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   9.)uantitative analyses  of  aldrin  and  diclclrin were  carried  out  by  mass  chromatogra}]hy.

Thc  mlg  66 and  79 iragnient ions oi  aldi'in  and  dieldrin and  the nttg  81 ion of  tlie heptachlor

epoxide  as  internal standard  were  sclected  for the mea$urements.  The  method  is free from

samp]o  related  interferences. 1{ecoverics of  aldrin  and  dieldrin which  had  been  ada ¢ d 
te

the  soil  were  approximately  90%,  and  the  limit of  dctection was  5 ng  for thcse coinpounds.

Thc  mass  chroinatographic  nicthod  was  applied  for ficld soii  samples.

             INTRODUCTION

  AIdrin (1,2,3,4,10,10-hexachloro-1,4,4a,5,8,
8a-hexahydro-exo-1,4-endo-5,8-dimethanonaph-

thalene) and  dieldrin (1,2,3,4,10,10-hcxachloro-
6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-exo-1,4-
endo-5,8-dimethanonaphthalene),  chlorinated

cyclodienes,  had  bccn widely  used  for the

control  of  a  range  of  soil  pe$ts. Many  reports

on  organochlorine  pesticide residucs  in field

soil  and  crops  have  bccn published.ir8' Tlie

contaminatien  of  live.g.tock products and  cow's

milk  by  these insecticides has caused  toxicity

to men,  and  the use  of  these compounds  has

therefore been controlled  in Japan. Howevcr,

aldrin  is transformcd  to dieldrin, and  dieldrin

persists in soil  for more  than  18 months,3)  thus

these cempounds  can  still be  detected in soil.")

A  suitable  analytical  method  is required  for

the determination of  aldrin  and  dieldrin

residues  in soil,

  Several analytical  methods  have been  repurt-

ed  to determine thcse compounds.9-`7)  Gas

chromatography  equipped  with  an  electron

capture  detector (GC-ECD} is highly  sensitive,

  " TiJe-'m'a'jor part of-'{LIis  ".ork was  presented at

   the 17th  Mccting C1974) of  Thc  NOyaku  Kenkyu-

   kai in Japan

but this method  requires  a  complicated  clean-

up  precedure to remove  interferences in the

sample  that produce peaks having the same

retention  times on  the gas chromatogram.

  Mass  spectrometric  analyses  have  been

developed ior the identification of  compounds

in biological and  biomedical fiuids,iS"26) ";e

have reported  previously on  analysis  of

organopl)osphorus  pesticides by mass  chroma-

tography  (IS(C>.2T' [IShis mass  cliromatographic

method  enabled  the simultaneous  determina-

tion of  many  compounds.

  In this paper, the method  was  successfully

applied  to the deterrnination uf  aldrin  and

dieldrin residues  in field soils.

             EXPERIMENTAL

1. Chemicals and  Reagents

  Aldrin, dieldrin and  heptachlor epoxide  were

purchased from  Wako  Pure Chemicals Jncl.,
Ltd., Osaka, Japan. These  chemicals  were

dissolved in acetonc.  Florisil (60-100mesh)
was  also  obtained  from Floridin Co., Tal-

lahassee, Florida, U,S.A.

2, Pdysico-Chemical ProPerties of Soil
  Yamagata  upland  soil  <alluvial) was  used

and  its physico-chemical  properties were  as

follows: texture; clay  loam, clay  content;
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      22,90/6, clay  mineral;  mentmorillonite,  total

      earbon  content;  2.53{l,tt and  C.E,C,; 21.3 mEq,i

      100 g dry soil.

      B, G"s Liguicl ChroinatosrraPh.y (ggc)
        A  Shimadzu  GC-4BM  instrument equipped

      with  electron  capture  deteetor was  used.  The

 glass column  (50cm× 3 mm  i,d.) was  packed

 with  5%  OV-l7  on  Gas  chrom  9, 60-80  mesh,

 The  carrier  gas was  nitrogen  (40 ml/min).  The

 temperature  of  the  column  oven,  detection and
injection wcre  1600C, 275"C and  275C'C, re-

spectively.

4, Gus Chromatqgrmp]ij,-A･fass SfS,ectrometily

    (GC-MS)
  A  Shimadzu  LKB  9000 GC-MS-computer
system  was  used  with  10/6- OV-1  on  Chromo-
sorb  XVHI' (60-80mesh) c()lumn  (50cmx
3mm  i.d.) and  hclium (3emlt'min) as  the
carrier  gas. Conditions were  as  follows: ioniz-
ing encrgy;  70 eV,  column  temperature;  190['C,
sample  port  temperature;  2550C, separator

temperature;  240:C, temperature  of  ion source;

2700C and  scan  interval ; 4 sec,

5. Detennination  of Alclr･iie and  Dietdrin in
   Fielcl So･ils

  A  mixture  of  1OO g of  soil  sannple  and  200 ml

of  acetone  was  shaken  for 30min  at  reom

temperature  and  filtered. The  fiItrate was

added  with  500ml  of  1?,,tt sodium  chloridc

solution,  and  extracted  twice with  150 ml  of

n･-hexanc.  The  organic  pliase was  dried over

anhyclrous  sodium  sulfate,  and  cvaporated  to
drvness at  400C  in vactdio. One  ml  of  internal  vstandard

 solution,  heptachlor epoxide  in n-

hexane (IOng/pt･1), was  added  to the residue,

After suitable  dilution, a  3-,u･1 aliquot  of  the
acetone  solution  "ras  taken  for analysis  by
mass  chromatography.

  Gas  chromatographic  determinations of  al-

drin and  dieldrin are  shown  in Fig. I.

6, Recoveries from Fortifea  Soil

  From  a  standard  solution  containing  1,OOO
ng!ltl  or  100ng//tl aldrin  or  dieldrin in 7t-

hexane,  I ml  was  added  to 100-g of  soil  sample.

After a  few rninutes  ef  shaking,  the treated
soils  were  extracted  following the I)rocedure as
described abeve.

              
:2

       SOIL  SAMPLE  (100 g}

             ACETONE  (200 ml)

             SHAKEN  FOR  30  MIN AT  ROOM  TEMP.

             FILTERED

 RESLDVE  FILTRATE

  N  {soo mf)

   n-HEXANE

   C150 ml  x  2}

 AQUEOUS  PHASE  ORGANIC  PHASE

                    COLUMN

                       FLORISIL, 10 g,
                        30  cm  x  2 cm  Ld.

                        (6C}-100 mesh)

                       ELUTEb  WrrH

                       n-HEXANE  (100 mD:  ALDRIN

                       AND  6 %  ETHER-PET,  ETHER
                       (150 ml)  : DIELDRIN

         GC-MS  GLC

  Fig.1  Procedure  for dctermination  of  chto-

        rinated  pesticide Irorn soil.

7. Calibratilen Cttrz;es

  The  calibration  curves  for the  determination
of  aldrin  and  dieldrin by  n']ass  chromatography

were  prepared  by  plotting the ratio  of  the peak
areas  of  aldrin  (mlNr 66) or  dieldrin (･in/x 79) to
that of  the internal standard,  heptachlor
epoxide  (m/N, 81), against  thc ratio  of  the weight

of  aldrin  or  dieldrin to that  of  heptachlor
epoxide.

         RESULTS  AND  DISCUSSION

  In order  to mininiize  thc interfering c(/nn-

pounds,  the requirement  in mass  chromato-

graphic  determination is tlie use  of  stronger

fragment ions with  higher mass  range.  How-
ever,  mass  fragmentation patterns of  aldrin,

dieldrin and  heptachlor  epoxide  were  charac-

terized by  their base peaks, 
･m,t:･'

 66, 79 and  81,
respectively  (Figs. 2-`l). These  base peaks are

fragment ions with  low mass  range,  but were

free from  intcrfering peaks in soils  used  in the
expcriments.  Tlierefore, quantitative deter-
mination  of  aldrin  and  d{eldrin by GC-MS  was

carried  out  by  monitoring  of  these  fragment
ions, Heptachlor  epoxide  was  used  as  an

internal standard.

  As  shoxvn  in l;ig. 5, tlie calibration  curves  of

both chlorinated  c),,clodienes  wcre  linear, The
recoveries  of  aldrin  and  dieldrin fortified witl'i

10 ppm  and  l ppm  in soil  were  calculated  from

gi'l 1 
-7J-

 H,G.T-[i 1]S Gn
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     ot  a]d]'in  and  dieldrin in soil.

        Table  1

(B}

  HEPTACHLOR

     ,
ALDRIN

   ,

EPOXtDE

OIELDHIN

  ,

8t

79

66

Total ion monitor  c]irornatogram  <A) ancl  inass  chroinatograin

p t
O 5

   SCAN  NUMBER  (xtO)

               (B)

Recax.erv  of  aldTin  and  dieldrin frem  soil,

Amount  addecl  (ppm)

Aldrin  I)icldrin

 10 
'
 10'

  1 1

Ainonnt  found  (ppTTi)

Alclrin Dieldrin

Recovery  (9S)

A]drin Dieldrin

10.210.3e.seO.7610.19.6O.84O.94 1021038076 101968494

mean"-SD 90+14 9417
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Table  2 Residuc  ]evels ofaldrin  and  dieldrin in field soi].

GC-MS GC-ECD

Alctrin(PPF,,)<O.O08<O.O08<O.O08..-.

 o.o08

<O,02<O,02

Dieldrin
 {ppm)

Aldrip(PPm) Dietdrin
 (ppm)

Yamagatal  (1973)ft)

Yamagata  II (1973>

Kanagawa  (1973)

oooooo,049.048.115.085.115.lll<O,Oltx-o.Ol<O,Ol<O.OlO.04O.04o.e6O.06

'-
 a)  samplin.cr  i'ear. 

'V

the curves,  and  approximately  9091. wag

obtained  (Table 1), The  results  of  recoveries

indicate that it is possible to quantitatively
analyze  chlorinated  pesticides in soil  using

mass  chromatography.

  A  mass  chromat()gram  (total ion monitor:

A) in field soil  is shown  in Fig. 6. The  large

peak at  4.2 min  of  retention  time was  similar

to the retention  time  of  alclrin.  But  this peak
seems  to be an  interfering peak, because it was
not  present in the base peak  of  aldrin  (mLv- 66)

on  the mass  chromatogram,  Thus, this mass

chromatographic  method  selective]y  deter-

minecl  the  compouncls  in crude  extracts  which

received  no  purification other  than  the extrac-

tion shown  Fig. 1.

  Residue  levels of  aldrin  and  dieldrin deter-

mined  by  mass  chromatograpl]y  are  listed in

Table 2 in comparison  with  those determined

by  GC-ECD.  Tl]e results  by  the mass  chro-

matographic  inetl)od  were  in good agreement

with  those determined bv  GC-I-)CD.

  Minimum  detectable amounts  by  this mass

chromategrapliic  method  were  5ng,  5 ng  and

IOng  for aldrin,  dieldrin and  heptachler
epoxide,  respectively.

  The  method  using  mass  chromatography  was

simple,  rapid  and  selective  for determmation
of  these insecticides in soil,

          ACI{NOWLEDGEMENTS

  Wc  thank  Mr, F. Shiga  and  Mrs. M.  Kojima  of

this institute  for helpful suggestions.

              REFERENCES

 I> G.  C. Dccker,  W.  N.  Bruce  &  J. H.  Bigger: J.
    .Econ. EntomoL  58, 266  (1965)
 2) C. A. Edsvards:  Residzte Rev. 13, 83 (1966)

3)

4}

5)

6)

7)8)

9)

1O)

11)

12)13)

14)

15)

16>

17)

18)

19}

20)

21)

22)

23)

P, C. KeaTney,  E,  A.  Woolsnn,  J. R. T'limmer

&  A, R.  Isensce: Residue  Rev.  29,137 (1969)
J. A. Onsager, H.  W,  Rusk  &  L. I. Butler:  J,
Ecen.  Entomol.  63, I143  C1970>
E. P. Liehtenstein. T, W.  Fuhrcmann  &  K.  R.

Schulz: .1'. Agric, Food  C]hem,  19, 718 (1971)
M. Suzuki, Y, Yamato  &  T. VL]'atanabe: BuJl.

Environ.  Contanz. Toxicot,  14. 520  (1975}
}', P. Williams: Residue  Rev. 66, 6S {1977)
E, P. Lichtenstein:  Residue  R"t,, 76, 147

(1980)L.
 Johnson: J, Assoc. O.Ol Anal,  Chc,m  45,

363 (1962>
P. A.  Mills, J, II. Onlcy  &  R. A. Gaithcr:  J.
Assoe. op. Anat. Chem.  46, 186 (1963)
G. Zweig: Anat.  Methods  Pestio.. Plant  (;rouith

Regul,. I･"ood Addit.  2, 1 (1964)
G. Zweig:  ibid. 2, 143 (1964)
J. Burkc  &  L.  Ginffrida:  J. Assoc, Qtf, Anal.
Chem. 47, 326  C1964)
K.  I. Bevnen  & K.  E. Elgar:  Analyst  91, 143

(1966)N.
 F, lves &  L. Giuffrida:  J, Assoc. Qfif, Aiml.

Chem.  50, 1 C1967)
L. Giuffrida &  N.  F. Ivcs: .J. Assoc. Off. Anal,
Che･m. 52, 541 (1969)
G. Zweig:  Anat,  AVethods  Pestic.. Plant  aTowth

Regul,. Food  Addit. 6, 268 {1972>
E, C. Horning &  M.  G. Horning:  Prec, Int.

Syrnp. GCtMS  Spectrometry,  Milano,  p. 485,

l972R.

 Reimendal  &  J. Sj6vall: A"aL  Chem.  ",

21 (1972)
L. Bertilsson, A. J. Atkinson,  Jr., J. R. Althaus,

Ase  IIarfast, Jan-E. Lindgren  &  B. Holmstedt:

Anal,  Chem.  44, 1434  {1972)
J. M.  Strong  &  A. J. Atkinson,  Jr,; Anar.
Chem.  ",  2287  (1972)
A. E, Gordon  &  A. Frigerio: .J. Chrontato.or.
73, 401 {1972)
R. "J. Kelly: A}ial. Chem.  45, 2079 (1973)

NII-Electronic  



Pesticide Science Society of Japan

NII-Electronic Library Service

Pestioide 　Soienoe 　Sooiety 　of 　Japan

110 日本農薬学会誌　第 8巻　箪 1 号　昭和 58 年 2 月

24）　B ．Sj6quist ＆ E ．　 Ang9 含rd ：

　 　 2297 　（1972｝
25＞ S ．II．　 K 〔）slOw ＆ M ．

　 　 530 （1974）

26）　 R ．W ．、Valker，　 V ．　 F ．

Anal ．　 Che ・”｛．44，

Schlumpft 　 Aratuye　 251，

　 　 　　 　 　 　 　　 　 　 　 Gruber ，八．　 Rosenberg ，

　 　 F 、J、　 Wolf ＆ W ．　 J．　 A ．　 VandenHeuve1 ： 宀 ？ai ．

　　 ノ弄06 ゐ即 η ．95，579 （1979｝

27＞　 H ．　Kobayashi ，　M ，　Kojima ，　0 ．　△工atan 〔，　＆　S ，

　　 Goto ：　ノ、　P ♂ 91ガ醇♂850 ガ，4，463　（1979）

要 約

マ ス ク ロ マ トグラ 7 イ
ーに よ る土 壌中 の 有機塩

素 系農薬 ア ル ドリ ン および デ ィ ル ドリ ン の 定量

法

　　　　　 小林 裕了
一，佐 藤　清 ， 俣野修身， 後藤真康

　有機塩素系農薬 ， ア ル ド リ ソ お よ び デ ィ ル ド リソ の

mass 　 chromatography （MC ｝に よ る定 量法 に つ い て 検討

した．定 量 に 用 い た フ ラ グ メ ン ト・イ オ ソ は ア ル ド リ ン
，

デ ィ ル ド リ ン の baso　peak で あ る 卿 ど 66，　 m ／g　79 で あ

り，ヘ プ ダ ク ロ ル ・エ ポ キ シ ド （m ！i　81
，
base　peak ）を

内部標準物質 と して 使用 し た．こ の 方法 に よ り，精製操

作 をほ と ん ど行 なわな くて も天然物 に よ る妨害を う け ず

に
， 選択的 な 定 量 が 可 能 で あ る．土壌 で の 添加回収率 は

90％，最小検 H 量は 5ng で あ っ た．
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