soluUon)

Bactericides. lungicides, "Igicide.s, miscella­
neous;

Chloramphenicol (1 expe"iment; water
solution)

Solvents-Continued
..1.11)'1 alcohol (I experiment; water solution)

See footnotes at end of table.
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T ,\ IlLE I.-Pcrcenlage. of eggs of A lI/./:IlCaU oyslrr and hard clam I/wt dCl'clopcd uonnally. pCTcc'lllag.: of lan'ac /11.(/ / s'url'il'('Il,
and lle.rcenlage tnCrcaSC1U mean length, in lhe WCSCIlCe. of (hlre-rent COllcentra/IOIIS of chCll11cals '-Collt,inued

Oyst:H'S Cl:lms

COlllpound
-------------

Cnncentmtion E~gs Sm\";,",\1 o[ Illcro:l~" in
dc\'doping 1;)1"\'01,; l~nlZt h (If

l:lrvill~

Eggs
c.l'~\"'.·I(lping;

>'lII'vin,lo[
lan"w.:

Illen,'ilS':: in
h~l1gt.h or

hU"\·i\'.:'.

.,
II
II
II
II

IIfJ
114
115
110
I::.!.;
1:!8

:j.:=j

Pc-rernt

I:!l
lal
143
Jail
13,
Hili
140

II
\I~

\19
1114
Y4.,8
34

[I
I)

o
80

II
[I

ParfittPacclIl

GO

1nl)
iii
39
:!IJ
U

PtTl'Olt
WI
8n

41
o
o
(I
(I

WII
113

Y5
7~

3:!
o

Pacrlll
115
81;
o
I)
(I

.-:~~~ ~~ ~ ~.': _- _-::: _. ~~ ~~ ~~ ~~ ~ ~:::::---. --iif -. --
__ • • •• 101
_._. .• • __ • ._ l:!li
• __ • •• • • •• 1115
_. . . .. . 99
__ . . _. . . _. . _ 113
.. -.-.- -.. ' -.----- __ . . __ __ 05

n
~7

~l

li5
I
1I
I)

II
1I
1I
~7

45
I)

o
o
o
n
II

II
II
II
II
II

n
11
n
o
o

103
111)
1J~

1l1:~

1113
Y4

1l"J:!
5

110
101

G9
n
l)
I)

P.p.",.
.lr.!.~

.1)5

.10
. ~f1

.50
1.00
:? 5f!
5.01)

.1)~5

.05
.10
. :!5
.5n

1.00
2..so
5.1)1)

.IJ~5

.[15

.HI
.:!O

1.0
:!.O

w,n
Ion. 0

.01~r25

.00511

.01

.0~5

.n50

.111

.;'1)

1.1111
:!.f&1I
5. lin

.11:!f.
,Wi
.111

1.[1

.W
1.00

.1.,

Rosin Amine ]) (l l·xl.lI~riI11CIlt.; nCdlJllI:
:iioIU1h)I1L

ROCCill ClI~xl)t'I'inWllt: W:lti"1" sulution).

PIl).'gnn (~I~XJl(,l'inw.lllS: :'l('I~L(lI1I~ solul.ion).

Pl'n1.achlc'I"OIIII('llyl .l.cdatl.· (ll·xpl.~rillll'llt.;
flccf.ulW solut.ioll). ..

Plwnnl (I ,-,xlwrimnnt; WnhH" solul.ifJll) ..

Hactel"kir.ll}s-Contil111t~d
Pl~nt;,lchloroJ.llwIlOl(1 cxpl.·.'illll'IIL; :l"::I.'tOII(>

Sl)Jl-Jlinll)._ •.. __ " ..•.... _

Sulnil't. (] ,,·x"l~ril1l1~II1.; watl"" s(llul.illll IIf
tintl'.] w'I,lrillUl"Y flll"llllllaL___ .1

1.11
:!.11

111,11
IIIIJ.II

8ulml~t (lr-xlwrinh'Ilt.: wall'l' ~(Ill11.i"11 IIf
Ill.'\\" ulltill1.I'111!lli~ fllrmula1.illlL)

50,00
100,00
150. Ofl
~(J/),m

aoo.oll
40[1. 00
5c"MI.IH)
tOl1,1111

I.n,~).ou

911
95
04

Ill"
ilL'>
1W
1I~

1111

'TC'I' (1 l'xllI'riIlH'\II: wal"1" slIlul jllll)

. fJlrlfi
.I"MI.5
. III
.lr~5

,115
.1
.~5

.50
I. no

, n~5
.05

In

.50
I. on
:!••~n
5. [~I

10. on

~Ii

"

0J_

~n

o
o

11111
!I-I
~'li
t\j

U!-J
85

.. '---. _... --------_.... --,----,--
I R('lat i\"l' ]lI..'I"C'I.'nt.lgC's <:tllculat.~d hy nsing !\I1Tvival ,md growth l"lltps or " 1 culture only; 'luplil':lf.(' !l7 pl~l"cent 1l1orhl1ity.

h\l'vo~ ill ('onll'ol cultlll'cs. '1st ~,p~l'ilU"nt.

:- I l)~·:rIl."l'in1('nt only, i 2(1 experiment.
3 RI.'sults with l"Jil'1t.1l'in V(,I",\' l'lT:ltic (set;! t('xl.). : !17 pl.'I'('I~llt lllOrt.:l1it,y ill 1st l~xpt'rim~nt.
t Rl"SU1t::: with Endrin '.('1",.- l)l'mti~ (S('t~ h'x[.L '1 C'ulhu·c onl,.-; dUp1iC;'lt.C' WO p~l'~l)nt 11lOJ'taliUr,
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TABLE 2.-Estimatecl ronrentrations (TL m values), raku­
lated by interpolation from dat,~ in table 1, at which 50
percent of the eggs of oysters and clams develops normally
or 50 pe1'l'ent of the lanlac. SUrllit'es

Insectieides:Aldrin . _. .__ >10.00 0.41
Co-RaL_____________ 0.11 >1.00 ~.1~ .~. 21DDT .____________________ .034 __ . __ . .

gl~i~r.\',~·;n__ :::::::::::----.--.- 64- ----:;io'-oo--. .~._ ~4 ~:~~_
Dipte'·px----- __ __ 1. UO _
Di-Syst'JIl____________ 5.86 3.67 5.28 1.3~1
Endl"in_ ___ __ __ _ .79 >10.00 .. _
Outhion..... __ . ______ 6" __ . _ .86 .86
Lind,me . _ ~. 10 . _.. _. >10.00 >10.00
Malathion____________ ~.07 2.66 . __
N-345~ .__ <.50 <.50 . __ .. _
N-3514_______________ <1.00 <1.00 <1.00 <1.00Pamthion . . _
Spvin .__________ 3.00 3.00 3.82 >~.50

TEPP .___ >10.00 >10.00 . . _
Toxaphene- _: ___ _ __ __ ____ ____ _ 1.12 <.25

l-h·rbic.irles:Amitro1._____________ 733.70 255.44 .. _
AlIlitr(.I·T . >10.00 >lI1.1.IU . _
2-4-]) csl.cl'.._ .. . 8.00 .74 ..
~-4-D saIL .___ 20.44 64.~~1 .. __ . . _
Dilll·on . . . __ " _._ . .____ _ 2.53 >5.00
EMI])________________ 16.82 30.00 _. . . _
Elldotha'--___________ 28.~2 48.08 51.02 1~.50
Fenur.;n . __ __ ________ _ >10.00 >5.00
MC'I'A_______________ 15.6~ 31.30 . _
Monl1l"<oll .. . . ._. ._ >5.00 >5.00
Ne.bm"OIL ._ .. . __ <2.4 <2.4
Silvex. . .. 5.~IO .71 . _

N,·nuII.ocide: Nemagon . .____ 10.00 .i8
Solvents:

At'.'tonp . . __ >100.00 >100.00 >100.00
Allyl ,,]cohol.. .. . __ _ 1. 03 <. ~5
(Irthl)11 iell )01"0ben-z,,,,, . .. _ >100.00 >100.00
Trichlom!:opnzOlw_____ 3.13 >10.00 >10.00

B~lC'tf"rir.i(l~s. fnl1·!i('.ill(~s.

al~i('.ides. mi~("rllallel)us:
C'hlommphellicol. . 74. ~9 50. no
])elr'«1. .. .031 .072
Dowicidp A . ___ >10.00 .75
Dl)wieide G. . .. ~ <.~!j <.25
Gt·ist=>orulvin . .____ <. ~5 <1. 00
PVP-h"lin"- .. . .__ Ii. 10 34. ~14

Na\)alll ._ <.50 _. ._ <.50 1.75
Nitro:ofumzone . __ ____ _ > 100. 00 >100.00
(tmaZI:".l1l·_____________ .078 .34 .081 .3;8
P<'lltadllol"oplll"lIol.___ <.~5 .071 . __ . _
P~nl_a~h]oroph~nyl

"~et"t(' ... _ <.25 <.(125 . . _
Phelio1.______________ ',8.~5 . __ .__ 5~.63 5..'>.1)(1
Phygon .,___ .014 .041 .014 1. 75
Roecal.. . . _._. . . _. __ _ . 1~ .14
Ro~in Amine D______ <.~5 <.rC5 _
Sulmet. tilll_~d . .. ____________ _______ >100.00 >100.00
Suhnot.untinted_. >ljOO.OO· >600.00 >1.000.00 >1,000.00TCC . . __ __ ______ ______ _ . 03~ .037
TCP . .____ .60 >1.00 _. = _

OystE'rs
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APPENDIX
TABLE A-I.-Source, solubility, and chemical names of compounds tested

ConmlOn name Chemical name Soluhility in p.p.m. Source

Food

Food

Food

Do.

Niagara Ch~mk'lls Division,
Mach. & Ch~nl. Corp.

Do.
Cllemagrll Cotp.

"IJisolubl~" in water; "mod~rtltely" Shell ChenMal Corp.
SOlllhlt- in act-tone.

33 in ",ater Ch~lI1agro Corp.

l\tixtur~ of polydllol"l bi':yelic l(ol"l)(,nC's
wit.h chllH·inn.tl~fleamplwnt' prC'tlominat­
ing.

Toxaplwne . _

Guthion_ . .

Endrin .. . __

Dicapthon . . O-O-di!llethyl-OI2 chloro-4 nitrophenyl)
phosphorothio"-te.

Dieldrin . . .. _. _ Hexaehloroepoxyoetahydro-endo, exo-di-
methanonapl,thalene.

Diptere' ... . __ . . __ . O,O-dimethy'I-I-hydroxy-2,2,~- trichlor.:o- 130,000 in ,,·ater . Chemagro Corp.
ethyl-phosphonate.

Di-Syston ._ O,O-diethyl S-2-l,ethylthiolethyl phos- 25 in water; soluhle in.\cetone _
phorodithioate.

Hexachloroepoxyoc-lahydro-endo,elldo-di­
methCl.non~i.phthCl.l('n(o.

O,O-dimethyl S-4-oxo-I,2,3-benzotriazino­
3(4H)-ylmdhyl phosphorodit.hio,,-te.

Lind'lIIe . l,2,3,4,5,fo-hexachlorocydohex",,,, 10 in w:>l.er; 440.000 in aeetone Niagara Chemicals Dh'ision,
(. ." . .' _ M,,-c.h. & ,?,em. ~orl?'Mal.thion 0, J-dunethy·l dltlnophosphate "f dlcthyl . AmerJcan Cyan.llud L o.
)n~rcagtosu("cin~tt.~.

N-3452 Alkyl (C,-C", dImethyl benzyl .mmo- __
nium rhlorid('.

N-35J4 2-chlor.:o-I-nitl'opropanc . __ . 8,000 in water . _
Parathion. O,O-diethyl (l-p-nitn.pllOnyl thiophos- ~O in water . . _

phate.
Se\'in I-naphthyl-N-nlOthylc."hamate 1,000 in water; 300,000 in acet.me Uni(JII Carbide Ch(-m. Co.
TEPp . Te.tl"ilcthyl p~.. ropho8ph ..1.ttl-------------.-- l\lisr::'iblt' ill watl.~l· (h~'dl'I)I~'zrs): mis- Niagara Cht·mir::'''lls IJivision,

cillll_~ in .....(·I~t(llle. Mal,.~ll. & Clw.11l. Corp.
105 ill \\'fll('1'; ·1:.500.000 in a('I:.-tonl_· . Ht~r('llies PowrlCI' Co.

____ . Hexachlorohe,ahydro-endo, exo-dimetha- Insoluble in water; 1.590,000 in acetone_ Shell Chemical Corp.
nonaphthalene.

Co-Ral. . . _.. . O,O-diethyl 0-3-e.hloro-4-me.thyl-~-oxo-~H- Insoluble in water; soluble in acetone __ Chemogro Corp.
I-h(>llzl)p~Tan-7-ylphosphorothioate.

DDT ._ .. . . ... __ . _ Dichlun.diphenyltrichloroethone .. __ . 0.00lY.l in water 1.0.2 ,,-s eolloidl; 590,000
in acet·one.

Very low solubility in wat~r; vl;'ry luw American Cyanamid 00.
soluhility in ,,-cetone.

Ins(.luhle in water; 540,000 in acHone__ Shell Chemical Corp.

Inseeticides:
Aldrin ...

HerbichlEs:
uAmitr(ll" Aminotl'iazole 3-aminl)-1JoT-l,~.4-tl'i:).z(llc . _. . __ V.-.ry sc"llu1JIt:.- in w..ltC'r _. . . _
Amitrol-T 3-<Imil1o-1H-1,:!.4-tl'i:lZO]I~with al1ullonium d(I • _

thiocyanate.
~-4.-De5t('I' . Butoxyl.,t.hallol ~ster 1)( \~.4.-dkhloro~ uInsoluhlC'''inwutC'l·_______ ThI)JllPS(tl) Hay\\',u'd CIII)J1liNiI Co_

pl1l.'l1oxy) fl.('ct.ic :ll,.~id.
2-4-D salt . . DinlC'thylamil1(, salt of (2,4-dichloroph-:-n- \'('ry soluhlt:' in wat.l~r. __ . _ __ ___ ___ Do.

oXY):]('llf.ie aeid.
DiuroIL.o. 3-fa.4-fliehloroplwnyl)-l,l-,limeth~'IUl·l·;,"'__ ._ 4~ in watcl' . _ E. I. duPont c\!., NI.·moul's & Co.
EMIl) . ::!,4-dich")r('llhl.·lwxy-:'tt:('t.~lmidf~ . Vl'ry ~1)lllhlf in w~~tl~I'_. _
Entloth:·~l . Dis(1I1iunl 3,I:~lmd(lxolwxahYl.h·I.IJ.lhth~lhtC'__ ~8u.l)OO ill wat.cr . . PI:.nllsalt Ch('l11i(,..ll Co.
Fenuron . 3 plwnyl-l,l-flill1l)t.hylurea . . :!.900 in w:.ltmo . . E. 1. elu Pont. (ll' Nlll1l0Ul"S & Co.
MCPA lJimdohyhunillc salt IJr (:!·nwth~01-4-chloro~ VI.·Q' SOlllhh.~ in w~lttlr . AmC'rican Ch"'Jnit:'al Paints Co.

plwnoxyl :l(·..·tic :.l.l·il.1.
Monuron .. 3-(p-('hlOl'oplwnyl)-l, I-dim~t.hyllll·I.'a 2311 in w~ltt!'I' . ._ E.!. duPont dp NelllOurs & Co.
Nebm'olL . . . I-n-hllt.yl-iJ-(3.4~l.Iichlol',Jplwllyl)-1-m('t.hyl- 408 in watN" . . Do.

lll"':a.
SilVl.'x 0 . . Hut.t"lxyl~t.hhn('1 estl'l' tlf (2,4.5-t rirhll)l'o- 0.014 pl.·l"I.'l~nt in watC'l': l:l.~ ppl'cent. in

pllOllflxy)propionie ..wifl. f!.('('f.(Inc.

Food

Agrieu1t.ur~ll Divisil)Jl, .Am('ric~lI1

Cyamllllid Co.
Do.

l\IOIlS:.lllto Ch(·Jl1il~:J.I Co.

H I~r('lll~s Pr,\\"dl~r CI).

Dow Chtomil':ll ("I).
Do.

llcNcU L::lb(lr.:.ltori('s, Inc.

2.,)00 in water: \-('ry SOlllblto in ace-tone __ PDrkt:.-, ])"1\"i5 & Co.(c h 1I)rf)m\'(·I~t.in) D-(-)-thr('(J-2-dil~111(lro­
. aC'l.'1.umi;.lu-l-]l-nitropht'nyl~1.3-pro-

palll.'dil)l.
DI.·II~".'rn4a"i(·t.ylominC'l.w~tatc . Vt:'ry SI)11l111e in wflter . . _
(J-plwnylplll.·lIol. s(Jfliul1l salL . 1,220.000 in w~ltf:'r _
SI)flil1lll 1.I'.·lItnc.hloroplwlln.tc, t.1.·.chnieaL 330,f.l00 in w:lter . _
7~('h lorll-~'.4.li·trinwthoxy~IJ'-nwt.hyl- 10.0 ill water . ._

~J.lir(l[III~llzl)rur:lII-2(3H >,1'-I2]cyc1o-
IlI'x fml:]-a,4-l.lir)IlC'.

Poly\"inyllJ~:rr,.,lidon~.-iot.1ill('. ("omplex ~ __ V('J°y soluble in wat('r . _. ._

'1'ridilor(lbenz('IH~ • 25 in W':'ltC'r: llliseibh~ in ac('ton(' _

1,~-dibromo-3-cllh.lroprop:).nl-:'- _

PVP-I(Jdinc . _

(I11laZ('11I1 .• _----- _.-

P..~lltflchl(lroph('lIoL ..
P('nta('hlorIJJ.llu~nylacd.:"t.tl.' _

Delnvl. . . ..
nowieidl~ A_" . __
l.lowit:·idl1 G. ._
GrisI11)(ul\"in --_. -- . ._.

Antanl Clwl'nirals Diyision. G,~neral
An;,"tlin(· & Filrn Corp.

N',hcl1ll . . lliSo(jiulll ~~hylo\lO.'bis('lithio,'arbaI119t~l . __ do . Ni:lgara CIWlnic"ls Dirision. Food
M ..l('h. & Ch..~m. Corp.

Nitrornr:lzulle. .. . . __ 5-llitro-2·rUful..Ic".'Ilydc sl'micarlx\Zoll(,. 238 in watl~r . I-h'ss Clark Didsiol1. Vick C'h'.).·nil~fll

C(I.

COllp(·rdihydr:.17.iniumsul!nte .. _ "Very slightly" soluhl~ in watt:.-r. Olin Ahthj~sl)n Ch('mical CI)rp.
Pnntal'hlor(J1ih'.~l1ol . ~ 80 in wat'=.'r: \"t'ry soluble in acctonl~ l\'lons,tnto C'ht:-micnl Co.
P(,llt:J(·.hl,)roplwnyl a('('.tatl~ • .. . _. Niag::ar::1 Clwmic,"'Ils Vi\oisjoll. Food

Maoh. & C}""Ill. ('01'1".
Ph•.noL __ . _. Phon"!.. . . __ .. 82.000 in water; very soluble in acetone. l\ohlllinckro'lt Chemic"] \\'orks.
rhygon 0 ~.3_diehlol'O-1,4-naphthoquinont'.. --~-.-.~-. "Insoluhl-:-" in watcr_. Niagara Cht:'lUi('ols Diyisioll. }·ood

l\l:.lch. & ClwllI. CI)I"P.
Roe,~al. .. Alkyl (C.HI7-C"T-I37ldimcthy'lbenzykilll- 10 r.eroent solution; wry soluble in Sterwin Chemhlls, I",:.

lllOnium chloriJe. w,)tel'.
Rosin Amine D -- Rosin amine. f) (t.~chnic.al g"ade of dc- "Insoluhle" in water; wry soluble in Hercules Powder Co.

hydl'OalJh~tyl;.ll1lhw,). ;lCf'tone.
Slllmet (tlilted veterinary solubll~.)_ tSodiurn ~ulfan1l.'thazill(')so(:1ium(.j,6-di~ VI~I'Y soluhle in W3t.I~r. __ .. _

mothyl-2-sulfanilamidopyramidine.l.
Snlmet (untillted soluble) . do . -- __ . . do . . .. _
•, Tee" . . . . 3,4.4'-tri('hloroc.arbanilide. . _. .. Insolulllt.·.. in water: 40,000 in a('l't.IJlLl~_

~,4,5TC('PA Pmpyle,w glyc.)1 to huty] et.h('r esters 01 _
::!-10~~4 •.5-tl'il~hlorophcnoxy Ipropi')11i('. acid.

Trichloroht:'nz~ne .. _. _
Bildl~ric.idl·s. runl=deides. algicidcs,

lllisc~II"lIeolls:
Chloranlp!ll,.·nil'oL . _

N~m:1t(lcicl(':
N,.'ma~on . __ . _

Solvents:
A('('tolll.~ . Ae.I.·tone . . __ l\-lis('ihle in w~ltt'r . . MaBinc.kro(1t. Clwmical \Vorks.
Allyl aleoh(IL l'r,)p,:.-n_l_ol_:J .. ._ .. c:1I) . . . __ ~hell Cht:.-mic'll Corp.
Ortllodichl(lrolJ1:.'nz-:-nc . o-di('hlnroll1.'IIZI~Il(.· . _____ 130 in wah'r; misciltll' in ;)1~dl)IH.· Niagara Cll~mkals Di,"ision,

Mac.h. '" Ch~lIl. rorp.
Do.
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