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 The  model  ecosystem  devised by  METcALF  et  al,

(1971) is a  usefu1  toel for tcsting the  likely behavier
of  chemicals  in the  environment.  Many  varieties

of  pesticides, as  well  as  industrial chcmicals,  have

been tested using  this system  by many  scientists,

ToMizAwA  and  KAzANo  revicwed  these results

recently  (1975). Concentration of  parent chemi-

cals  and  their metabolites  in water  and  organisrns,

biodcgradability, and  ecological  magnification

were  discussed in these  papcrs, and  yet littlc has

been  mentioned  about  the  balance sheet  of  radio-

activity  at  the  start  and  the  end  of  experirnents.

In the  preceding paper, where  the fate of  3,5-

xylyl  methylcarbamate  insecticide (XMC> was

studied,  recovery  of  radieactivity  from  aquariurn

water  and  organisms  was  censiderably  low <KAzANo
et  al.,  1975), As  Yu  et  al, (1974) discussed, some

part of  
i4C

 was  supposed  to escape  from  the

ecosystem  as  
i4C02,

 This paper deals with  thc

balance study  of  
'`C,

 when  N-CH,-(i4C)-labeled
XMC  was  applied  to  a  closed  type  model  ecosystem

(TsuGE et al.,  1976) by  which  
i`CO,

 and  other

volatile  metabolites  were  trapped  without  escapc

from  the  equipment.

  ne  iabeled conipound.  The  same  compound,  as

in the  preceding paper, was  used  (KAzANo et al,,

1975). The  chemical,  dissolved in 2-ethoxyethanol

instead of  acetonc,  was  topically  applied  to three

sweet  potato leaves. 2-Ethoxycthanol was  less

phytotoxic  to  sweet  potato leaves and  did not  dis-
turbeasycensumptionoftheleavesbyworms,  The

amount  of  radioactive  chemical  was  reduced  to

2.5 mg  in this  experiment  because of  the smaller

capacity  of  the appliances  as  mentioned  below,

  Mbdel ecesystem.  In order  to kccp a  system

easily  closed,  a  glass tank  (25× 30 × 40 cm),  similar

te that for thin  layer chromatography  (TLC) and

comparativcly  smaller  than  that  adopted  by

METcALF  et  al. <1971), was  used  in this experiment.

As shown  in Fig. 1, two  holes were  put in the  cover

of  this  tank:  one  was  for the  air  inlet connected

to  a  small  aquarium  pump,  and  the  other  for

connection  to an  aspirator,  Two  traps, a  2-
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            Fig. 1. Closed type  model  ecosystem
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A  summary  of  this  report  was  presented  at  the  1976

Entomology  and  Zeelegy, Kyoto.

GLASS  AQUARIUM

 25  X  30  X40  CM.

(After TsuGE  et  aL,  1976).
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ethoxyethanol  trap  (containing 200ml of  2-
ethoxyethanol)  for volatile  organic  compounds,

and  an  aqueous  sodium  hydroxide trap  for C02

(containing 200 ml  of  O.2 N  NaOH),  were  linked

between  the  tank  and  the  aspirator.  Because  the

capacity  was  relatively  small,  6 kg of  quartz sand

and  5 liters of  
"standard

 reference  water"  (METcALF
et  al,, 1971) were  used,  Other  components  were:

sweet  potato Ieaves, tobacco  cutworm  larvae (SPo-
dLiptera litura F.), hornwort (Cleratophullum demersum
L,), red  snails  (lvdaPlanorbis exustus  DEsHAys),

mosquito  larvae (Cittex PipiensPatlens CoguiLLETT),

and  guppies (Labistes reticulatus  PETERs). Five rice

seeds  were  sown  on  the  terrestrial portion of  quartz
sand10daysafter  thestart. Thcoverallprocedures

for operating  the  ecosystem  were  the same  as  de-

scribed  in the previous  paper.  The  contents  ef

the  twe  traps  were  changed  every  day  in the former

part  of  the  experiment  and  every  other  day in the

latter. Radioactivity distribution of  aquarium

water  between  aqueous  and  chloroform  layers

was  monitored  in such  a  way  as  1 ml  of  aquarium

water  was  taken, mixed  with  l ml  of  chloroform,

and  centrifuged.  The  experiment  was  terminated

after  33 days, whereupon  all  organisms  were  harvest-

ed  in erder  to  rneasure  radioactivity.

  Analytical Procedures. Determinatlon of  radio-

activity  was  carried  out  by Iiquid scintillation

counting.  Extraction of  organisms  with  aceto-

nitrilc:water  (2:1) was  performed as  bcfore.

Radioactivity in solvcnt  cxtractable,  aqueous,  and

residual  fractions was  assayed,  2-Ethoxyethanol
in the  first trap  was  concentrated  in vacuo,  and  was

subiected  to  TLC  separation  fbr identification

(developing solvent-ether:n-hexane-4:1).

Chloroform  extracts  of  the organisms  and  aquarium

water  were  also  subjectcd  to TLC  analysis.

  Radioactivity  in aquarium  water  was  monitored
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  Fig, 2. Radioactivity in aquarium  water  of  a

model  ecesystem.

throughout  the 33-day experiment  period  (Fig. 2).
A  peak of  total  radioactivity  was  observed  on  the

8th day. Similar rcsults  were  obtained  in other

carbamate  insecticldes such  as  carbofuran  (Yu
et  al.,  1974a), Bux@  (Yu et  al,,  1974b), MipcinO,

Bassa@,  and  terbam  (KAzANo and  ToMizAwA,

1975), and  carbaryl  (TsuGE et  al., 1975), Chloro-

forrn-soluble radioactivity  of  aquarium  water  was

largcr than  water-soluble  radioactivity  from  the

start  to the  13th day. Because the  chloroform-

soluble  parent compound  and  its metabelites  were

degraded  to water-soluble  compounds  in the  eco-

system,  the chlerotbrm-soluble  radioactivity  de-

crcased  to become  water-soluble,  The  water-

soluble  radioactivity  also  decreased afterwards,

Only 3.5% of  metabolites  were  recovered  frorn
the  aquarium  water  at  the  end  of  the  experiment,

and  less than  IO%  of  the  recovered  radioactivity

was  chloroform-soluble,  This shews  the  bio-

degradability of  XMC,  and  similar  curves  wcre

obtained  in the case  of  ether  biedegradable pesti-
cides,  On  the  other  hand, Iipohilic, 1ess-bio-

degradable organochlorine  compounds,  such  as

fi-BHC and  p,p'-DDT,  showed  quite difllerent

curves  (KAzANo and  ToMizAwA,  1975 and  TsuGE

et  aL,  1976).
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Fig. 3. Radioactivity trapped  in 2-ethoxyethanol.

  

  

Fig. 4, Radioactivity trapped  in O,2N  NaOH.
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DISTRIBUTION OF  RADIOACTIVITY

AND  ITs  METABouTEs  rN  EAcH

equivalent  ppma

265

Concentration,

AND  CO)ICENTRATION

FRAcTION

                 Distribution

  Solvent
  fraction

O.bo13 ( 7.4) ff-
1.39 (6.6)
O.572 ( 5.2)
O.12 (2,8)
O.20 (12,O)
  
-

 (96,5)

Aqueous
fraction

Rcsiducfraction    ofradioactivity

WaterHornwort

SnailFishRice2-Ethoxyethanol

 trap

NaOH  trap

o.2,Lo.o,O1631943ee36(92,6)(IO.4)(13.0)(20.6)(21.7)(

 3.5)

17.42 (83.0)
9.02 (81.9)
S.34 (76.6)
 1.10 (66.3)

 3,50%19.49

 1.30

 O.IS

 O.03

 1.4744.6

Total 67.6

a  Concentration is shown  on  the  basis of  fresh
b
 Values in parentheses  are  percents when  the

  to a  value  of  100.

weight,total

 of  three  fractions in each  organisms  is assigned

Table 2, CoNcENTRATioN oF  XMCAND  EcoLoGrcAL  MAGNiFicATIoN  (EM)

          Water
Experi- Concent-
mentb  ration

          (ppm)

Plantb Snail Fish

Concentration
               EM
   (PPm)

   O.106  517
   O.661 1836

Concentration
   (ppm)

EMConcentration
   (ppm)

IIIaO.OO0204

O.OO03su
O.0650O,0229318

 63.5

O.302O.342

EM

1477951

a  KAzANo  et al,, 1975.
b
 Hornwort  was  used  in Exp. I and  algae  wasused  in Exp, II.

  Radioact{vity in the  2-ethoxyethanol trap  in-

creased  rapidly  for the first three  days (Fig. 3).
This phenomenon  coincided  with  the  fact that

the worms  perfectly consumed  sweet  potato  leavcs

during this  period. This was  in good  accord  with

the  rcsult  shewn  by OHKAwA  et  al. <1974) that
some  amount  of  MeobalO and  Tsumacide@

volatilizcd  from pea leaves. Total radioactivlty

reached  1.47% of  the  ameunt  applied  to the  tank

at  the termination  of  thc  experiment.  Ninety-

seven  percent of  radioactivity  in the trapping  solu-

tion was  attributed  to intact XMC,  and  the  rernain-

der was  located at  the erigin  ef  TLC  plate.

  Radioactivity in the NaOH  trap  was  shown  in
Fig, 4. The peak  was  observed  between  the  3rd
and  7th day and  gradual generation of  C02
continued  throughout  the  experiment.  Total
ratioactivity  reached  44.6% ol' the  initial amount

applied  to the  aquaria.

  The  distribution ofradioactivity  in the organisms,

water,  and  two  traps is shown  in Table 1. Total

recovery  compared  well  with  the  result  in the

preceding paper. Because the system  was  net

perfectly closed,  some  of  the generated 
i4C02

 was

supposed  to escape  frem  the  system,  in addition

to the  ineMciency of  the trap. Furthermore, not

all of  each  cornponent  of  the ecosystem  was  sub-

jected to analysis,  such  as  quartz  sand  and  sedi-

ment  of  the  water  phase, probably derived from

the excreta  ef  the snails,  so  that  the  recovery  ratio

was  less than  leO%.  Carbon dioxide occupied

more  than  65%  of  the  recovered  radioactivity,  and

this fact is in geod  accord  with  the  conclusion  in
thc  previous paper; that is, i4C02

 produced  from
the degradation of  XMC  was  utilized  for photo-
synthesis  by  plants in the  aquaria,  and,  hence,
the major  part of  radioactivity  in the organisms

consisted  of  biological componcnts.

  Based on  thc  results  shown  in Table 1 and  the

TLC  patterns, the concentratien  of  parent com-

pound  in the  organisms  and  water,  and  ecological

magnification  are  shown  in Table 2, The  results
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of  Lhe  two  experiments,  perfbrmed at  diflbrent times,

bydiflerent appliances,  deviated little from  each

othcr.  Most  of' the  model  ccosystern  study  was

carried  out  using  the two  tanks  simultaneously,  and

also  showed  little deviation between  the  two  results,

  The  results  obtained  here vcrificd  that  N-CH3-

('4C)-labeled XMC  was  degraded in the model

ecosystem  to produce 
i4COz

 as  the  major  compound

arnong  
i'iC-metabolites,

 and  this  was  the reason

why  the  recovery  of  
i4C

 was  low when  
i4C-XMC

was  applied  to the  ordinary  model  ecosystem.

  The  authors  wish  to exprcss  their thanks  to Dr.

T. KAsHJwA  and  Mr, K. SuzuKi, Agricultural

Chemicals Inspection Station, for their support

in performing this expcriment.
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  The  cherry  trce borer, opnantheden ltector BuTLER,

is one  of  the most  important pests ef  peach and

various  deciduous fruit trees in Japan (KuMAKuRA
et  al., 1968). Virgin femalcs of  this species  release

a  potent sex  pheromone  which  attracts  a  number

'
 AppL  Ent  Zool. 11 (3): 266-268  <1976)

oi' conspecific  males  (YAGiNuMA, 1973). The
seasonal  trend  in the nurnber  of  male  moths  cap-

tured  by  a  virgin  femalc trap  coincided  relatively

well  with  the  data on  pupal  cases  obtained  by
routine  field survey,  That  suggcsted  the potential
usefulness  of  the  sex  pheromone  or  a  sex  attractant

for monitoring  population  of  this spccies  (YAGi-
NuMA,  1973; YAGiNuMA  et  a]., 197S). In 1974,
sex  pheromones  of  the lesser pcach tree borcr,

Synanthedon Pictipes (GRoTE and  RoBiNsoN), and

the peach  tree  borer, Sanninoidea exitiosa  (SAy), were

isolated and  identified as  (E,Z)-3,13-octadecadien-
1-ol acetate  and  (Z,Z)-3,13-octadecadien-1-ol
acetate,  respectively  (TuMLiNsoN et  al.,  1974).

Subsequently, various  sesiids  were  found to  be
attracted  by these  compounds,  which  suggested

relatively  low species  spccificity  of  the  pherornonal

component  of  Sesiidae (NiELsEN et al., l975).

  This information prornpted us  to  test  the four
geometrical isorners of  3,13-octadecadien-1-ol

acetate  CODDA) for the  cherry  tree berer moth,

We  found that  a  mixture  of  (Z;Z)- and  (E,Z)-
3,13-ODDA$  is a  potent sex  attractant  for the

male  moth  of  this species.

  The  four geometrical isomers ef  3,13-ODDA
(99%' pure), individually or  as  binary mixtures,


